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Canonical Corpus Freeze Notice

This manuscript is part of the five-paper Canonical Corpus Freeze 1.0. Its freeze identifier is

ABC-CF1-2026-08-07

and its freeze date is August 7, 2026. The freeze fixes the current manuscript wording, equations,
citations, epistemic statuses, dependencies, falsifiers, and declared scope. It does not upgrade any
item marked unresolved, not established, disfavored, not yet executed, draft, or to-be-preregistered
into empirical support. Any substantive scientific revision requires a new corpus version and a new
freeze identifier.

Declaration of Purpose

Paper I defines event-audit eligibility. Paper II defines event-level mechanical eligibility. Paper 111
addresses the distinct global reconstruction burden:

Can one chronologically ordered sequence of mechanically eligible astro-ballistic events
generate the observed global boundary, motion, structural, material-lineage, and deep-
geophysical organization?

The objective is not to deny measured plate motion and not to compare final model superiority. It is
to determine whether at least one complete shared global reconstruction exists.

Paper-III causal thesis.

Astro-Ballistic Chronostratigraphic Sequencing proposes that major plate boundaries, plate-
motion directions, relative speeds, mountain systems, trenches, basins, fracture networks,
volcanic provinces, and displaced terranes preserve a sequenced history of large astro-ballistic
forcing. Present motion is modeled as a continuation of inherited event-created and event-
modified conditions acted upon by gravity, buoyancy, mantle coupling, rheology, boundary
interaction, and later events. This thesis remains conditional until a complete sequence-specific
solution is produced.

Source Status and Citation Policy

External references support measurements, dated constraints, standard methods, regional context,
comparison-model components, and reproducibility requirements. They do not independently verify
an astro-ballistic event assignment, event sequence, causal interpretation, or replacement claim unless
the cited source directly tests that claim. Internal Ontomics documents establish developmental
provenance, not independent confirmation. Manuscript-derived values remain consequences of their
declared inputs and methods. External chronology constrains observations and marker compatibility;
it is not imported as a substitute causal narrative. The complete source taxonomy, verification fields,
and conflict rules are maintained in Paper V.



Data, Evidence, and Provenance Convention

Every factual input, model input, reconstruction, simulation output, and calculated result must retain
an explicit evidentiary origin. Scientific authority, publication status, or institutional custody does
not by itself upgrade an item from model-derived to observed, from observed to causal, or from
internally reproduced to independently validated.

The corpus uses the following evidence-origin classes:

Measurement-proximal
A directly measured, sampled, mapped, or instrument-recorded quantity, together with its
reported uncertainty and acquisition method.

Curated primary dataset
A maintained collection of observations. The dataset may include processing, but its raw sources,
version, and transformations must remain traceable.

Reference model
A community or institutional model derived from observations and assumptions. It is not

identical to the underlying measurements.

Reconstructed or inverted
A past state, field, geometry, or parameter estimated through an explicit inversion or recon-
struction method.

Author-declared input
A coordinate, age, range, threshold, branch, or other value selected for the present investigation.
It is a model input rather than an independent observation.

Internal provenance
An Ontomics manuscript, author working document, or earlier source file establishing the
developmental history of the hypothesis. Internal provenance is not independent confirmation.

Manuscript-derived result
A reproducible consequence of declared inputs, equations, algorithms, and numerical conventions.

Simulated model output
A quantity produced by an implemented physical or statistical model.

Interpretive inference
A geological, causal, or historical interpretation assigned to one or more observations or model
outputs.

Unverified, unavailable, or missing
An item whose source, version, access path, lineage, uncertainty, or required observation has
not yet been established.

For item 4, the minimum provenance record is

P, = (ID;, origin;, custodian;, version;, locator;, acquisition;, hash;,

transformations;, units;, uncertainty,, use;, dependencies;, statusi) .



For a derived result R;, the complete lineage must identify the exact input records and method
version:

Rj — ,/\/l](Djl7 - ,Djn;ej,yj>7

where v; identifies the equation, code, solver, or calculation version. Rounding, unit conversion, coor-
dinate transformation, filtering, interpolation, exclusion, and manual transcription are transformations
and must be logged rather than treated as invisible clerical steps.

A located source is not automatically passage-verified. A verified passage is not automatically
data-verified. A data-verified input does not by itself validate the causal interpretation built from it.
Missing evidence remains explicitly missing; it may not be filled by a preferred reconstruction, model
narrative, or uncited numerical convention.

The replacement claim is causal rather than observational.
The existence of moving plates is shared evidence.

The competing question is what primarily created and organized the global boundary-and-motion
architecture.

Conditional Input Statement

Paper III does not assume that Paper II has already identified a physically viable Aegean—Himalayan—
Mariana flagship candidate event.

The post-event fields supplied by Paper II are conditional model inputs.

If the event-specific Paper-II viable set is empty,

Viig = 9, (1)

then event k cannot be treated as a mechanically admissible causal building block.

Paper III may still test the mathematics and architecture of a broader event sequence, but it must
preserve the failed status of the flagship mechanism.

If one or more Paper-II mechanical branches survive, Paper III must use their actual outputs rather
than an idealized event field selected independently.

Event-Indexed Mechanical Eligibility

Let the candidate event catalog be £. The mechanically eligible subset is

Emech = {k €& Vir # @ and Vi # a}. (2)

A candidate global sequence S is eligible only if



S C gmech .

(3)

Failure of the flagship event removes the flagship from Eyech. It does not automatically remove other

events or reject every alternate sequence.

Paper-11I Data and Provenance Snapshot

Table 1: Paper-III reconstruction data and provenance snapshot.

ID Item Origin and role Current provenance
status
P3-IN-001  Mechanically eligible Author-defined registry Candidate-model input;
event catalog constrained by Papers I not an observed event
and II catalog
P3-DAT-001 Digital plate-boundary  External interpreted Reference dataset
geometry boundary model [5] derived from mapped
and interpreted
boundaries, not raw
observation alone
P3-DAT-002 Present plate-motion field External geologically Comparison target with
current motion model [4] model and covariance
assumptions
P3-DAT-003 Geodetic velocity and External geodetic model Measurement-
strain field 6] constrained reference
field; exact release and
extraction must be
frozen
P3-DAT-004 Deep-time plate and Model-derived Must retain rotation
continental reconstruction branches tree, plate polygons,
reconstructions uncertainty, and
alternative branches;
not treated as
observations
P3-DAT-005 Gravity, magnetic, Required independent  Required by the
seismic, heat-flow, crustal, observational families architecture but not yet
and lithospheric datasets assembled as one frozen
release package
P3-RES-001 Predicted boundaries, Paper-III model outputs Do not count as

velocities, surface fields,
and lineage maps

evidence until compared
against frozen data not
used to construct them



ID Item Origin and role Current provenance

status
P3-TEST- Internal and external Preregistered validation Partitions, versions, and
001 holdout partitions design access dates remain to

be frozen before

confirmatory use

Epistemic Status and Claim-Language Convention

This paper distinguishes observation, curated data, reference model, author-declared input, manuscript-
derived calculation, simulated output, interpretive inference, prediction, unresolved item, negative
result, and falsified claim. These statuses are not interchangeable. Reproducible arithmetic does
not establish historical causation; physical admissibility does not establish occurrence; and regional
compatibility does not establish global replacement. Missing evidence is reported as unresolved rather
than silently completed. Paper V contains the authoritative machine-readable status vocabulary and

item-level records.

Prediction, Falsification, and Decision-Threshold Convention

Predictions must identify the claim tested, data required, comparison or null, uncertainty treatment,
decision threshold, and bounded consequence. Thresholds are classified as physical-admissibility
conditions (T0), measurement or convergence conditions (T1), exploratory working thresholds (T2),
preregistered confirmatory thresholds (T3), or preregistered comparative thresholds (T4). A claim is
rejected only after a valid, completed test crosses its frozen rejection rule. An unrun test, unavailable
dataset, or unfrozen threshold is unresolved. Failure to earn superiority or replacement status is a
comparative non-qualification, not retroactive falsification of every upstream result.

Causal-Chain, Assumption, and Alternative-Explanation Convention

Causal language follows a seven-level ladder: association (L0), temporal compatibility (L1), mechanical
admissibility (L2), modeled contribution (L3), causal necessity (L.4), primary or dominant causation
(L5), and replacement qualification (L6). Each proposed transition must identify its assumptions,
mediators, counterfactual intervention, and credible alternatives. For claim ¢ with preregistered
support paths P., viability is

Vcausal,c = U m Ve-

pEP: €EP

One failed edge rejects every path that requires that edge, but does not erase an independent surviving
path. One failed branch, event, regional assignment, or event sequence therefore has only its registered
downstream consequence. Confounding, equifinality, circular use of outputs as inputs, and unequal



assumption burdens remain explicit audit failures. Paper V preserves the full causal-edge, assumption,
alternative, and intervention registries.

Abstract

This paper defines the global reconstruction test for Astro-Ballistic Chronostratigraphic Sequencing .
It receives only mechanically eligible, status-qualified event outputs from Paper II and assembles them
into preregistered event catalogs and chronologically ordered event sequences. Plates are represented
as evolving material domains; boundaries as time-dependent network elements; and motion through
translational and rotational fields acted upon by inherited damage, density, thermal, phase, stress,
gravity, buoyancy, mantle coupling, boundary interaction, and later events.

The paper specifies tests for boundary location, orientation, age, and type; plate direction, Euler poles,
relative velocity, and speed hierarchy; continental and terrane displacement; mountains, trenches,
ridges, basins, plateaus, and volcanic provinces; chronology and material lineage; and deep geophysical
outputs. Present geography is not treated as an uncorrected proxy for event-time geometry, and
modern plate names are not projected unchanged through deep time.

For each eligible sequence, one shared parameterization must generate the boundary, motion, structural,
chronological, material-lineage, null-control, and predictive outputs. Failure of one sequence rejects
that sequence only. The Paper-III astro-ballistic model family fails globally only if every frozen
eligible sequence has an empty complete reconstruction set. A nonempty set is not a declaration of
causal superiority: Paper III establishes reconstruction eligibility, while Paper IV alone determines
whether a surviving model outperforms comparison and null models after held-out prediction, causal
ablation, uncertainty, and complexity accounting. No complete global reconstruction is claimed here
to have been executed.

Keywords

Astro-Ballistic Chronostratigraphic Sequencing; astro-ballistic reconstruction; astro-ballistic forensics;
plate-motion inheritance; plate-boundary formation; continental displacement; tectonic reconstruc-
tion; mountain formation; trench formation; basin formation; event-created boundaries; Euler-pole
reconstruction; Plate Tectonics replacement; forensic geophysics.
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1 The Causal Replacement Burden

1.1 Canonical Corpus Terminology

The authoritative nomenclature registry is maintained in Paper V. Throughout this paper, continental
drift and plate motion name observed motion classes, whereas Plate Tectonics names the competing
causal model family. An event catalog is the registered set of candidate events; an event sequence
is a chronologically ordered selection from that catalog. The flagship candidate relationship is the
declared Aegean—Everest—Mariana geometry, while the flagship candidate event is its broader causal
interpretation. Midpoint is geometric; midpoint response is physical. Terminal response is the general
scientific term; exit is retained in the Paper-I title and only where a specific mechanism branch
predicts literal outward passage. The replacement thesis is the proposition under test; a replacement
candidate is an outcome that can be earned only through the complete Paper-IV comparison and

replication program.

1.2 Measured Plate Motion Is Shared Evidence

Let the observed plate-motion dataset be

Dy = {v{" (x;. 1)}, (4)

where:

i = plate or tectonic block index, (5)

Jj = observation-site index, (6)
x; = site position, (7)
v9P = observed velocity in a declared reference frame. (8)

Both Plate Tectonics and Astro-Ballistic Chronostratigraphic Sequencing must explain these
measurements. Plate rotations, present-day plate velocities, boundary geometry, and strain-rate fields
have independent kinematic and geodetic literatures [1, 2, 3, 4, 5, 6].

The replacement framework does not gain support by disputing the existence of relative plate motion.

1.3 Continental Drift and Plate Tectonics
Continental drift and Plate Tectonics must be distinguished.
Continental drift describes the large-scale relative movement of continents through geological time.
Plate Tectonics is a broader causal and kinematic framework involving;:
o lithospheric plates;
e plate boundaries;

« relative motion;
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e oceanic spreading;

e subduction;

e continental collision;

e transform motion;

e mantle coupling;

o gravity-related forces; and

e long-term lithospheric recycling.

Paper III does not challenge the observation that continents and lithospheric plates have changed
position.

It challenges the causal origin and organization of the boundary and motion system.

1.4 Three Levels of Explanation
The global problem contains three explanatory levels:

Observation
Plates move relative to one another.

Kinematic organization
The motion field can be represented through plate rotations, boundary velocities, deformation
zones, and reconstructed positions.

Causal origin
A physical model explains why the boundaries formed, why the plates move in their particular
directions, and why the relative speeds possess their observed structure.

The replacement thesis operates primarily at the third level.

1.5 Plate-Tectonic Causal Model

Conventional plate-driving analyses distribute causal work among slab, gravitational, boundary, and
mantle-coupling terms rather than treating “Plate Tectonics” as one undefined force [7, 8].

A generalized Plate-Tectonic model may be written as

MPT : {Qmantlea Qlitha Fgravity7 Fboundary» Fbuoyancya Fcoupling} — {BObSa Vobs} ) (9)

where:
Bobs = observed boundary network, (10)
Vobs = observed plate-motion field. (11)

26



1.6 Astro-Ballistic Causal Model

The candidate replacement model is

MABC : {57 Qinherita Fgravityy Fboundaryv Fbuoyancya Fcoupling} — {B\AB(L i\/.ABC} 5 (12)
where:
& = sequenced event catalog, (13)
Qinherit = event-created and event-modified planetary state, (14)
B ABc = predicted boundary network, (15)
Vagsc = predicted plate-motion field. (16)

The candidate model retains ongoing internal and gravitational forces.

Its replacement claim is that the event sequence supplies the primary historical organization and
directional inheritance of the global system.

1.7 The Full Causal Chain

The replacement framework requires

E— onst — Binherit — Fongoing — Vplates(t) — gsurface (t)7 (17)
where:
Qpost = post-event state, (18)
Binnherit = inherited boundary and weakness network, (19)
Fongoing = later and continuing forces, (20)
Vlates = plate-motion field, (21)
Gsurface = mountains, trenches, ridges, basins, and terranes. (22)

Every arrow must be mathematically and physically specified.

1.8 Edge-by-Edge Global Causal Audit

The chain in equation (17) is not one test. Its minimum causal edges are:
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Edge Proposed transition Minimum evidence Principal

alternatives

Gl Event sequence to post-event Mechanically admissible No event, different
state Paper-II output. event, or unresolved

handoft.

G2 Post-event state to inherited Forward nucleation, Pre-existing weakness,
boundaries and material damage, and persistence internal emergence, or
contrasts model. later creation.

G3 Inherited state to ongoing  Coupled constitutive =~ Unmodified mantle,
force and resistance and long-time evolution. gravity, buoyancy, and
architecture boundary forces.

G4 Force and resistance Shared-parameter Plate-Tectonic driving,

architecture to plate motion direction, speed, and  initial-state tuning, or
Euler-pole prediction.  hybrid control.

G5 Plate motion and inherited Chronological forward Regional orogenesis,
state to surface structures  model and held-out subduction, rifting,
structural predictions. erosion, and
reactivation.

A failure at G2 does not invalidate a valid Paper-II G1 calculation. A failure at G5 rejects the tested
surface-structure path but does not by itself reject an independently tested motion path. Global
primary causation requires at least one complete surviving path through all mandatory edges.

1.9 Replacement Is Not Addition

Adding astro-ballistic events to an otherwise unchanged Plate-Tectonic model does not automatically
produce causal replacement.

The replacement claim requires that event-derived states explain a substantial portion of:
e boundary initiation;
e boundary placement;
e boundary orientation;
e initial relative-motion direction;
e later motion inheritance;
e mountain and trench localization;
¢ basin formation;
o crustal fragmentation;
o displaced terranes; and

e global chronological organization.
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If the event sequence contributes only minor perturbations to a self-organized Plate-Tectonic system,

it is not the primary replacement mechanism.

1.10 Replacement Success Standard

Paper III must ultimately show that the event-sequence model:

R1.
R2.
R3.
R4.
R5.
R6.
R7.
RS.
R9.
R10.
R11.
R12.
R13.

predicts plate-boundary locations;

predicts plate-boundary orientations;

predicts boundary types or evolutionary transitions;
predicts relative plate-motion directions;

predicts relative plate speeds;

predicts major continental displacements;
predicts mountain-system placement;

predicts trench and basin placement;

preserves chronological consistency;

produces unique advance predictions;

survives independent reconstruction;

remains compatible with Paper-II mechanics; and

outperforms or materially improves the comparison framework after complexity penalties.

2 Scope and Central Questions

2.1

Primary Questions

Paper III asks:

Q1.
Q2.
Q3.
Q4.
Q5.
Q6.

Q7.

Can event-created damage and rheological contrasts become persistent plate boundaries?
Can the event sequence predict why particular boundaries occupy their observed locations?
Can the event sequence predict why boundaries possess their observed orientations?

Can event-derived impulse and displacement fields predict plate-motion directions?

Can the model predict relative plate speeds without fitting each plate independently?

Can mountain systems be reconstructed as later expressions of inherited convergence, compres-
sion, uplift, or resistance nodes?

Can trenches be reconstructed as inherited excavation, weakening, bending, descent, or terminal-
response zones?
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Qs.

Qo.

Q10.

2.2

Can ridges and basins be reconstructed as inherited extension, separation, uplift, collapse,

decompression, or thermal-response structures?

Can successive events explain boundary reactivation, replacement, rotation, and continental

fragmentation?

Does the complete chronology outperform coincidence and Plate-Tectonic comparison models?

Paper-IIT Output Classes

The paper must generate:

where:

2.3

predicted mountains,

predicted trenches,

& AdDII DD,
i

T T

redicted chronology.

What Paper III Does Not Assume

Paper III does not assume that:

predicted boundary network,
predicted plate velocities,

predicted plate rotations,

predicted ridges and fracture systems,

redicted basins and subsidence structures,

e every modern plate boundary was created by one event;

every plate retains its original shape;

an ancient impulse alone sustains modern speed;
gravity and mantle coupling are absent;

all mountain systems share one mechanism;

all trenches are literal exit wounds;

all ridges are literal entrance structures;

the modern continents existed in their present configuration at each event time;

every event in the source catalog is correct; or

the replacement claim is established before model comparison.
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3 Paper-II Handoff State

3.1

Conditional Post-Event State

Paper II defined the conditional event-indexed handoff vector

Here:

3.2
Each

Qg?o = (BAB07 Jplatey ATa Ap7 D7 A(ba Xm; ACv AU: u, Agv Aw) .

Bapc = event-created or event-modified boundary field,
Jplate = plate-scale impulse field,
AT = temperature perturbation,
Ap = density perturbation,
D = damage and anisotropy state,
A¢ = phase-state perturbation,
Xm = melt-fraction field,
AC = elastic and rheological property change,
Ao = residual-stress field,
u = post-event velocity field,
Ag = gravity perturbation,

Aw = rotation-state perturbation.

Material Handoff Rather Than Symbolic Handoff
handoff field must contain:

a spatial coordinate system;

a time;

units;

uncertainty;

numerical resolution;

material identity;

preservation interval;
constitutive assumptions;
mechanism-branch identity; and

conservation residuals.
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A schematic path line or qualitative impulse arrow is not a sufficient Paper-III input.

3.3 Handoff Time

Let the Paper-II to Paper-III handoff occur at

th. (45)

The handoff time must be late enough that the primary hypervelocity transient has decayed into a
state suitable for long-duration geodynamic modeling.
It must be early enough to preserve:

e event-created momentum;

o damage;

e phase anomalies;

o density anomalies;

e displacement;

e residual stress;

e thermal structure; and

« material boundaries.

3.4 Handoff Uncertainty Ensemble
For candidate event k, Paper III must receive an uncertainty ensemble
{alfd}" . (46)
rather than one preferred field.
The ensemble should span:
e viable mechanical branches;
e event-energy uncertainty;
e impactor uncertainty;
e entrance-coordinate uncertainty;
e path uncertainty;
o Earth-model uncertainty;
e constitutive uncertainty;

e numerical uncertainty; and
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e preservation uncertainty.

3.5 Handoff Admissibility

A handoff realization is admissible only if

QU7 € Vi (47)

An inadmissible Paper-II state cannot be used as a Paper-III initial condition merely because it
generates a favorable plate pattern.

3.6 Sequence-Level Handoff
For candidate sequence S, the complete Paper-II input is
k
Hrrorr(S) = {Q%Ifi)) keS,1<r< Rk}- (48)
A Paper-III realization must draw a physically compatible set of event states. It may not combine

favorable fields from mutually incompatible Paper-II realizations without registering the combination
as a new model version.

4 The Sequenced Event Catalog

4.1 One Event Is Not the Complete Framework

The Aegean—Himalayan—Mariana flagship candidate event is one candidate element within a wider
event sequence.

Let the event catalog be

E=1{E.&,....Eny}. (49)

Each event is represented by

&= (tk>DA,k77Dk>DH,k>DM,k7 01, Qf . 2k> , (50)

where:
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tr, = event age,

D 4 = entrance domain,

)

P = interior path or transmission structure,
Dy ;. = midpoint response domain,
Dy j, = terminal domain,

©®; = event parameters,

Q; = surviving post-event state,

3., = uncertainty representation.

4.2 Chronological Ordering

The event sequence satisfies

t1>t2>"'>tNE

when age is expressed as time before present.

The planetary state immediately after event k is

Qf = 7 [Qr. &)

where

is the pre-event state.

Between events,

Q. =U|Qf ty — tk:-i—l} ,

where U is the inter-event geodynamic evolution operator.

4.3 Event Superposition Is Not Linear by Default

The complete state is not assumed to be

Later events operate on a planet already modified by earlier events.
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The state evolution is therefore generally

Q—ll\—/E =FnyoUoFny_10---0oUoF;(Qo).

4.4 Event Interaction Classes
Successive events may:

e create new boundaries;

e reactivate old boundaries;

e terminate old boundaries;

e rotate existing blocks;

o fragment existing plates;

e merge blocks;

e redirect motion;

e accelerate or decelerate plates;

e deepen inherited basins;

o amplify inherited mountains;

e relocate deformation; or

e overprint earlier event evidence.
4.5 Event-Sequence Dependency
For boundary element b, define its event dependency set
Ky = {k : & materially contributes to boundary b} .

For plate 7, define motion dependency set

Kv,i = {k : & materially contributes to plate i} .
The framework must identify which observed features are assigned to which events.

4.6 Catalog Completeness
The model must distinguish:

Known candidate events
Events already identified within the source framework.
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Required missing events
Events inferred because the current catalog cannot reconstruct a major observation.

Optional events
Events that improve a local fit but are not required globally.

Scope-reserved hypotheses
Directional or material-displacement event hypotheses intentionally withheld from the present
corpus for separate later investigation. They are not counted as current explanatory successes,
current free parameters, or current rescue mechanisms.

Rejected events
Events that fail geometry, chronology, mechanics, statistics, or global reconstruction.

A new event cannot be added without a complexity penalty and an independent forensic burden.

4.7 Current Catalog Is Not Claimed Exhaustive

The present manuscript intentionally does not enumerate every directional land-moving relationship,
displaced-material hypothesis, or visually suspicious terrain association that may be investigated
within the broader program. The current instantiated catalog is therefore not claimed to be the final
catalog of all candidate astro-ballistic events.

This limitation creates a strict two-way firewall. First, a reserved hypothesis cannot be used to
improve the current fit, explain a residual, or rescue an event sequence after results are known.
Second, failure to model a feature that was explicitly declared outside the current scope is not itself a
failed prediction of the current sequence. The exception is any observation class that the manuscript
has already declared mandatory for a global replacement claim; such a class cannot be removed by
relabeling it as future work.

Full replacement qualification therefore requires a later frozen catalog and a frozen mandatory-coverage
vector. The present paper can test the architecture and declared sequences without pretending that
all reserved terrain hypotheses have already been exposed or adjudicated.

No hidden-support rule.

Scope-reserved hypotheses have zero current evidentiary weight. They become scientific claims
only when separately registered with their own coordinates or material domains, predicted
directionality, chronology, mechanics, complexity cost, controls, and falsifiers.

5 Global Coordinates and Reference Frames

5.1 Position Vector
For spherical latitude ¢ and longitude A, the unit position vector is
COS ¢ cos A
E(Pp,A\) = | cospsin | . (67)

sin ¢
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The spherical surface position is

X = R@S

Later models may replace the spherical Earth with an ellipsoid or three-dimensional geoid.

5.2 Reference-Frame Index

Let

denote candidate reference frames.
Each frame must specify:

e origin;

e orientation;

e rotation convention;

e time standard;

e mantle assumption;

e net-rotation constraint;

e uncertainty; and

« transformation to every other frame used.

5.3 Frame Transformation

Let position in frame a be

The position in frame b is

x = Ry, (£)x( + cpo (),

where:

R}, = rotation matrix,

Cp, = translation vector.
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For Earth-centered rotational frames,

Cpg — 0.

5.4 Velocity Transformation

The velocity transformation is

V(b) = Rbav(a) + Rbax(a) + Cpa-

Plate-motion comparisons are invalid unless they use a declared common reference frame.

5.5 Finite Rotation

A finite plate rotation may be represented by matrix

Ri (tg, tl) .

A material point evolves as

Xi(tz) = Ri (tz, tl) Xi(tl).

The inverse reconstruction is

Xi(tl) = R;l (tQ,tl)Xi(tQ).

5.6 Angular Velocity

For rigid plate i, let its instantaneous angular-velocity vector be

Wj.

The predicted velocity at surface point x is

Vi (X) = w; X x.

The speed is

v; = |lw; x x|

38

(77)

(78)



5.7 FEuler Pole
Write

w; = w,ﬁi, (82)

where €; is the Euler-pole direction and w; is angular speed.

Paper III must predict or derive both.

5.8 Relative Motion

The relative velocity of plate ¢ with respect to plate j is

Vij = (wi — wj) X X. (83)

The relative angular velocity is

Wij = Wi — Wj. (84)

5.9 Reference-Frame Robustness
A replacement result must remain stable across defensible frame choices.

For predicted quantity v,

y,frame

Vary [y(f)} <o? (85)

for a predeclared tolerance.

A result that exists only in one favorable frame is not robust.

6 Chronology, Paleogeography, and Material Lineage

6.1 Reconstruction Products Are Not Observations

Paper III separates measurement-proximal constraints from model-derived reconstructions. Dated sam-
ples, stratigraphic order, paleomagnetic measurements, provenance relations, pressure-temperature—
time paths, and mapped present structures enter with explicit uncertainty. Plate polygons, rotation
trees, restored coastlines, and inferred vanished boundaries are conditional outputs of declared models.

A model-derived reconstruction may be tested, used as one branch, or compared with another
reconstruction. It is not treated as fixed causal ground truth merely because it is conventional.
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6.2 Material-Lineage Graph

Define the global material-lineage graph

gL = (NL7€L7TL)7 (86)

where nodes are material domains and edges are typed transitions. Edge types include
o rotation and translation;
 distributed deformation;
o fragmentation and merger;
e accretion and terrane transfer;
e subduction, descent, and possible recycling;
e exhumation and erosion;
e event overprint; and
o later reactivation.

The map 77, records the admissible age interval and uncertainty for each transition.

6.3 Present Response Domains and Event-Time Parcels

For present response domain Qg-), candidate event-time parcel n € N, frame f, and reconstruction
branch k, define

x-S (ae) = R f (ae; Q?,n, gL) : (87)

j7n

A modern place name is therefore a label for an observation domain, not proof of a unique deep-time
material identity. The reconstruction must state whether a claim follows the present response domain,
a crustal or lithospheric parcel, a mantle-relative corridor, or an Earth-fixed ballistic axis.

6.4 Flagship Initiating-Event Node

The flagship event is one specific node in the event catalog with nominal initiating age

Qinit, F = 256 Ma. (88)
A sequence containing this node must retain that identity. The event age may be propagated through
a preregistered uncertainty model, but it may not be moved after the boundary, motion, mountain,

trench, basin, or terrane fit is inspected. Other candidate events retain their own independently
specified ages.
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6.5 Sequence Chronology

For event sequence S = {ey,...,en}, with age before present larger for older events, chronological
order requires

Ao, > Qey > -+ > Aey > 0. (89)
For structure s, define
C, = (aseed,& Areact,s; Qexpress,s; Aas) . (90>
An inherited interpretation requires
Oseed,s > Qreact,s = (express,s = 0, (91)

unless the seed and reactivation are the same dated event. The proposed carrier state between these
ages must be represented in the material state or lineage graph.
6.6 Flagship Seed-to-Expression Ordering

For any structure s assigned to the flagship event, the chronology must satisfy

Ainit, F > Gseed,s > Greact,s > Qexpress,s > 0. (92)

A younger visible mountain, trench, basin, volcanic province, or boundary therefore tests the proposed
carrier and reactivation lineage; it does not redefine the age of the initiating event.

6.7 Chronology and Lineage Closure

A reconstructed sequence is chronologically and materially closed only if every required event-to-
structure path has:

1. a specific initiating-event age for each event, with uncertainty represented separately;

2. a connected material-lineage path;

3. no reversed cause-and-effect age relation;

4. an explicit treatment of missing or recycled material;

5. and a declared distinction between an older carrier state and a younger visible expression.

Define

Iclosure,S = Ichron,SIlineage,SIframe,S . (93)
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A sequence with zero closure cannot qualify as a complete global reconstruction. Failure of one
sequence does not remove other eligible sequences or independent regional claims.

A failure of the 256 Ma node rejects that flagship age assignment and every sequence that requires
it. It does not automatically reject sequences built from independently specified events or regional
claims that possess another complete support path.

7 Plates and Tectonic Blocks as Evolving Material Domains

7.1 Plate Domain

At time ¢, plate or tectonic block ¢ occupies domain

Pi(t) € Sa (), (94)

where Sg is the lithospheric surface or shell.

The complete partition is

Np
S = |J Pi U Ddctorm (95)

=1

where Dyeform contains distributed deformation zones not represented as rigid plates.

7.2 Plate Boundary

The boundary of plate i is

IP;(t). (96)
A shared boundary between plates ¢ and j is
Bi;(t) = OPi(t) N OP;(t). (97)

7.3 Material Identity
A plate is not defined only by its present polygon.

Its material-state vector may include

QPi = (piaanian’iaDivqbiaCiaaiauiaAi)7 (98)

where:
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H; = lithospheric thickness,

7n; = effective rheology,

D, = damage and anisotropy,

¢; = phase and composition state,
C; = elasticity tensor,

A; = age and inheritance fields.

7.4 Rigid and Deforming Components
Decompose the velocity field within plate domain ¢ as
vi(x,t) = wi(t) X X+ v der(X, 1).

The first term is rigid rotation.

The second is internal deformation.

7.5 Internal Deformation Measure

Define the strain-rate tensor

€ = % [vvi,def + (vvi,dof)T} .

A plate may be treated as approximately rigid where

H 62 H < 6.I‘igid,crit-

7.6 Plate Birth, Fragmentation, and Merger

A plate may be created when a connected boundary network encloses a new material domain.

Define plate birth at time ¢; when

IP;i(ty) : OP;(ty) becomes mechanically connected.

Fragmentation occurs when

'Pi — {Pz'1773i2,---}-

Merger occurs when
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{'Pi,Pj} — Pij. (110)

7.7 Plate Identity Through Time

Let plate identity map be

Zp (Pi,t1,t2). (111)

The identity map must account for:
o fragmentation;
e merger;
e accretion;
e subduction or descent;
e crosion;
e sediment addition;
e terrane transfer;
e internal deformation; and
e event overprint.

Modern plate names cannot be projected unchanged through all event times.

7.8 Material-Lineage Closure Across Plate Names

A plate name is a time-local organizational label. The lineage of a claimed event response must instead
be traced through typed material transitions. Where the material record is destroyed, subducted,
recycled, or unobserved, the corresponding lineage edge is marked MISSING-EVIDENCE rather than
silently filled by a preferred reconstruction.

For present domain P;(0), define the admissible ancestor set at age a as

Anc [P;(0),a] = {n € N, : n~ P;(0)} . (112)

The ancestor set may contain multiple parcels and may differ across lineage models. A causal claim
that requires one unique ancestor must supply evidence that distinguishes it from the alternatives.

8 Global Boundary-Network Representation

8.1 Boundary Graph

Represent the global plate system as graph
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Ge(t) = (Va(t),€a(t)),

where:

Vp = plate or block nodes,
Ep = shared-boundary edges.

Each edge e;; contains:

eij = (Bij, Tijs Vij» Kijs @ij, Qiz, Kij)

where:

8.2

7;; = boundary type,

7i; = boundary orientation,
kij = boundary curvature,

ai; = boundary age,

Q;; = boundary material state,

Ki; = event dependency set.

Boundary Types

The model may classify a boundary at time ¢ as:

opening;

closing;

convergent;

divergent;

transform or shear dominated;
compressional interior;
extensional interior;

inherited weakness;

inherited strength contrast;
excavation boundary;

collapse boundary;
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e terminal-response boundary;

e reactivated boundary; or

e inactive inherited structure.
The classification must emerge from kinematics and mechanics rather than from modern naming
alone.
8.3 Boundary Orientation

For boundary curve b;;(u,t), the unit tangent is

t; = == 12
1= by /0u] (123)

The local surface-normal direction perpendicular to the boundary is
n;; = T X /t\z] (124)

8.4 Normal and Tangential Relative Motion

The relative velocity across the boundary is

vij = Vi = vj. (125)
Its normal component is

Vijm = Vio - figj, (126)
and tangential component is

Vijt = Vﬁl ‘fz'j- (127)

These components determine whether the boundary is opening, closing, or shearing at that location.

8.5 Observed Boundary Dataset

The observed boundary dataset is

DY = (XB,VB: KB, TB, 4B, Un, U, QB) - (128)

The replacement model must predict the same quantities.
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8.6 Predicted Event-Derived Boundary Network

The predicted network is

Bagc(t) = Hp [€, Qo, 1]

The boundary-generation operator Hp must include:
e event damage;
o displacement discontinuities;
e excavation and collapse margins;
e terminal-response zones;
e thermal contrasts;
e density contrasts;
e phase boundaries;
e residual stress;
e later gravitational evolution;
e later reactivation; and

o later events.

8.7 Boundary-Distance Residual

obs

(129)

For observed boundary point x3% , define distance to the predicted network

dpr = min ds (x%lfi,x) ,
xEBABC

where dg is surface geodesic distance.

The normalized residual is

dp.k
OBk

€Bk =

8.8 Boundary-Orientation Residual

For observed axial orientation P and predicted orientation ’y,?red,

Eyk = %atanZ [sin 2 (y;gbs - %r;red) cos?2 (,ygbs
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8.9 Boundary-Age Residual

obs

For observed boundary age a”® and predicted initiation or reactivation age a

obs pred
_ G T a4
€ak = .
Oa,k

8.10 Boundary-Network Falsifier

(133)

Boundary falsifier B1.

If the sequenced event model cannot predict the locations, orientations, ages, and relative

motions of the major boundary network without independently tuning each boundary, the

event-derived global boundary claim is rejected.

9 Event Impulse and Inheritance Fields

9.1 Impulse Density

For event k, define impulse density

The total impulse delivered to material domain P; is

Iik:/ Jk(r) dv.
Pi

9.2 Angular Impulse

The angular impulse is

ALy, — / r x Ju(r)dV.

i

The immediate angular-velocity perturbation is
Aw;, = I,L»_lALik,
for plate inertia tensor I;.

9.3 Linear Momentum Handoff

The immediate translational velocity perturbation of block ¢ is

-
S.

k

)

48

(134)

(135)

(136)

(137)

(138)



This is an initial impulse response.

It is not assumed to equal the modern plate velocity.
9.4 Event-Generated Damage Field
Let event-generated damage be

Dk (I‘, t?) .
Its long-time evolution is

DD,
Dt

9.5 Inherited Rheological Contrast

The event changes effective viscosity by

Amy = = -
Define normalized weakness
M
Wpi = —-.
n 771—:
Values
Wn,k >1
represent weakening.
Values
ka <1

represent strengthening.

9.6 Inherited Boundary Potential

Define a boundary-nucleation potential

N = wp Dy, +wnf/l77,7k +wa\|A/;r?|| + wr ‘Kf’k‘ +w), ’Z,;k‘ + wg ’Ek‘ + wy
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/A\(lk’

)

(139)

(140)

(141)

(142)

(143)
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with

dwi=1,  w; >0. (146)
i

The initial candidate boundary domain is

B ={r: Npi > Npeit} - (147)
9.7 Boundary Persistence
Let boundary strength be
SB’k(t) = / NB’k(I‘, t)dV. (148)
By ()
The normalized persistence is
Sg k(t)
Ppi(t) = —"~. 149

A candidate event-created boundary survives only if

PB,k (treact) Z PB7crit- (150)

9.8 Reactivation Potential

For later stress tensor oaier, define resolved loading on an inherited boundary plane with normal npg:

tp = OlaterNB- (151)
Normal traction is
th =tp- g, (152)
and shear traction is
t, =tp — t,0p. (153)
A reactivation function is
[t ]|
Rp=—15 154
CB + ,UBtn ( )
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under an appropriate sign convention.

Reactivation is possible when

Rp > 1. (155)

9.9 Event Memory Kernel

The surviving influence of event k& on plate ¢ may be represented by memory kernel

K (t—t3,). (156)
A generalized inherited contribution is
virherlt () = N K (t — te) Avig. (157)
k

The kernel is not assumed to be simple exponential decay.
It may include:

e rapid relaxation;

e long-lived boundary guidance;

e gravity-driven amplification;

e delayed reactivation;

e later-event reinforcement;

e later-event cancellation; and

o changes in plate identity.

10 Long-Time Governing Equations

10.1 Continuum Momentum Equation

The long-time lithosphere—mantle system satisfies

Du

Por = V.o +pg —2pQg x u— pQg x (g X 1) + fevent + feoupling- (158)

On sufficiently long timescales or under creeping-flow approximations, the inertial term may be small.

That approximation must be stated rather than assumed.
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10.2 Mass Conservation

Mass conservation is

8*+V (pu) =0 (159)
ot Py ==

For an incompressible approximation,

V-u=0. (160)
The approximation must not be applied through large phase or density changes without justification.

10.3 Thermal Evolution

The thermal equation is

DT

PCPE =V (va) + cI)visc + (I)plastic + Qphase + Qinternal + Qevent- (161)

3

Every term on the right-hand side has units of volumetric power density, Wm™". In particular,

Disc and Pplaciic are dissipation rates per unit volume, while the () terms are volumetric heating or
latent-power sources.

10.4 Composition and Phase Transport

For composition field C,,

0C,
ot

+u-VC,=V-(D,VC,) + R,. (162)
For phase fraction ¢,

Déa
Dt

=Repa(P,T,0,C,t). (163)

10.5 Viscoelastic Stress Evolution

A generalized Maxwell-type deviatoric evolution is

1 )
S + —s = 2G€gey + Sevent, (164)
™

where:
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™= (165)
Sevent = event-derived stress source or initial condition. (166)
10.6 Damage and Healing
The inherited damage field evolves as
DD
ﬁ - eramage - Jrheal + Jrreact + fevent- (167)

This equation must preserve directional damage where the replacement model predicts directional
boundary inheritance.

10.7 Gravity

The gravitational potential satisfies

V20 = 471G, (168)

with

g=-Vo. (169)

Event-driven density redistribution modifies:
o gravitational potential;
e isostatic response;
e buoyancy;
e plate-driving forces;
e basin subsidence;
o uplift;
e geoid structure; and

o mantle flow.

10.8 Plate-Integrated Linear Momentum

For plate domain P;,

d ravit; b n boundar t1 ist
7 /79 pudV = FgVent  Favily  pruoyancy y gpooundary | pumantle | resist, (170)
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10.9 Plate-Integrated Angular Momentum
The plate angular momentum is

Li:/ r x pudV.

3

Its evolution is

dL;
dt ‘

10.10 Rigid-Plate Rotational Equation

For approximately rigid plate i,

dw;
Iiath + w; X (Liw;) = Tinet-

The net torque is
Tinet = T

10.11 Boundary Traction

For plate 7, boundary force is

Fhomndary _ / ofi; dA.
oP;

The corresponding torque is

)

10.12 Mantle Coupling

A reduced basal traction law may be written as

mantle mantle

where:

K;nantle = coupling tensor,

v,, = mantle velocity beneath the plate.

o4

it bound
— event + Tlgraw y + 7-7; oundary + T;nanﬂe +T

it b d
event + Tlgraw y + T oundary + T;nantle 4T

qboundary / r x (on;) dA.
oP;

(171)

(172)

(173)

(174)

(175)

(176)

(177)

(178)
(179)



The tensor may depend on:
e viscosity;
e temperature;
e melt;
e damage;
e lithospheric thickness;
e anisotropy;
e inherited corridors; and

¢ event-modified mantle structure.

10.13 Resistance and Dissipation

The total mechanical dissipation rate is

Egiss = / o & dV. (180)
Vo
Plate motion must satisfy
dEkln i . . . . . .
dt = Wevent + Wgravity + Wbuoyancy + Wmantle + Wboundary - Ediss- (181)

11 Inherited Motion and Ongoing Force Decomposition

11.1 Ancient Impulse Alone Is Insufficient

A finite ancient impulse does not automatically sustain modern motion for hundreds of millions of

years.

Paper III therefore decomposes plate motion into:

v; (t) — Vinherit (t) + VZgTaVitY(t) 4 Vﬁnantle (t) + Vboundar}’(t) 4 V}iater events (t) (182)

3 3

This decomposition is conceptual until the coupled equations are solved.

11.2 Inherited Direction Versus Sustained Speed
The event sequence may contribute more strongly to direction than to modern speed.

Define directional inheritance fraction

vObs . ginherit

fidir = W. (183)
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Define inherited speed fraction

’ V;;nherlt

fi,speed = 7qubs|| . (184)
i

The two quantities need not be equal.

11.3 Boundary Guidance
An inherited boundary may constrain motion direction even after the initial momentum has decayed.
Let boundary mobility tensor be

Mp :M”EB ®€B+MJ_ﬁB®ﬁB. (185)

If

My > M, (186)
motion is preferentially guided along the inherited boundary.
If

M, > M, IIs (187)
opening or closing across the boundary is favored.

11.4 Event-Modified Gravity

The event changes gravitational potential by

A
—G/ oe) gy (188)
e — ]
The corresponding force is
AR, = — / PV AD, V. (189)
Pi

Thus, an event may contribute to later motion through a persistent density field rather than through
surviving momentum alone.

11.5 Event-Modified Buoyancy

For density anomaly Apyg, the buoyancy contribution is
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Foi=- [ ApgdV. (190)
%

Thermal, compositional, melt, and phase anomalies may therefore convert a short event into a
long-lived force source.

11.6 Event-Modified Resistance

The event may reduce or increase resistance through

nt=n"+ Ang, (191)
YT =Y +AY,, (192)

and
Dt =D~ + AD;. (193)

The same continuing force field can produce different motion when the boundary and rheological
architecture changes.

11.7 Motion-Memory State

Define the motion-memory state of plate i as

Its evolution is
DM,
Dt — ]:M [Mu Fongoing7 glater] . (195)

11.8 Primary Inheritance Test

Run the complete model with event-derived inheritance:

vt (t> =U [Qinherita Fongoing] . (196)

Run the counterfactual without it:

Vo (t) =U [Qbackgroundy Fongoing] . (197)

The event contribution is
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AVABC — v+ _v0, (198)

Inheritance falsifier I1.

If removing the event-created state leaves the predicted global boundary network and plate-
motion field materially unchanged, the event sequence is not the primary causal framework
of the plate system.

11.9 Mediator-Specific Inheritance Tests

The

aggregate contrast in equation (198) must be decomposed so that one flexible inherited field

cannot conceal the failure of another. Minimum coherent interventions include removal of:

1.
2.

- W

residual linear and angular impulse;
event-created boundary geometry;
damage and rheological anisotropy;

density and buoyancy anomalies;

5. thermal and phase anomalies;

6.

and event-modified mantle coupling.

Each intervention must preserve a valid background model and must be compared with the cor-

responding Plate-Tectonic and hybrid alternatives. When different mediators compensate for one

another, the contribution must be reported as non-identifiable or interaction-dependent rather than

assigned wholly to the event sequence.

12

Plate-Direction and Speed Prediction

12.1 Predicted Plate Velocity

For plate ¢, the model predicts
i\/i (X, t) = (:Jl(t) X X+ ?f@def (X, t) . (199)
12.2 Velocity Residual
The vector residual is
. __ <,0bs S
€ =V —V;. (200)
Its magnitude is
€v,i = ll€wll - (201)
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12.3 Directional Residual

The directional angular residual is

V‘?bs -V
Af; = arccos | ————— | . 202
) o
12.4 Speed Residual
The speed residual is
Av; = |[ve™|| = 19l (203)
The normalized speed residual is
Auvs
€oy = —L. (204)
Ov,i

12.5 Euler-Pole Residual

For observed and predicted angular-velocity vectors,

Awi = w?bs - &\JZ (205)
The Euler-pole angular separation is
Af,, ; = arccos <6§’b5 -6?red) . (206)
12.6 Global Velocity Misfit
For covariance matrix Xy,
N\T N
b= (Vo= V) mpt (Ve - V). (207)

12.7 No Independent Plate-Speed Tuning

Let the event-sequence parameter count be

k. (208)

The model must not introduce one independent speed parameter for every plate unless those parameters
are physically generated by the event and force model.

A prohibited direct fit would be
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with one unconstrained ; per observed speed.

The required prediction is

\Af = ./TV [5, QO, Fongoing] .

12.8 Shared-Parameter Requirement

Multiple plates must be predicted from shared event and material parameters.

For example,

{i\/l, e ,GNP} = -F(@global) )

where

dim (eglobal) <K 3NPNsites
for a genuinely constrained model.

12.9 Plate-Motion Prediction Falsifier

(209)

(210)

(211)

(212)

Motion falsifier V1.

If the sequenced event model cannot predict the observed relative plate directions and

speeds from shared physical inputs without fitting each plate independently, the plate-motion

inheritance claim is rejected.

13 Global Reconstruction Hierarchy

13.1 Stage 0: Observational Freeze
Before fitting the event sequence, freeze:

« plate and block definitions;

e boundary datasets;

o present velocity datasets;

e reconstruction time slices;

e reference frames;

e mountain and trench catalogs;

e basin and ridge catalogs;
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e chronology datasets;
e uncertainty models; and

e comparison-model outputs.

13.2 Stage 1: Single-Event Boundary Test

For event k, calculate

Bi(t) = Hp [&, Q1] - (213)
This stage determines which boundaries one event can create, modify, or reactivate.

13.3 Stage 2: Single-Event Motion Test

Calculate the event-derived motion field

Vi) = Hy (€, Qc t] - (214)

This tests:
e impulse direction;
e plate partition;
e rotation;
e relative motion;
o attenuation;

e boundary guidance; and

persistent forcing.

13.4 Stage 3: Event-Sequence Assembly

The cumulative state is generated recursively through

Qppy = U |7 (Qr &) |- (215)
This stage tests event interaction and overprint.

13.5 Stage 4: Plate and Boundary Reconstruction

At each time slice ¢4, output

{Pilte)s Big(ta): Vilty) } (216)



13.6 Stage 5: Surface-Structure Forward Model

The predicted surface structures are

Gsurtace = Oc {73,37‘77 Q} : (217)

The model must generate:
e mountains;
e trenches;
e ridges;
e basins;
e plateaus;
e volcanic provinces;
o fracture systems;
o continental margins;
e displaced terranes; and

e resource-bearing structural provinces.

13.7 Stage 6: Counterfactual Reconstruction

Run at least three model families:

M = comparison model without astro-ballistic inheritance, (218)
M = astro-ballistic inheritance model, (219)
M = combined model with event inheritance and later geodynamics. (220)

The model comparison must determine whether the event sequence is:
e unnecessary;
e complementary;
o materially explanatory;
e causally dominant; or

e incompatible with observations.
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13.8 Causal Identification Requirements for the Counterfactual Family

The three model families in Stage 6 must be executable, independently specified, and matched in
observational opportunity. In particular:

e the no-event model must not be deliberately deprived of defensible initial heterogeneity;

e the astro-ballistic model must count every event, coordinate, transition, and inherited field
selected after inspection;

e the combined model must demonstrate necessity of both parent components and any interaction
term;

e and all families must be evaluated on the same held-out boundaries, motions, chronology, deep
fields, and surface structures.

A fitted difference between two unmatched simulations is not a causal intervention. It is a model-
configuration contrast and must be labeled accordingly.

13.9 Stage 7: Advance Prediction
The framework must identify observations not used in fitting.
These may include:
e unknown or poorly mapped boundary continuations;
e predicted subsurface corridors;
e predicted fracture orientations;
o predicted basin asymmetries;
e predicted terrane displacement paths;
e predicted gravity anomalies;
o predicted seismic anisotropy;
o predicted event-linked mineralization; and

e predicted chronological relationships.
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14 Initial Paper-I1I Falsification Architecture

14.1 Primary Paper-111 Falsifier

Paper-III primary falsifier.

If a completed search over the frozen eligible event-sequence family shows that every sequence
has an empty integrated viable set for the major plate-boundary network, relative plate-
motion directions, relative speeds, chronology, and principal surface structures, the global
astro-ballistic organization claim developed in Paper III is rejected.

Before the eligible sequence family and its T3 thresholds are frozen and tested, the global
status remains unresolved. Failure of one sequence rejects that sequence only.

14.2 Boundary Falsifier

If the event sequence predicts boundaries that are systematically mislocated, misoriented, mistimed,
or absent, the global boundary-formation claim fails.

14.3 Direction Falsifier

If predicted plate directions do not match observed directions in a declared reference frame, directional
inheritance fails.

14.4 Speed Falsifier

If speeds can be matched only through independent plate-specific tuning, the quantitative motion
claim fails.

14.5 Chronology Falsifier

If predicted boundary initiation, reactivation, mountain building, trench development, and basin
formation are chronologically incompatible with the geological record, the sequence fails.

14.6 Inheritance Falsifier

If removing the event-derived state does not materially alter the boundary and motion solution, the
event sequence is not the primary organizer.

14.7 Complexity Falsifier

If the event model requires enough adjustable events, coordinates, paths, boundaries, and force
parameters to reproduce arbitrary global patterns, it loses replacement force.

14.8 Mechanical-Consistency Falsifier

If Paper III requires event outputs outside the viable mechanical fields permitted by Paper II, the
reconstruction is invalid.
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14.9 Comparison-Model Falsifier

If the frozen comparison framework predicts the full held-out observation vector better after effective-

complexity accounting, primary astro-ballistic replacement preference is not established. This

comparative loss does not by itself reject independently viable regional or event-level contributions.

15

Global Reconstruction Framework Synthesis

This global-reconstruction synthesis records:

1

[\

> W

© »® N o >

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

the causal replacement burden;

the distinction between continental drift and Plate Tectonics;
the acceptance of measured plate motion as shared evidence;
the Paper-II conditional handoff state;

the complete sequenced event-catalog structure;

nonlinear interaction among successive events;

the global coordinate and reference-frame architecture;

finite plate rotations and Euler-pole kinematics;

plates as evolving material domains;

rigid and internally deforming plate components;

plate birth, fragmentation, merger, and identity;

the global boundary-network graph;

boundary location, orientation, age, and motion residuals;
event impulse and angular-impulse fields;

inherited damage, rheology, gravity, and boundary potential;
long-time conservation and force equations;

the separation of inherited direction from sustained speed;
with-inheritance and without-inheritance counterfactuals;
quantitative direction, speed, and Euler-pole residuals;

the global reconstruction hierarchy; and

the initial Paper-III falsification architecture.

The following sections develop:

e event-derived boundary nucleation;

o fracture-network connectivity;
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e plate fragmentation and enclosure;

e boundary reactivation by later events;

e convergent, divergent, transform, and collapse classifications;
e boundary propagation and termination;

e continental-margin inheritance;

e ocean-basin opening and closure;

e plate-identity tracking through successive events;

e topology and graph-comparison metrics; and

o complete boundary-network viability tests.

16 Event-Derived Boundary Nucleation

16.1 Boundary Nucleation as a Material-State Transition

A tectonic boundary is not defined only as a line drawn between modern plates.

Within Astro-Ballistic Chronostratigraphic Sequencing , a boundary begins as a spatially connected

material-state transition capable of localizing later displacement.

For event k, define the post-event state perturbation

AQk - (AT]{H Aplﬁ Dka A¢k’7 Xm,lﬁ AT]ky AYk? AO’k, AUk, ACk) .

A boundary-nucleation field is then constructed as

Npi(r,t) = Fp[AQu(r,t)].

16.2 Normalized Boundary-Nucleation Functional

One explicit candidate is

e~ e~

- Y, —
NB,kz =wpDy + Wy (770> + wy <0> + wUHAO'kH
Mk Yi

+ wr ‘AVT;C‘ + w, ‘Ek‘ + wy ‘Z@k‘ + Wy,

The weights satisfy
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The weights and normalization rules must be frozen before comparison with the observed boundary
network.

16.3 Candidate Boundary Domain

The initial event-derived boundary domain is

BY = {r: N (v, t) > Np e} - (225)

This domain may be volumetric.

Its surface projection is

s [BY] (226)
where IIg maps the three-dimensional inherited structure onto the lithospheric surface or shell.

16.4 Boundary Skeleton

A volumetric weakness zone may be reduced to a center surface or centerline through skeletonization
operator

Sp i = Skel [B]] . (227)

The skeleton must preserve:
e connectivity;
e orientation;
e branching;
e thickness;
e depth;
e inherited material state; and

e uncertainty.

16.5 Boundary Thickness

For local boundary-normal coordinate ¢, define boundary thickness

Hpp= (¢ — (-, (228)

where
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Np i (C+) = NB crit- (229)

The model must predict whether the inherited feature is:
e a narrow fault-like zone;
e a broad deformation belt;
e a deep lithospheric corridor;
e a crust—mantle transition;
e a thermal boundary;
e a compositional boundary; or

o a distributed plate-margin system.

16.6 Boundary Orientation From Material Tensors

Let the event-created damage tensor be

D;.. (230)

The principal weakness direction is

Dy). (231)

npj = eigvec, . (

The predicted local boundary tangent may be defined as the surface direction orthogonal to the

projected weakness normal:

T X ﬁD,k

tpr = | (232)

[T x fp gl

Alternative orientation fields may derive from:
e maximum shear strain;
e maximum displacement gradient;
e phase-front geometry;
e excavation margins;
e collapse margins;
e terminal decompression;
e thermal gradients;

o density gradients; or
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e stress discontinuities.

The selected orientation rule must be declared by mechanism class.

16.7 Boundary Initiation Time

The boundary initiation time is

The time may differ from the event’s nominal impact time because:

e damage may accumulate;

e collapse may be delayed;

e phase transformation may be delayed;

e thermal weakening may develop later;

o gravitational relaxation may localize deformation; or

o later events may reactivate a latent structure.

16.8 Boundary Maturity

Define normalized boundary maturity

Spr(t
Mpi(t) = SBJC()’

B,mature

where
SBJg(t) = ./\[371{ dV.
B(t)
A latent inherited structure may satisfy
0< ./\/lByk <1

before later loading turns it into an active plate boundary.

16.9 Boundary-Creation Classes
Event-derived boundary creation may occur through:
BCi1. direct fracture;
BC2. shear localization;

BC3. compressional damage;
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BC4. extensional separation;

BC5. excavation-margin formation;

BC6. terminal-collapse formation;

BC7. thermal weakening;

BCS8. melt-assisted weakening;

BC9. density-contrast formation;
BC10. phase-boundary inheritance;
BC11. residual-stress localization; or
BC12. reactivation of an older structure.

Each class requires a distinct state signature.

16.10 Boundary-Nucleation Falsifier

Boundary-nucleation falsifier B2.

If mechanically admissible events do not generate connected material contrasts capable of
becoming persistent deformation boundaries, the event-derived plate-boundary mechanism
fails before global plate reconstruction begins.

17 Damage Connectivity and Plate Enclosure

17.1 Connected Boundary Components

For thresholded boundary domain B, define connected components

N¢
B=JB. (237)
c=1
Two points x, and x; belong to the same component if there exists a continuous path

~v:[0,1] - B (238)

such that

Y(0) = x4, (1) = xs. (239)

17.2 Surface Boundary Network

The surface-projected boundary network is
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Bs = Tis [ng] |

The complement of this network on the lithospheric surface is

Se \ Bs.
Its connected components define candidate plate domains.

17.3 Candidate Plate Enclosure

A candidate plate domain P; is a connected component satisfying

8PZ c BS U Ddistributed:

where Dgistributed a2llows broad deformation zones.

17.4 Closure Defect

For candidate boundary loop I';, define geometric closure defect

6close,i = dS (Xstarta Xend) .

The normalized defect is

¢ o 5close,i
close,i — )
Lr

i

where Ly, is loop length.

A candidate plate requires

€close,i < €close,crit -

17.5 Boundary Completeness Fraction

Let the total perimeter of plate i be

Lp,.

k3

Let the perimeter supported by event-derived boundary state be

event
Lgen,
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Define boundary completeness

Levent
P;
Cp, = T (248)

7

A replacement model must specify the minimum completeness required for a plate to count as event
organized.

17.6 Enclosure Confidence
Define plate-enclosure confidence

Cfnc = wLCPi + Welose (1 - 6(:105-972‘) + wS§B,i + wDﬁB,i + wAA’z{B,ia (249)
with predeclared normalized components and weights.

17.7 Percolation Threshold

For threshold Np crit, define largest connected-boundary fraction

Poo _ Llargest component ) (250)
Ltotal boundary

A global boundary network may undergo a connectivity transition as the threshold changes.

The critical threshold is

NB,perc = inf {NB,crit : P > Poo,crit} . (251)
The threshold cannot be chosen solely because it produces the desired plate count.
17.8 Boundary Gaps
A gap between boundary segments a and b is

— i . 9252
Yob = _min ds (XasXp) (252)

A gap may be bridged only by:
e a predicted continuation;
e a distributed deformation zone;
e a later event;
e an independently mapped inherited structure; or

e a declared uncertainty interval.
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17.9 No Arbitrary Boundary Bridging
A prohibited reconstruction is
Ba U ﬁmanual U Bln (253)

where Lnanual 18 inserted only to close a preferred plate polygon.

Every connection must have a physical or observational basis.

17.10 Plate-Enclosure Falsifier

Plate-enclosure falsifier B3.
If the event-derived damage and material-state network cannot form stable connected bound-
aries enclosing a realistic set of tectonic domains without arbitrary gap filling, the global
plate-partition claim is rejected.

18 Plate Fragmentation, Merger, and Terrane Transfer

18.1 Plate Lineage Graph

Plate identity through time is represented by directed graph

g}ijneage _ (V}:Dime’ gjlineage) ' (25 4)

Each node represents a plate or block at a specific time interval.
Edges represent:

e persistence;

o fragmentation;

e Ierger;

e accretion;

e transfer;

e descent;

e recycling; or

e uncertain identity.

18.2 Fragmentation Criterion

Plate i fragments when an internal connected boundary
Bijnt C Pi (255)
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separates the domain into at least two connected components:

Ny
Pi\ Bijnt = | Pia Ny >2. (256)
a=1

A mechanical fragmentation criterion may be

]:frag,i = le5 + wegeq + wo'a'eq + wn(770/77) > ]:frag,crit~ (257)
18.3 Fragment Mass Conservation
Fragmentation requires
Ny
MZ‘_ = Z MZ—: + Mloss + Mtransfer- (258)
a=1
Angular momentum requires
Ny
L; + ALevent = Z L:; + Lioss + Litransfer- (259)
a=1
18.4 Fragment Velocity
For daughter fragment a,
Vi = vy AvEYent - Ayielease o Ay g, (260)

The model must predict differential daughter motion rather than simply assigning the modern
velocities.

18.5 Merger Criterion
Two plate domains merge when:
1. their shared relative velocity becomes sufficiently small;
2. the intervening boundary loses mechanical activity;
3. their material-state contrast falls below a declared threshold; and
4. the combined domain behaves as one coherent kinematic unit.
Formally,

rel
]

\%

< Umerge,crit (261)
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and

SB,ij < SB,inactive- (262)

18.6 Terrane Domain

A terrane is represented as material domain

To(t) C Pi(t). (263)
Its identity vector is
QTq = (an Qgq, Mq, Sqa Xqs Rq) ’ (264)
where:
C, = composition, (265)
a, = age structure, (266)
M, = magnetic or paleomagnetic state, (267)
S, = structural state, (268)
X4 = position, (269)
R, = rotation state. (270)
18.7 Terrane Transfer
Terrane transfer from plate i to plate j is
Ty CPi(t) (271)
and
Ty C P;(tH). (272)

The transfer requires:
e boundary crossing or boundary redefinition;
e material continuity;
e chronological continuity;

o displacement continuity;
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e rotation continuity; and

e conservation of terrane identity.

18.8 Terrane Displacement Path

The reconstructed terrane path is

xr, (t). (273)
Its predicted displacement is
Axr, = xr,(t2) — x1,(t1). (274)

The event-sequence model must predict this path from plate and boundary evolution.

18.9 Terrane-Fit Residual

For observed terrane property vector QOTSS and predicted vector QTq,

er, = Q%" — Q. (275)
The covariance-weighted residual is
X7, = e}qz;qleTq. (276)

18.10 Identity Falsifier

Plate-identity falsifier B4.
If the event sequence requires plate fragments, mergers, or terrane transfers that violate
material, chronological, rotational, or geochemical continuity, the corresponding global

reconstruction is rejected.

19 Boundary Type From Relative Motion and Material State

19.1 Kinematic Boundary Components

For boundary B;;, the relative velocity is

ngfl =V; —Vj. (277)

Its boundary-normal and boundary-tangential components are
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19.2 Kinematic Type Ratios

Define

where €, prevents division by zero.

Define closing indicator

and opening indicator

The sign convention must be frozen with the boundary-normal orientation.

19.3 Convergent Boundary

|vn|
I1I,;, = ———
nt |’Ut|+€v’
v
Cij = —vnf7
re
v
0=
K Uref

A boundary is kinematically convergent where

Its mechanical expression may include:
 shortening;
e thickening;
e descent;
e underthrusting;
« folding;
o uplift;
e accretion;
e shear localization; and

e material recycling.

Up, < —Un,crit-
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19.4 Divergent Boundary

A boundary is kinematically divergent where

Up, > Un,crit -

Its mechanical expression may include:
e extension;
e lithospheric thinning;
e separation;
e decompression;
e melt production;
e subsidence;
e basin opening; and

o creation of new intervening material.

19.5 Transform or Shear-Dominated Boundary

A boundary is shear dominated where

|vg| > g crit

and

|Un‘ < Up shear-

19.6 Oblique Boundary

A boundary is oblique where both components are significant:

’Un ’ 2 Un,oblique

and

| Ut ‘ > Ut oblique-

19.7 Collapse Boundary

(284)

(285)

(286)

(287)

(288)

A collapse boundary is identified not only by relative plate motion but by inward displacement toward

an excavation, basin, terminal-response, or gravitationally unstable region.
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Define collapse-center position

Xe.
The radial collapse component is

X, — X
Veoll =V *© 77~
[xe — x|

A collapse boundary requires

Ucoll > Vcoll,crit -

19.8 Material-State Classification
Boundary kinematics alone do not determine mechanism.

Define material-state vector

QB = (HvaBuTBanBayBaD37Xm,Ba¢B7UB) .

The complete boundary type is

B = CB (U’na Ut, QB?HB) )

where Hp is boundary history.

19.9 Boundary-Type Transition

A boundary may evolve through

TB(tl) — TB(tg).

Possible transitions include:
e fracture to extension;
o extension to spreading;
e extension to closure;
e convergence to collision;
e convergence to descent;
e transform to convergence;

e inactive inheritance to reactivation;
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e excavation margin to later plate boundary; and

e terminal damage zone to later trench system.

19.10 Boundary-Type Confusion Matrix

For observed class a and predicted class b, define count

Ngp. (295)
The normalized confusion matrix is
Nap
Cop = ——. 296
@ = SN (296)

The model must report systematic misclassification rather than only total accuracy.

19.11 Boundary-Type Falsifier

Boundary-type falsifier B5.

If the event-derived network predicts the wrong opening, closing, shearing, collapse, or inactive
behavior across major boundaries, the global kinematic classification claim is rejected even
when boundary locations appear similar.

20 Boundary Propagation, Branching, and Termination

20.1 Boundary Front

Let an evolving boundary front be represented by

Fp(r,t) =0. (297)

The boundary-normal propagation speed is

0Fp /ot
VB =— . (298)
IVEg||
20.2 Boundary Propagation Law
A general propagation law is
VB,n - gB (Gdrivea Gresista Da T’ P, m, Y7 Xm ¢v g, glater) ; (299)

where:
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G grive = mechanical driving energy or stress, (300)

Gresist = fracture, yield, or rheological resistance. (301)

20.3 Propagation Criterion

Propagation occurs when

Gdrive > Gcrit- (302)
Arrest occurs when
Gdrive < Garrest- (303)
20.4 Propagation Direction
The boundary-propagation direction is
dp = argmax |G (d)]. (304)
d

It may be controlled by:
e principal stress;
e inherited weakness;
e event-path orientation;
e lithospheric thickness;
e thermal gradient;
o density gradient;
e pre-existing faults;
o plate curvature;
e topography; and

e later-event forcing.

20.5 Branching Criterion

A boundary branches when more than one propagation direction satisfies

G\ > G (305)

drive
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For branch a, define energy allocation

Gy
fra=—de_
Zj G’drive

The branch angles and lengths must be predicted.

20.6 Junctions

At junction J, incident boundary tangents are

{tj,l,tj,g,...,tj,n}.

The junction degree is

The angular configuration is

©5={0w},

where

0,5 = arccos (tJ@ . t]7b) )

20.7 Boundary Termination
A boundary may terminate when:
e its driving stress falls below threshold;
e it encounters a stronger domain;
e it merges with another boundary;
e it reaches an event-created excavation margin;
o it reaches a plate edge;
e it is buried or consumed;
e it heals;
« later events redirect the deformation; or

o the plate identity changes.
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The termination time is

5™ = inf {t : Sp(t) < SB.term} - (311)

20.8 Boundary Lifetime

Boundary lifetime is

T = trm — ¢init, (312)

The observed boundary chronology must be compatible with the predicted lifetime and any later
reactivation.

20.9 Propagation Residual

For observed boundary tip path x%bs(t) and predicted path Xp(t),

enuip(t) = ds [XF* (1), %p(t)] - (313)

20.10 Propagation Falsifier

Boundary-propagation falsifier B6.
If event-derived boundaries must be extended, branched, or terminated independently of
their calculated stress, material state, and event history to match the observed network, the

propagation model is rejected.

21 Reactivation by Later Events

21.1 Latent Boundary State
A boundary may remain mechanically inherited while kinematically inactive.

Define latent boundary state

Qi = (Dp,n5, Y5, ¢85, App, ATp, 0B res, Cp) - (314)

21.2 Later-Event Loading

For later event m > k, the incremental loading is

Aa%ﬂ) = J(Bm’ﬂ - agn’_). (315)

The total post-event stress is
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tot __ background

Op = B +O-(Bf€7)res + Z Aagn)

21.3 Reactivation Index

A general reactivation index is

Rgn) = ’LUTTé

™) 4 wpDp + wy(no/nB) + prPB + wr

Reactivation occurs when

R(én) > RB,crit‘

21.4 Reactivation Angle

Let inherited boundary normal be

alk).

Let maximum later compression direction be

cm),

Their angular relationship is

reopened;
closed;
sheared;
inverted;
bypassed;
strengthened;
rotated; or

destroyed.

ng’m) = arccos (’ﬁg

84

m>k

)

).6(m)D‘

The reactivation rule must predict whether the older boundary is:

ATV

3

(316)

(317)

(318)
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21.5 Boundary Inversion

Boundary inversion is a change in kinematic sense:

sign [Un(tl)] # sign [Un(t2)] :

Examples include:
o extension followed by compression;
« opening followed by closure;
e descent followed by uplift;
o normal displacement followed by reverse displacement; and

e basin formation followed by mountain building.

21.6 Boundary Overprint

The state after later event m is

) = 7 Q) 2]

The fraction of older boundary memory retained is

(k—m) HQSBm’H - Q(Brr,gew

T e

The definition must be adapted to the normalized state variables used.

21.7 Event Attribution

For modern boundary b, define contribution weights

Qs apg, = 0,

with

Zabk =1.
k

A boundary may therefore be:
e primarily created by one event;

e reactivated by one or more later events;
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o rotated by later plate motion;

e broadened by long-term deformation; or

» only weakly related to the event sequence.

21.8 Reactivation Falsifier

22

Reactivation falsifier B7.

If later events are invoked to reactivate older boundaries without predicting which boundaries
reactivate, in what direction, at what time, and with what resulting motion, the sequenced
reconstruction is non-falsifiable.

Continental-Margin and Ocean-Basin Inheritance

22.1 Continental Margin as a Material Transition

A continental margin is represented as domain

The

Mc = {r: Fo (Herust; p,C, Ty, D, ¢) = 0} . (327)

event-sequence model must explain whether the margin was:
directly fractured;
thermally weakened;
excavated;
stretched;
displaced;
reactivated;
inherited from an older margin; or

produced by a combination of events and later deformation.

22.2 Margin-Nucleation Potential

Define margin-nucleation potential

NC = WH ’VHcrust

+le~)+w,7(77g/\/_/77)+wp‘%‘—i—wT‘ﬁ‘—l—wc‘/V\é‘. (328)

A candidate margin is

M = [r No > No it} - (329)
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22.3 Crustal Stretching

For extension direction n., define extensional strain

€c = N - €Ng.

The stretching factor is

Ly
p= I
A basin-opening model requires
B> 1.
22.4 Crustal-Thinning Relation
A first geometric screening relation is
H;
Hy ~ a0
=B

before accounting for:
o magmatic addition;
e erosion;
e sedimentation;
e phase change;
o density change;
e dynamic support; and

e later compression.

22.5 Basin Domain

Define basin domain

Sbasin(t) = {X : Z(X7 t) < Zreference(xa t)} .

Its area is

Abasin = / dA.

basin
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Its accommodation volume is

Vaccom = [Zreference - Z] dA.
Sbasin

22.6 Basin Subsidence

The total subsidence is decomposed as

Sbasin (t) = Sevent + Sthermal + Sﬂexural + Ssed + denamic + Sboundary-

The event contribution is

Sevent = Sexcavation + Sdamagc + Sdonsity + Sphase + Sdisplacomcnt-
22.7 Basin Opening Rate
For opposing margins M; and M, define opening width
Wp(t) = ds [Ma(t), M2(t)] .
The opening rate is

AW

1%
B~ "t

22.8 New Intervening Material

Where separation produces new intervening lithosphere or crust, define production rate

Anew = / ,U;_ df,
r

prod

where

vF = max(vy, 0).

(336)

(337)

(338)

(339)

(340)

(341)

(342)

The event model must reproduce the spatial and chronological pattern of new material where such

production is observed.

22.9 Basin Closure

Basin closure occurs where

WB<0.
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The closure rate is

Vclose = _WB' (344)

Closure may generate:
e convergence;
e underthrusting;
e descent;
e crustal thickening;
e accretion;
e mountain building;
e basin inversion; and

e terrane transfer.

22.10 Margin Pairing

For margins a and b, define pairing score

Pab = weGap + wWcCap + waAgy + WsSap + WrTap, (345)

where the terms compare:
e geometry;
e composition;
o age;
e structure; and
e chronology.

The event sequence must predict the separation and later relationship of paired margins.

22.11 Ocean-Basin Inheritance Chain

The proposed causal chain is

Er — Byeak — €oxt — Herust $— Wi T— Spasin — later basin evolution. (346)

Every step requires a forward calculation.
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22.12 Margin and Basin Falsifier

Margin-and-basin falsifier BS8.

If the event-derived boundary and displacement fields cannot reproduce the placement, paired
geometry, opening history, crustal thinning, subsidence, and later closure of major continental
margins and ocean basins, the global fragmentation claim is rejected.

23 Boundary-Network Topology and Graph Metrics

23.1 Observed and Predicted Graphs

Let the observed boundary graph be

g%bs _ (Vobs, Sobs) ’ (347)
and the predicted graph be
Gs = (V.£). (348)
23.2 Basic Graph Counts
The node-count residual is
ANy = NgPs — NPred, (349)
The edge-count residual is
o obs pred
ANg = Ng”* - Np . (350)
The connected-component residual is
AN = Ng>s — NEred, (351)
23.3 Degree Distribution
For graph node v, let degree be
d(v). (352)
The observed degree distribution is
Pobs(d), (353)
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and the predicted distribution is

Ppred(d). (354)

A distributional residual may be
1
Ddegree = 5 Z |pobs(d) - ppred(d)| . (355)
d

23.4 Cycle Rank

For graph with Ng edges, Ny vertices, and N¢ connected components, the cycle rank is

e = Ng — Ny + N¢. (356)

This measures the number of independent graph cycles and therefore the topological capacity to
enclose plate domains.

23.5 Plate-Enclosure Count

The predicted number of enclosed plate domains is

N]};;red - -Ffaces [G\B} . (357)
The residual is
o obs pred
ANp = Ngbs — NBred, (358)

23.6 Boundary-Length Distribution

For boundary edge e, let length be

Le. (359)
The predicted and observed distributions are
ppred(L)a pobs(L)' (360)
A normalized length residual is
Dy = / ppred (L) — pobs(L)] dL. (361)
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23.7 Hausdorff Distance

For observed boundary set B°P5 and predicted set g, the symmetric Hausdorff distance is

dy (BObS,g) =max( sup inf ds(z,y), sup infbﬂdg(x,y) . (362)
xreBobs yeB yeé\xeb’o s

23.8 Average Symmetric Boundary Distance

A less outlier-sensitive measure is

pred

dasp = % l Libs /B Obsd(x,ﬁ) dl + Ll /g d(y,BObs) de] . (363)

23.9 Boundary-Type Agreement
Let observed boundary label be 79 and predicted label be 7P,

Weighted classification accuracy is

bs __ d
S Ll [rbs = rpred]

A,
Ze Le

(364)

23.10 Orientation Agreement

The length-weighted orientation score is

/B cos [2 (WObs — ypredﬂ dl

A = ' (365)

/d€
B

The factor of two treats orientations as axial.

23.11 Adjacency-Matrix Difference

Let observed and predicted adjacency matrices be

A°bs, AP, (366)

The normalized Frobenius residual is

HAobs _ Apred
_ F

Dy = (367)
[|ACbs|[
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23.12 Graph-Spectral Difference

Let graph Laplacians be
L.obs — pobs _ pobs.
and
pred — pypred _ A pred.
For ordered eigenvalues

AL, A2y,

define spectral distance

1/2
o]

23.13 Event-to-Boundary Sparsity

Let

1, event k contributes to boundary b,
Xk =

0, otherwise.

The total event-boundary assignments are

Ngp =Y Xk
bk

A constrained model should not require every event to explain every boundary.

23.14 Composite Network Score

Define a composite network residual

I = wrdp + waspdasp + waDa + wyDy + w, (1-

+wy (1— Ay) + wy|ANp| + we | ANC|.

All weights must be frozen before model evaluation.
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24 Boundary-Network Model Comparison

24.1 Competing Model Families

The minimum comparison includes:

Mp o = background geodynamic model without event inheritance,
Mp,1 = event-derived boundary model,
Mp o = event inheritance plus later geodynamics,

M 3 = spatial null or randomized event model.

24.2 Boundary Data Vector

The complete boundary data vector is

DB = (XB7’YB)KBaTB7aBavn7Ut7HBaQngB) .

24.3 Boundary Likelihood

For predicted boundary model D B,

ﬁB:p(D%bSyﬁB,zB).

A Gaussian approximation may use

1 1
InLp = —§<—:TBZ§163 — iln |Xg|+C.

(379)

(380)

(381)

Spatial topology and categorical boundary type may require non-Gaussian likelihood components.

24.4 Model Evidence

The evidence calculation must be interpreted together with effective complexity and predictive

validation [9, 10, 11, 13].
For model Mp 4,

ZB»(] = /‘CBp (®B,q | MB@) d®B,q-

The Bayes factor is
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24.5 Boundary Complexity
The boundary-model parameter count includes:
e cvent count;
e event ages;
e event coordinates;
e event paths;
e event energies;
e target domains;
e nucleation thresholds;
e propagation parameters;
e reactivation parameters;
e preservation parameters;
o manually assigned boundary-event links; and

o regional correction parameters.

24.6 Event-Count Penalty

For Ng events, define penalty

Pny = AeNg. (384)

If newly added events are used only to cover unexplained boundaries, the penalty must include their
complete forensic and mechanical burden.

24.7 Boundary-Assignment Penalty

For Ngp event-to-boundary assignments,

Pep = ApNEgB. (385)
A model with one manually selected event explanation per boundary is not strongly constrained.

24.8 Spatial Null Test

For randomized event catalog £(), calculate

g r=1,... N (386)
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The empirical probability of obtaining a score as favorable as the observed event sequence is

e gy < g

Pnull = NR +1 (387)
24.9 Spatial Cross-Validation
Partition Earth into training regions
Dtrain (388)
and held-out regions
Drest - (389)
Fit or calibrate the model using
Dian, (390)
Then predict
Dis (391)
without regional retuning.
The held-out score is
N (392)
24.10 Chronological Cross-Validation
A second validation trains on older time slices and predicts younger boundary development:
Mt >t —» B[t <tg]. (393)

The reverse experiment may reconstruct older boundaries from younger constraints but must report
the increased inverse-problem uncertainty.

24.11 Leave-One-Event-Out Test

For event k, remove it from the catalog:

£ =E\{E). (304)
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Calculate the resulting network

The event’s marginal contribution is

AT = JIB,~k — IB full-

An event with

AJBJﬁ ~ 0
is not required by the boundary reconstruction.

24.12 Comparison Decision
The event-derived model gains support only if it improves:
e spatial boundary fit;
e orientation fit;
e topology;
e boundary type;
e chronology;
¢ held-out prediction;
e physical interpretability; and
e causal compression of the data.

The improvement must survive complexity penalties.

25 Boundary Viability and Falsification

25.1 Boundary Parameter Vector

The complete boundary parameter vector is

®B = (87 QOaNB,Crit7va gB7RB7PBaHB) )

where:
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UB
Rp
P
Hp

25.2 Boundary Viable Set
Define

= propagation laws,
= reactivation laws,

= preservation laws,

= event-to-boundary handoff rules.

mechanical input admissible,
boundary nucleation successful,
connectivity successful,

plate enclosure successful,
boundary orientation compatible,
boundary type compatible,
chronology compatible,
propagation compatible,

reactivation compatible,

margin and basin inheritance compatible,

topology compatible,

held-out prediction successful

25.3 Boundary Falsification Matrix

Table 3: Paper-IIT boundary-network falsification matrix.

ID Boundary claim

Falsifying result

Consequence

B-FO01 Boundary nucleation Mechanically admissible events

B-F02 Boundary location

produce no persistent
connected material-state
boundaries.

Predicted major boundaries
are systematically displaced
from observed boundaries
beyond declared uncertainty.

B-F03 Boundary orientation Predicted orientations

systematically disagree with
observed boundary
orientations.
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Reject event-derived
boundary formation.

Reject spatial
reconstruction.

Reject directional

boundary inheritance.
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ID Boundary claim Falsifying result Consequence

B-F04 Plate enclosure The predicted network does  Reject event-derived
not enclose a realistic set of  plate partition.
plate domains.

B-F05 Boundary Large fractions of observed Reject network

completeness plate perimeters require completeness.
manually inserted connections.

B-F06 Boundary type Predicted opening, closing, Reject kinematic
shear, or collapse behavior is  classification.
incompatible with observed
relative motion.

B-F07 Boundary chronology Predicted initiation or Reject the relevant event
reactivation ages conflict with assignment.
the geological record.

B-FO8 Boundary Required boundary growth Reject propagation

propagation cannot be generated by the model.
declared stress and material
model.

B-F09 Boundary branching Observed junctions require Reject branching model.
arbitrary branching angles or
locations.

B-F10 Boundary termination Predicted boundaries continue Reject termination
through regions where no model.
corresponding structure exists.

B-F11 Reactivation The model cannot predict Reject sequenced
which older boundaries later  reactivation claim.
events reactivate.

B-F12 Plate fragmentation Predicted plate breakup Reject fragmentation
violates material or history.
chronological continuity.

B-F13 Plate merger Predicted mergers retain Reject merger history.
incompatible relative motion or
boundary state.

B-F14 Terrane transfer Predicted terrane paths violate Reject transfer history.
age, composition, rotation, or
structural evidence.

B-F15 Continental margins The model fails to predict Reject continental-
paired margins and their fragmentation claim.
separation history.

B-F16 Ocean basins The model fails to predict Reject basin-inheritance

opening, subsidence, crustal

thinning, or closure.
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ID Boundary claim Falsifying result Consequence

B-F17 Network topology Predicted graph connectivity, Reject global topology.
plate count, cycles, and
junction structure differ
materially from observations.

B-F18 Spatial null Randomized event catalogs Reject special
reproduce the observed event-sequence
network equally well. significance.

B-F19 Held-out prediction = The model fits training regions Reject general predictive
but fails in withheld regions.  validity.

B-F20 Leave-one-event-out Removing a claimed major Reject that event as a

necessity event does not alter the necessary boundary
reconstruction. organizer.

B-F21 Complexity The model requires one event, Reject causal
correction, or assignment for  compression.
nearly every boundary.

B-F22 Mechanical Boundary-forming states are  Reject the reconstruction

consistency outside the viable outputs of as mechanically
Paper II. unsupported.

B-F23 Comparison model = The non-astro-ballistic model Reject boundary
reproduces the network more replacement claim.
accurately with fewer
parameters.

B-F24 Complete boundary The boundary viable set is Reject the global

viability

empty.

event-derived boundary
network.

25.4 Boundary Success Standard

The event-derived boundary model survives only if one shared event sequence:

BS1.
BS2.
BS3.
BS4.
BS5.
BS6.
BS7.
BSS.

begins from mechanically admissible event states;

generates connected inherited material contrasts;

predicts major boundary locations;

predicts boundary orientations;

encloses a realistic plate and block partition;

predicts opening, closing, shear, and inactive behavior;

predicts boundary initiation and reactivation chronology;

predicts fragmentation, merger, and terrane transfer;
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BS9.
BS10.
BS11.
BS12.
BS13.
BS14.
BS15.

26

predicts continental-margin relationships;

predicts ocean-basin opening and closure;
reproduces network topology;

survives spatial and chronological cross-validation;
outperforms randomized event catalogs;

avoids independent fitting of each boundary; and

improves on the comparison model after complexity penalties.

Boundary-network decision rule.

The plate-boundary replacement claim survives only if a mechanically admissible sequence of
astro-ballistic events generates one connected, chronologically consistent, materially persistent
boundary network whose plate enclosure, topology, orientations, boundary types, margins,
basins, and reactivation history match the observed Earth without manual boundary-by-
boundary construction.

Boundary-Network Synthesis

This boundary-network synthesis records:

1

L

© »® N o o

10.
11.
12.
13.
14.
15.
16.

. the event-derived boundary-nucleation functional;

volumetric boundary domains and surface projections;

boundary thickness, orientation, maturity, and initiation time;

connected boundary components;

plate enclosure and closure-defect metrics;

boundary completeness and percolation thresholds;

restrictions against arbitrary boundary bridging;

plate-lineage graphs;

fragmentation, merger, and terrane-transfer rules;

mass and angular-momentum conservation during plate fragmentation;
boundary classification from relative normal and tangential motion;
convergent, divergent, transform, oblique, collapse, and inactive boundary classes;
boundary propagation, branching, junction, arrest, and termination laws;
later-event reactivation and boundary inversion;

event attribution and overprint;

continental-margin nucleation;
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17. crustal stretching and thinning;
18. ocean-basin opening, subsidence, material production, and closure;
19. boundary-network graph and topology metrics;
20. Hausdorff, orientation, adjacency, and graph-spectral residuals;
21. spatial, chronological, randomized, and leave-one-event-out validation;
22. the boundary viable parameter set; and
23. the complete Paper-III boundary falsification matrix.
The following sections develop the quantitative motion problem:
e event impulse transfer into plate-scale translation and rotation;
e plate inertia tensors;
e Euler-pole prediction;
« force and torque decomposition;
e gravitational, buoyancy, boundary, and mantle contributions;
e inherited direction versus maintained speed;
o velocity-memory kernels;
e plate acceleration and deceleration;
o relative plate-motion prediction;
o global navigation-satellite and geological velocity datasets;
e present-day and deep-time velocity residuals;
e plate-speed hierarchy;
e motion counterfactuals; and

o complete plate-direction and speed falsification tests.

27 Event-to-Plate Impulse Mapping

27.1 Purpose
Paper II defines event-generated impulse as a spatial field.

Paper III must determine how that field is partitioned among plates, tectonic blocks, deforming
boundary zones, mantle domains, oceans, atmosphere, ejecta, and bulk-Earth motion.

For event k, let the impulse-density field be

++

J(r) = /t “ oty (e, 1) d. (404)

k
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The event impulse delivered to plate or block 7 is

I, = / 3, (r) dV.
Pi(tr)
The associated angular impulse about Earth’s center is
ALy, — / r x Jy(r) dV.
Pi(tr)

27.2 Plate-Membership Field

At event time t;, define material-membership function

(r _ 1, I‘G'Pi(tk),
it ) {o, ré Pilty).

(405)

(406)

(407)

For distributed or uncertain plate membership, replace the binary field with fractional membership

0 < wi(r,tg) <1,
subject to
Zwi(ra tk) + wdeform(r7 tk) =1.
7

The plate impulse becomes

Iik:/ wi(r, i) Ik (r) dV.
Vo

27.3 Impulse Partition

The event impulse is partitioned as

Np

I;ﬂotal — Z Izk + I%eform + I?antle + I%cean + Iztm + IZjeCta + IEulk.

=1

Likewise, angular impulse satisfies

Np
AL};cotal — ZALZ}C + AL(lgeform + ALGantle + ALzscape + ALzulk.

=1

103

(408)

(409)

(410)

(411)

(412)



27.4 Translation, Rotation, and Internal Deformation

For plate 7, the event-delivered momentum is partitioned into:

Kix = (AP, ALY, B!, Blent, Bffeet, B ). (413)

The translational component changes center-of-mass velocity.
The rotational component changes angular velocity.
The remaining components modify internal deformation, temperature, damage, and future boundary

mobility.

27.5 Immediate Translational Response

For plate mass M;,

L
AVEM — 8 414
ik Mz ( )

This expression is an immediate momentum result.

It is not a prediction that modern plate velocity equals the initial event velocity.

27.6 Immediate Rotational Response

Let plate center of mass be

1
rioM = - A prdV. (415)
7 i

The angular impulse about the plate center of mass is

ALGM = / (r —riom) X JpdV. (416)

i

The immediate angular-velocity change is
Awgy, = L TALGM, (417)
where I; is the plate inertia tensor.

27.7 Impulse Projection Into Rigid and Deforming Modes

Let the plate-response basis contain rigid translation modes, rigid rotation modes, and internal
deformation modes:

{$ia i, }- (418)
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The event response is

Nm,
Aui(r) = Cikath; o(r).
a=1

The modal coefficient is

R
Pi

Cik,a =

/7% PH"Pi,a

2

av

This decomposition determines whether an event primarily:

e translates a block;

o rotates a block;

o fragments a block;

e deforms its interior;

e activates a margin;

e produces distributed strain; or

e transfers momentum into the underlying mantle.

27.8 Impulse-Direction Field

The normalized impulse direction is

~ Ji
k= 7y 0
[l
where the denominator is nonzero.
For plate ¢, define mean impulse direction
i, = Ly
ik = .
[T

The directional dispersion is

2

| @ 13 av
P

OJik = )
[ 13l av
Pi

where
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O(r) = arccos {jk(r) Tzk} . (424)
A highly dispersed impulse may produce internal deformation rather than coherent plate motion.

27.9 Event-to-Plate Contribution Matrix

Define event-to-plate impulse matrix

Lir |
Al = il (425)
R #74
For each event,
Y Al=1 (426)
i
after excluding or separately reporting non-plate impulse channels.
The angular-impulse matrix is
ALy
AL = ALl (427)
T [ ALl

27.10 No Modern-Plate Projection Without Reconstruction

A modern plate polygon cannot be projected directly onto an ancient event without reconstructing
its material ancestry.

The correct mapping is

Pi(tnow) — {Pil (tk), 'PZ'Q (L‘k), .. } , (428)

through the plate-lineage graph.

The ancient impulse assigned to a modern plate is

I’Efgn)ow = Z ﬁa*)i:[ia,k’ (429)
a

where 7;,_,; tracks material inheritance, merger, fragmentation, and terrane transfer.
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27.11 Impulse-Mapping Falsifier

Impulse-mapping falsifier V2.

If the event impulse cannot be partitioned among reconstructed ancient material domains

without using modern plate outlines retroactively, the derived plate-motion inheritance is not

causally valid.

28 Plate Mass, Inertia, and Rotational Response

28.1 Plate Mass

For plate or block volume P;,

M; = /791 p(r)dV.

For a thin-shell approximation with surface domain A; and lithospheric thickness H;(x),

M, ~ /A i) Hi) dA.

28.2 Plate Center of Mass

The center of mass is

1
; = — dV.
r; cM M; Jp, pr

Its velocity is

1
Vicm = A . pudV.

28.3 Plate Inertia Tensor

The inertia tensor about the center of mass is

Ii:/ P[”I‘/Hzl*r'@r’ dv,
Pi

where

r=r— ;. CM-

28.4 Principal Inertial Axes

The principal moments are the eigenvalues
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Liy, Lo, Ii3

)

of I7,

The corresponding principal axes are

€1, €2, €3

(436)

(437)

Irregular plates respond differently to identical angular impulses depending on impulse direction

relative to these axes.
28.5 Rigid Rotational Momentum
For rigid angular velocity w;,
L,Igot = Ilwz

The rotational kinetic energy is

1
E{Ot = iwiTIiw,-.

28.6 Immediate Event Rotation

Immediately after event k,

L7 =L; + ALy

If plate geometry is unchanged during the impulse interval,

wi =w; + I 1ALy

i =

28.7 Changing Inertia Tensor

Fragmentation, deformation, mass transfer, and crustal production change the inertia tensor:

I;I— — Iz_ T AI?vent + AI‘gransfer + AI?eform.

The corresponding angular velocity is
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28.8 Fragmentation Response

If plate ¢ fragments into daughter blocks iy, ..., iy,
n
L; + ALy =Y [ri,.om X M;, Vi, om + Li,wi,] + Lioss. (444)
a=1

The daughter velocities and rotations must satisfy this partition.

28.9 Rigid-Plate Adequacy

Define internal kinetic energy

7

: 1
Bt — §/ pllu—Viom —wi x /% dv. (445)
Pi
The rigid-motion fraction is

trans rot

rigid _ . 446
fz Eitrans + E@yot + E;nt ( )
A rigid-plate representation is adequate only if
firigid Z frigid,crit- (447)
28.10 Plate-Mass and Inertia Uncertainty
The plate mass and inertia ensemble is
No
{1 }qzl : (448)

It must reflect uncertainty in:
e plate boundaries;
e lithospheric thickness;
e crustal thickness;
e density;
e subducted or descended material;
e attached terranes;
o deforming margins;
e mantle coupling depth; and

o reconstructed plate identity.
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28.11 Inertia Falsifier

Inertial-response falsifier V3.
If the angular impulse required to generate the predicted plate rotations is incompatible
with reconstructed plate mass, geometry, inertia, fragmentation, or total angular-momentum

conservation, the event-derived rotation claim fails.

29 FEuler-Pole Generation

29.1 Euler Poles as Model Outputs
For approximately rigid plate i, the velocity field is
vi(x,t) = w;(t) x x. (449)

The Euler vector

w;(t) (450)

must emerge from event impulse, plate inertia, later torque, boundary interaction, and mantle
coupling.

It must not be inserted directly from the observed velocity solution when evaluating causal prediction.

29.2 Initial Euler Vector

Immediately after event k,

wi, = wip + L ALy, (451)
For multiple events,
wi =w; + > I ALy, (452)
k

only when the events act on the same material domain and the inertia changes are negligible.

In the general case, the update must be performed recursively.

29.3 Euler-Vector Evolution

The Euler vector evolves according to

dw; .
Izditl —+ Ilwl + w; X (Ilwl) = Tjnet- (453)
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The net torque includes:

Tinet = Tzevent + T%“ravity + T?uoyancy + lepoundary + T?lantle + TgeSiSt. (454>
29.4 Finite Rotation
The orientation matrix R;(t) satisfies
dR;
dtl = [wl]x R, (455)
where
0 —w, wy
[w]x = Wy 0 —Wg | - (456)
—Wy Wy 0
For constant angular velocity over interval At,
R (t+ At) = exp [ (wi) . At| Ry(t). (457)
29.5 Time-Dependent Finite Rotation
For time-varying angular velocity,
to
Ry(ta, t1) = T exp [ /t wi(t)], dt] , (458)
1
where T denotes chronological ordering.
29.6 Predicted Euler Pole
The predicted pole direction is
wpred
ered = L (459)
o
Its angular speed is
wlpred _ H i)red (460)

29.7 Relative Euler Pole

For plates ¢ and 7,
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Wij = Wi — Wj. (461)

The relative Euler-pole direction is
(462)

29.8 Euler-Pole Drift
The pole-drift rate is
By 1 g
€ = o [1—¢6 ®ew,. (463)
Pole drift may result from:
e changing torque;
e changing plate geometry;
e changing inertia;
e boundary reorganization;
« mantle-flow evolution;
e plate fragmentation;
e terrane accretion;

e or later events.

29.9 FEuler-Pole Residuals

The angular pole residual is

Abpole; = arccos {éfbs -é?red} . (464)

The angular-speed residual is

Aw; = w9 — wfred. (465)

i

The covariance-weighted Euler residual is

Xzz,i _ (wqbs B wpred)T »-1 (wqbs . wpred) ‘ (466)

A 7 w,t ? 7
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29.10 No Independent Euler-Pole Fitting

The event model must generate

{wh ce. 7wNp} = Fu [57Q07Ba Fongoing} .

(467)

A reconstruction that assigns one independent Euler vector to every plate and then attributes the

fitted vectors to events does not test causal generation.

29.11 Euler-Pole Falsifier

Euler-pole falsifier V4.

If the event sequence cannot generate the observed Euler-pole directions and angular speeds

from shared physical parameters, plate inertia, and calculated torques, the rotational inheri-

tance claim is rejected.

30 Force and Torque Decomposition

30.1 Plate Net Force

For plate 1,

it b b d t h .
Fi,net — F;}vent 4 F;g,raVl y + Fz uoyancy 4 Fz oundary 4 F;nantle 4 Fiopograp y + FgeSISt.
The center-of-mass acceleration is

dVicm
dt

- Fz’,net-

30.2 Plate Net Torque

The torque about Earth’s center is

Tinet = / r X fe dV + r X (O'ﬁ) dA.

It is decomposed as

ravit, buoyanc boundar i
ZeventJrT;g y+Ti Y y+Ti y+7_£nantle+7_1fe51st.

Tinet = T i

30.3 Force and Torque Registry
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Table 4: Paper-III plate force and torque registry.

Component Physical origin Required output

Event Direct impulse, displacement, Initial momentum, angular
damage, density, and stress momentum, boundary state
change

Gravity Mass redistribution, Horizontal force, restoring force,

topography, density anomalies torque

Buoyancy Thermal, phase, melt, and Vertical and lateral force,
compositional density contrasts long-time maintenance

Boundary Normal and shear traction at Convergence, divergence, shear,
plate edges resistance

Mantle Basal traction and mantle-flow Driving or resisting force and
interaction torque

Topography Gravitational potential-energy Down-gradient force and lateral
gradients pressure

Resistance Viscosity, friction, yielding, Dissipation and deceleration

damage, bending, deformation

30.4 Power by Force Component

For force component a, the translational power is

Wiens = F, .- Vi om. (472)

The rotational power is
Wilz?lt = Tja " Wi (473)

The total plate power is
I/Vimet = Z (Wl't’zans + Wil:?;) : (474)

a

30.5 Driving and Resisting Components

Define positive driving power
Wit =3 max (Wa 0) , (475)
a

and resisting power
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W, =~ min (Wi,a, o) . (476)
The net kinetic-energy change is

dEXin . .
d; =W -W,. (477)

30.6 Force Attribution Fraction
The fractional contribution of component a to positive power is
N max (Wz‘,a, 0)
fia = W—fr (478)
The fraction may vary through time.
A plate may begin with event-dominated motion and later become gravity-, boundary-, or mantle-
dominated.

30.7 Torque Attribution Fraction

The magnitude-based torque fraction is

[Tial

f 7‘7 = < - I
il

(479)
Because opposing torques may cancel, both vector sums and component magnitudes must be reported.
30.8 Action—Reaction Across Shared Boundaries
For shared boundary B;;,
B B
Fiij=-Fj (480)

when both forces are evaluated consistently on the same interface.

The corresponding torques need not be equal in magnitude about different plate centers.

30.9 Force-Balance Residual

Define normalized force residual

HMin’,CM — F net
Fi,rof

€F; = (481)
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Define normalized torque residual

L;, - T i,net

€ri =
Ti,ref

30.10 Force-Decomposition Falsifier

(482)

Force-decomposition falsifier V5.

If the predicted plate directions and speeds require unbalanced forces, unaccounted torques, or

power exceeding the available event, gravitational, buoyancy, boundary, and mantle budgets,

the motion solution is rejected.

31 Gravitational and Buoyancy Maintenance

31.1 Event-Modified Gravitational Potential

For event-created density anomaly Apg,

Apk (I', t)

Ady(x,t) = -G | =PE2 gy,
Ve [x—1

The resulting acceleration perturbation is

Agk = —VACI)k.

31.2 Plate Gravitational Force

The force on plate i from event-created potential is
Y, = - / PVADy AV,
Pi
The associated torque is
= —/ r x pVAD; dV.
: P,

31.3 Gravitational Potential Energy

The plate gravitational potential energy is

Ug,iz/ p®dV.
Pi

The generalized force along displacement coordinate g; is
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(@ _  OUg,;

ot g

31.4 Topographic Potential Energy

For surface elevation h(x), define a regional gravitational potential-energy density

Zsurf
Z/{topo = / pPygz dz.
zZ.

ref

The lateral force scale is related to

_vSutopm

where Vg is the surface gradient.

(488)

(489)

(490)

An event-created mountain, plateau, basin, or trench may therefore produce long-lived gravitational

forcing after the original impulse decays.

31.5 Buoyancy Force

For density anomaly Ap,

Fp = —/ Apng
Vv

The density anomaly may arise from:

temperature;

composition;

phase state;

melt;

fracture porosity;

displaced crust;

dense event-derived material; or

pressure-dependent transformation.

31.6 Thermal Buoyancy

For thermal expansion coefficient ar,

Apr = —poar AT
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within its applicable linear range.

The thermal buoyancy force is

Fpr=- [ AprgaV.

31.7 Compositional Buoyancy

For composition variables Cy,

9
Apc :Zag AC,.

The compositional buoyancy force is

Fpc = —/Apcng-

31.8 Phase Buoyancy

For phase fractions ¢,

qui) = Z paA¢a-
a
The corresponding force is

FB,qb = —/Ap¢g dv.

31.9 Buoyancy-Decay Kernel

Let event-created buoyancy contribution evolve as

Fpi(t)=Kpy (t —tr) Fpi(t]),

where the kernel may include:
e thermal diffusion;
e compositional persistence;
e phase relaxation;
e melt migration;
e advective transport;

e mixing;
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e gravitational reorganization; and

¢ later-event modification.

31.10 Maintenance Fraction

The fraction of modern plate power supplied by persistent event-modified gravity and buoyancy is

max {(Ff + F?) -vi,O}

9B _
77 = 5 (199)
31.11 Impulse Versus Persistent Forcing
Define event-impulse contribution to present motion as
vi(t) (500)
and persistent event-modified forcing contribution as
vIB (1), (501)
The combined event inheritance is
VZ‘ABC _ VZ'I + ngB + ViBJnherit. (502)

31.12 Maintenance Falsifier

Maintenance falsifier V6.

If the initial impulse decays while event-created gravity, buoyancy, boundary guidance, and
later reinforcement provide insufficient power to maintain the predicted plate-motion field,
the long-duration inheritance claim fails.

32 Boundary and Mantle Coupling

32.1 Boundary Traction

For boundary B;;, traction on plate i is

tz’j = o'ijﬁij- (503)

Its normal component is

tijn = tij - Dij, (504)
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and its tangential component is

bij = tij — lijnTij.

32.2 Boundary Force
The total force on plate 7 from plate j is
ij
The torque is
TiB&j:/B I‘XtijdA.
ij
32.3 Boundary Mobility Tensor

Define local boundary mobility

M5 = Myhy; @ By + Mity; @ by + M.2; © 25

The relative velocity may be expressed as

rel __ By . plastic
Vi = Mijtlj + vij

32.4 Inherited Boundary Anisotropy
Event-created damage modifies mobility:
M =M+ AM]

The event contribution may favor:

e opening;

e closure;

o strike-parallel motion;

e underthrusting;

e descent;

o uplift;

e or distributed deformation.
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32.5 Boundary Dissipation
The local boundary-dissipation rate is
Eg = / tij . Vlr-;?l dA.

For a passive dissipative boundary,

EF >0
under the adopted sign convention.
32.6 Basal Mantle Traction
At plate base AP¥e,
67 = oAl
A reduced anisotropic coupling law is
6 = K" (vi — Vi),

where K" is positive semidefinite for purely resistive coupling.

32.7 Mantle Force and Torque

The basal force is

The basal torque is

32.8 Event-Modified Mantle Flow

The mantle velocity is decomposed as

Vi = VO, + Z Avi‘;e,?t.
k

(511)

(512)

(513)

(514)

(515)

(516)

(517)

Event-created thermal, density, phase, and damage fields may alter both the magnitude and direction

of basal traction.
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32.9 Coupling Regimes
The model should distinguish:

Plate-driven mantle coupling
Plate motion drags the underlying mantle.

Mantle-driven plate coupling
Mantle flow provides positive power to the plate.

Mutual coupling
Plate and mantle exchange power through a coupled transient.

Weak decoupling
A low-viscosity or damaged layer reduces traction.

Anisotropic coupling
Event-created structure allows easier motion in selected directions.
32.10 Coupling Power

The power transferred from mantle to plate is
W = /A e vidA (518)

The power extracted from relative motion is

m,diss
Ei

T (v — Vi) dA. (519)

- Abase (VZ - Vm) ' KZ

32.11 Coupling Falsifier

Coupling falsifier V7.
If the model requires boundary or mantle coupling with the wrong sign, unphysical negative
dissipation, or unconstrained directional traction to reproduce plate velocities, the coupling

solution is rejected.

33 Velocity Memory and Directional Inheritance

33.1 Velocity Memory Tensor

For event k acting on plate ancestry i, define memory tensor

K, (t, 1) - (520)

The inherited velocity contribution is

122



Vi (1) = Kig (8, t) Avig.

(521)

A tensor is required because inherited structure may preserve one direction more strongly than

another.
33.2 Directional and Magnitude Memory
Decompose
K}, = K\ di @ dig + K1 10g1 @ Dk + K oD 2 @ g 2.
If
Ky > K, 1,K|p9,
the event direction is preferentially preserved.

33.3 Scalar Speed-Memory Kernel

A scalar speed-memory model may be written as

NK At Pik,a )
Ks,ik(At) = Z Aik,a exXp l— ( ) ] + K&erSISt,

a=1 Tikﬁ,

where:

Tik.o = relaxation timescale,
b

Dik,a = decay-shape exponent,
errsist

ik = persistent boundary- or force-guidance component.

The expression is a flexible test form, not an assumed physical law.

33.4 Directional Persistence Angle

Let the initial event-derived direction be

The plate-motion direction at time ¢ is
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V; (t)

vi(t) = . (529)
' [[vi(®)]
The directional memory angle is
0. (t) = arccos [(Ai?k . \Afi(t)} . (530)
33.5 Direction-Persistence Statistic
Define
P (t) = cos 0)1,(t). (531)
Values near 1 indicate alignment.
Values near 0 indicate orthogonality.
Values near —1 indicate reversal.
33.6 Speed-Persistence Statistic
The speed-memory fraction is
vir];herit (t) H
preed () = ’7 532
Direction may remain inherited even when this fraction becomes small.
33.7 Boundary-Guided Direction
Let inherited boundary tangent be
tp. (533)
The plate-motion alignment with that boundary is
AV, = |9 -EB‘. (534)
The normal-motion alignment is
Al =|vi-nig|. (535)

The event framework must predict whether each inherited boundary guides parallel, normal, or
oblique motion.
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33.8 Later-Event Reinforcement

For later event m, define directional reinforcement

~

Rz(k’m) =T - L.

If

ng’m) >0,
the events reinforce direction.
If

R™ <o,
they oppose direction.
If

R(kvm) ~ 0,

the later event may rotate the motion field.

33.9 Cumulative Directional Inheritance

The cumulative inherited vector is

V;nherit(t): Z Kxg(t,tk)Avik'

kEK:Vﬂ'
The normalized cumulative direction is
inherit
Vinherit _ Vz
g - H\ﬁpherit”'
3

33.10 Inherited Direction Fraction

The directional agreement with observed velocity is

dir __ ~xrinherit ~<7robs
it =V; -V

The inherited speed fraction is
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inherit

I

el —— 543
O Ve )
33.11 Directional-Inheritance Counterfactual
Run the model with the inherited anisotropic boundary and memory fields:
vVi=u [Qinherita Fongoing] . (544)
Run the model after isotropizing the inherited state:
Viso =U [ISO (Qinherit) 7Fongoing] . (545)
The directional inheritance contribution is
AV — vt _yise, (546)

33.12 Memory Falsifier

Velocity-memory falsifier V8.

If the observed motion directions arise equally well after removing or isotropizing the event-
created impulse, damage, boundary, density, and phase fields, the proposed directional
memory is not required.

34 Plate Acceleration, Deceleration, and Speed Hierarchy

34.1 Plate Speed

For plate 7, define representative speed

[ witovix o) da
i(t) = LA . (547)

Ai w;(x) dA

The weighting may reflect area, mass, observational coverage, or a predeclared reference-site distribu-

tion.

34.2 Tangential Acceleration

The plate acceleration field is

DVZ'
Dt

(548)
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The acceleration along the velocity direction is

ai7|| = a; * Vj.

The turning acceleration is

a; | = a; — ai’Hvi.

34.3 Speed Evolution

The speed derivative is

dv;
— = Q.
dt 1/7“
Acceleration occurs where
a; | > 0
Deceleration occurs where
ai,H < 0.
34.4 Characteristic Relaxation Time
A velocity-relaxation time is
M;
-
V.4 Ci7eff )
for effective linear resistance coefficient C; o
For rotational motion,
o Ii,eff
“r wa,i,eﬂr .

These quantities may be tensorial in an anisotropic system.

34.5 Reduced Speed Equation

A reduced one-dimensional speed equation is

dvi

M;,—" = F(t) — Ci(t)v; — Qi (t)v; |vs] ,

dt ¢
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where:

FZ-+ = net driving force along motion,

C; = linear resistance,

(); = quadratic or nonlinear resistance.

The reduced equation is a diagnostic approximation.

The full solution remains vectorial and coupled.

34.6 Quasi-Steady Speed

Where acceleration is small,

Fi+ ~ Cﬂ)i + ini ‘1}%| .

For negligible quadratic resistance,

For negligible linear resistance,

34.7 Speed-Hierarchy Prediction

Let the observed ordering be

—obs —obs —obs
Uy Z02) 2 2 U

The model predicts ordering

_pred _pred L _pred
Y1) 2 V%) =72 Up)

A valid model should explain the hierarchy through shared variables such as:

e event impulse;
o angular impulse;
e plate mass;

e plate inertia;
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e boundary mobility;

e mantle coupling;

e density anomalies;

o gravitational gradients;
e plate geometry;

e resistance;

e and later-event reinforcement.

34.8 Speed-Rank Residual

obs

pred
Z' .

Let observed rank be r7* and predicted rank be r;

The rank residual is

— obs pred
Ary =1 —r, .

A normalized rank score is

(Ar;)?
Ro— 1 BTi(An)

34.9 Speed-Scale Residual

The logarithmic speed residual is

,Dlpred
€logv,i = log —obs | °
Y

This penalizes proportional rather than absolute errors.

34.10 Acceleration Chronology

For reconstructed time slices t,, define

AV g = Vi(tg1) — Viltq)-

The event sequence should predict when a plate:
e accelerates;
e decelerates;
e Teverses;

e rotates;
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o fragments;

e changes boundary regime; or

e becomes dynamically coupled to a different mantle or plate domain.

34.11 Speed-Hierarchy Falsifier

Speed-hierarchy falsifier V9.

If relative plate speeds and their ordering can be reproduced only by assigning independent

resistance, force, or memory parameters to each plate, the claimed shared event-derived speed

law is rejected.

35 Relative Motion Across the Global Boundary Network

35.1 Boundary Relative Velocity

For plates ¢ and j,

VI (%) = (@i — w;) X X+ Videt — Vet

35.2 Opening, Closing, and Shear Rates

At boundary point x,

Define opening rate

open __ .
v = max (vijn,0),
closing rate
close __ .
37 = max (—vijn,0),
and shear rate
shear __ |, .
ii = Vit -

35.3 Plate-Circuit Closure

For a closed plate circuit
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i1—>i2—>‘~'—>im—)i1,

the relative Euler vectors must satisfy

m
E Wigigr1 = 0,
a=1

where 4,41 = 1.

The closure residual is

m
€Ecirc = E Wigigys -
a=1

35.4 Velocity-Circuit Closure

At a common point or consistently transformed locations,

Failure indicates inconsistent plate velocities, reference frames, or boundary assignments.

35.5 Triple-Junction Compatibility

At junction among plates i, j, and k, the relative velocities satisfy

1 1 1
Vil i v = 0

The junction velocity v; must satisfy the kinematic conditions of all incident boundaries.

For boundary a,

(Vi —VBg) 0pe=0
under a boundary-preserving condition.

35.6 Global Motion Constraint Matrix

Stack plate angular velocities into
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WNp

Boundary observations produce linearized system

HyQ =dy + ey,

where:

Hy = boundary-geometry and reference-frame operator,

dy = observed relative-motion data.

The causal model must predict € before using this system for residual evaluation.

35.7 Network Kinematic Residual

The covariance-weighted network residual is

= (dv —Hy@r) "2y (ay - By,

35.8 Boundary Work Consistency

For each boundary,

W = [ tyvitda,

ij
The global boundary power is
. 1 .
lobal
WP = QZZW;?.
i j#i
The factor of one-half prevents double counting.

35.9 Global Area Consistency

Let total surface area be
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The sum of plate-domain areas plus distributed deformation must satisfy

Z Ai(t) + Adeform (t) = A (). (589)

Area production and destruction must be tracked consistently with opening, closing, descent, and
new-material generation.

35.10 Relative-Motion Falsifier

Relative-motion falsifier V10.

If the event-derived plate velocities violate plate-circuit closure, triple-junction compatibility,
shared-boundary kinematics, global area accounting, or action—reaction constraints, the global
motion field is rejected.

36 Present-Day and Deep-Time Velocity Datasets

36.1 Observational Hierarchy
The velocity test must distinguish among;:

Present-day direct kinematics
Modern position and velocity observations in declared reference frames.

Recent geological kinematics
Displacement rates averaged over intervals longer than direct instrumental observation.

Finite-rotation reconstructions
Plate or block rotations inferred between geological time slices.

Paleomagnetic constraints
Reconstructed orientation and latitude information with explicit uncertainty.

Boundary-production records
Age and geometry of material created or consumed at evolving boundaries.

Terrane and structural displacement
Material identities, rotations, offsets, and transfer histories.

Indirect geodynamic constraints
Stress, strain, subsidence, uplift, seismic anisotropy, and mantle structure used to constrain
motion.

36.2 Global Navigation Satellite System Data

Let the Global Navigation Satellite System (GNSS) observation at site j be

V]GNSS (590)
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with covariance

GNSS
RGNS, (591)

The complete present-day dataset is

Dangs = {x;, v, 65 R 5 11 (592)

36.3 Plate-Interior and Boundary Sites
The observation set must distinguish:

o stable plate-interior sites;

¢ broad deformation-zone sites;

e active boundary sites;

e volcanic or subsiding sites;

e postseismic or transient sites;

e anthropogenically disturbed sites; and

e sites with uncertain plate membership.

36.4 Site Prediction

For site j assigned to plate ¢,

V= wfred X X + Vziiee(} (x5). (593)
The residual is
1% bs o
€f =VviT =V, (594)

36.5 Finite-Interval Velocity

For reconstructed position x;(t), the mean velocity over interval [t1, ta] is

x;(t2) — x4(t1)

Vi (t1,t2) = PRS—

; (595)

after consistent treatment of spherical geometry and reference frames.
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36.6 Finite-Rotation Observation

For reconstructed rotation matrix

R (t2, 1) , (596)

the predicted residual may be expressed through relative rotation

R} = [RP™] TR, (597)

The residual rotation angle is

tr (Rj%) — 1
Afp,; = arccos [10(12)} ) (598)
36.7 Paleomagnetic Observation Vector
A generalized paleomagnetic constraint is
DlPM = (/II\IZ, )\z‘7 gy, ti, EZPM) s (599)
where:
m; = measured remanence direction, (600)
Ai = reconstructed latitude-related constraint, (601)
a; = rotation-related constraint. (602)

The event model must propagate predicted plate rotations into the corresponding observation space.

36.8 Boundary-Age Kinematic Constraint

For material-age field a(x), the model predicts

a(x) = Fa [B(t), V(t), P(t)] (603)
The age residual is
°bs(x) — a(x). (604)

36.9 Timescale Separation

The data constrain different temporal averages:
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t
vos = é /t _Atv(t’) dt’. (605)

A present-day velocity cannot be directly compared with a hundred-million-year average without
forward averaging the model over the same interval.
36.10 Observation Covariance
The complete covariance must include:

e measurement error;

o reference-frame error;

e plate-membership error;

e temporal averaging;

e reconstruction uncertainty;

o correlated site error;

e model-resolution error;

e inherited-structure uncertainty; and

e event-age uncertainty.

36.11 No Double Counting

Several datasets may derive from the same underlying observations or reconstruction assumptions.

Let data groups a and b have covariance

Cov (D,,Dy) # 0. (606)
They cannot be treated as independent likelihood factors without including that covariance.

36.12 Training and Validation Split

Define calibration data

Diain (607)

and held-out data

Dt (608)

The model is calibrated on the first and evaluated on the second.
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Possible held-out structures include:

36.13 Velocity-Data Falsifier

selected plates;

selected boundaries;
selected geographic regions;
selected time intervals;
selected data types; or

selected event consequences.

Velocity-data falsifier V11.
If the model matches one velocity timescale or reference frame but fails independent present-

day, finite-rotation, paleomagnetic, boundary-age, or terrane-displacement constraints, the

motion reconstruction is not globally coherent.

37

Velocity Inversion, Counterfactuals, and Model Comparison

37.1 Forward Model

The predicted global velocity field is

f)v = Fv [€,Qo, By, Op,Oc¢, 1],

where:

®r = force and torque parameters,

®¢ = boundary and mantle coupling parameters.

37.2 Inversion Target

The inversion estimates event and physical parameters:

Oy = (0:,0F7,00,0,,0Rg).

(609)

(610)
(611)

(612)

It must not directly estimate one unconstrained modern velocity vector per plate and then treat those

vectors as predictions.

37.3 Velocity Likelihood

For observation vector D9Ps,
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InLy = —% (D?}OS - ﬁV)T ! (ngs - ﬁv) -~ %m IZv|+C. (613)

37.4 Posterior Distribution

The posterior is

p(Ov | D) o Lyp(©y). (614)

The prior must enforce:
e Paper-II mechanical admissibility;
e event chronology;
e conservation;
e mnonnegative dissipation;
e defensible coupling;
e plate-lineage continuity;
e boundary-network viability; and

e parameter bounds independent of the velocity fit.

37.5 Regularization

A penalized objective may be

Jv =Xy + AePE + AsPs + ArPr + AcPc + AsPs. (615)

The penalties may include:
e event count;
o event-to-plate assignments;
o force complexity;
e coupling complexity;
e spatial roughness;
e excessive memory timescales;
e unphysical parameter values;

o and regional correction terms.
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37.6 Counterfactual Model Family

The minimum counterfactuals are:

My = no astro-ballistic inheritance, (616)
My 1 = impulse only, (617)
My2 = boundary inheritance only, (618)
My 3 = density and buoyancy inheritance only, (619)
My 4 = full event inheritance, (620)
My 5 = randomized or spatially shuffled events, (621)
My = full comparison geodynamic model. (622)
37.7 No-Impulse Counterfactual
Set
Jr,=0 (623)
while preserving other event-created fields.
The resulting difference is
AVI _ Vfull _yme impulse‘ (624)
37.8 No-Boundary-Inheritance Counterfactual
Replace event-created mobility and damage fields with background values:
Mf — MY, Dt — D° (625)
The difference is
AVB — Vfull B Ve boundary inheritance. (626)
37.9 No-Density-Inheritance Counterfactual
Set

after the primary event interval.
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The difference is

AvgB — Vfull _ VHO density inheritance' (628)
37.10 Leave-One-Event-Out Motion Test
For event k,
Ek=E\{E}- (629)

The event’s marginal velocity contribution is

Adve = Iv,—k — Jv - (630)

An event with negligible marginal contribution is not required for the motion solution.

37.11 Randomized Event Test

Generate randomized event catalogs

{g(r)}NR (631)

that preserve declared nuisance properties while randomizing relevant geometry, chronology, or
orientation.

The empirical probability is

Lo 1 [ < g

Pvnull = NR 1 (632)
37.12 Model Evidence
For model My,
Zyy = / Lyp(Ovy | Myy) dOvy. (633)
The evidence ratio is
VA
Kvi = .= (634)

37.13 Held-Out Prediction

For test data
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Dtest’

the predictive likelihood is

p(DE DY, My,) = [ (D] ©1,) p (Ov, | D) dBy,,

37.14 Parameter Identifiability

The parameter-information matrix is

~ T ~
°~\oey )] 7V \oey )"
Poorly constrained parameter combinations correspond to small eigenvalues of Fg.

The effective identifiable rank is
Tident = rank (Fg)

under a declared numerical threshold.

37.15 Causal Contribution Fraction

For observation component y, define event contribution

full ., no ABC ’

Yy
’yobs’ + €y

abe Y
fyBC:

(635)

(636)

(637)

(638)

(639)

The replacement claim requires substantial contribution across the global observation vector, not

isolated regional improvements.

37.16 Inversion Falsifier

Velocity-inversion falsifier V12.

If event and inheritance parameters are non-identifiable, require plate-specific tuning, fail

held-out prediction, or provide no material improvement over the no-event and comparison

models, the quantitative motion-replacement claim fails.

38 Plate-Motion Viability and Falsification

38.1 Complete Motion Parameter Vector

The motion parameter vector is
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GM = (57 QHa gP)IPv KB7Km7 KV) ®F7 ®R7Rf) ’

where:

Q = mechanically admissible Paper-II handoff,

Gp = plate-lineage graph,

Ip = plate inertia tensors,

Kp = boundary coupling tensors,

K, = mantle coupling tensors,

Ky = velocity-memory tensors,

®r = force and torque parameters,

®Fr = resistance parameters,

Ry = reference-frame architecture.

38.2 Plate-Motion Viable Set

Define

Vy =

Paper-II mechanics satisfied,
plate lineage satisfied,

impulse partition satisfied,

mass conservation satisfied,
momentum conservation satisfied,
angular momentum satisfied,

force balance satisfied,

: torque balance satisfied,

nonnegative dissipation satisfied,
Euler poles compatible,

directions compatible,

speeds compatible,

boundary-relative motion compatible,
deep-time motion compatible,

held-out prediction successful

38.3 Motion Falsification Matrix
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Table 5: Paper-III plate-motion falsification matrix.

ID Motion claim Falsifying result Consequence
V-F01 Ancient plate Event impulse can be assigned Reject impulse
mapping only by projecting modern attribution.

plate outlines backward
without lineage reconstruction.

V-F02 Impulse partition Plate, mantle, deformation, Reject event momentum
ejecta, and bulk-Earth handoff.
momentum do not close.

V-F03 Angular impulse Required plate rotations Reject rotational
violate angular-momentum inheritance.
conservation.

V-F04 Plate inertia Predicted Euler vectors require Reject rotational

incompatible plate masses or response.
inertia tensors.

V-F05 Euler-pole generation Observed Euler poles must be Reject causal pole
inserted directly rather than  prediction.

generated.

V-F06 Force balance Predicted accelerations do not Reject plate dynamics.
match the sum of modeled
forces.

V-F07 Torque balance Predicted rotational evolution Reject plate rotation
does not match the modeled model.
torque.

V-F08 Power budget Maintained motion requires Reject speed

more mechanical power than  maintenance.
the model supplies.
V-F09 Gravitational Event-created density and Reject gravitational
maintenance topographic fields provide inheritance branch.
insufficient or incorrectly
directed force.

V-F10 Buoyancy Thermal, phase, or Reject buoyancy
maintenance compositional anomalies decay inheritance branch.

before contributing
meaningfully.

V-F11 Boundary guidance Inherited boundary mobility = Reject directional
does not predict the observed guidance.
direction of motion.

V-F12 Mantle coupling Required mantle traction has Reject mantle-coupling
the wrong sign, magnitude, or solution.
dissipation.
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ID Motion claim Falsifying result Consequence

V-F13 Velocity memory Directional agreement Reject long-time motion
disappears when the memory.
event-derived state is forward
evolved.

V-F14 Counterfactual Removing or isotropizing event Reject primary causal

necessity inheritance leaves the velocity inheritance.

field materially unchanged.

V-F15 Plate direction Predicted plate-motion Reject directional
directions systematically prediction.
disagree with observations.

V-F16 Plate speed Predicted speeds systematically Reject speed prediction.
disagree with observations.

V-F17 Speed hierarchy The observed plate-speed Reject shared speed law.
ordering requires independent
plate-specific parameters.

V-F18 Euler-pole drift Predicted pole evolution Reject rotational
conflicts with finite-rotation  chronology.
history.

V-F19 Relative motion Predicted opening, closing, and Reject boundary
shear rates conflict with kinematics.
shared-boundary observations.

V-F20 Plate-circuit closure Relative Euler vectors fail Reject global velocity
closed-circuit consistency. field.

V-F21 Triple junctions Predicted motions are Reject local network
incompatible at major kinematics.
junctions.

V-F22 Global area Plate production, destruction, Reject global

accounting and deformation do not reconstruction.

preserve global surface
accounting.

V-F23 Present-day data The model fails independent ~ Reject modern motion
Global Navigation Satellite prediction.
System velocity constraints.

V-F24 Deep-time data The model fails finite rotations, Reject temporal motion
paleomagnetic constraints, reconstruction.
terrane paths, or boundary-age
histories.

V-F25 Reference-frame Agreement exists only in one Reject frame-robust

robustness

favorable reference frame. motion claim.
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ID Motion claim Falsifying result Consequence
V-F26 Randomized-event Randomized event catalogs Reject special causal
null reproduce the velocity field significance.

equally well.
V-F27 Leave-one-event-out Removing a claimed major Reject that event as a
necessity event does not change the necessary motion
motion solution. organizer.

V-F28 Held-out prediction The model fits calibration Reject predictive
plates or times but fails generality.
held-out data.

V-F29 Identifiability Multiple incompatible event  Reject unique causal
sequences fit the velocity field reconstruction.
equally well.

V-F30 Complexity The model requires Reject causal
independent force, resistance, compression.
coupling, or memory
parameters for nearly every
plate.

V-F31 Comparison model = The no-event or comparison  Reject motion
model reproduces motion replacement claim.
better with fewer parameters.

V-F32 Complete motion The plate-motion viable set is Reject global

viability

empty.

plate-motion inheritance.

38.4 Plate-Motion Success Standard

The motion model survives only if one shared event sequence:

VS1.
VS2.
VS3.
VS4.
VS5.
VSe.
VS7.
VSS8.
VS9.
VS10.

begins from mechanically admissible Paper-II event states;

maps impulse onto reconstructed ancient material domains;

conserves mass, momentum, energy, and angular momentum;

predicts plate mass and inertia consistently;

generates Euler-pole directions and angular speeds;

predicts force and torque evolution;

distinguishes initial impulse from sustained forcing;

predicts boundary and mantle coupling;

explains directional memory;

predicts acceleration and deceleration histories;
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VS11.
VSi2.
VS13.
VSi14.
VS15.
VSie6.
VS17.
VS18.
VS19.
VS20.

39

predicts the relative speed hierarchys;

predicts opening, closing, and shear across boundaries;

satisfies plate-circuit and triple-junction closure;

matches present-day direct velocity observations;

matches deep-time finite-rotation and material-displacement evidence;
remains stable across reference frames;

survives leave-one-event-out and randomized-event tests;

predicts held-out plates, regions, and time intervals;

avoids independent plate-by-plate tuning; and

outperforms or materially improves the comparison model after complexity penalties.

Plate-motion decision rule.

The plate-motion inheritance claim survives only if a mechanically admissible sequence of
astro-ballistic events generates plate-scale linear and angular momentum, persistent directional
boundaries, event-modified gravity and buoyancy, and physically valid boundary and mantle
coupling that together predict the observed global hierarchy of Euler poles, plate directions,
relative speeds, boundary motions, and deep-time displacements.

Measured motion may not be used as the input that supposedly proves its own event-derived

cause.

Plate-Motion Synthesis

This plate-motion synthesis records:

1.

- W

© ® N > o

10.
11.
12.

event-to-plate impulse mapping;

fractional ancient plate-membership fields;

translation, rotation, and internal-deformation partition;
event-to-plate impulse and angular-impulse matrices;
lineage-based transfer of ancient impulse into modern plate ancestry;
plate mass and center-of-mass calculations;

full plate inertia tensors;

principal moments and principal axes;

immediate angular-velocity response;

inertia changes caused by fragmentation and deformation;
rigid-motion adequacy tests;

Fuler vectors as generated model outputs;
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

finite rotations and time-dependent Euler-pole drift;

force, torque, power, and dissipation decomposition;
event-modified gravity and buoyancy;

persistent force-maintenance kernels;

boundary traction and anisotropic mobility;

basal mantle traction and power exchange;

tensorial velocity memory;

directional inheritance distinct from speed persistence;
later-event reinforcement, opposition, and rotation;
acceleration and deceleration equations;

quasi-steady speed limits;

shared prediction of the plate-speed hierarchy;

global boundary-relative motion;

plate-circuit and triple-junction closure;

present-day Global Navigation Satellite System observations;
finite-rotation, paleomagnetic, boundary-age, and terrane constraints;
velocity inversion and identifiability;

impulse, boundary, density, and no-event counterfactuals;
randomized and leave-one-event-out motion tests;

the complete plate-motion viable set; and

the Paper-III motion falsification matrix.

The following sections develop the major surface-expression problem:

inherited compression and mountain localization;
mountain-system orientation and growth;

inherited terminal zones and trench development;

descent, bending, underthrusting, and excavation alternatives;
ridge and spreading-system inheritance;

basin subsidence and inversion;

continental plateaus and uplift nodes;

volcanic-province localization;
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o displaced terranes and orogenic sutures;

o surface-structure chronology;

o structure-by-structure counterfactuals;

e mountain, trench, ridge, and basin prediction matrices; and

o complete surface-expression falsification tests.

40 Inherited Compression and Mountain-System Localization

40.1 Mountain Systems as Forward-Modeled Responses

A mountain system cannot be assigned to an event merely because it lies near a proposed path,
midpoint, boundary, or convergence zone.

The predicted mountain domain must emerge from the coupled evolution of:
e inherited damage;
e inherited strength contrasts;
e event-created displacement;
e event-created density contrasts;
e residual stress;
e phase-state changes;
e thermal anomalies;
« plate convergence;
e crustal shortening;
e lithospheric thickening;
o underthrusting;
e isostatic response;
e erosion;
e sediment redistribution; and

o later event overprint.

40.2 Mountain-System State Vector

For candidate mountain system m, define

QMm = (Zrm Hc,mv HZ,ma €ms Tms Dy Py T, Oms Am, Cn, tm) , (651)
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where:

zm = surface elevation field,
H,,, = crustal thickness,
Hy ,, = lithospheric thickness,
A,,, = anisotropy and preferred orientation,
Cp, = composition and terrane structure,

t,, = chronological state.

40.3 Inherited Compression Field

For event k, define the inherited compressive-stress contribution

Ao_zomp = Pcomp [Ao'k] )

where Peomp extracts the compressive portion under the declared stress convention.

Let the maximum compressive principal stress be

01k = Amax (—A0}) .

The corresponding principal direction is

—AO'k) .

Cj = eigvec .y (

40.4 Convergence Field

For plates or blocks ¢ and j, the convergence rate across their shared boundary is

conv

Ul]

= max (—v4jn,0).

The cumulative convergence is

to
Cij (tr.t2) = [ vg™ (o)t
1

40.5 Shortening Tensor

The horizontal strain-rate tensor is

€ = PpePy,
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where

Ph:1—f®f

projects onto the local tangent plane.

The compressional strain-rate magnitude is
écomp = Z |)\a (eh)| .
Aa<0

40.6 Cumulative Shortening

The cumulative shortening field is

to
Sshort(x) = /t écomp (X,t) dt.
1

A predicted orogenic domain requires

Sshort > Sshort ,crit-

40.7 Inherited Orogenic Susceptibility

Define an inherited orogenic-susceptibility field

P

No = wcSshort +wpD + wy(no/n) + weo1

5] o]+ 5T

+ w,

The weights satisfy
we >0, Y we =1
a

40.8 Predicted Orogenic Domain

The predicted orogenic domain is

Ofrfed = {X : NO(X) > NO,crit} .

Its surface area is

Ao = / dA.
’ Ofy{ed

150

+ wBBinherit-

(664)

(665)

(666)

(667)

(668)

(669)

(670)

(671)



Its response-weighted centroid is

/ *No(x) dA
cent Opred
xgnt — ZOm . (672)

O,m —
/OE’nmd No(x)dA

40.9 Mountain-Location Residual

For observed mountain-system domain 0% define intersection-over-union

Area ((’)}’,{ed N (92135>
ToUo,m = 1 . (673)
Area (O%re U O?,'fs>
The centroid residual is
dom = ds (x5, %35,) (674)
40.10 Mountain-Specific Event Attribution
For mountain system m, let event contribution weights be
AUmk, Ak Z Oa (675)
with
Z Qmk + Qm background = 1. (676)

k

The framework permits:
e one dominant event;
o multiple reinforcing events;
e one initiating event and later amplification;
e an inherited structure reactivated by ordinary convergence;

e or a mountain system primarily unrelated to the event catalog.

40.11 No Prominence Selection

A mountain may not be selected because it is the tallest, most famous, or visually compelling
candidate.

The target set must be frozen using objective criteria such as:
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e regional elevation;

o relief;

e crustal thickness;

e shortening;

e structural continuity;

o chronological coherence;

e reconstructed material identity; and

e subsurface response.

40.12 Mountain-Localization Falsifier

Mountain-localization falsifier S5.

If the event-derived stress, boundary, motion, density, and inheritance fields do not predict
the locations of major mountain systems before those systems are selected as targets, the
global orogenic-localization claim is rejected.

41 Mountain Growth, Orientation, and Structural Amplification

41.1 Surface-Elevation Evolution

Let surface elevation be

2(x, ). (677)
Its evolution may be written as

Dz

Ft = Utect + Uiso + Udyn + Umag - Eeros - Ssub57 (678)

where:

Utect = tectonic uplift, (679)

Uiso = isostatic uplift, (680)
Udyn = dynamic support, (681)
Umag = magmatic or thermal uplift, (682)
Eeros = erosional lowering, (683)
Ssubs = subsidence. (684)
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41.2 Crustal Thickening

For horizontal velocity up and crustal thickness H., a depth-integrated mass-balance form is

0H.
eV (How) = S, — L, (685)
where:
S, = crustal addition, (686)
L. = crustal removal or transfer. (687)

41.3 Shortening-to-Thickening Screening
Under a simplified volume-conserving column model,

Hc,i

H. f~—2
of 1- €short,

(688)

for

0 < €qhort < 1. (689)

The full model must include lateral escape, underthrusting, erosion, phase change, magmatism, and
lower-crustal flow.

41.4 Isostatic Response

A generalized isostatic response is

Ziso = Iiso [HC7 Pcs Hg, Py Pmy Lsurface] . (690)

The event model must distinguish:
¢ direct event displacement;
e later convergence-driven thickening;
e buoyant uplift;
e dynamic support;
o flexural support;
e erosion-driven rebound; and

e magmatic addition.
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41.5 Orogenic Orientation

Let observed mountain-axis tangent be
3",

Candidate predicted orientations include:

Thoundary _ 7
tO - tB7

Tstrain : .

B — eigvec, ().
. '

t)' = eigvec (o),

Eeovent = HS {aevent} .

The physical mechanism must specify which orientation rule applies.

41.6 Orientation Residual

The axial orientation residual is

€10 = %atan? [sin2 (48 = 75°) , cos 2 (18

41.7 Mountain-Length and Width Metrics
For predicted orogenic skeleton I'g, define length
Lo = dl.
To

Define mean width

The model must predict:
e system length;
e width;
e curvature;
e segmentation;
e branching;

e elevation distribution;
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e crustal-root geometry; and

o along-strike variation.

41.8 Structural Amplification

Let the initial event-created structural amplitude be

Aop.

The later amplitude is

Ao(t) = Go [A0,0, Flater; Qo.0] -

Define amplification factor

_ Ao(t)
GO(t) - AO,O +6A.

41.9 With-Inheritance Counterfactual

The with-inheritance mountain solution is

Q5(t) = Uo |QBF", Fater|

The counterfactual is

QY (1) = Uo [ QU= Figer].

The event contribution is

AQ™ = Q4 - Q0.

41.10 Orogenic Necessity Score

For observed mountain data DOObS, define

Ao =T~ T3

A positive value means the inherited event state improves the fit.

The improvement must be evaluated after complexity penalties.
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41.11 Mountain Chronology
For mountain system m, define chronological vector

TO,m = (tinitu tshort tuplifty tmets Lexhum treact) ) (706)

where the entries represent initiation, shortening, uplift, metamorphism, exhumation, and reactivation
intervals.

The event model predicts

Tom. (707)
The chronological residual is
- T N
Xr0m = (T8 = Tom) B0 (T85 — Tom) .- (708)

41.12 Mountain-Growth Falsifier

Mountain-growth falsifier S6.

If the inherited state does not improve the predicted location, orientation, width, shortening,
uplift, crustal thickness, or chronology of a mountain system relative to the no-inheritance
model, the event is not required for that orogen.

42 Terminal Zones, Trench Development, and Descent

42.1 Trench-System State Vector

For trench system ¢, define

Qr, = (2¢ W, Kgs Vg, Hgy Dy pg, Ty, Vg, Sq, tg) (709)

where:

24 = bathymetric or topographic depth, (710)
W, = width, (711)
kq = curvature, (7112)
74 = orientation, (713)
H, = lithospheric geometry, (714)
S, = deep seismic and structural state. (715)
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42.2 Candidate Terminal-Inheritance Field

For event k, define terminal-inheritance potential

—_—

Nrj = wp Dy, + w, /A\;k‘ + wp ‘/A\//)k‘ + wy (10 /1)

+wy ]&?m

N A )
The candidate terminal boundary is
TR = {x: Nrp > Nrexit } -

42.3 Descent Velocity

Let local vertical or inward radial velocity be

=)

Vp =V -

Define inward descent rate

Vdesc = max (—vy,0).

For a dipping material surface with normal ng, descent across that surface is

VUdn = V- 14.

42.4 Descent Mass Flux

The mass flux through descent surface Sy is

Mdesc = / Pvin dA:
Sa ’

where

v, = Max (Vg,n,0)

under the declared normal convention.

42.5 Inherited Weakness and Descent Initiation

A descent zone may initiate where

—_—~—

Fdesc = prP+ + wDﬁ + wn(nO/n) + WEVeony + nginherit > Fdesc,crit-
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Here Ap, denotes the density component favoring descent.

42.6 Trench-Depth Evolution

The trench-depth field evolves as

DZT
Dt

= Sbend + Sdesc + Sevent + Scollapse + denamic - Ssed - Srebound' (724>

42.7 Trench Axis

For bathymetric or structural field zp, the trench axis may be defined by ridge-extraction or minimum-
line operator

I'p = AxiSmin [27(X)] - (725)
The predicted axis must be generated before comparison with the modern or reconstructed trench.

42.8 Trench Curvature

For trench-axis curve xp(s), geodesic curvature is

(726)

The model must predict:
e trench length;
e curvature;
o segmentation;
o depth;
e width;
e asymmetry;
e descent orientation;
e deep continuation; and

e chronological evolution.

42.9 Terminal Exit Versus Later Trench

The immediate event terminal state is

Q7. (727)
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The later trench state is

QIYLOW = Z/{T Q;a Flatera Hregional . (728)

The event contribution is
AQ%BC — Q%ow - %now7 (729)
where the counterfactual omits the terminal inheritance.

42.10 Terminal Necessity Score
Define

AJr = Jp— T4 (730)
A positive value indicates improved prediction with terminal inheritance.

42.11 Trench-System Falsifier

Trench-system falsifier S7.

If the event terminal state does not improve the predicted trench location, curvature, depth,
descent geometry, chronology, or deep structure relative to the model without terminal
inheritance, the event is not required for that trench system.

43 Underthrusting, Bending, and Excavation Alternatives

43.1 Competing Trench-Formation Branches
The framework must distinguish among at least four possible trench branches:

Inherited excavation

A terminal event creates an initial depression, damage zone, or structural margin.

Later descent
Dense or mechanically weakened lithosphere descends along an inherited boundary.

Underthrusting
One lithospheric domain advances beneath another.

Elastic—viscous bending
Plate loading and descent generate a flexural trench.

These branches may combine, but each contribution must be quantified.
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43.2 Underthrusting Velocity
For upper plate u and lower plate [, define relative velocity
Viu = V] — Vy.

For interface tangent ty, the underthrusting rate is

Vunder = Max {Vlu “tq, O:| .

The cumulative underthrust distance is

Dunder = /Uunder dt.

43.3 Bending Curvature
For plate midsurface x(s), curvature is

it
ds

m,:‘

The bending strain at distance ¢ from the neutral surface is

€p = C Rp.
43.4 Flexural Rigidity
A reference flexural rigidity is
_ EH3
P 121 =02y

where:

FE = effective elastic modulus,

H.g = effective elastic thickness,

v = Poisson-type elastic parameter.

43.5 Flexural Response

A reduced plate-flexure equation is
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DyViw + Apgw = g(x),

where:

w = vertical deflection,

q = applied load.

(740)

(741)
(742)

The full spherical, nonlinear, damaged, and viscoelastic calculation may differ from this screening

relation.

43.6 Bending Energy

The bending energy is

1
Bhond = 5 /A Dyl dA.

The energy must be supplied by gravitational, boundary, mantle, or event-derived forcing.

43.7 Excavation Contribution

Let the immediate event-created depression be

Wexce (X).

Let later bending and descent contribute

Whend (Xa t)7 wdesc(xa t)~

The complete trench displacement is

WT = Wexc T Whend + Wdesc + Wdyn + Wsed + Wother-

43.8 Contribution Fractions

For trench-depth amplitude Ar, define component fractions

Aexc Abend Adesc

fexc = AT y fbend = AT ) fdesc = AT

(743)

(744)

(745)

(746)

(747)

The fractions may be time dependent and need not sum linearly when the mechanisms interact

nonlinearly.
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43.9 Mechanism-Specific Predictions

Table 6: Trench-mechanism prediction classes.

Mechanism Primary predicted structure Direct failure

Excavation Immediate cavity, damaged No compatible ancient terminal
margins, ejecta or terminal structure or markers
material, radial or asymmetric
fracture

Bending Flexural curvature, outer-rise =~ Observed geometry
response, stress reversal, incompatible with predicted
elastic-thickness dependence flexure

Underthrusting Overlapping material domains, No reconstructed material
shortening, crustal duplication, overlap or compatible
interface shear kinematics

Descent Dense dipping structure, mass No compatible descending
flux, deep continuation, gravity material or deep structure
and seismic signature

Hybrid Interacting excavation, bending, Requires unconstrained

underthrusting, and descent component switching or double
counting

43.10 Branch-Selection Rule

A trench branch is retained only if it predicts:

geometry;
motion;

stress;

gravity;

seismic structure;
chronology;

material identity;

e and preserved markers

better than its alternatives after complexity penalties.
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43.11 Trench-Mechanism Falsifier

Trench-mechanism falsifier S8.

If excavation, bending, underthrusting, descent, and hybrid branches cannot be distinguished

through independent predicted structures, the claimed terminal explanation is underdeter-

mined and cannot support causal replacement.

44 Ridge, Rift, and Spreading-System Inheritance

44.1 Extensional Boundary Field

For plate or block pair ¢, j, extension occurs where

Vijn > Uext,crit-

The cumulative opening is
open open
Dij = / v, dt.
44.2 Inherited Rift Potential

Define rift-nucleation field

Ng = wDﬁ + wn(ﬁo/ﬁ) + We€ext + wTﬁ—i-

—_—

+ wm% + wH(HO/HZ) + nginherit'

The predicted rift domain is

Rrift = {X : NR > NR,crit} .
44.3 Rift-Axis Orientation
Candidate rift-axis tangent is perpendicular to maximum extension:
tr = eigvec, (&3).
The event-derived damage orientation may modify this direction:
B — Fie, [br, B0, M)

44.4 Lithospheric Thinning

The lithospheric-thickness evolution is
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OH
8—758 £V - (Hpap) = Sp — Ly. (754)

The thinning factor is

Hy,;
Be=——. 755
He s (755)
44.5 Decompression and Melt Potential
Let vertical mantle velocity be
Wy, = Vi, - T. (756)
A decompression-melt source may be represented as
DP
o = Fo (PT.C ) (757)
44.6 New-Material Production
For productive ridge axis I'g,
Apew = / Vopen L. (758)
I'r
The new-material volume rate is
Vnew = /F Hnewvopen de. (759)
R

44.7 Age-Distance Prediction

For material moving away from a ridge axis at normal speed v, (t), the predicted age at distance x,,
satisfies

Tn = / ot dt. (760)

tform

The age prediction is

a(xn) = thow — tform(l'n)- (761)

44.8 Symmetry and Asymmetry

For opposing ridge flanks + and —, define age asymmetry
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Aag(z) = ay(x) — a_(x).

Define width asymmetry

AWp =W, — W_.

The event-sequence model must predict whether a ridge is:

approximately symmetric;
directionally asymmetric;
offset;

segmented;

propagating;

dying;

reactivated; or

inherited from an older event boundary.

44.9 Transform Offsets

For ridge segments a and b, define along-axis offset

Dot — ds (Tr.as Tryp)

measured along the transform-compatible direction.

The event model must predict the fracture or boundary inheritance producing the offset.

44.10 Ridge Counterfactual

The with-inheritance solution is

QJ}E = Z/{R [Q%%nt’ Flater} .

The no-inheritance solution is

0 background
QR = UR Q & y Flater .
R,0
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44.11 Ridge-System Falsifier

Ridge-system falsifier S9.

If the event-derived weakness, extension, displacement, and thermal fields do not predict

ridge and rift locations, orientations, opening rates, age-distance patterns, segmentation, and

new-material production, the event-derived spreading-system claim is rejected.

45 Basin Formation, Subsidence, and Inversion

45.1 Basin State Vector
For basin b, define

QBb = (ZbaAba %7Hs,b7Hc,b7Sb7pbaTb7Db7€b7tb) )

where:

H,p = sedimentary thickness,

Sb = subsidence rate.

45.2 Event-Created Basin Components
The event contribution may include:
Sevent = Sexc + Sstretch + Sdamage + Sp + S¢ + Sthermal + Scollapse~

45.3 Total Subsidence Evolution

The total basin subsidence is

Sb(t) = Sevent + Sthermal + Sflex + Sload + denamic + Scomp + Seros + Sboundary-

45.4 Subsidence Rate

The basin subsidence rate is

. dSy
Sp = —.
Tt
The acceleration of subsidence is
- d?s,
Sp = ——.
b7 a2
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45.5 Accommodation Space

For reference surface z..f, accommodation is

Ac(x,t) = zrer(X, 1) — 2p(X, t).

The accommodation volume is

Ve(t) = i max [A.(x,t),0] dA.

45.6 Sediment Balance

Sediment thickness evolves as

0H,
ot

45.7 Basin Shape Tensor

For basin area A, define second moment

/ (x — %) @ (x — ) wy(x) dA
Ap

/Ab wp(x) dA

Jp =

Its principal axes determine predicted basin orientation and aspect ratio.

45.8 Basin Orientation

Let eigenvalues be

Ap1 = Ap2.
The basin aspect ratio is
A
Ry — b1
Ab2

The principal basin direction is

ty, = eigvec,,., (Jp) .
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45.9 Basin Inversion

A basin is inverted when prior extensional or subsidence structure undergoes later shortening or

uplift.

Define inversion onset

tiny = inf {t : Sb(t) < 0 or écomp(t) > éinv’crit} .

The inversion amplitude is

Ainv - Sb(tmax) - Sb(tnow)

under the declared sign convention.

45.10 Event-Sequence Inversion

For earlier event k and later event m, define inversion relation

Er — B — &£y, — B;"™P — basin inversion.

The model must predict:
e which basin inverts;
e when inversion begins;
e inversion direction;
e magnitude;
e structural localization;
e sediment deformation;

o and whether uplift or mountain building follows.

45.11 Basin Chronology Vector
Define

Tb = (tinita trapid subss Lthermals, thll, Linv, ZL/react) .

The event-sequence prediction is
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45.12 Basin Counterfactual

The event contribution is
AQEP° =Qf, — Q% (786)
The basin-necessity score is
AJp, = Tp, — Tg,- (787)

45.13 Basin Falsifier

Basin falsifier S10.

If the event sequence cannot predict basin location, shape, orientation, subsidence history,
sediment accommodation, thermal evolution, and inversion chronology without assigning
independent mechanisms after observing each basin, the basin-inheritance claim is rejected.

46 Continental Plateaus and Persistent Uplift Nodes

46.1 Plateau State

For plateau p, define

QPP = (Zpa Apa HC,p7 Hé,pa Pp> Tp> ¢p7 Dpa Vp, Op, tp) . (788)

46.2 Persistent Uplift Potential

Define uplift-node potential

NU = wp(_Ap) + wTA/\j—‘ + wd)&gbuoyan‘c +wgAH,

R _ 0 o (789)
+ WeOcomp + wp Dreact + ngg + W Xm-
The predicted uplift-node domain is
Uy = {x: Nu > Nuait} - (790)
46.3 Plateau Elevation Budget
The plateau elevation is decomposed as
Zp = Zcrust T Zthermal + Zdynamic T Zphase 1 Zevent 1 Zeros + Zsed- (791)
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46.4 Dynamic Support

A generalized dynamic-topography contribution is

Zdyn = D, [va Nims Aprm Um} .

The event model must determine whether the event:

directly creates uplift;

creates a long-lived buoyant anomaly;
redirects mantle flow;

thickens crust;

creates a resistant block;

localizes later compression; or

contributes negligibly.

46.5 Plateau Persistence

Let plateau amplitude be

Ay(t) :/u max [2(X,t) — zref, 0] dA.

The persistence fraction is

Ap(t)
P(t) = —B—_.
p( ) Ap(tform)
46.6 Plateau Edge Prediction
The predicted plateau edge is
I, =0du,

The edge may correspond to:

inherited damage boundaries;
crustal-thickness transitions;
density transitions;

event-created displacement margins;

later compressional boundaries; or
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e crosional truncation.

46.7 Plateau Counterfactual

The event contribution is

The structural contribution is

46.8 Plateau Falsifier

QY = qf, Q.

(796)

(797)

Plateau falsifier S11.

If the event-derived density, thermal, phase, damage, and compression fields do not improve

the predicted position, extent, elevation, crustal root, edge geometry, or persistence of a

plateau, the event is not required for that uplift system.

47 Volcanic-Province and Melt-Path Localization

47.1 Volcanic-Province State Vector

For volcanic province v, define

QVU = (Dmvm,vaVm,vacm,mtmrmDvaTmPvaAv> )

where:

D, = province domain,
Vin,» = melt or erupted volume,
Vm,v = production or eruption rate,
Cpn,v = composition,

I", = melt-path network.

47.2 Melt-Generation Potential

Define melt-generation potential

A normalized form may be

Nm:Fm(PaT7caAP7AT7¢7Vm7D777)'
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—~—

Ny = wTﬁ+ +wp(—AP), + wpD + wy(no/n)

) — ~ (805)
+ Wy Wi+ + We A, + wcCrys.
47.3 Melt Production Rate
The local melt-production rate is
. Dxm
=p—=—. 806
= p=p, (806)
The integrated melt rate is
My, = [ mdV. (807)
Vm
47.4 Melt Migration
A reduced melt-segregation velocity is
o kperm
Vit — Vs = ———— (VP — pm8) , (808)
Hm
where:
Ve = melt velocity, (809)
v, = solid velocity, (810)
kperm = effective permeability, (811)
lm = melt viscosity. (812)
47.5 Damage-Guided Melt Transport
The permeability tensor may be
Kperm = kjd @ d + k1 (1-d@d), (813)
where d is an inherited damage or fracture direction.
If
k> ki, (814)

melt preferentially follows the inherited corridor.
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47.6 Melt-Path Network

Define predicted melt-path network

rPred — Stream [V, -
The surface-emergence domain is
surf __ pred
Dyt = Tig [Thred] .

47.7 Volcanic Localization Score

For observed volcanic domain ngs, define overlap

Area (D5 01 DY)

TIoU, = .
Y Area (Dsuf U Dobs)
47.8 Volcanic Chronology
Define volcanic chronology vector
Tv = (tinitv tpeakv ZL/pulse,la v 7tpulse,n7 tend) .

The event sequence predicts

dH)

47.9 Event-Volcanism Lag

For event time ¢;, and volcanic initiation time %, jni¢, define lag

Atv,k = ZL/v,init — tg.

The lag must emerge from:
e pressure release;
e thermal diffusion;
e melt generation;
e melt migration;
e boundary reactivation;

e lithospheric thinning;
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e and preservation uncertainty.

47.10 Volcanic Counterfactual

The event contribution is

AQPPC =QqQf — QY. (821)

47.11 No Universal Volcanic Assignment

The framework does not require every volcanic province to be an event entrance, exit, midpoint, or
corridor.

Each candidate province must pass:
o spatial prediction;
e chronological prediction;
e melt-volume prediction;
e compositional prediction;
e subsurface-path prediction;

e and comparison-model evaluation.

47.12 Volcanic-Province Falsifier

Volcanic-province falsifier S12.

If event-derived pressure, temperature, damage, permeability, and flow fields do not predict
volcanic-province location, timing, volume, composition, and subsurface melt pathways better
than the comparison model, the event-volcanism assignment is rejected.

48 Displaced Terranes, Sutures, and Orogenic Assembly

48.1 Terrane Identity

For terrane g, define identity vector

QTq = (C!I?Aqv Mqv Sq’ Fq’xqv betq) ’ (822)

where:
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= composition,

= age structure,

= structural state,
= fossil or environmental assemblage where applicable,

Cq

Aq

M, = magnetic state,
Sq

F,

R, = rotation.

48.2 Terrane Trajectory

The terrane trajectory is

X4(t) = U [x4(t0), VP(t), Vaer (1), B(1)] -
The terrane rotation is

Rq (tQ; tl) - RT [wP7 Wiocals EI‘Ot] .

48.3 Terrane Transfer Event

Terrane transfer from plate ¢ to plate j occurs at time tf]rans when

Tg CPilt™)
and
Tq C P5(t7).
The transfer must preserve material identity within declared uncertainty.

48.4 Suture Definition

A suture is represented as boundary domain

Sgitue = 9T N 97

after collision, transfer, merger, or assembly.

Its state vector is

Qs = (vs,Ds,05,Cs, Mg, ¢g,t3) .

175

(829)

(830)

(831)

(832)

(833)

(834)



48.5 Suture-Formation Condition

A suture forms where:

v, < 0,

Cij > Csuture,crita

and the intervening domain is removed, transferred, underthrust, or incorporated.

48.6 Suture Orientation
The predicted suture orientation is derived from:
e pre-collision boundary orientation;
e convergence vector;
e inherited damage;
e terrane geometry;
e rotation;
e shear partitioning;
o and later deformation.
Formally,
ts = Foq B3 Vi DR, Ry
48.7 Orogenic Assembly Graph

Represent terrane and continental assembly as graph

gasm = (Merra 5contact) ’

where:

Nierr = terranes or crustal blocks,

Econtact = predicted sutures and transfer contacts.

48.8 Assembly Chronology

For contact e;;, define
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Tassembly o

ij - (tapproach’ tcontactu 75closu1rev tmeta texhum) .

(841)

The event model must predict the sequence of contacts rather than only the final assembled geometry.

48.9 Material-Identity Residual

For observed and predicted terrane identity,

b .
€T,q = Q%’,Z - Q74

The covariance-weighted residual is

2 T w1
XT,q = ET,qZqueTvq'

48.10 Terrane-Path Residual

For trajectory observations xgbs(ta),

d (x5 (ta), %o (ta)

X:%nq = Z o2

a T,q,a

48.11 Assembly Counterfactual

Run the assembly with event-derived boundary and motion inheritance:

g;rsm =Ua [87 Qinherit] .

Run without event inheritance:

ggsm =Ux [Qbackground] .

The event contribution is evaluated through differences in:
e terrane paths;
e contact order;
e suture locations;
e rotations;
e mountain assembly;

e and chronology.
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48.12 Terrane and Suture Falsifier

Terrane-and-suture falsifier S13.

If the event-derived plate and boundary history cannot reproduce terrane identities, displace-

ment paths, rotations, transfer histories, suture locations, and assembly chronology without

violating material continuity, the proposed orogenic assembly is rejected.

49 Surface-Structure Chronology and Counterfactuals

49.1 Unified Structure Catalog

Let the surface-structure catalog be

gS = {Omv 7:17 RT? Bb) Ppa Vvv 857 mu} )

where the elements represent:

O,,, = mountains and orogens,

7T, = trenches and descent zones,
R, = ridges and rifts,

By, = basins,

Pp = plateaus and uplift nodes,
V, = volcanic provinces,

Ss = sutures,

TR, = terranes and displaced blocks.

49.2 Structure Chronology Vector

For structure g, define

Tg - (tinheri‘m tinit’ tgrowtha tpeaka treacta tdeclinea tmodern) .

The event model predicts
T,

49.3 Event-to-Structure Dependency Matrix
Define
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1, &, materially contributes to structure g,

Xk = (858)
I 0, otherwise.
A weighted version is
0 <agr <1, (859)
subject to
> agr +ago=1. (860)
k
49.4 Chronological Precedence
If event k creates an inherited state required for structure g,
ap > Qg inherit > Qg init (861)

where a > 0 denotes age before present, so larger values are older. In the forward coordinate 7, the
equivalent ordering is 7 < Ty inherit < Tg,init-
49.5 Chronological Lag

Define event-to-structure lag

ATy = Tgiinit — Tk > 0 (862)

in forward-time coordinates.
The lag must be physically accounted for through:
e stress relaxation;
e boundary reactivation;
e thermal evolution;
e melt generation;
e convergence accumulation;
e underthrusting;
e erosion;
e sedimentation;

e phase transitions;
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o and later events.

49.6 Chronological Likelihood

For structure chronology observations Tgbs,

‘CT,Q =p (Tgbs | Tga 2T,g) .
The complete chronology likelihood is

Lr=p({T"} 1€.Qo).

49.7 Structure-by-Structure Counterfactual

For structure g, the full model is

+ _ event ynlater
Qg = Uy [Qg,O ’Fg } :

The no-event counterfactual is

0 __ background later
Qg - Z/{g |:Qg,0 ’Fg :| )

The event contribution is

AQPC=Q) - Q)

49.8 Leave-One-Event-Out Surface Test

For event k, remove it:

En=E\{E}.

The surface-score change is

AJsk = Ts,—k — TS full-

An event with negligible score change is not required for the surface reconstruction.

49.9 Leave-One-Structure-Out Prediction
Remove structure g from model calibration.

Fit the model using
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gS —g-
Then predict

A test

Qy
without tuning to that structure.

49.10 Randomized Event-Structure Test

For randomized event catalog £("), calculate surface score

7.

The empirical null probability is

1+ 178 < ggbe
NR +1

PSnull =

49.11 Structure Complexity Penalty
The surface-model complexity includes:

e event count;

e structure-specific event assignments;

e independent response thresholds;

e independent preservation parameters;

e structure-specific correction forces;

o manually assigned delays;

o manually inserted boundaries;

e and mechanism switching.

Define

PS = )\ENE + )\GSNGS + )\corrNcorr + )\switcthwitch~

49.12 Composite Surface Score

Define
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Js = woJo +wrJr + wrIr +wpJIp +wpJp

+wy Jv +wrIr + weTehron + Ps.

All weights must be frozen before final evaluation.

49.13 Chronology and Counterfactual Falsifier

(875)

Surface chronology falsifier S14.

If the event sequence predicts the correct modern structure only by violating initiation,

growth, reactivation, or preservation chronology, or if the same structure develops equally

well without the event state, the event assignment is rejected.

50 Surface-Expression Viability and Falsification

50.1 Complete Surface Parameter Vector

The surface-expression parameter vector is

O5 = (57 Qu,B,V,F,00,07,0k,05,0p,0y,07, @pres> .

50.2 Swurface Viable Set

Define

Vg =

Paper-IT event mechanics admissible,
boundary network admissible,
plate-motion field admissible,
mountain locations compatible,
mountain growth compatible,

trench locations compatible,

trench mechanisms compatible,
ridges and rifts compatible,

basins compatible,

plateaus compatible,

volcanic provinces compatible,
terranes and sutures compatible,
structure chronology compatible,
counterfactual necessity demonstrated,

held-out prediction successful

50.3 Nested Global Viability

The current Paper-III viable intersection is
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The model remains viable only if

VY =vpnvy nvs. (878)

VY £ o (879)

50.4 Surface-Expression Falsification Matrix

Table 7: Paper-I1I surface-expression falsification matrix.

ID Surface claim Falsifying result Consequence

S-F01  Mountain localization Predicted inherited Reject global orogenic
compression and boundary localization.
fields miss major mountain
systems.

S-F02 Mountain orientation Predicted mountain axes Reject directional
systematically disagree with  orogenic inheritance.
observed structural orientation.

S-F03  Mountain growth Predicted shortening, uplift, = Reject the relevant
width, crustal thickness, or mountain mechanism.
elevation is incompatible with
observations.

S-F04 Mountain chronology Predicted inheritance, Reject the event
shortening, uplift, or assignment.
reactivation timing is
incompatible with the
geological record.

S-F05 Mountain necessity =~ The mountain system develops Reject event necessity for
equally well without event that mountain.
inheritance.

S-F06  Trench localization = Predicted terminal and descent Reject global terminal
fields miss major trench localization.
systems.

S-F07  Trench geometry Predicted curvature, depth, Reject the relevant
width, segmentation, or trench model.
orientation is incompatible.

S-F08  Trench deep structure Predicted descent, Reject the relevant

underthrusting, or inherited  trench branch.
terminal structure is absent.
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ID Surface claim Falsifying result Consequence

S-F09  Trench necessity The trench develops equally  Reject event necessity for
well without terminal that trench.
inheritance.

S-F10 Ridge localization Predicted extensional and Reject ridge inheritance.
weakness fields miss major
ridges and rifts.

S-F11  Ridge kinematics Predicted opening rates, Reject spreading-system
age-distance relations, reconstruction.
segmentation, or offsets are
incompatible.

S-F12  New-material Predicted production or Reject ridge-production

production destruction of lithospheric area model.
conflicts with the reconstructed
material record.

S-F13  Basin localization Predicted subsidence and Reject basin localization.
extension fields miss major
basins.

S-F14  Basin evolution Predicted subsidence, sediment Reject basin-inheritance
accommodation, thermal model.
evolution, or inversion history
is incompatible.

S-F15 Plateau localization  Predicted uplift and buoyancy Reject uplift-node
fields miss major plateaus. localization.

S-F16  Plateau support Predicted crustal, thermal, Reject the relevant
phase, or dynamic support is  plateau mechanism.
insufficient.

S-F17  Volcanic localization Predicted melt-generation and Reject event-volcanism
migration paths miss the assignment.
volcanic province.

S-F18  Volcanic chronology  Predicted melt-generation, Reject event-volcanism
migration, and eruption timing chronology.
is incompatible.

S-F19  Volcanic composition Predicted source and transport Reject the relevant
history conflicts with observed melt-path model.
composition.

S-F20  Terrane paths Predicted terrane trajectories Reject displacement
and rotations conflict with reconstruction.
material identity.

S-F21  Suture assembly Predicted contacts, closure Reject orogenic assembly

order, and suture chronology
are incompatible.
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ID Surface claim Falsifying result Consequence

S-F22  Surface chronology =~ Modern structures are matched Reject event-sequence
only by violating their reconstruction.
recorded temporal sequence.

S-F23  Counterfactual Removing event inheritance  Reject primary event

necessity leaves the surface structure causation.
materially unchanged.

S-F24  Leave-one-event-out Removing a claimed major Reject that event as

necessity event does not alter its necessary.
assigned structures.

S-F25  Leave-one-structure- The model cannot predict a  Reject predictive

out prediction withheld structure without generality.
retuning.

S-F26 Randomized-event Randomized event catalogs Reject special

null reproduce the surface event-sequence
structures equally well. significance.

S-F27  Complexity The model requires Reject causal
independent events, lags, compression.
thresholds, or mechanisms for
nearly every structure.

S-F28  Mechanical The surface reconstruction Reject the

consistency requires event states excluded reconstruction.
by Paper II.

S-F29  Boundary consistency Surface structures require Reject structural
boundaries outside the viable reconstruction.
boundary network.

S-F30  Motion consistency  Surface structures require plate Reject structural
motions outside the viable reconstruction.
motion field.

S-F31 Comparison-model The comparison model predicts Reject surface-expression

performance the surface catalog better with replacement.
fewer parameters.

S-F32 Complete surface The surface-expression viable Reject global

viability set is empty. event-derived surface

organization.

50.5 Surface-Expression Success Standard
The surface-expression model survives only if one shared event sequence:
SS1. begins from mechanically admissible event outputs;

SS2. uses the viable event-derived boundary network;
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SS3.
SS4.
SS5.
SS6.
SS7.
SS8.
SS9.
SS10.
SS11.
SS12.
SS13.
SS14.

SS15.
SS16.
SS17.
SS18.
SS19.
SS20.

uses the viable plate-motion field;

predicts mountain locations and orientations;

predicts shortening, uplift, and crustal thickening;
predicts trench locations and deep structure;
distinguishes excavation, bending, underthrusting, and descent;
predicts ridge and rift locations;

predicts opening rates and material-age patterns;
predicts basin subsidence and inversion;

predicts plateaus and persistent uplift nodes;

predicts volcanic provinces and melt pathways;

predicts terrane paths, sutures, and assembly;

predicts structure chronology;

demonstrates event contribution through counterfactuals;
survives leave-one-event-out tests;

predicts held-out structures;

outperforms randomized event catalogs;

avoids independent structure-by-structure tuning; and

improves on the comparison model after complexity penalties.

Surface-expression decision rule.

The global surface-expression claim survives only if the same mechanically admissible event

sequence and inherited boundary-and-motion solution predicts the locations, orientations,

dimensions, material states, and chronologies of mountains, trenches, ridges, basins, plateaus,

volcanic provinces, sutures, and displaced terranes.

A catalog assembled by assigning a different event or mechanism after examining each

structure is not a causal reconstruction.

51

Surface-Structure Synthesis

This surface-structure synthesis records:

1.
2.

NSEEC)

mountain systems as forward-modeled material and kinematic responses;

inherited compression and cumulative-shortening fields;

. an objective orogenic-susceptibility function;

. predicted mountain domains, centroids, orientations, lengths, and widths;
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crustal-thickening and elevation-evolution equations;
mountain amplification and with-inheritance counterfactuals;
terminal-zone and trench-state representations;

descent velocity and mass-flux calculations;

© »®» N o

terminal inheritance and modern-trench evolution;
10. excavation, bending, underthrusting, descent, and hybrid trench branches;
11. flexural rigidity, curvature, and bending energy;
12. event-derived ridge and rift nucleation;
13. lithospheric thinning, decompression, and melt generation;
14. new-material production and age-distance prediction;
15. ridge symmetry, asymmetry, segmentation, and transform offsets;
16. complete basin state and subsidence decomposition;
17. basin shape, orientation, sediment accommodation, and inversion;
18. continental-plateau and persistent-uplift-node prediction;
19. plateau elevation, edge, and persistence tests;
20. volcanic-province and melt-path localization;
21. anisotropic damage-guided permeability;
22. volcanic timing, volume, and composition tests;
23. terrane trajectory, rotation, transfer, and material-identity constraints;
24. suture formation and orogenic-assembly graphs;
25. unified structure chronology;
26. event-to-structure dependency matrices;
27. structure-by-structure and leave-one-event-out counterfactuals;
28. randomized event-structure tests;
29. the complete surface-expression viable set; and
30. the Paper-III surface-expression falsification matrix.
The following sections develop the global chronological and predictive integration:
e the complete event chronology;
e event initiation, expression, inheritance, and overprint intervals;

o global plate-reconstruction time slices;
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e continental displacement and paleogeographic residuals;
e event-path reconstruction in moving reference frames;

e predicted gravity, seismic, magnetic, and heat-flow fields;
e resource and mineralization predictions;

e sequence-wide statistical null models;

o multiple-testing and selection-bias controls;

e global advance predictions;

e the Paper-III claim ledger;

e the complete integrated falsification matrix;

e independent replication protocol;

e discussion;

e limitations;

e conclusions; and

e the formal handoff to Paper IV.

52 Global Event Chronology and Time-Slice Architecture

52.1 Chronology as a Causal Constraint
A sequenced event framework requires more than a collection of spatial alignments.
Each proposed event must occupy a defensible position within a global chronology.

Let the ordered event catalog be

E={&,&,....En, ), (880)

with ages before present

ai > az > -+ > aNg (881)
for a catalog ordered from older to younger events.

52.2 Forward-Time Coordinate

For numerical evolution, define forward time

T = Qstart — @, (882)
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where astart is the oldest modeled age and a is age before present. Thus

dr
— = 1.
da

All chronological inequalities must state whether they use age before present or forward time.

52.3 Event Phase Vector

Each event is divided into phases
_ approach ,contact ;transient jhandoff ;relax ,react
Tpx = (t geontact 4 thendofl relax enct )

These represent:
e pre-contact approach;
e initial contact;
e short-duration mechanical transient;
e handoff to long-time evolution;
e structural and thermal relaxation; and

e possible later reactivation.

52.4 Event-State Update

The planetary state immediately after event k is

Qf = Frx [Q;,Ek] .

Between events,

Qi =U [Q;’Tgﬁk_ﬂ] :

The complete state at present is

Quow =UOFE Ny 0---oUoFE1[Qol.

52.5 Time-Slice Grid

Define reconstruction times

TR = {7-077-17" . 77_NT}'
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At time slice 74, the model outputs

Q(7q) = (P(74), B(14), V(74), Qm(74),Gs(7q)) »

where:

P = plate and block domains,

B = boundary network,

V = velocity and rotation fields,
Q,, = mantle and lithospheric state,

Gs = surface-structure catalog.

52.6 Adaptive Temporal Resolution

Time-step size must respond to physical changes.

Let

ATy = Tgq1 — Tq-

A reduced adaptive criterion is

A7'q < Crmin (Tevenh Thoundary, Trotation Tthermal; Tdamage> 7—phase) .

Shorter time steps are required around:

event initiation;
plate fragmentation;
boundary activation;
boundary inversion;
rapid acceleration;
collision;

ridge initiation;
trench initiation;
basin inversion; and

major volcanic pulses.
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52.7 Event Overlap

Events k and m overlap mechanically or geodynamically where
infl start infl ,end infl , infl ,end
t}{n uence,star 7t}€n uence,en :| N [tﬂ uence Smrt7t172 uence,en: } 75 . (897)

The overlap operator is

OF . = Duration (Z; N Z,,) . (898)

Overlapping events cannot be modeled as independent additions when they modify the same material
domains.

52.8 Chronological Dependency Graph

Represent event and structure chronology as directed acyclic graph

Gr = (N7,€1) . (899)

Nodes include:
e events;
e boundary initiation;
e plate fragmentation;
o plate merger;
e mountain initiation;
e trench initiation;
e basin opening;
e basin inversion;
e volcanic pulses;
e terrane contacts; and
o later reactivation.

An edge

a—b (900)

states that process a must precede or causally condition process b.
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52.9 Chronological Violation Count

For dependency edge a — b, define violation

7 {1, Tq > Tp under forward-time ordering,

0, otherwise.

The total violation count is

T
Nryiot = Y _ Iy,

a—b

A causally valid reconstruction requires

NT,viol =0
after accounting for declared uncertainties.

52.10 Chronological Residual

and predicted age t?red,

For observed age t‘]?bs

obs _ tpred
J

6T7] =
OT.j

The complete chronological misfit is
X%“ = G}C;leTv

where Cr contains correlated age and reconstruction uncertainties.

52.11 Temporal Cross-Validation

Fit the model using events and structures older than a cutoff 7.:

D'%ain ={Dp:7<7.}.

Then predict younger development:

ﬁ%gst — Fr [Dgain} ‘

This prevents younger structures from silently determining the older event sequence.
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52.12 Chronology Falsifier

Global chronology falsifier C1.

If the proposed event order requires structures to form before their assigned causal events,

violates plate lineage, or matches modern geometry only by violating independently constrained

ages, the event sequence is rejected.

53 Continental Displacement and Paleogeographic Reconstruction

53.1 Continents as Evolving Material Domains

A continent or continental block is represented as

C; (t) CcP; (t),

with state

Qc, = (A, Hey, pi, X My, S5 Ry X))

where:

A; = continental area and geometry,
X; = composition and age structure,
M, = magnetic or paleomagnetic state,

S; = structural state.

53.2 Material-Point Evolution

For material point x; , within continent ¢,

dXi’a

dt

=V; (Xi,ay t) .

For approximately rigid motion,

Xia(t2) = Ri(ta, t1)X4,q(t1)-

For deformation,

Xia(t2) = Ri(ta, t1)X4,q(t1) + Wi def-
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53.3 Continental Displacement

The displacement of reference point a is

AX;q = X q(t2) — Xi0(t1).

The surface path length is

t2
Li,a:/ Ivinll dt.

t1

53.4 Shape Evolution

Let the continental boundary be

The shape-change operator is

Fci(tQ) = MC [Fci(tl))viv GZ‘,B,S] .

Shape change may include:

rigid rotation;

internal deformation;

fragmentation;

terrane accretion;

margin erosion;

sedimentary growth;

volcanic addition;

underthrusting;

descent; and

later event overprint.

53.5 Area Accounting

Continental area evolves as

dAc,
dt

= Aaccretion + Amagmatic + Asedimentary - Aerosion - Adescent - Atransfer-

The model must not treat present coastlines as permanent material boundaries.
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53.6 Reconstructed Continental Dataset
At time slice t,, the observed or independently reconstructed continental dataset is
D¢(ty) = (T, Ac, xc, Re, Mo, Xo, No)
where N contains continental adjacency relationships.
53.7 Centroid Residual
For predicted and observed continental centroids,
d
do = ds (x5, x¢)

53.8 Shape-Overlap Residual

The continental overlap score is

Area (CZP red Cfbs>
Area (CZP red C?bs> .

IOUQZ‘ =

53.9 Boundary Distance

The average symmetric continental-boundary distance is

1] 1 4 1
d — = d (z,TPr%) dqe / d(y,Ts) ael .
C.ASD = 3 [ T /F o (1:, C ) + Lprea Jrores (y’ C )

53.10 Adjacency Matrix

Define continental adjacency matrix

1, C; and C; share a declared contact,

0, otherwise.

Acj(t) = {
The adjacency residual is

obs pred
HAC —Ac |y

1AZ*]

Dac =

53.11 Paleomagnetic Residual

For predicted and observed orientation or latitude constraint d’™,
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X%’,i,PM = (d?bs - d?red)T EZPl’M (d?bs - d?red) : (928)

53.12 Reconstruction Ensemble

Paper III must evaluate multiple reconstruction realizations

{R(C‘“};V:Rl : (929)

spanning:

alternative reference frames;
alternative plate lineages;
uncertain boundaries;
uncertain terrane identities;
internal deformation;
paleomagnetic uncertainty;
coastline uncertainty;

and missing material.

53.13 Continental Reconstruction Score

Defi

The

ne
Jo = wedo +ws (1 —ToUg) + wpdoasp + waDac (030)
+ wPM%%‘,PM + wT%%,T + wM%%’,material'
score weights must be predeclared.

53.14 Continental-Displacement Falsifier

54

Continental-displacement falsifier C2.

If the event-derived boundary and motion system cannot reconstruct continental positions,
rotations, shapes, adjacencies, material identities, and displacement chronology within uncer-
tainty, the global continental-reconstruction claim is rejected.

Event Paths in Moving Plates and Reference Frames

54.1 Present Coordinates Are Not Event Coordinates

The
the

modern coordinates of a proposed entrance, midpoint, or terminal structure are not automatically

coordinates of the relevant material at event time.
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For modern material point xg, the reconstructed position at event time %, is

X = R_l [X(]a tka tnow] .

(931)

The reconstruction operator must include plate identity, finite rotation, deformation, transfer, and

uncertainty.

54.2 Material Target Domains

For event k, define reconstructed entrance, middle, and terminal material domains

Dak(tr), Dy (tr), Dy (tr)-

Each domain must identify:
e material ancestry;
e plate or block membership;
e surface and subsurface extent;
e uncertainty;
e preservation;

e and later displacement.

54.3 Inertial Event Path

Let the event carrier or disturbance path in an inertial frame be

rr(t).

The Earth-fixed path is

rpk(t) = Rer(t) [rrk(t) —re(t)],

where:

R (t) = inertial-to-Earth rotation,

rg(t) = Earth-center inertial position.

54.4 Rotating-Earth Velocity

The Earth-fixed velocity is
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Vg = REI (V[ — V@) — Q@ XTg. (937)

The rotating-frame acceleration includes:

ap = Aphysical — 20¢ X VE — Qg X (Qg X TE) — Q@ X TE. (938)

54.5 Material Motion During the Event
For short-duration events, plate motion during the transient may be small but must be estimated.

For target material point

xr(t) = xr(ty) + [ ve(t)dr. (939)

tg

The targeting condition is

win (1 4(t) — x7 (1) < drcrr (940)

54.6 Path Through a Moving Interior

For interior material velocity u(r,t), the relative path velocity is

Viel = Tp i —ulrpi(t),t]. (941)

The relative trajectory affects:
e momentum transfer;
o attenuation;
e shear;
e thermal deposition;
e path curvature;

o and the final terminal location.

54.7 Event-Path Transport to the Present

Let the event create path-state field

Qp . (r, tr)- (942)

Its present state is
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%?I\c)v =Up [Q;ka T, tnow} .

The modern surface projection of the path is

A modern line between selected surface features is not automatically the preserved path.

now __ now
pr = 1ls [Qp,k] :

54.8 Path-to-Boundary Intersection

For path-state domain P,inherit and boundary network B(t), define intersection

Ippi(t) = Pirberit sy 0 B(t).

The path may:

nucleate a boundary;
reinforce a boundary;
cross a boundary;
terminate at a boundary;
redirect later motion;

or leave no detectable boundary expression.

54.9 Path Uncertainty Ensemble

The reconstructed event-path ensemble is

spanning uncertainty in:

entrance material;
exit material;
event age;
reference frame;
Earth rotation;
path curvature;

internal heterogeneity;
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e plate reconstruction;

e and preservation.

54.10 Path-Target Residual

For predicted path center X%rzd and reconstructed target domain Dy,

dpj = min Hx — XH .
xeDy, P,k

54.11 Moving-Frame Falsifier

(947)

Moving-frame falsifier C3.

If a proposed event path aligns only in present coordinates but fails when the relevant material

domains are reconstructed to event time in defensible moving reference frames, the path

assignment is rejected.

55 Global Gravity, Seismic, Magnetic, and Heat-Flow Predictions

55.1 Global Prediction Vector

The global geophysical prediction vector is

~ o~ ~

ﬁG = (gv;lsa ‘7P7 VS;Q_I ASEIS)B p. ﬁ) .

55.2 Gravity Field
The event-derived density perturbation is

Apasc(r,t).

The predicted gravitational-potential perturbation is

A
A®apo(x) = -G / paBc(r

Ix — rH

The acceleration anomaly is
Agapc = —VA®apc.

55.3 Geoid Prediction
The event-derived geoid-height perturbation is represented as

ANppc = Gn [APaBC, Po, Qo) -
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The model must distinguish event-derived anomalies from:
e present mantle structure;
e topography;
e crustal thickness;
e ocean loading;
e sediment;
o ice;

e and later tectonic evolution.

55.4 Seismic Velocity

For elastic moduli K and G,

and

The moduli depend on

K,G=F(P,T,C,¢,Xm,D,A).

55.5 Seismic Anisotropy

The predicted elasticity tensor is

CABC = CO + ACevent + ACstrain + ACphase-

The anisotropy prediction includes:
o fast directions;
e slow directions;
e anisotropy magnitude;
e depth variation;
e boundary alignment;

e path alignment;
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o and later strain overprint.

55.6 Attenuation

A generalized attenuation prediction is

Q_l = J—"Q (Ta P, Xm, D, ¢, C, Wseis) . (957>

55.7 Tomographic Forward Operator

The synthetic observation is

dtomo = Otomo VP7 Vs, Qila Aseis] . (958)
The comparison must occur in observation space or through resolution-matched inversion products.

55.8 Magnetic Field

The event-modified magnetization is

MABC = JT"M [Mo, Tmaxa PmaXa D, Xm ¢7 B(t)] . (959)

The predicted magnetic anomaly is

EABC - OB [MABC7 chust7 Qmantle] . (960)

55.9 Heat Flow

The conductive heat flux is

qi = —kVT. (961)

The surface-normal heat flow is

qHn = —qy - Ds. (962)
The event-derived heat-flow perturbation is

Ag®C = gy — iy (963)
55.10 Global Observation Residual

Let observed geophysical vector be
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DS, (964)
The residual is

eq = D¥ — Dg,. (965)

The covariance-weighted misfit is

X& = etE5 e (966)

55.11 Corridor Detection Statistic

For predicted event corridor field ﬂBC and observed residual field 7gps, define normalized correlation

/ TancTobs AV
Ca = . (967)
\// 7AEBC dV\// Tobs AV
55.12 Resolution Test
Let the observation-resolution operator be
Ra. (968)
The event prediction must be filtered as
DY = R Do (969)

before comparison with resolution-limited data.

55.13 Geophysical Falsifier

Global geophysical falsifier G1.

If the event sequence predicts gravity, seismic, magnetic, anisotropy, attenuation, or heat-flow
structures that are absent at adequate resolution, or requires anomalies incompatible with
the observed fields, the relevant event and inheritance branches are rejected.

56 Resource Provinces and Mineralization as Advance Predictions

56.1 Secondary Predictive Status

Resource and mineralization predictions are secondary tests.
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They cannot establish the global replacement framework by themselves.
They can provide high-value advance predictions because they combine:

e deep structure;

e fluid pathways;

e heat;

e pressure;

e fracture networks;

e melt migration;

e basin development;

e chemical transport;

e and preservation.

56.2 Mineral-System State Vector

For candidate resource province r, define

QRT» - (S'NP’I" TT7 FT; CT7 HT; D’I‘7K7‘7t7‘> bl

where:

S, = source-material state,

P, = pressure history,

T, = temperature history,

F, = fluid or melt transport,
C, = chemical components,

H,. = host-rock and trap state,
D, = damage and permeability,

K. = preservation and sealing.

56.3 Event-Derived Prospectivity Field

Define prospectivity

Pr = wsSsource + WT Tthermal + W Ffuid + wpD

+ kaperm + wH%host + wCCchem + wPPpres'

The weights must be calibrated independently or frozen before blind testing.
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56.4 Predicted Province Domain

The predicted province is

DY — {x: Pr(X) > Preerit} -

56.5 Resource-Type Classification

The predicted resource class is

r = Cr [QR,].

Possible outputs include classes associated with:

The manuscript does not assume that all resource classes share one event mechanism.

magmatic concentration;
hydrothermal transport;
sedimentary basins;
structural traps;
metamorphic remobilization;
brine migration;
fracture-controlled deposition;

and deep-fluid pathways.

56.6 Blind Prediction Requirement

A valid advance test must:

1.

o otk W

freeze the event model;

freeze the prospectivity function;

exclude known target locations from calibration;
publish predicted regions and depths;

publish predicted resource class;

publish uncertainty;

and evaluate the prediction against withheld exploration or geological data.
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56.7 Hit and False-Positive Rates

For predicted province cells, define:

Precision is

Recall is

Ntp = true positives,
Npp = false positives,
Npn = false negatives,

Nrn = true negatives.

Precision = ﬁ.
Ntp + Npp
Ntp
Recall = —— .
Ntp + Npn

56.8 Area-Normalized Enrichment

Let predicted target area be Apreq and total search area be Agq.

Define target-area fraction

If fraction of validated occurrences inside the target is fo, enrichment is

fa=——

_Jo

Ep = ==,
L

56.9 Resource-Prediction Falsifier

(986)

(987)

(988)

(989)

Resource-prediction falsifier G2.

If prospectivity maps generated before target disclosure do not enrich for the predicted

resource class above spatial, geological, and comparison-model baselines, the event-derived

resource prediction is rejected.

57 Sequence-Wide Statistical Null Models

57.1 Null Models Must Preserve Relevant Structure

A useful null model should randomize the proposed causal relationship while preserving nuisance

structure.
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The sequence-wide null family is

N = {No,N1i,...,Nny}- (990)
57.2 Uniform Spatial Null
Under N, event locations are sampled from the permitted global domain:
X(ET?]C "~ Puniform (S@) . (991)

57.3 Geological-Opportunity Null

Under N7, event locations are sampled from regions with comparable preservation, exposure, sampling,
or structural complexity:

i ~ p (% | Ogeor) - (992)

57.4 Boundary-Conditioned Null

Under N3, event targets are sampled near existing geological boundaries to test whether boundary
proximity alone creates apparent success:

x5, ~ p(x | d(x,B) < dpmax) (993)
57.5 Chronology-Permutation Null
Under N3, event geometries are retained while ages are permuted:
{tg)} = Permute [{#;}]. (994)

57.6 Orientation Null

Under N, event directions are randomized while locations and ages are retained:

o~

d ~ posient (d) - (995)

57.7 Event-Count Null

Under N, synthetic catalogs contain the same number of events and comparable parameter ranges
but randomized assignments:

N = Ng. (996)
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57.8 Plate-Preserving Null

Under Ng, event locations are shuffled within reconstructed plate domains:

Xg,)k ~p (X | Pi(k) (tk)> .

57.9 Complete Sequence Statistic

Define composite global score

Jm = wpJIp + wy Iy + wsJTs + weJc + wrJr
+weJe + wrIR + Pcomplexity + PphysicaL

Lower scores indicate better penalized fit.

57.10 Empirical Null Probability

For null realizations
(r) _
‘7HI’ r 1,...,NR,
the empirical probability is

1+ 2 17 < g
NR +1 )

PiInull =

57.11 Feature-Level Statistics

For observation class g, calculate

143, 1[0 < g
NR—I—l

Pg,null =

(997)

(998)

(999)

(1000)

(1001)

This prevents one favorable global score from hiding systematic failure in one observation class.

57.12 Null-Model Falsifier

Sequence-null falsifier N1.

If randomized, permuted, boundary-conditioned, or opportunity-matched event catalogs

reproduce the global boundary, motion, structure, chronology, and geophysical scores as well

as the proposed sequence, the claimed special causal organization is rejected.
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58 Multiple Testing, Selection Bias, and Model Flexibility

58.1 Search-Space Disclosure

The complete search space must report:

number of event candidates;
number of entrance candidates;
number of exit candidates;
number of midpoint or response candidates;
number of tested ages;

number of reference frames;
number of reconstruction models;
number of mechanism branches;
number of boundary thresholds;
number of structure assignments;
number of statistical metrics;

and number of revised models.

58.2 Selection Ledger

For candidate selection s, record

L, = (candidate, selection time, selection rule, data viewed, alternatives, status) .

The ledger must distinguish:

predeclared targets;
exploratory targets;
post hoc targets;
revised targets;

and rejected targets.

58.3 Family-Wise Error

For m independent tests with per-test level ay,q, the family-wise error probability is

apwer = 1 — (1 — aina)™ -
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A conservative Bonferroni threshold is

Qind = af?;lﬂy . (1004)

Dependence among tests requires an appropriate alternative procedure.

58.4 False-Discovery Control
The selected false-discovery procedure and dependence assumptions must be declared [12].

For ordered p-values

Py <P@e) < < Py (1005)

a false-discovery-rate screening threshold may retain the largest k satisfying

< _ 1006
- (1006)
The dependence assumptions and selected method must be declared.

58.5 Effective Degrees of Freedom

Let fitted prediction vector be

y = Flyl. (1007)
An effective flexibility measure is
oy
keg = tr | == ). 1008
it (1008)

This may exceed the obvious parameter count when the model includes manual selection, branch
switching, or regional correction.

58.6 Model Revision Penalty

For Nyey major revisions after examining outcomes, define

Prev = )\reerev- (1009)

A revision may be scientifically appropriate, but it creates a new model that requires new validation
data.
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58.7 Mechanism-Switching Penalty
For structure-specific mechanism switches
Nswitch7 (1010)

define

Pswitch = >\switch Nswitch . (10 1 1)

58.8 Coordinate-Flexibility Penalty

For target domain area Ar relative to global admissible area Agjohal, define spatial flexibility

Ar

= . 1012
fcoord Aglobal ( )
Larger target domains increase the probability of accidental alignment.
58.9 Age-Flexibility Penalty
For allowed age interval Aty within complete search interval Atgearch,
Atp
= ) 1013
fage Atsearch ( )
58.10 Combined Flexibility Volume
A simplified flexibility volume is
Vﬁex = f coord f age f orient f mechanismf target f reconstruction- (1014)

The exact factors must reflect the actual search process.

58.11 Training-Data Reuse
Data used to:

e discover the event;

e select the coordinates;

e choose the age;

e choose the mechanism;

e choose the target structure;

e or choose the scoring rule
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cannot simultaneously serve as fully independent validation data.

58.12 Selection-Bias Falsifier

Selection-bias falsifier IN2.

If apparent event-sequence performance disappears after accounting for the number of
tested coordinates, ages, structures, mechanisms, reference frames, revisions, and post hoc
assignments, the statistical support for the causal sequence is rejected.

59 Global Advance-Prediction Program

59.1 Purpose
A candidate replacement framework requires observations that were not used to construct it.

The advance-prediction program converts the event sequence into registered forecasts.

59.2 Prediction Record

Each prediction is recorded as

P; = (claim, location, depth, orientation, magnitude, age, uncertainty, test, falsifier) . (1015)

59.3 Prediction Classes
The program should include predictions of:
AP1. previously unmapped boundary continuations;
AP2. subsurface damage corridors;
AP3. gravity anomalies;
APA4. seismic-velocity anomalies;
APS5. seismic-anisotropy orientations;
APG6. magnetic resetting or remanence patterns;
AP7. heat-flow anomalies;
APS8. basin asymmetry;
AP9. terrane displacement paths;
AP10. concealed sutures;
AP11. melt pathways;
AP12. resource-province enrichment;

AP13. chronological relationships;
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AP14. and explicit absence of predicted features outside selected domains.
59.4 Positive and Negative Predictions
A positive prediction states
.Fj S Dj (1016)

within declared uncertainty.

A negative prediction states

F; ¢ D} (1017)

for a declared control region.

Negative predictions reduce the ability to claim that every observed feature supports the model.

59.5 Blind Geographic Validation

Partition the globe into:

Dvisible (1018)
and

Dhlind- (1019)
Model construction uses only

Dvisible- (1020)
Predictions are frozen for

Dhlind- (1021)

59.6 Blind Depth Validation

Where surface data are known but deep data are withheld, the model predicts:
o anomaly depth;
e anomaly sign;

e orientation;
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e thickness;
e continuity;

o and relationship to surface structures.

59.7 Prediction Scoring

For continuous observation y;,
obs pred

_Y 7Y

For binary prediction,

l; = yjlogp; + (1 —y;)log (1 —p;).

The total predictive score is

Spred = Z ijj.
J

59.8 Prediction Freeze
Every advance prediction must record:
o freeze date;
e model version;
e source data cutoff;
e parameter values;
e uncertainty;
e validation authority;

o and whether the result was previously known to the author.

59.9 Advance-Prediction Falsifier

(1022)

(1023)

(1024)

Advance-prediction falsifier N3.

If registered predictions fail at rates incompatible with their stated uncertainties or perform
no better than comparison and spatial-null models, the predictive extension of the framework

is rejected.
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60 Integrated Paper-III Viability

60.1 Component Viable Sets

The Paper-I1I component sets are defined in a common lifted parameter space. Event-catalog and
material-lineage constraints are included in the continental, chronology, and boundary sets; event-to-
domain impulse and angular-momentum constraints are included in the motion set. This prevents
the same requirement from being counted twice under different short symbols.

Vp = boundary-network viable set, (1025)
Vy = plate-motion viable set, (1026)
Vg = surface-expression viable set, (1027)
Vo = continental-reconstruction viable set, (1028)
Vr = chronology viable set, (1029)
Ve = global-geophysical viable set, (1030)
VY = statistical and null-model viable set, (1031)
Vp = advance-prediction viable set. (1032)

60.2 Complete Paper-I11 Viable Set

For one frozen eligible event sequence S, define its mechanical-event intersection as

Vimeeh,s = [ Vik N Virk) - (1033)
keS

The sequence-specific complete viable set is

Vi1L,s = Vimech,s N VB.s N Vs NVss NVes (1034)

NVrsNVesNVnsNVps.

Let Ggig be the preregistered family of eligible candidate sequences. The global Paper-III model-family
viable set is

Vin= |J Vs (1035)
SeGelig

The global reconstruction family remains viable only if

Vi # @. (1036)

Failure of one sequence rejects that sequence. The global model family fails only when every
preregistered eligible sequence has an empty complete viable set.
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60.3 Shared Event-Sequence Requirement

All component solutions must use one shared event catalog

g*
A prohibited result is
& # & #Es # Ec
when the differences are introduced only to improve separate fits.

60.4 Shared Parameter Requirement

For global parameter 0;, define component-compatible intervals

OB,,0v,,0s,;,0c,;,01,,0¢,;.

The common interval is

©; =05;N0y;NOs,;NOc;NOr; NO¢,;.

If

0; =g,

the complete reconstruction fails for parameter j.

60.5 Posterior Overlap

Let component posterior distributions be

pq(®), q€{BV,S,CTG}.

Define overlap

cmpz/gp@ﬂ@nd@

A near-zero value indicates that different observation classes require incompatible models.

60.6 Integrated Model Score
Define
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Simr= —2In ['global + Pevents + Passign + Pmechanism

(1044)
+ 7Drevision + 7Dphysicad + 7Dnumerical + 7Dmissing-
60.7 Replacement Contribution
Let global observation vector be
Dgiobal- (1045)
The full event model predicts
Dagc. (1046)
The no-event model predicts
Do. (1047)
Define normalized event contribution
|Dasc Dol
faBc = (1048)

HDglobal - DOHE +e
The norm is covariance weighted.

60.8 Owutcome Classes
Paper I1II permits four broad outcomes:

Outcome A: Globally incompatible
Every preregistered eligible event sequence has an empty complete viable set.

Outcome B: Regional

Some events explain limited regions but not the global system.

Outcome C: Complementary
Event inheritance improves portions of the global model but is not the primary organizer.

Outcome D: Causal replacement candidate
One shared event sequence materially predicts the global boundary, motion, structure, chronology,
and geophysical system better than the comparison model after penalties.
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60.9 Integrated Decision Rule

Paper-III integrated decision rule.

A candidate sequence qualifies for direct Paper-IV global comparison only if one mechanically
admissible, chronologically ordered astro-ballistic event sequence generates a common plate-
boundary network, plate-motion field, continental reconstruction, surface-structure catalog,
and deep geophysical state that is physically admissible, statistically distinguishable from the
frozen null family, and reproducible under the declared numerical tests.

Held-out predictive superiority over strong competing model families is a Paper-IV replacement
criterion. Failure to establish that superiority prevents replacement qualification but does
not retroactively erase a nonempty Paper-III reconstruction set.

61 Paper-I1I Claim Ledger

Table 8: Paper-III claim ledger.

ID Class Claim Current status
P3-C01 Shared Continental and plate motion are Framework
observation accepted as observations requiring position
causal explanation.
P3-C02 Causal thesis Major global boundaries and motion Unverified
directions may preserve sequenced
astro-ballistic inheritance.
P3-C03 Mechanical Paper-III event inputs must belong to Requirement
dependency the Paper-II viable set. defined
P3-C04 Boundary Events must generate persistent Untested
requirement connected material-state boundaries.
P3-C05 Topology The event-derived boundary network  Untested
requirement must enclose a realistic plate partition.
P3-C06 Motion Event impulse and later forcing must  Untested
requirement generate plate translation and rotation.
P3-C07 Euler-pole claim FEuler-pole directions and speeds can be Untested
generated from shared physical inputs.
P3-C08 Direction claim  Inherited boundaries and event-modified Untested
forces contribute to plate-motion
directions.
P3-C09 Speed claim Relative plate speeds can be predicted Untested
without independent tuning of each
plate.
P3-C10 Mountain claim Inherited event fields contribute to Untested

mountain localization and later
amplification.
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ID Class Claim Current status

P3-C11 Trench claim Some trench systems may preserve Untested
terminal-event or event-modified descent
inheritance.

P3-C12 Ridge claim Some ridge and rift systems may follow Untested
inherited extensional or damaged
boundaries.

P3-C13 Basin claim Some basins may preserve event-derived Untested
excavation, extension, damage, or
density inheritance.

P3-C14 Volcanic claim Event-created thermal, pressure, and  Untested
permeability fields may localize some
volcanic provinces.

P3-C15 Terrane claim The event-derived motion system may Untested
predict terrane transfer and suture
assembly.

P3-C16 Continental claim The event sequence can be tested Test architecture
against continental positions, rotations, defined
shapes, and adjacencies.

P3-C17 Chronology claim The event sequence must predict the  Test architecture
temporal order of boundaries, motions, defined
and surface structures.

P3-C18 Moving-frame Event geometry must be evaluated using Requirement

claim reconstructed material targets at event defined
time.

P3-C19 Geophysical claim A completed event-sequence model Untested
would generate gravity, seismic,
magnetic, anisotropy, and heat-flow
fields.

P3-C20 Resource claim  The event model may generate blind Secondary and
resource-province predictions. untested

P3-C21 Statistical claim The proposed event sequence must Untested
outperform randomized and
opportunity-matched catalogs.

P3-C22 Counterfactual ~ Removing event inheritance must Untested

claim materially alter the reconstructed global
system.

P3-C23 Prediction claim The framework can issue registered Program defined
predictions not used in model
construction.

P3-C24 Replacement A nonempty complete Paper-III viable Unknown

dependency set exists.
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ID Class Claim Current status

P3-C25 Paper-1V The full event model can be compared Reserved for Paper
dependency directly with Plate Tectonics. v

62 Complete Paper-III Falsification Matrix

Table 9: Complete integrated Paper-11I falsification matrix.

1D Global claim Falsifying result Consequence
P3-F01 Paper-II handoff Required event states lie outside Reject the affected
the mechanically admissible reconstruction.

Paper-II set.

P3-F02 Event chronology Assigned structures precede their Reject event sequence.
required causal events.

P3-F03 Plate lineage Modern and ancient plate Reject impulse and
identities cannot be connected  displacement mapping.
consistently.

P3-F04 Moving-frame Proposed alignments fail in Reject event

geometry reconstructed event-time assignment.

material coordinates.

P3-F05 Boundary nucleation Events generate no persistent Reject event-derived

connected boundary state. boundary formation.
P3-F06 Plate enclosure The predicted network fails to  Reject global plate

enclose realistic tectonic partition.

domains.

P3-F07 Boundary topology  Connectivity, cycles, junctions, Reject boundary
and plate count conflict with the topology.
observed network.

P3-F08 Boundary chronology Boundary initiation and Reject boundary
reactivation ages are sequence.
incompatible.

P3-F09 Impulse mapping Momentum cannot be Reject motion

partitioned among reconstructed inheritance.
ancient domains.

P3-F10 Angular momentum Predicted plate rotations violate Reject Euler-pole
angular-momentum conservation. generation.

P3-F11 Force and torque Predicted motion requires Reject plate dynamics.
unbalanced force, torque, or

power.
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ID Global claim Falsifying result Consequence

P3-F12 Direction Predicted plate-motion directions Reject directional
systematically fail. inheritance.

P3-F13 Speed Relative speeds require Reject shared speed
independent plate-specific law.
tuning.

P3-F14 Kinematic closure Plate circuits or triple junctions Reject global motion
fail closure. field.

P3-F15 Present motion Predictions fail independent Reject present-day
modern velocity observations. reconstruction.

P3-F16 Deep-time motion Predictions fail finite rotations, Reject temporal
paleomagnetism, or terrane reconstruction.
paths.

P3-F17 Continental Predicted positions, shapes, Reject paleogeographic

displacement rotations, or adjacencies fail. reconstruction.

P3-F18 Mountains Predicted orogenic locations, Reject global mountain
orientations, growth, or inheritance.
chronology fail.

P3-F19 Trenches Predicted terminal, bending, Reject global trench
descent, or underthrusting inheritance.
structures fail.

P3-F20 Ridges Predicted ridge locations, Reject
opening rates, and age patterns spreading-system
fail. inheritance.

P3-F21 Basins Predicted basin location, Reject basin
subsidence, fill, or inversion fails. inheritance.

P3-F22 Plateaus Predicted uplift nodes and Reject plateau
support structures fail. inheritance.

P3-F23 Volcanism Predicted melt locations, timing, Reject event-volcanism
pathways, or composition fail.  assignment.

P3-F24 Terranes and sutures Predicted trajectories, identities, Reject assembly
contacts, or chronology fail. reconstruction.

P3-F25 Gravity Required density structure Reject
predicts incompatible gravity or density-inheritance
geoid signals. branch.

P3-F26 Seismic structure Required velocity, attenuation, or Reject deep
anisotropy structures are absent. inheritance branch.

P3-F27 Magnetics Predicted resetting or remanence Reject thermal or
conflicts with observations. shock history.

P3-F28 Heat flow Predicted thermal inheritance  Reject thermal branch.

conflicts with observed heat flow.
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ID Global claim Falsifying result Consequence

P3-F29 Resource prediction Blind prospectivity maps fail to Reject secondary
outperform baselines. resource claim.

P3-F30 Statistical null Randomized or Reject special sequence
opportunity-matched catalogs  significance.
perform equally well.

P3-F31 Selection bias Performance disappears after Reject statistical
search-space and multiple-testing support.
correction.

P3-F32 Counterfactual Removing event inheritance Reject primary causal

necessity leaves the global solution organization.

unchanged.

P3-F33 Leave-one-event-out Claimed major events have Reject those events as
negligible marginal contribution. necessary.

P3-F34 Held-out prediction  The model fails withheld regions, Reject predictive
structures, data types, or time  generality.
intervals.

P3-F35 Advance prediction  Registered predictions fail Reject predictive
beyond stated uncertainty. extension.

P3-F36 Identifiability Many incompatible event Reject unique causal
sequences fit equally well. reconstruction.

P3-F37 Complexity The model requires Reject causal
structure-by-structure events, compression.
lags, thresholds, or corrections.

P3-F38 Numerical robustness The solution changes materially Reject numerical
with mesh, timestep, solver, or  result.
reconstruction choice.

P3-F39 Independent Independent teams cannot Reject reproducibility

replication reproduce the principal results. claim.

P3-F40 Comparison model The comparison model explains Reject replacement
the global observation vector preference.
better with fewer assumptions.

P3-F41 Complete global Every preregistered eligible Reject the global

viability

sequence has an empty complete

Paper-I11 viable set.
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ID Global claim Falsifying result Consequence

P3-F42 Paper-1V global No common global event model Paper IV records
eligibility survives for direct comparison. failure of the global
replacement model
family; regional and
complementary
comparisons remain
separately eligible.

62.1 Global Non-Detection and Comparison Rule

Absence of a predicted boundary, deep anomaly, motion change, or surface structure becomes a hard
falsifier only when the feature was frozen with a minimum detectable magnitude and the held-out
observation had adequate resolution. Comparative underperformance removes or reduces replacement
preference; it rejects the underlying event or regional claim only when a mandatory prediction of that
exact claim is directly contradicted.

62.2 No Cross-Compensation

A successful resource prediction cannot compensate for failed plate motion.
A favorable mountain alignment cannot compensate for failed chronology.
A regional trench fit cannot compensate for an empty global boundary set.

A statistically favorable pattern cannot compensate for mechanical impossibility.

62.3 Compartmentalized Failure
Failure of one event does not automatically reject every proposed event.
Failure of one regional structure does not automatically reject every regional event contribution.

A completed empty union across all frozen eligible sequences rejects the global astro-ballistic orga-
nization claim developed in Paper III. An uncomputed set, an unfrozen threshold, or incomplete
observation coverage remains unresolved rather than empty.

63 Independent Replication Protocol

63.1 Replication Levels
63.1.1 Level R1: Event and Source Audit
The reviewer reproduces:

e event catalog;

e event coordinates;

223



e event ages;

o target definitions;
e SOuUrce provenance;
¢ selection history;

o and rejected alternatives.

63.1.2 Level R2: Paleogeographic Reconstruction
The reviewer reproduces:

e plate lineages;

e finite rotations;

e continental domains;

e terrane identities;

e event-time coordinates;

e reference-frame transformations;

e and reconstruction uncertainty.

63.1.3 Level R3: Boundary Network
The reviewer reproduces:

e boundary-nucleation fields;

o thresholding;

e connectivity;

e plate enclosure;

e boundary types;

e propagation;

e reactivation;

e and topology scores.

63.1.4 Level R4: Plate Motion
The reviewer reproduces:
e event-to-plate impulse mapping;
o plate masses;

e inertia tensors;
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o Euler poles;

o force and torque budgets;
e speed hierarchy;

e relative motion;

o and kinematic closure.

63.1.5 Level R5: Surface Structures
The reviewer reproduces:

e mountain predictions;

e trench predictions;

 ridge predictions;

e basin predictions;

e plateau predictions;

e volcanic predictions;

e terrane paths;

e and suture assembly.

63.1.6 Level R6: Global Geophysics
The reviewer reproduces:

e gravity;

e geoid;

e seismic velocities;

o attenuation;

e anisotropy;

e magnetics;

e heat flow;

¢ and resolution-filtered observables.

63.1.7 Level R7: Statistics and Null Models
The reviewer reproduces:
o randomized catalogs;

e chronology permutations;
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e opportunity-matched nulls;
o multiple-testing corrections;
o complexity penalties;

e cross-validation;

e and empirical probabilities.

63.1.8 Level R8: Integrated Viability
The reviewer reproduces:

e component viable sets;

e common parameter intersections;

e posterior overlap;

e complete model score;

e event marginal contributions;

e outcome classification;

e and Paper-IV handoff state.

63.2 Repository Structure

abc-paper-iii/

|

| -- manuscript/
| |-- main.tex

| ‘-- figures/

| -- sources/
| | -- source-ledger.csv
| |-- selection-ledger.csv
|  ¢-- chronology-ledger.csv
|
|-- inputs/
| |-- event-catalog/
|-- plate-lineages/
| -— paleogeography/
| -- boundaries/
|-- velocities/

| -- geophysics/

|

|

|

|

| |-- structures/
|

| -- resource-validation/
|
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|-- models/
| -- boundary-network/
|-- plate-motion/
| -— surface-structures/
| -— chronology/
| -- geophysics/
‘-- null-models/

validation/

|-~ spatial-holdout/

| -- temporal-holdout/

| -- leave-one-event-out/

| -- leave-one-structure-out/
| -— randomized-catalogs/

-- cross-solver/

| -- processed/
|-- figures/
|-- tables/

‘-- prediction-registry/

ledgers/

| -— claim-ledger.csv

|-- equation-registry.csv

| -- parameter-registry.csv
|-- falsification-matrix.csv
|-- event-boundary-map.csv

| -- event-structure-map.csv
4

I

I

I

I

I

I

I

| --

I

I

I

I

I

I

I

|-- outputs/
I

I

I

I

I

I

| --

I

I

I

I

I

I

| —-- dependency-graph. json
I
¢

-— README.md

63.3 Required Metadata
Every reconstruction must report:
e model version;
e data version;
e reference frame;
e coordinate system;

e time convention;
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e plate definitions;

e event definitions;

e mechanism branches;
e parameter priors;

e numerical method;
e mesh and time step;
e random seed;

o uncertainty method;
 selection cutoff;

e training data;

e validation data;

e and all failed runs.

63.4 Replication Statuses
Allowed statuses are:

Reproduced
Principal outputs agree within declared tolerances.

Partially reproduced
Some components agree, but one or more global dependencies fail.

Not reproduced
Results do not follow from the declared inputs.

Reference-frame dependent
Results disappear under defensible frame changes.

Selection dependent
Results depend on undisclosed or post hoc choices.

Numerically unstable
Results change under resolution, solver, or timestep tests.

Statistically non-distinct
Null models perform equally well.

Falsified
A predeclared Paper-I1II rejection condition is triggered.
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64 Reconstruction Eligibility Versus Replacement Qualification

A nonempty Paper-III sequence-level viable set establishes only that the registered reconstruction has
not yet failed its own mandatory boundary, motion, structural, chronology, and lineage conditions. It
does not by itself establish causal dominance or replacement of Plate Tectonics.

Paper IV may classify a surviving sequence as regionally useful, complementary, hybrid-dependent,
equivalent, disfavored, or a replacement candidate. Those comparative outcomes do not retroactively
empty the Paper-III viable set unless the comparison exposes a genuine Paper-1II hard-condition
violation or incompatible shared parameter state.

Likewise, one highly favorable regional score cannot compensate for a failed global transfer condition.
Eligibility, comparative preference, and replacement qualification remain separate registered states.

65 Integrated Discussion

65.1 Paper III Addresses Organization Rather Than Motion Denial
The existence of continental drift and present plate motion is not the principal dispute.

Paper III asks whether the global placement and directional structure of plates and boundaries can
be reconstructed as historical inheritance from a sequenced astro-ballistic event catalog.

65.2 The Replacement Burden Is Global
One compelling regional feature is insufficient.

A replacement framework must connect:

event mechanics — boundary creation — plate partition (1049)
— motion — surface structures — modern observations.

Failure at one required link breaks the corresponding causal chain.

65.3 Ancient Impulse Is Not Treated as Perpetual Motion

Paper III does not assume that an ancient impulse remains undiminished for hundreds of millions of
years.

The proposed inheritance may persist through:
o directional damage;
e boundary mobility;
o density anomalies;
e thermal anomalies;

e phase anomalies;
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e topographic potential;

e buoyancy;

« mantle-flow modification;

e and reinforcement by later events.

Each contribution must be forward modeled.

65.4 Boundary Generation Is the First Global Test

If mechanically admissible events do not create persistent connected material contrasts, the framework
cannot generate plates.

Boundary placement, orientation, type, chronology, and topology are therefore primary tests rather
than decorative outputs.

65.5 Motion Must Be Generated Rather Than Reassigned
Observed Euler poles and velocities may be used to evaluate the model.
They cannot be inserted as free parameters and then attributed to the event sequence.

The strongest motion test is simultaneous prediction of multiple plates from shared event, inertia,
force, resistance, and coupling parameters.

65.6 Surface Structures Are Conditional Outputs

Mountains, trenches, ridges, basins, plateaus, volcanic provinces, terranes, and sutures are not
independent confirmation points when they are selected after examining the event geometry.

They become meaningful tests only when generated from the same boundary-and-motion state and
evaluated against frozen catalogs.

65.7 Chronology Can Reject Attractive Geometry

A spatially persuasive pattern fails if the material domains were not in the required positions at the
proposed time.

Moving-frame paleogeographic reconstruction is therefore decisive.

65.8 Global Geophysics Creates Independent Burdens
A proposed event history modifies:

e density;

e gravity;

e elastic properties;

e seismic velocities;
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e anisotropy;

o attenuation;

e magnetization;
o and heat flow.

These fields provide tests independent of surface appearance.

65.9 The Model Must Compress Rather Than Multiply Explanations
A powerful causal model should explain many observations with a limited shared parameter set.
If nearly every boundary, plate, mountain, trench, basin, or volcanic province requires a separate
event or correction, the model loses causal compression.
65.10 Regional Success Remains Scientifically Useful
The global replacement claim may fail while individual event-derived hypotheses remain testable.
Possible surviving regional contributions include:

e an inherited boundary;

e a localized damage corridor;

 a basin precursor;

e a volcanic pathway;

e a terrane displacement;

e or a mineralization pathway.

These must be reported as regional findings rather than global replacement.

65.11 Paper III Is an Architecture, Not a Completed Demonstration
The manuscript establishes:

o state variables;

e governing equations;

e reconstruction operators;

e observation vectors;

e counterfactuals;

o null models;

o prediction standards;

« and falsification conditions.

It does not claim that a complete successful numerical reconstruction has already been produced.
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66 Limitations of Paper III

66.1 No Validated Complete Event Catalog
The proposed global event sequence remains provisional.

The number, ages, coordinates, directions, and mechanical states of candidate events are not yet
independently established.

66.2 Conditional Dependence on Paper II
Paper III depends on mechanically admissible event states from Paper II.

No event excluded by Paper II may be restored solely because it improves the global reconstruction.

66.3 Paleogeographic Uncertainty

Ancient positions, plate identities, terrane locations, internal deformation, and reference frames

remain uncertain.

66.4 Boundary Nonuniqueness

Different damage, thermal, stress, and phase fields may produce similar surface boundary patterns.

66.5 Motion Nonuniqueness

Different combinations of gravity, buoyancy, mantle coupling, boundary traction, and inherited

impulse may produce similar plate velocities.

66.6 Computational Scale
A complete model requires coupled evolution across:
o planetary dimensions;
e short event timescales;
e long geological timescales;
e nonlinear material behavior;
e changing plate topology;

e and uncertain initial conditions.

66.7 Constitutive Uncertainty

Long-term damage, healing, rheology, phase evolution, permeability, anisotropy, and mantle coupling

remain incompletely constrained.
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66.8 Observation Dependence
Many geological reconstructions depend on shared datasets and assumptions.

Apparent agreement across multiple outputs may not represent fully independent evidence.

66.9 Preservation Bias
Older event structures may be buried, metamorphosed, deformed, subducted, eroded, or destroyed.

Preservation models remain essential and uncertain.

66.10 Selection Risk
The large number of global features creates substantial risk of post hoc matching.

The selection ledger and blind-prediction program are therefore mandatory.

66.11 Resource-Prediction Limitation

Resource-province prediction is a secondary application and must not be used to bypass failed global
mechanics, chronology, or plate reconstruction.

66.12 Replacement Limitation
Paper III tests whether a coherent event-derived global reconstruction can exist.

Direct adjudication against the full explanatory content of plate tectonics belongs to Paper I'V.

66.13 Reserved Directionality and Terrain Scope

Additional directionality and material-displacement hypotheses are intentionally reserved for later
studies so that the present reconstruction can be judged on its declared event sequence rather than on
an expanding set of map correspondences. This is a limitation on current coverage, not an invitation
to infer missing events. Reserved hypotheses provide no support until preregistered, and mandatory
observation classes for eventual global replacement remain mandatory.

67 Conclusions

67.1 Conclusion 1: Plate Motion Is Accepted

The framework accepts measured continental and plate motion.

The causal challenge concerns the historical origin and organization of the global plate-boundary and
motion system.

67.2 Conclusion 2: Mechanical Admissibility Comes First

Every Paper-III event input must survive Paper II.

A favorable global fit cannot validate a mechanically excluded event.
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67.3 Conclusion 3: Boundaries Must Emerge

Astro-ballistic forcing must generate persistent connected material contrasts capable of enclosing
realistic plate and block domains.

67.4 Conclusion 4: Motion Must Be Predicted

Plate translations, Euler poles, relative directions, and speed hierarchies must emerge from event
impulse, plate inertia, force, torque, boundary mobility, gravity, buoyancy, and mantle coupling.
67.5 Conclusion 5: Ancient Impulse Is Only One Contribution

Long-duration inheritance may persist through event-modified boundary, density, thermal, phase,
and mantle states.

The model does not rely on unattenuated ancient momentum.

67.6 Conclusion 6: Surface Structures Are Coupled Outputs

Mountains, trenches, ridges, basins, plateaus, volcanic provinces, terranes, and sutures must be

generated by the same viable boundary and motion solution.

67.7 Conclusion 7: Paleogeography Is Decisive

Event paths and target relationships must be tested using reconstructed material domains at event
time.

Present-coordinate alignment alone is insufficient.

67.8 Conclusion 8: Chronology Can Falsify the Sequence

Boundary formation, plate fragmentation, mountain growth, trench development, basin evolution,
volcanism, and terrane assembly must occur in a causally consistent temporal order.

67.9 Conclusion 9: Deep Geophysics Supplies Independent Tests

A completed event-sequence model would generate gravity, geoid, seismic-velocity, attenuation,
anisotropy, magnetic, and heat-flow outputs.

Once frozen before validation, those outputs can test and potentially reject visually persuasive surface
reconstructions.

67.10 Conclusion 10: Statistical Flexibility Must Be Penalized

The number of tested coordinates, ages, structures, mechanisms, reference frames, and revisions must

be included in model evaluation.
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67.11 Conclusion 11: Advance Predictions Are Required

The framework must predict withheld structures, subsurface corridors, geophysical anomalies, chronol-
ogy, or resource provinces before those observations are revealed.

67.12 Conclusion 12: Global Viability Requires One Shared Model

For one frozen eligible sequence S, the decisive object is

Vis = | [ VikNVire) | NVes N VysNVss
hes (1050)

NVesNVrs NVasNVns N Vps.

The Paper-III model-family viable set is the union over preregistered eligible sequences. Separate
regional successes do not constitute one global causal solution, and failure of one sequence does not
reject an independently specified surviving sequence.

67.13 Final Paper-111 Statement

Astro-Ballistic Chronostratigraphic Sequencing remains a global causal-replacement candidate
only if one chronologically ordered and mechanically admissible event sequence generates
the observed plate-boundary network, plate-motion field, continental displacement history,
mountains, trenches, ridges, basins, plateaus, volcanic provinces, terrane assemblies, and deep
geophysical structure from shared physical inputs.

A particular sequence fails the Paper-11I global reconstruction test if its sequence-specific
viable intersection is empty. The Paper-III astro-ballistic model family fails globally only if

V= |J Vus=2. (1051)
SEGelig
If that model-family set is nonempty, Paper IV must determine whether the surviving astro-
ballistic model explains the total evidence more accurately, parsimoniously, and predictively
than the comparison models.

AlI-Assisted Research Disclosure
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data requirements, reproducibility, and falsification.
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A Global Time and State Registry

Table 10: Minimum chronology and state registry.

Field Symbol Required content

Event age tr Central value, uncertainty, dating basis

Forward time Tk Numerical time coordinate

Pre-event state Q, Plates, boundaries, motion, mantle,
surface

Post-event state Q,‘: Mechanically admissible event output

Handoff time th.k Short-time to long-time transition

Reactivation time trk Later loading or event interaction

Time-slice output Q(7y)

Uncertainty YTk

Complete reconstructed planetary state

Age and correlation structure

B Continental Reconstruction Metric Registry

Table 11: Continental and paleogeographic reconstruction metrics.

Metric Symbol Purpose

Centroid distance do,i Tests continental position
Shape overlap IoUc; Tests reconstructed geometry
Boundary distance dc AsD Tests perimeter agreement
Adjacency residual Djc Tests continental contacts
Rotation residual AbOR; Tests finite rotation
Paleomagnetic residual X%’,z‘,PM Tests orientation and latitude

Material residual

Chronological residual

2
XC,material

2
Xc,r

constraints
Tests terrane and crustal
identity

Tests displacement timing

C Complete Global Observation Vector

The complete Paper-III observation vector is

Dglobal = (DBu DVv DCv DS7 DTa DGu DR) .

The components contain:

236

(1052)



Boundary data
Location, orientation, type, age, curvature, thickness, motion, and topology.

Motion data
Present velocities, Euler poles, finite rotations, plate circuits, paleomagnetic constraints, and
terrane paths.

Continental data
Positions, shapes, adjacencies, rotations, material identities, and reconstructed margins.

Surface data
Mountains, trenches, ridges, basins, plateaus, volcanic provinces, sutures, and terranes.

Chronology data
Event, boundary, motion, deformation, uplift, descent, volcanism, and assembly ages

Geophysical data
Gravity, geoid, seismic velocity, attenuation, anisotropy, magnetics, density, rheology, and heat
flow.

Resource-validation data
Blind mineral-system, basin, fluid-path, and structural-target outcomes.

D Sequence-Wide Null-Simulation Pseudocode

INPUT:
frozen observed datasets
frozen event catalog
frozen scoring functions
frozen model penalties
number of simulations N

CALCULATE:
J_observed = score(full proposed event sequence)

FOR r = 1 TO N:
choose declared null family
randomize only the causal variables assigned to that null
preserve required nuisance structure:
event count
accessible geological regions
preservation opportunity

age distribution where applicable
plate membership where applicable

237



parameter ranges
observation masks

reconstruct:
event-time geometry
boundary network
plate motion
continental positions
surface structures
geophysical fields

apply:
identical model fitting rules
identical penalties
identical holdout sets

identical failure rules

calculate:
J null(r]

END FOR

p_null =
(1 + count(J_null <= J_observed)) / (N + 1)

REPORT:
full null-score distribution
feature-specific null distributions
random seeds
failed simulations

sensitivity to null family

E Claim, Source, and Selection Audit Template

Table 12: Minimum claim and provenance audit.

1D Claim Source or Selection status Test status
derivation
FEzample Boundary created Paper-II state and Predeclared or Untested,
by event k boundary calculation exploratory supported, or
falsified

Every claim must record:
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original source;

author-derived calculation;

model prediction;

external observation;

uncertainty;

selection history;

dependence on other claims;

and direct falsifier.

Figure and Table Production Registry

Table 13: Minimum Paper-III visual-production registry.

ID Planned visual Required input
F3-01 Five-paper series architecture Frozen paper dependency
structure
F3-02 Event chronology and dependency Event and structure age ledger
graph
F3-03 Event-derived global boundary Boundary-nucleation outputs
network
F3-04 Plate-lineage graph Fragmentation, merger, and
transfer data
F3-05 Predicted and observed Euler poles Motion-model outputs
F3-06 Plate-speed hierarchy Predicted and observed plate
speeds
F3-07 Continental reconstruction time slices Paleogeographic ensemble
F3-08 Mountain, trench, ridge, and basin Surface forward models
maps
F3-09 Global geophysical anomaly maps Gravity, seismic, magnetic,
heat-flow outputs
F3-10 Null-model score distributions Randomized sequence
simulations
F3-11 Component viable-set intersection Parameter and posterior outputs
F3-12 Paper-IV comparison handoff Frozen Paper-I11 result state
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G Paper-1V Handoff

G.1 Purpose

Paper IV performs the direct causal comparison between

Magc (1053)

and

Mpr. (1054)

Paper IV must not compare a fully specified Plate-Tectonic model with an undefined astro-ballistic

narrative.

It must compare declared model families using shared observations, uncertainties, complexity penalties,
and falsification rules.

G.2 Paper-III Output Package for Paper IV

The Paper-III output package delivered to Paper IV is

Hirsv = (5*7V111,l§,\7,73, Gs. D¢, Jitt. Letaims: Ffals) , (1055)
Here:

E* = surviving event sequence, (1056)

Vi1 = complete viable parameter set, (1057)

B = predicted boundary network, (1058)

V = predicted plate-motion field, (1059)

P = predicted continental and plate history, (1060)

Gs = predicted surface structures, (1061)

D¢ = predicted geophysical fields, (1062)

Jmr = integrated penalized score, (1063)

L¢laims = claim ledger, (1064)

Fy,c = falsification status. (1065)

G.3 Paper-IV Comparison Questions

Paper IV must determine:

IV-Q1. Which model predicts observed boundaries more accurately?
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IV-Q2. Which model predicts relative motion more accurately?
IV-Q3. Which model predicts chronology more accurately?
IV-Q4. Which model predicts mountains, trenches, ridges, and basins more accurately?
IV-Q5. Which model explains deep geophysical fields more accurately?
IV-Q6. Which model makes stronger advance predictions?
IV-Q7. Which model uses fewer effective degrees of freedom?
IV-Q8. Which model requires fewer post hoc assignments?
IV-Q9. Which model better satisfies conservation and physical consistency?
IV-Q10. Does a hybrid model outperform both?
IV-Q11. Is astro-ballistic inheritance primary, complementary, regional, or unnecessary?

IV-Q12. Does the formal replacement thesis survive?

G.4 Causal and Alternative-Model Handoff Record
The Paper-1V handoff must include, for every principal output:
o the highest causal level actually reached;
e the surviving support paths and rejected paths;
o the assumptions and mediator fields required;
o the strongest Plate-Tectonic, regional, null, and hybrid alternatives tested;
e the intervention-validity status;
o and the holdout data not used to construct the event sequence.
Paper IV compares these registered causal objects. It may not infer causal dominance from an
aggregate Paper-III fit score that lacks the edge and alternative records above.
G.5 Handoff Failure
If

Vi = &, (1066)
Paper IV must record that no preregistered eligible global sequence survived for direct replacement
comparison.

This rejects the global replacement model family evaluated by Paper 111, not every regional event
hypothesis, mechanism branch, or alternate future model version. Regional event hypotheses may
still be compared separately.
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H

Paper-I1I Production Checklist

Before release, Paper III requires:

1.

LS

© »®» N = o

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

complete LaTeX compilation;
equation-reference audit;

notation audit;

consistency audit against Papers I and II;
verified event catalog;

verified chronology ledger;
paleogeographic reconstruction ensemble;
plate-lineage dataset;

frozen boundary catalog;

frozen velocity catalog;

frozen surface-structure catalog;

frozen global geophysical datasets;
source and selection ledger;

complete parameter registry;

complete numerical model,;

convergence and conservation tests;
null-model simulation;

spatial and temporal cross-validation;
leave-one-event-out testing;

registered advance predictions;
independent replication;

external literature verification;
integrated model comparison preparation;
final claim-status update;

and frozen Paper-IV handoff package.
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Paper-I1I Freeze Status and Handoff

Corpus Freeze 1.0 fixes the Paper-III reconstruction architecture and its handoff contract. A complete

global numerical reconstruction remains unresolved.
The downstream adjudication paper in the frozen series is:
Astro-Ballistic Chronostratigraphic Sequencing IV
Astro-Ballistic Chronostratigraphic Sequencing Versus Plate Tectonics

Direct Causal Comparison, Explanatory Coverage, Model Complexity, Prediction, and Replacement
Adjudication

Paper IV defines the adjudication required to determine whether the event-derived framework is:
e mechanically incompatible;
o regionally useful;
e complementary to Plate Tectonics;
e a causal organizer of selected global structures;

e or a defensible primary replacement candidate.
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