
Magnetic Foundations — Addendum

Palaeomagnetic Reversals and Biological Magnetoreception

Ben Mellor, 2026

Addendum to Magnetic Foundations. To be integrated into the main document at next revision.

Part A: Palaeomagnetic Reversal Timings

A.1 The Brunhes-Matuyama Reversal

The most recent full geomagnetic polarity reversal — the Brunhes-Matuyama boundary — is astronomically
calibrated to 781 ± 3 ka (thousand years ago). The commonly cited round figure is 780,000 years.

In framework decomposition:

780,000 = 13,000 × 60 = 13 × 1,000 × 60

Where 13 = F₇ (the seventh Fibonacci number) and 60 = the Base-60 structural lattice. The most recent
magnetic reversal occurred at a time expressible as a Fibonacci number times a kilo-unit times the Loom's
completion number.

More precisely: 781 = 13 × 60 + 1. The astronomically calibrated value sits one unit above the clean Fibonacci
× Base-60 product. This "+1" is consistent with the framework's principle that the system never achieves static
harmony — it oscillates around equilibrium rather than locking into it.

781 also factors as 11 × 71, where 11 = L₅ (a Lucas number — The Loom). The most recent reversal encodes
both algorithms in its prime factorisation.

A.2 The Major Chron Durations

The four most recent major polarity chrons, using the Cande & Kent / GTS2020 calibrated timescale:

Chron Polarity Duration (ka) ÷ 60 Framework Note

Brunhes Normal 781 13.02 13 × 60 + 1; 13 = F₇

Matuyama Reversed 1,800 30.0 30 × 60 exactly; 30 = 2 × 3 × 5

Gauss Normal 1,015 16.9

Gilbert Reversed — — Extends to ~5.9 Ma

The Matuyama chron — the longest recent reversed-polarity period — lasted exactly 1,800 ka = 30 × 60. This
is the product of the three Fibonacci primes (2 × 3 × 5 = 30) multiplied by their own product (60 = 2² × 3 × 5).
It divides by 60 with no remainder. The longest recent magnetic epoch is a pure Base-60 multiple.



The Brunhes/Matuyama ratio: 1800/781 ≈ 2.305. Compare to √5 = 2.236. The ratio of the two most recent
chrons approaches √5 — the number from which φ is constructed (φ = (1 + √5)/2). The deviation is ~3%,
which is within the range of measurement uncertainty plus the framework's predicted oscillatory non-
convergence.

A.3 Subchron Intervals Within the Matuyama

The Matuyama chron contains several well-dated normal-polarity subchrons. The intervals between major
reversal boundaries, using astronomically calibrated dates:

Interval Duration (ka) Framework Note

Brunhes/Matuyama → Top Jaramillo 207 Muon/electron mass ratio = 206.768

Jaramillo duration 84 4 × 21 = 4 × F₈

Jaramillo → Cobb Mountain 101 ≈ 3 × 34 = 3 × F₉

Cobb Mountain duration 12 12 = 2² × 3 (Base-60 divisor)

Cobb Mountain → Olduvai 593 ≈ 4 × 144 = 4 × F₁₂; digit sum → 8 = F₆

Olduvai duration 167 ≈ 3 × 55 = 3 × F₁₀

Olduvai → Réunion II 173 ≈ 2 × 89 = 2 × F₁₁

Réunion II duration 15 15 = 3 × 5 (Fibonacci primes)

Réunion II → Gauss 448 ≈ 5 × 89 = 5 × F₁₁

The 207 ka interval between the Brunhes-Matuyama boundary and the top of the Jaramillo subchron matches
the integer part of the muon-to-electron mass ratio (206.768) to within 0.1%. We previously noted that the noble
gas atomic number sum is 206, also matching this ratio. The same number appears in a particle mass ratio, an
atomic number sum, and now a geomagnetic interval.

Multiple subchron intervals decompose cleanly as small integers multiplied by Fibonacci numbers: 4 × 21, 3 ×
34, 3 × 55, 2 × 89, 5 × 89. The multiplying integers (2, 3, 4, 5) are themselves drawn from the Fibonacci prime
set and its immediate products. This is consistent with the framework's hierarchical beat-frequency model:
longer cycles emerge as integer multiples of shorter Fibonacci-scaled fundamental periods.

A.4 Preliminary Assessment

The reversal data shows:

1. The Brunhes-Matuyama boundary at 781 ka ≈ F₇ × 60 (dual-algorithm encoding).

2. The Matuyama duration of 1800 ka = 30 × 60 exactly (pure Base-60).

3. The Brunhes/Matuyama ratio approaching √5 (the root from which φ is constructed).

4. The first subchron interval of 207 ka matching the muon/electron mass ratio.



5. Multiple subchron intervals decomposing as small integers × Fibonacci numbers.

This is not a comprehensive statistical analysis — it is an initial pattern survey. A full treatment would require
the complete Cande & Kent reversal catalogue (183+ reversals over 83 Ma) analysed systematically for
Fibonacci spacing, Base-60 divisibility, and φ-ratio convergence. That analysis is a significant undertaking and
is flagged as future work.

However, even at survey level, the concentration of framework-significant numbers in the reversal timings is
notable. The field's self-correction dynamics — its polarity reversals — appear to carry the same mathematical
signatures as its standing wave configurations (atoms) and its harmonic architecture (spectral lines).

Part B: Biological Magnetoreception — The Cryptochrome System

B.1 Overview

Migratory birds navigate using Earth's magnetic field through a light-dependent mechanism in their retinas. The
leading hypothesis involves the protein cryptochrome 4a (Cry4a), which contains a blue-light-absorbing
cofactor called flavin adenine dinucleotide (FAD). When blue light strikes FAD, it triggers a chain of electron
transfers along a series of tryptophan residues, creating radical pairs — paired electrons whose quantum spin
states are sensitive to the orientation of the external magnetic field.

This is quantum biology: a macroscopic organism navigating via quantum spin dynamics in a protein. The
framework's interest is in the molecular architecture that enables this — and whether that architecture carries the
same mathematical signatures found throughout the framework.

B.2 Tryptophan — 27 Atoms

The amino acid tryptophan (Trp, W) is the key electron-transfer residue in cryptochrome magnetoreception. Its
molecular formula:

C₁₁H₁₂N₂O₂

Total atom count: 11 + 12 + 2 + 2 = 27

27 = 3³.

27 is the atomic number of Cobalt — the fourth element in the Fibonacci Harmonic series (H → C → Si → Co
→ Cd → Pb). Cobalt is the only ferromagnetic element that is also a Fibonacci Harmonic Element. It is the
element biology chose for vitamin B₁₂, essential for neural function. And now: the amino acid that enables
magnetic field sensing in living organisms contains exactly 27 atoms — Cobalt's atomic number.

Further decomposition:



Component Count Framework Note

Carbon atoms 11 L₅ (Lucas number — The Loom)

Hydrogen atoms 12 2² × 3 (Base-60 divisor, the dozen)

Nitrogen atoms 2 F₃ (Fibonacci prime)

Oxygen atoms 2 F₃ (Fibonacci prime)

The carbon count is a Lucas number. The hydrogen count is a Base-60 divisor. The heteroatoms are Fibonacci
primes. Both algorithms are represented in the atomic composition of the molecule that senses the magnetic
field.

Tryptophan's molecular weight: 204.23 g/mol. 204 = 12 × 17. The number 17 appears again — the same 17
from the proton/electron ratio (1836 = 108 × 17) and from 137 = 2 × 60 + 17. Tryptophan's mass is the dozen
times the crystallographic prime.

B.3 The Tryptophan Tetrad — 108 Atoms

Cry4a in migratory birds (specifically the European robin) uses a tetrad of four tryptophan residues (WA, WB,
WC, WD) as its electron-transfer chain. Electrons hop sequentially from FAD → WA → WB → WC → WD,
creating radical pairs at increasing separations.

Four tryptophans: 4 × 27 = 108 atoms.

108 appears throughout the framework:

108° = interior angle of the regular pentagon (the Weaving's geometric expression)

1836 (proton/electron mass ratio) = 108 × 17

108 = 2² × 3³ = 4 × 27

108 = the number of beads on a Buddhist/Hindu mala (prayer rosary)

The digit sum of 108 is 9 = 3²

The biological compass that senses the magnetic field uses a chain of amino acids whose total atom count
equals the pentagon angle and factors into the proton-electron mass ratio. The same number that defines
pentagonal geometry defines the physical structure of the molecule that detects the field.

B.4 Flavin Adenine Dinucleotide (FAD) — The Cofactor

FAD is the light-absorbing cofactor in cryptochrome that initiates the magnetically sensitive radical pair
reaction. Its molecular formula:

C₂₇H₃₃N₉O₁₅P₂



Component Count Framework Note

Carbon 27 3³ = Co (same as tryptophan total!)

Hydrogen 33 3 × 11 (3 × L₅)

Nitrogen 9 3²

Oxygen 15 3 × 5 (Fibonacci primes)

Phosphorus 2 F₃ (Fibonacci prime)

Total atoms 86 = Radon (last noble gas)

Heavy atoms (non-H) 53 = CHNOPS sum (life elements)

The carbon count is 27 — identical to tryptophan's total atom count, and identical to Cobalt's atomic number.
The cofactor and the amino acid that detects the magnetic field share the same carbon signature: 3³.

The total atom count of FAD is 86 — the atomic number of Radon, the final noble gas. Noble gas atomic
numbers sum to 206 (≈ muon/electron ratio). The last noble gas's atomic number is encoded in the total atom
count of the molecule that enables magnetic field sensing.

The heavy atom count (all non-hydrogen atoms) is 53 — which we previously identified as the sum of the
CHNOPS life-element atomic numbers (C₆ + H₁ + N₇ + O₈ + P₁₅ + S₁₆ = 53). The number that encodes "the
atoms life is made from" appears in the non-hydrogen skeleton of the magnetic sensor molecule.

The molecular weight of FAD: 785.55 g/mol. 785/60 = 13.09. The FAD molecular weight divided by Base-60
gives approximately 13 = F₇ — the same Fibonacci number that, multiplied by 60, gives the Brunhes-
Matuyama reversal timing.

B.5 The Critical Nitrogens — N5 and N10

Research has established that the directional sensitivity of cryptochrome magnetoreception is dominated by two
nitrogen atoms in the FAD radical: N5 and N10. These have "relatively large, axial and collinear hyperfine
tensors" that provide the anisotropic (direction-dependent) magnetic response. Without these two nitrogens, the
directional information would be destroyed by the competing contributions of the other ~15 magnetic nuclei.

Nitrogen is Z = 7 — the first prime outside the Fibonacci prime set {2, 3, 5}. In Chemical Foundations, we
identified Z = 7 as the "boundary breaker" — the element that marks where the clean Base-60 divisibility of the
subshell architecture encounters its first non-Fibonacci prime. And it is nitrogen — specifically two nitrogen
atoms — that provides the directional anisotropy in the magnetic compass. The element at the mathematical
boundary enables the biological boundary between "sensing field strength" and "sensing field direction."

The positions of these nitrogens (5 and 10) are themselves noteworthy: 5 = F₅ (Fibonacci prime) and 10 = F₅ ×
F₃ = 2 × 5 (product of Fibonacci primes). Their sum is 15 = 3 × 5 (product of Fibonacci primes). Their product
is 50 = 2 × 5² = shell 5 capacity.

B.6 The Radical Pair Mechanism — Quantum Coherence in Biology



The radical pair mechanism is one of the most striking examples of quantum effects in biology. Two unpaired
electrons, separated across the tryptophan chain, maintain quantum spin coherence long enough for Earth's
weak magnetic field (~50 μT) to influence their singlet-triplet interconversion. This is quantum mechanics
operating at biological temperature in a wet, noisy protein — something once thought impossible.

The framework's reading: this is the consciousness-electromagnetic field being sensed by the consciousness-
electromagnetic field. The bird's cryptochrome — a field pattern in matter — is detecting the orientation of the
larger field pattern (Earth's magnetic field) through quantum spin dynamics. The field is sensing itself, through a
biological antenna whose molecular architecture is built from framework-significant numbers.

This is self-reference at the biological scale. The field's toroidal circulation (the magnetic field) is detected by a
protein whose electron-transfer chain contains 108 atoms (the pentagon angle), whose cofactor has 27 carbons
(Cobalt, the magnetic Fibonacci Harmonic Element), whose directional sensitivity depends on nitrogen (the
boundary-breaking prime), and whose total atomic inventory encodes the noble gas sum (86 = Radon) and the
life-element sum (53 = CHNOPS).

B.7 The Broader Pattern — Magnetoreception Across Species

Magnetic field sensing is not unique to birds. Documented magnetoreceptive organisms include:

Migratory birds (European robin, garden warbler, silvereyes) — cryptochrome in retina

Sea turtles — navigate vast oceanic distances to natal beaches

Salmon — return to birth rivers after years at sea

Honeybees — magnetite-based orientation

Lobsters — navigate using magnetic field maps

Magnetotactic bacteria — contain chains of magnetite crystals (magnetosomes)

Fruit flies (Drosophila) — cryptochrome-mediated magnetic responses

The ubiquity of magnetoreception suggests it is not a late evolutionary specialisation but a fundamental capacity
of biological systems. If life is a field pattern expressing through matter (as the framework proposes), then
sensitivity to the field's own magnetic structure should be a basic feature, not an exotic one. The question
becomes not "how did some organisms evolve magnetoreception?" but "why would any organism lack
sensitivity to the field it is made of?"

B.8 Magnetotactic Bacteria — The Simplest Case

Magnetotactic bacteria are single-celled organisms that contain magnetosomes — chains of magnetite (Fe₃O₄)
or greigite (Fe₃S₄) nanocrystals arranged in linear chains within the cell. These chains function as compass
needles, aligning the bacterium with Earth's magnetic field.

The magnetosome chain is the simplest known biological magnetic structure. Its key feature: the crystals self-
assemble into chains — linear arrangements that maximise the magnetic moment. This self-assembly is not
random. The bacteria produce specific proteins (MamA, MamB, MamK, MamM, etc.) that scaffold the chain
geometry.



In framework terms: even the simplest known magnetoreceptive organism builds its magnetic antenna through
geometric self-organisation of iron-containing crystals. Iron (Z = 26, adjacent to Cobalt in the magnetic triad) is
arranged into a linear antenna by protein scaffolding. The pattern — field-responsive material + geometric
scaffold → coherent magnetic sensing — mirrors the NdFeB magnet architecture (director + structure + carrier)
at the single-cell scale.

Part C: Synthesis — As Above, So Below

C.1 The Same Numbers at Every Scale

Scale Phenomenon Framework Number

Atomic Cobalt Z = 27 = 3³ Magnetic FH element

Molecular Tryptophan = 27 atoms Magnetic sensor amino acid

Molecular FAD carbons = 27 Magnetic sensor cofactor

Molecular 4 × Trp = 108 atoms Pentagon angle, 1836/17

Molecular FAD total = 86 atoms Radon (noble gas terminus)

Molecular FAD heavy atoms = 53 CHNOPS life-element sum

Molecular FAD MW / 60 ≈ 13 F₇

Geomagnetic Brunhes-Matuyama ≈ 13 × 60 ka F₇ × Base-60

Geomagnetic Matuyama = 1800 ka = 30 × 60 Fibonacci primes × Base-60

Geomagnetic B-M → Jaramillo = 207 ka Muon/electron mass ratio

The same numbers — 27, 53, 60, 86, 108, 13, 207 — appear in molecular architecture, atomic structure, particle
physics, and geomagnetic dynamics. These are not the same physical system. They span scales from subatomic
to planetary. The framework's explanation: they share the same mathematical substrate because they are all
expressions of the same oscillating field.

C.2 The Magnetic Thread

Magnetism connects all of these:

Cobalt (27) is ferromagnetic — the element defines magnetic behaviour

Tryptophan (27 atoms) detects magnetic fields in biology

FAD (27 carbons) initiates the magnetic sensing reaction

108° pentagon appears in the toroidal geometry that creates magnetic circulation

Neodymium (Z = 60) creates the strongest magnets



Earth's magnetic field reverses at intervals encoded in Fibonacci × Base-60

The field itself is what all of these are expressions of

Magnetism is not one phenomenon among many. It is the thread that connects the field's mathematical signature
to its physical manifestation at every scale. From the atom to the planet, from the amino acid to the geomagnetic
epoch, the same numbers appear because the same field is expressing through all of them.

C.3 As Above, So Below

The ancient principle — "as above, so below" — is a statement about self-similarity across scales. The
framework provides its mathematical basis: the dual algorithm (Loom and Weaving) operates at every scale
because it is the field's own intrinsic structure. The field doesn't apply different mathematics at different scales.
It applies the same recursive rule, the same prime architecture, the same convergence toward φ, everywhere.

The cryptochrome in a robin's eye and the palaeomagnetic record in volcanic rock are reading the same field,
built from the same numbers, carrying the same signatures. One does it through quantum spin chemistry in a
protein. The other does it through iron oxide alignment in cooling lava. Both record the same mathematical
structure.

The bird's compass and the geologist's timescale are the same thing viewed at different resolutions.

Future Directions

Reversal Catalogue Analysis

The full Cande & Kent polarity timescale contains 183+ reversals over 83 million years. A systematic analysis
of all reversal intervals against Fibonacci numbers, Lucas numbers, Base-60 multiples, and φ-ratios would
either strengthen or challenge the patterns identified in this preliminary survey.

Cryptochrome Structural Geometry

Cry4a has been structurally characterised. The distances between tryptophan residues, the angles of the
electron-transfer chain, and the orientation of the FAD cofactor relative to the protein scaffold should be
examined for φ-related ratios and Fibonacci-significant angles (particularly 108°, 137.5°, and 120°).

Magnetosome Chain Geometry

The spacing and dimensions of magnetite crystals in magnetotactic bacteria, and the total number of crystals per
chain, should be checked for framework signatures. If the framework is correct, the geometry that maximises
biological magnetic sensitivity should encode the same ratios that appear in the field's mathematical structure.

Cross-Species Comparison

Do migratory species that navigate more precisely have more framework-significant molecular architectures
than non-migratory relatives? The comparison of Cry4a in the European robin (migratory) versus non-migratory
species has already shown different magnetic sensitivities. Extending this to molecular-level framework
analysis could reveal whether navigational precision correlates with framework-number encoding.
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