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Abstract

Claims of paleodata periodicity are many and controversial, so that, for example, superimposing Phanerozoic (0-541 My) mass-
extinction periods renders life on Earth impossible. This period hunt coincided with the modernization of geochronology, which
now ties geological timescales to orbital frequencies. Such tuneup simplifies energy-band (variance-) stratification of information
contents, enabling the separation of astronomical signals from harmonics, e.g., using variance-based spectral analysis. I thus
show on diverse data (geomagnetic polarity, cratering, extinction episodes) as a proxy of planetary paleodynamics that many-
body subharmonic entrainment induces a resonant response of the Earth to astronomical forcing so that the 2rn-phase-shifted
axial precession p=26 ky, and its Pi=2np/i; i=1,...,n harmonics, get resonantly responsible for virtually all paleodata periods.
This resonantly quasiperiodic nature of strata is co-triggered by a p’/4-lockstep to the p’=41-ky obliquity (also 2n-phase-
shifted, to P’=3.5-My superperiod). For verification, residuals analysis after suppressing 2np (and thus Pi, too) in the current
polarity-reversals GPTS-95 timescale’s calibration extending to end-Campanian (0-83 My) successfully detected weak signals
of Earth-Mars planetary resonances, reported previously from older epochs. The significant intrinsic residual signal is 26.5-
My Rampino period — the carrier wave of crushing deflections co-responsible for transformative polarity reversals. While the
(2rp, Pi) resonant response of the Earth to orbital forcing is the long-sought energy transfer mechanism of the Milankovitch
theory, fundamental system properties — 2n-phase-shift, 3 lockstep to a forcer, and the discrete time translation symmetry
(multiplied or halved periods) — previously thought confined to (quantum) time crystal, here appear macroscopic, rendering
the concept of time crystal unremarkable. In turn, such a surprising cross-scale outcome has confirmed the main result: that
of planetary precession being a cataclysmic geodynamic phenomenon as claimed in the past, e.g., as the mechanism for Earth
expansion; then a time crystal in quantum dynamics could be due to particle entrainment, such as the collisions resulting in

Feshbach resonances.
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Abstract: Claims of paleodata periodicity are many and controversial, so that, for example, superimposing Phanerozoic (0-541 My)
mass-extinction periods renders life on Earth impossible. This period hunt coincided with the modernization of geochronology,
which now ties geological timescales to orbital frequencies. Such tuneup simplifies energy-band (variance-) stratification of infor-
mation contents, enabling the separation of astronomical signals from harmonics, e.g., using variance-based spectral analysis. I thus
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subharmonic entrainment induces a resonant response of the Earth to astronomical forcing so that the 2rt-phase-shifted axial preces-
sion p=26 ky, and its Pi=2mtp/i; i=1,...,n harmonics, get resonantly responsible for virtually all paleodata periods. This resonantly
quasiperiodic nature of strata is co-triggered by a p'/4-lockstep to the p'=41-ky obliquity (also 2mt-phase-shifted, to P'=3.5-My super-
period). For verification, residuals analysis after suppressing 2mp (and thus Pj, too) in the current polarity-reversals GPTS-95 time-
scale’s calibration extending to end-Campanian (0-83 My) successfully detected weak signals of Earth-Mars planetary resonances,
reported previously from older epochs. The significant intrinsic residual signal is 26.5-My Rampino period — the carrier wave of
crushing deflections co-responsible for transformative polarity reversals. While the (2mtp, Pi) resonant response of the Earth to orbital
forcing is the long-sought energy transfer mechanism of the Milankovitch theory, fundamental system properties — 2m-phase-shift,
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(quantum) time crystal, here appear macroscopic, rendering the concept of time crystal unremarkable. In turn, such a surprising
cross-scale outcome has confirmed the main result: that of planetary precession being a cataclysmic geodynamic phenomenon as
claimed in the past, e.g., as the mechanism for Earth expansion; then a time crystal in quantum dynamics could be due to particle
entrainment, such as the collisions resulting in Feshbach resonances.
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1. Introduction

Any data used to monitor changes rely on a timescale to associate correctly times of
changes with the respective values in a record of changes (called then a time-series). Geo-
chronology develops methods to achieve the correct timing of such changes in geological
time series.

Traditionally, one of the fundamental aims of geochronological studies has been
drawing up a timescale that embraces the totality of geological events. Thus a timescale
must provide as precise data as possible on the absolute age of the formations. The pale-
ontological and lithological methods often allow stratigraphers to establish, for a studied
sedimentary series, a very finely calibrated scale on which the numerous degrees are gen-
erally marked by characteristic fossils. Obviously, such scales cannot indicate the absolute
ages: they remain relative scales. (IUGS, 1967)
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Among various ways to construct a timescale for dating records of paleodata both
accurately and precisely (including traditional methods: radiometric dating, biochronol-
ogy, and magnetochronology), the calibrating of paleodata using astrochronology has be-
come the favored method in the 21t century. In astronomically tuned timescales, dates of
samples dated with traditional techniques, particularly those with strata series missing,
are purposely and usually at their ends re-matched to nearest astronomical cycles, most
commonly of Earth's and planetary precessions. This tuneup makes very long (spanning
millions of years, or My) astrochronologically dated records and their calibration points
especially, excellent gauges for spectral analyses of paleodata in the quest for periodicity
impressed by physical processes in broadest bands of energies within the Earth's vicinity.
Calibration points of a geological timescale are the most accurately (traditionally) dated
benchmarks that define that timescale.

Besides the above advantages of astronomical tuning, significant drawbacks became
evident too, particularly those due to uncritical ways in which end-users approach the
paleodata record analysis. Diversity studies are one such example. Thus despite a looming
question of whether intensified diversity over the last 100 My is real or reflects sampling
bias and other troubles, reports of such a varied diversity, and to that associated (alleg-
edly) periodic mass extinctions from paleodata, have persisted for well over two centuries
and have even picked pace in the 1980s (Smith, 2007). This hype then resulted in a hotly
debated topic in which two sides have emerged — proponents of and opponents to the
idea of periodic mass extinctions; see, for example, Bailer-Jones (2009). The seemingly
eternal topic itself has coincided in time with the modernization of geological timescales,
which became tied to natural astronomical cycles with the primary goal to enable a more
realistic view of the Earth's system dynamics following the first confirmations of the
Milankovitch (1941) theory of astronomically forced climate from deep drilling experi-
ments, e.g., by Emiliani (1955).

Such astronomical calibration of paleodata time-series based on cyclostratigraphy,
i.e., the identifying and counting cycles in strata, has been praised as an achievement of
modern geology; see, e.g., Hinnov and Ogg (2007). However, others were critical for cre-
ating an analytical bias against research seeking to modify or replace the Milankovitch
theory, e.g., Puetz et al. (2016). Also, there is criticism for contradicting biostratigraphy
and inconsistencies due to lack of data in the stratigraphic record, particularly for data
older than ~40 My, e.g., Tanner and Lucas (2014). Indeed, the field of applied astrochro-
nology carries with itself fundamental computational problems like separating the astro-
nomical signal from climatic and stratigraphic noise and understanding how the astro-
nomical signal propagates through the climate system and into the stratigraphic record
(Hinnov, 2013). In addition, determining rapid geomagnetic variations like reversals with
adequate temporal precision is difficult since astronomical tuning nowadays is precise to
better than 20 ky — a span still exceeding reversals short duration (Valet and Fournier,
2016). However, none of these potential problems identified in the past seems unsur-
mountable provided the right choices in data processing and analysis.

Earth’s orbital cycles might be pacing the correlations and cyclicity seen in the geo-
logic episodes. The occurrences of these cyclical episodes support the case for a largely
periodic, coordinated, and intermittently catastrophic geologic record, which is quite dif-
ferent from the views held by most geologists. (Rampino et al., 2021)

2. Explanatory definitions

Various periodic celestial phenomena affect our planet noticeably every day. Earth's
orbital eccentricity is one such phenomenon, albeit relatively mildest of them all. Gravita-
tionally most powerful neighbors — Moon and Sun — cause nutation, obliquity, and two
precessions. Those three are the most noticeable such phenomena. Other planets like Jupi-
ter, Mars, and Venus play minor but noticeable roles still. The said celestial phenomena,
and some others, cause periodic (therefore constant) changes on Earth. That makes them
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convenient as natural clocks, meaning they provide us with unity motions. A unity mo-
tion is a fundamental measure of dynamical change, and it means that the actors that carry
a change always go back to where they started. This repeatable behavior makes their af-
fairs predictable, so we can measure when a deformation that they caused — therefore
itself periodic — completes once.

A nutation cycle of 18.6 yr is the time for the actual celestial pole to circumnavigate
the mean pole once and is of no concern in this study. The primary or axial precession
cycle, of p=26 ky, is the time for the quasi-conical motion of the mean celestial pole about
the ecliptic pole to complete once. The secondary or apsidal precession cycle of p1=29 ky
has no dynamical implications in natural spectra other than accompanying the primary-
precession's periodicity. An obliquity cycle of p'=41 ky is the time needed for the varying
Earth axial tilt (angle between rotational and orbital axes) to change once. An eccentricity
cycle of p”’=100 ky is the time for deformation in Earth orbit about the Sun (due to diver-
gence of orbital trajectory from a perfect circle) to vary once. Planetary precession cycles
arise due to the effects of planetary perturbations, primarily by Jupiter and Mars and to a
lesser degree Venus and Mercury, on the motions of Earth and Moon. Milankovitch (1941)
posited that the above phenomena, over the course of their unity motion, affect Earth's
climate.

All of the above-stated periods vary and oscillate in time due to traction by generally
unpredictable geophysical and astrophysical forces. Therefore, measuring the actual peri-
odicity of the above astronomical cycles accurately and precisely at any given instant —
past, present, or future — requires timing systems of the highest precision. For that pur-
pose, astronomers and geodesists have developed various reference systems, frames, and
means. The time systems are solar time, based on the Earth revolution about the Sun, and
sidereal time, based on Earth rotation about its axis. Astrophysical forces affect the former
time system mostly and geophysical the latter. While solar time helps us with the calendar
and seasons, sidereal time helps us measure the real diurnal (over the course of one day)
rotation of the Earth. Therefore, given that the Earth rotation is affected by the above-
mentioned astronomical phenomena while the Sun itself is not, sidereal time is more rel-
evant in Earth sciences than solar time is. Specifically, due to precession and nutation,
Earth rotation is subject to the motion of the equinox — the instant at which the Earth
equatorial plane passes through the center of the Sun plane. Thus sidereal time reflects
the actual rotation of the Earth, and we can determine it from observations to stars, artifi-
cial satellites, and extragalactic radio sources. Then, there is the apparent sidereal time
that measures Earth rotation with respect to true equinox. Of relevance then is the appar-
ent diurnal motion of the Sun — an effect due to both Earth's non-uniform diurnal rota-
tion and its orbital motion about the Sun. For each local meridian, there is always a corre-
sponding local sidereal time. Then, the local mean time is a true time at a given location,
while the (always local-only) apparent solar time is the apparent motion of the actual Sun
based on the apparent solar day as a measure of time between two successive returns of
the Sun to the local meridian. Likewise, one solar year (also called tropical year) measures
the time between two successive returns of the Sun to the same position in the sky. While
defining our calendars and seasons, it differs by 20 min 24 s from one sidereal year that
measures the time for the Earth to orbit the Sun once relative to fixed stars.

Of all the above-mentioned astronomical periods, apparent times are virtually (but
never absolutely) independent only of precessions. (Seidelmann, 1992) This last point is
the motivation behind the minimalistic approach of tying the geological timescales pri-
marily to the precessional cycles. This study addresses the apparent times problem —
their previously neglected imperfections in particular and the effects those imperfections
have on paleodata analyses. In what follows, precession resonance marks orbital resonance,
and precessional resonance includes energy transfer from an orbital forcing (or disturbances
from it) as impressed into solid or gaseous (solidified) matter that had recorded it or oth-
erwise given in to it. The energy transfer also causes classical mechanical resonance — the
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Table 1. Age calibration points

phenomenon of resonating vibration of solids, occurring when the natural period of oscil-
lation of a body of mass coincides with a period of oscillation (or its fractional multiple)
of another body of mass. A subharmonic mechanical resonance occurs when the matched
period represents a subharmonic nonlinear vibration n/(mT); n € 8, n/m € (0, 1);n>1An
€ X. In macroscopic physical systems, such as the Solar system and its objects individu-
ally, orbitally forced mechanical resonances can give rise to the Faraday instability — a
phenomenon characterized by polygonal morphology and patterned topographies. See
Omerbashich (2020a) for details on mechanical resonances throughout the Solar system.

I term astronomical cycles and respective periods of duration interchangeably
throughout.

3. Methodology

To examine the effects of astronomical forcing on paleodata, I spectrally analyse age
calibration of the currently accepted timescale of geomagnetic polarity reversals, spanning
the Cenozoic (0-84 My ago) — the revised Geomagnetic Polarity Time Scale 1995
(CKGPTS95; also cited in the literature as GPTS-95) by Cande and Kent (1995), Table 1 and
their Table 1. The CKGPTS95 calibration leans on the South Atlantic Anomaly (where the
strength of the geomagnetic field is decreasing most rapidly) sequence and consists of
nine control points adjusted astrochronologically. At the control points, the sedimentary
record is tied to the astronomical record (Hilgen, 1991) so that the CKGPTS95 has excellent
sensitivity primarily to the Earth's (theoretical) 25.7-ky axial precession (Shackleton et al.,
1990) and possibly to the ~28-ky (apsidal) precession as well (Hilgen, 1991), while tuning
to an eccentricity cycle of 412.9-ky was also performed, which was unlike values other
workers used (Puetz et al., 2016). As embedded in the timescale itself, the so boosted (sys-
tematic) signal becomes an integral part of the overall spectral information, thus easing
energy-band (variance-) stratification and enabling separation of actual astronomical pe-
riods from any (individually relatively weak) harmonics. Besides, the CKGPTS95 has
stood the test of time with its peers, unlike any timescale.

for two related geomagnetic polarity timescales extending to end-Campanian. Left panel: for the

currently accepted timescale CKGPTS95 (Cande and Kent, 1995). Right panel: for the superseded timescale CKGPTS92 (Cande and
Kent, 1992). The facts that calibration points are the most accurate representation of a geological timescale, that CKGPTS95 has stood
the test of time like no other timescale, and that the Gauss—Vanicek Spectral Analysis (GVSA) can draw the most accurate spectra
from only three values — are used in this study to investigate relations among astronomical forcing and reflections or harmonics

recorded in paleodata.

CKGPTS95 CKGPTS92
Polarity Age S. Atlantic Polarity Age S. Atlantic
Chron [My] dist. [km] Chron [My] dist. [km]
C3n.4n(o) 5.23 84.68 C2An(0.0) 2.60 41.75
C5Bn(y) 14.80 290.17 CSBn(0.0) 14.80 290.17
Co6Cn.21(y) 23.80 501.55 C6Cn,2r(0.0) 23.80 501.55
C13r(.14) 33.70 759.49 C13r(.14) 33.70 759.49
C21n(.33) 46.80 1071.62 C21n(.33) 46.80 1071.62
C24r(.66) 55.00 1221.20 C241(.66) 55.00 1221.20
C29r(.3) 65.00 1364.37 C29r(.3) 66.00 1364.37
C33n(.15) 74.50 1575.56 C33n(.15) 74.50 1575.56
C34n(y) 83.00 1862.32 C34n(0.0) 83.00 1862.32
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I deal with bands from just above the Earth's ~26 ky precessions down to 40 My since
astronomical timescales (cyclostratigraphy-based numerical timescales) are reasonably
well established for much of Cenozoic time — from the beginning of the Oligocene (~34
My) to the present — while older parts of the timescale have less-complete disconnected
cyclostratigraphies that have been referred to as "floating astrochronologies” (Tanner and
Lucas, 2014). Besides, beyond 40 My, the accuracy of astrochronological timescales criti-
cally depends on the correctness of orbital models and radio-isotopic dating techniques;
see, e.g., Westerhold et al. (2012; 2015).

To obtain the periodic signal, I use the Gauss—Vanicek rigorous method of spectral
analysis (GVSA) by Vanicek (1969, 1971). The GVSA belongs to the least-squares class of
spectral analysis techniques, has many advantages over the Fourier class of spectral anal-
ysis techniques in analysing sparse natural data of long spans (Press et al., 2007), and has
proven itself by providing absolute extraction accuracy in analysing even extremely
gapped paleodata (extinction) records (Omerbashich, 2021, 2006, 2007b). A GV (Gauss-
Vanicek) spectrum, s;, is obtained at a spectral resolution k (here 1000 spectral values
throughout), for k corresponding periods Tj or frequencies w; and output with spectral
magnitudes Mj, as:

si(T,M;); JEZ, j=1..k A kER. (1)

In its simplest form, i.e.,, when there is no a priori knowledge on data constituents
such as datum offsets, linear trends, and instrumental drifts, a GVSA spectrum s is com-
puted as (Omerbashich, 2004):

1T. .
s(wy, M) = ,TL(({)’) @

obtained after two orthogonal projections. First, of the vector of m observations, I, onto
the manifold Z (W) spanned by different base functions (columns of A matrix) at a time
instant t, ¥ = [cos wt, sin wt], to obtain the best fitting approximant p = Y%, ¢; ¥; to [
such that the residuals ¥ =l —p are minimized in the least-squares sense for ¢ =
(PTC; W) - WTC; 1L The second projection, of p onto I, enables us to obtain the spectral
value, Eq. (2). Vectors u; = T Wyy,q and v; = WT Wk, j =1, 2.... NKEX, compose col-
umns of the matrix Aygng = P W. Note here that the vectors of known constituents com-
pose matrix Ay, , = PT @, in which case the base functions that span the manifold Z(W)
get expanded by known-constituent base functions, ¥, to ¥ = [®, cos wt, sin wt]. For a de-
tailed treatment of GVSA with known data constituents, see Wells et al. (1985). Subse-
quently, the method got simplified into non-rigorous (strictly non-least-squares) formats
like the Lomb-Scargle technique created to lower computational burden, but which no
longer is an issue. At the same time, the conventional Fourier transform and spectrum are
just special cases of a more general least-squares formulation (Craymer, 1998).

As mentioned, the GVSA provides total (absolute) accuracy in extracting periods
from natural data sets — meaning to the prescribed accuracy of analysed data themselves
— of twice the sampling step or data accuracy (Omerbashich, 2007a; 2020a; 2020b). Fed
raw data, the GVSA outputs spectral peaks with magnitudes in variance percentages
(var%) against linear background noise levels, or in dB (Pagiatakis, 1999). This type of
processing enables relative spectral computations, whose results for physical systems are
then variance- (directly energy-) stratified. This procedure is unlike that of any other spec-
tral analysis method. Examples of relative types of analyses that the GVSA thus enables
include: detecting field dynamics (Omerbashich, 2006; 2003), separation of forcers from
their harmonics, suppressing select periods to reveal underlying dynamics, and compu-
ting spectra of spectra to separate overlying dynamics from the respective system that is



hhttps://doi.org/10.1002/essoar.10506945.3

already dynamical. Iuse this multifaceted ability of the GVSA to separate harmonics from
their drivers and identify oscillation triggers.

GVSA is strict in that, besides estimating a uniform spectrum-wide statistical signif-
icance in var% for the desired level, say 95%, in a spectrum from a time series with m data
values and g known constituents as 1-0.95%(m-a-2 (Steeves, 1981) (Wells et al., 1985), it also
imposes an additional constraint for determining the validity of each significant peak in-
dividually — the fidelity or realism, ®. Fidelity is a general information measure in ad-
vanced statistics based on the coordinate-independent cumulative distribution and criti-
cal yet previously neglected symmetry considerations (Kinkhabwala, 2013). In communi-
cations theory, fidelity measures how undesirable it is (according to some fidelity criterion
we devise) to receive one information when another information is transmitted (Shannon,
1948). In GVSA, fidelity thus is defined in terms of the theory of spectral analysis as a
measure of how undesirable it is for two frequencies to "coincide" (occupy the same fre-
quency space of a sample). A value of GVSA fidelity then is obtained as that time interval
(in units of the timescale of the time series analyzed) by which the period of a significant
spectral peak must be elongated or shortened to be rt-phase-shiftable within the length of
that time series. As such, @ is a measure of the unresolvedness between two consecutive
significant spectral peaks (those that cannot be m-phase-shifted). When periods of such
spectral peaks differ by more than the fidelity value of the former, those peaks are resolv-
able. As the degree of a spectral peak’s dependence or tendency to cluster, this cri-
terion reveals whether a spectral peak can share a systematic nature with another spectral
peak, e.g., be part of a batch or an underlying dynamical process like resonance or reflec-
tion. The spectral peaks that meet this criterion are in the LSSA software output listed
among insignificant, and the rest among significant (hereafter: physically-statistically
significant peaks or just (fully) significant peaks for short).

In this study, input data are then used in their raw form, i.e., without preprocessing
such as dataset padding or any types of filtering (including windowing or tapering). All
of those operations historically were designed to overcome drawbacks of classical meth-
ods such as Fourier's. Finally, I apply no post-processing, used by some to enhance spec-
tra. The declared precision of the here estimated periodicity is +10 years throughout.
While the minimum number of values the GVSA can extract a spectrum from is three,
Table 1, the method does not depend on the Nyquist frequency (Craymer, 1999).

The above factors, combined with unprecedented abilities of the GVSA, such as han-
dling of extremely (>99.99%) depopulated records in their raw form with ease and extract-
ing both field dynamics and over-dynamics (dynamics of dynamics), made the CKGPTS95
the most suitable gauge for examining effects that astronomical cycles and their modula-
tions have on paleodata timing methods and consequently on any other natural periodic-
ity in those data as well. Thus, separating those two types of periodicity (in timescale; in
paleodata) should be possible using the GVSA.

4. Probing CKGPTS95 timescale of geomagnetic polarity

The GVSA of the CKGPTS95 nine calibration values, Table 1, has revealed two 99%-
significant periods in the 0.02—40.00-My full band: the Earth's axial precession, p = 25.00
ky (theoretical median 25.77 ky), and the Earth's apsidal precession, p1=29.81 ky (theoret-
ical maximum 29.00 ky), Fig. 1. The p = 25.00 ky is the strongest and statistically most
significant period found in this study; Olsen (1986) reported the same axial-precessional
value in the large-lakes sedimentary record, and it often is used to tune geological time-
scales astronomically, thereby methodologically (artificially) boosting its power but not
overwhelmingly, i.e., not absorbing the power of other periodicities to suppression below
significance. Thus, and as desired of a conventional quality timescale, there were no other
99%-significant periods in the 1-40-My narrowed band, which, however, did contain 10
peaks significant at 95%, Fig. 2. The longest was P = 9.34737 My, while the remaining 9
are its reflections ordered in a series Pi=P/i,i=1,...n;n € Z".
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The P = P1 itself is the same peak detected recently by Omerbashich (2021) from the
non-marine tetrapods extinctions record, here particularly suitable due to its insensitivity
to the ocean-tidal component as the most persistent systematic noise constituent. Thus, P
turned out to be just a circular (2m-) modulation of the axial-precessional period, p.
Namely, from the vector representation of harmonic oscillation (Den Hartog, 1985), for
the 1-yr base oscillation in case of the Earth, one obtains theoretically: Pincor = 360° - ptheor =
9.27792 My; ptheor = 25.772 ky, which is matched by the here measured P, to within 7%. or
69.45 ky or ~2.7 x precession (or approximately twice the CKGPTS95 tuning accuracy, of
one precession cycle).

This highly precise computation of a resonant response and its driver (both the en-
hanced p and naturally arising 2mt-phase-shifted p) is yet another demonstration of the
ability of the GVSA to extract spectra with the absolute facility (of twice the data accuracy),
even from very long-spanning and heavily gapped records of data. Note that the com-
monly understood statistical fidelity threshold indicating a physical process is ¢ = 12
(Omerbashich, 2006). If most of the system periods obtained from sparse data were pre-
viously reported or are otherwise known as natural periods (astronomical or physical) or
their phase-shifted or time-symmetrical modulations (multiples or fractions), then of in-
terest is relative ¢ primarily.
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Figure 1. Gauss—Vanicek (GV) spectrum of the currently accepted geomagnetic polarity timescale CKGPTS95 (calibration), Table 1, in
the 20 ky—40-My full band. The only 99%-significant periods are the apsidal-precessional, pi= 29.81 ky (theoretical maximum 29.00
ky), and the axial-precessional, p = 25.00 ky (theoretical median: 25.77 ky). Spectral peaks’ respective statistical fidelity values are
shown overlaid with power trend. Frequencies as depicted here and throughout given in cycles per galactic year (here 250 My).

Mathematically suppressing, see, e.g., Taylor and Hamilton (1972) and Wells et al.
(1985), i.e., ignoring (thereinafter enforcing) the axial-precessional period as realized by
CKGPTS95, of 0.02500 My, and apsidal-precessional period, of 0.02981 My, made them
both disappear below the 99%-significance level, enabling a separation of the two respec-
tive groups of reflections as well, Fig. 2 (shows 1-40 My narrow band, no enforcing). The
G-V spectra of the now superseded timescale CKGPTS92, previously created by Cande
and Kent (1992), contained in the 0.02-40-My full band the 0.025-My axial-precession pe-
riod, its 0.02401-My reflection, and the overestimated 0.03863-My apsidal precession pe-
riod — all three at the 99%-significance level and with negligible fidelities ¢ <105. At the
95%-significance level, the superseded GPTS92 timescale was also found periodic in the
1-40 My long band, again with the P = 9.34737-My circular precessional modulation,
whose fidelity was a still low ¢ = 0.5. However, there detected were five reflections, all
disordered: 4.31208 My with ¢ = 0.1, then 4.13793 My with ¢ = 0.1, 1.72606 My with ¢ =
0.02, 1.64831 My with ¢ =0.02, and 1.40048 My with ¢ = 0.01.
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Finally, the GV spectrum of the current timescale CKGPTS95 in the 40-80-My ex-
tended band contained no peaks at any level of significance. Note here that enforcing
does not mean a literal data intervention, as no data get removed. Rather systematic con-
tributions (influences) of select periods are suppressed (Wells et al., 1985) via the process
of enforcing selected periods. When additional systematic information is sought, which is
presumed to underlie an already systematically dominated record of interest, then the
residual time-series (enforcing leftover) too can be spectrally analysed. This procedure can
expose secondary dynamics hidden due to the record’s dominant periodicity, like reso-
nance.
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Figure 2. GV spectrum of the currently accepted geomagnetic timescale CKGPTS95 (calibration), Table 1, in the 1-40-My long band,
from raw data (no preprocessing including any padding, filtering, or tapering). There are no 99%-significant spectral peaks, as ex-
pected after narrowing the band, which has left out the only two 99%-significant periods from the spectral band of interest, Figure 1,
as they both are <1 My. At the 95%-significance level are the lead (main) modulation P = 9.34737 My, and its all eight fractional
harmonics (27t/n modulations of the axial precession), ordered in a series Pi=P/i, i=1,...,n, Table 2. Further analysis, in which axial-
and apsidal-precessional periods get mathematically suppressed, e.g., Taylor and Hamilton (1972), i.e., ignored (thereinafter: en-
forced), has enabled the separation of the reflections, revealing four of nine periods as predominantly axial precession’s reflections
and four apsidal precession’s reflections, respectively. One of the reflections turned out to be due to a combined effect of the two
precessions. As in Figure 1, the respective statistical fidelity values for spectral peaks are shown with the power trend overlaid.
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Table 2. 95%-significant periods, Figure 2, detected in the 1-40-My-band GV spectrum of the CKGPTS95 geological timescale cali-
bration, Table 1. All turned out to be harmonics of the lead period, P =9.34737 My, itself a 2m (circular) modulation of the precession
cycle, p = 25.772 ky to within 7%.. The precession’s circular (annual-secular) modulation is reported often in the literature, from
paleodata of seemingly unrelated types. The statistical tests show that practically there are no outliers (at 10) and that all of the series
constituents as extracted belong to the same population, i.e., an underlying physical process. Note that, while the here detected
ensemble (train) of periods represent harmonics of P, at the same time, they represent reflections of p, so that the two labels are used
interchangeably in this study, depending on which of the two lead periods’ role needs emphasis.

GVSA of geological timescale CKGPTS95 calibration, 95%-significant periods (1-40-My band)

. Dperiod ma
GVS‘?&?T“ P [Var‘i] harmonic  weoPi=P/(i42)  Ai=PicteoPi Al menP - P
i [My] [My] [%] [My]
:m 0.56000 84.52 P theoretical: difference:

0 473011 0.14000 81.18 P2 4.67368 -0.05643 121 257071
1 3.05295 0.06000 77.71 P/3 3.11579 0.06284 2.00 -0.89355
2 2.32542 0.03500 85.36 P/4 2.33684 0.01142 049  -0.16602
3 2.02247 0.02600 80.97 P/5 1.86947 -0.15300 819 0.13693
4 1.62996 0.01700 78.41 P/6 1.55789 -0.07207 -4.63 0.52944
5 1.40048 0.01300 87.72 P/7 1.33534 -0.06514 -4.88 0.75892
6 1.07108 0.00740 74.19 P/8 1.16842 0.09734 8.33 1.08832
7 1.04274 0.00700 81.58 P/9 1.03860 -0.00414 040  1.11666

meanl = 2.15940, op = 1.23872, 2t-test Pi to weorPi: 0.9716, F-test Pi to wmeorPi: 0.9891. Practically same population. No outliers (10)
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The above probe greatly justifies the superseding of the GPTS92, as subsequently
done with the CKGPTS95 by Cande and Kent (1995). While the current timescale, as tuned
so well to Earth precession cycles, has led many also to confuse astronomical periods’
adynamical (relatively low-energy) reflections for dynamical (relatively high-energy) pe-
riodicity, it nevertheless enables pinpointing the culprit, Fig. 2 and Table 2. Note here that,
in addition to neglecting to account for reflections as such, one of the main reasons for
reflection periods passing for physical cycles lies in an inherent inability of the Fourier
and many other methods of spectral analysis to correctly estimate the statistical signifi-
cance of spectral peaks (Erlykin et al., 2017, 2018). Modern geological timescales that are
tuned astronomically — to orbital frequencies primarily — have, with their systematically
erroneous nature, hindered paleodata-based quantitative studies of the already obscured
role of those same phenomena (precessions primarily) in the origination of global geo-
physical phenomena like the geomagnetic reversals and Milankovitch theory of astro-
nomical forcing of Earth climate. So for example, many who suppress (in the above-de-
scribed or some other way) the known systematic constituents in the signal, such as the
precession, p, do so thinking it would be beneficial in absolute terms. They forget that by
doing so, they also destroy or damage any harmonic signal associated with the suppressed
constituent. However, such associated co-signals are far from being useless, say when we
are looking for the harmonic response of a system to external periodic forcing.

5. Origin of 2 phase-shift

As shown in the above, the P-modulation of p is a phase-shift by the annual base or
full circle, 27t. This unity-timer phasing tuned to annual repetitions of some parameter of
the Earth-Moon-Sun orbital system indicates that the origin of the shift as recorded by
paleodata is in annual variations of some of the time systems that are already inherently
inconsistent due to differences from interactions between Earth rotation and revolution.

Orbitally forced climate oscillations are recorded in sedimentary archives through
changes in sediment properties, fossil communities, chemical, and isotopic characteristics.
(Gradstein et al., 2004) Therefore, the impressing mechanism here is simple: the imprint-
ing itself is always and only done by way of annual cycles and, as such, is subject to any
annually injected variations in time systems. Specifically, the time system variation reflec-
tive of such variations is the equation of time — itself the annually varying difference
between local mean time and apparent solar time (Seidelmann, 1992). The equation of
time depicts an effect that arises due to the inclination between the planes of the ecliptic
and equator (i.e., the obliquity cycle) and the eccentricity of Earth orbit, i.e., non-uni-
formity in the apparent motion of the Sun around the ecliptic (i.e., the eccentricity cycle).

The equation of time varies through the year in a smoothly periodic manner by up to
16 minutes, Fig. 3, cumulatively introducing secular variations of the equation of time into
the celestial clockwork. Modern geological timescales are tuned to precessions primarily,
and obliquity and planetary precessions as secondary gauges. However, the equation of
time is virtually independent of precessions, and therefore mainly unaccounted for by
timescales. The minimal discrepancies in timing project annually-secularly in a smoothly
changing fashion onto incompatible timescales, year after year, century to century, and ad
infinitum. When observed as an annual-only phenomenon, i.e., without duration extend-
ing to infinity, those changes appear as earthbound (seasonal). However, observed over
geological time scales, their true nature as the desynchronization origin becomes clear
from Fig. 3. This poorly understood phenomenon is in various versions described in the
literature under many names (as an indication of confusion it created), such as precession
index, precession-eccentricity syndrome, and many others; see, e.g., Hinnov (2013) for a
long list. However, as shown here, the issue is due to the annual variation in the equation
in time, Fig. 3, affecting the paleodata sampling process, rather than being due to seasons
which is an oversimplification.
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That the reflections of the resulting resonant response of the Earth to astronomical
forcing indeed tend freely to infinity as expected in an unfixed oscillating system like the
Earth-Moon-Sun, can be seen from the above observation of translation symmetry in
paleodata in the ~30-~1600 My band (Prokoph and Puetz, 2015). Observed were (Faraday
instability ripples in the form of) tripling, doubling, and halving of reflections, their re-
flections, and reflections of the period reflections. Further rippling likely is undetectable
since buried in long-periodic geophysical background noise. As expected again for the
above-stated reason, this echo practically extends over the entire geological record, i.e.,
since the Earth acquired the Moon, ~4450 My ago. Thus, what I found above in the 1-40
My band (from arguably the best available data reaching ~80 My in the past) should be
observable in other 40-My-wide bands, pending quality data from earlier epochs. While
Puetz et al. (2014) gave examples of period modulations in paleodata across a variety of
scales, including ky small scales, Omerbashich (2022; 2020b) reported a Moon-driven,
>MB6.3-seismogenic resonance on the hr-day scales as well and showed that a resonance
response of Earth to external periodic forcing is detectable and mappable as actual waves
in solid matter passing through continuous-GPS (cGPS) stations.

As a paleosample returns along with the Earth once a year to its original position as
when created, its physical state (more precisely: its relation to physical parameters in the
local environment as traced by sidereal time) does not. Instead, the sample's physical state
changes each year ever so slightly due to astronomical cycles other than precession, only
to return to the original state (from the epoch when first created) after a full precessional
cycle of 26 ky. By that time, however, this variation had impressed a cyclicity in the sam-
ples, along with the phasing appearance of its accompanying modulations (mathematical
repetitions). As a result, data of mutually diverse types (cratering, deep cores, fossils,
magnetic field, sediments, etc.) and from all epochs return same astronomical reflections
regardless if the data were forced by the same astronomical period themselves. However,
those periods do not reflect the times of samples creation, but the conditions under which
the samples had been relating to their year-to-year successive physical states with respect
to original local environments as traced by sidereal and apparent times. The longer the
data span, the more enduring the impression, so that in Earth polarity records for exam-
ple, the P-reflections clusters are seen only in the long band, as they tend towards the
lower frequencies, Fig. 4 (bar line).

Unlike with the above-described mechanism for impressing reflections (mainly trail-
ing, i.e., harmonics with higher-order indices), the action by the most energized part of a
(by now mechanical) resonance — the driver and its first few harmonics (with lower-order
indices) — requires a carrier wave. Carrier waves can deliver cumulative effects of the
resonance’s destructive angular deflections, crashing into obstacles such as variations in
topography and crustal thickness — radially, and along all the propagation paths of the
resonance as a whole.
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Figure 3. Cumulative projector effect of initial annual timing discrepancies (equation of time variation AT, Seidelmann, 1992), solid
line, over galactic timescales (long-periodic change AP), dashed line. AP measures the cumulative change in the ability of paleodata
to maintain a theoretical harmonic periodicity with apparent time. The plotted AT-AP consistency (but also the consistency ATi
[ATi1—APi /AP, not shown), along with statistics of the matching, Table 2, revealed that the extracted periods belong to a single
process, i.e., represent an ensemble of resonance waves. Annual variations in the equation of time are due to imperfections in appar-
ent times and to astronomical phenomena other than precessions, primarily the obliquity (which then is a candidate for resonance
trigger). Projector errors largely depend upon the initial conditions under which the entrainment has originated and then locked, so
paleodata periods' errors reflect those flaws. Inherent CKGPTS95 errors are also due to phase relations between sedimentary captured
and astronomically forced timing always being approximate and known accurately only for the last 5-10 My (Hilgen, 1991). Note
accumulation itself occurs alongside neither of the axes, i.e., neither in period nor magnitude. Instead, accumulating occurs across
the time domain so that the averaging of the variation as sampled by paleodata for a noticeable spectral change to arise happens
already on millennial scales. Therefore, it does not take millions of years for the projector effect to accumulate to a shape resembling
that of AT, as this occurs already on millennial scales. That is why the higher-order harmonics are approaching AT better than lower-
order harmonics do. Likewise, the AP and AT curves eventually coincide for the infinite data span. The superseded CKGPTS92
timescale, AP. (dotted line), has revealed only the initial ~40% of the projector effect, and therefore performed relatively worse. Be-
sides, enforcing precessional cycles has left no 99%-significant peaks in the GV spectrum of the superseded CKGPTS92.
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Figure 4. The GV spectrum of CKGPTS95 timescale calibration, Table 1, after enforcing the modulated driver P, Figure 2, and the
apsidal-precessional period, 29.81 ky, Figure 1. All 99%- and 95%-significant periods from Figures 1 & 2 vanish below significance.
The axial (strongest) precessional period, p, was not enforced, so the spectrum depicts only direct (p-driven) dynamics, as due to
precession affecting the reversals, but not due to precessional resonance anymore. As seen from this separation (of a resonance driver
from its resonance), since the remaining dynamics is insignificant, the Earth’s axial precession alone, with period p, is not responsible
for the reversals (sampled by the CKGPTS95 calibration points as the timescale’s most reliable portion). However, a uniform back-
ground-noise level indicates that another systematic physical process contributes to the dynamics of the reversals. Bar-line: bars
width corresponding to local clustering of two or more peaks that did not resolve better than half the spectrum’s variance percentage
range. The area enveloping white space under a cluster is proportionate to the bar-line blackness and vice-versa. The bar-line depicts
the change in clustering with a decrease in period length, indicating that a physical process still underlies geomagnetic reversals,
albeit weakly. Systematic noise is seen clustering in the band’s low end, dominating the information. Towards the high-end, the
systematic noise overpowers all other contents while resolving better (peaks splitting more regularly) due to the absence of other
systematic contents.

Any physical system driven by a periodic external field shows a discrete time trans-
lation symmetry (Guo et al., 2013). Then rigid subharmonic entrainment can be observed
in many-body subharmonic responses (Yao et al., 2020). Such a response is also character-
istic of Faraday instabilities (waves or patterns) (ibid.), identified by Omerbashich (2020a)
as the Solar system’s common polygonal (hexagonal mostly) cratering and patterning.
Here entrainment means the mode locking between coupled oscillators of different peri-
ods, in which they assume a common period (Strogatz, 2000). The Earth’s subharmonic
response Pi to Earth-Moon-Sun system’s orbital dynamics, Figs 1 & 2 and Table 2, is one
such entrainment, as seen from the system falling into lockstep with V4p’, or % of the oblig-
uity’s annually-secularly modulated period rather, P’, Fig. 5. This find confirms the obliq-
uity as (a major) one of the triggers of Earth’s resonant response to external (primary tidal)
forcing. Other triggers include undulating topography, varying crustal thickness, uneven
distribution of inner masses, and mantle flows. Previously, it was believed that such a
subharmonic response — with the fundamental frequency’s Va-lockstep to the driver fre-
quency — was characteristic of a discrete (quantum-scale) time crystal only (Yao and
Nayak, 2018). However, as shown in this study, (macroscopic) Faraday-instable rigid
multi-body systems such as our Solar system exhibit this lockstep too, and its extracted
value turned out to be 4 the driver. Puetz et al. (2014) found statistically that the astro-
nomical and geological cycles could be phase-locked synchronously and biological cyclici-
ties lagging, but offered no terrestrial cause.

13



hhttps://doi.org/10.1002/essoar.10506945.3

Additionally, discrete time translation symmetry has been experimentally observed
in a resonator forced externally by another quarter-wavelength resonator — both as pe-
riod multiplication, but mainly as doubling, halving, and tripling (all in parametrically
driven tunable superconducting resonators) and as 2m phase shifts accompanied by in-
tensely magnified radiation (in resonators with frequencies n-w close to multiplesn=2, 3,
4, and 5, of the resonator's fundamental mode) (Svensson et al., 2018). Besides, a global
resonance on Earth occurs when the phase delay owed to propagation is proportional to
2m (Nickolaenko and Hayakawa, 2002). Here, the period multiplication (including dou-
bling, halving, and tripling), the 27t phase shifts (of both p and p’), and the %4 lockstep (to
p’), all characterize this study’s find from the GVSA of CKGPTS95 calibration, as well. The
detection of all three fundamental properties of a discrete time crystal in macroscopic Far-
aday instability such as the Earth-Moon-Sun system reveals a cross-scale nature of time
crystal. The translation symmetry, most often in the form of tripling, doubling, and halv-
ing of periods, was previously observed in paleodata in the ~30-~1600 My band; see, e.g.,
Prokoph and Puetz (2015), while ~3P is often reported in the geophysical literature for 1-
40 My band too, most recently by Rampino et al. (2020) as 27.5 My, i.e., 3P to within 2%.
However, like with most such reports, that reported period was extracted using inapt
techniques (Omerbashich, 2021) that cannot decouple resonances from drivers, resulting
in a claim of a physical significance and causality by way of galactic motions, among other
proposed but unsubstantiated explanations.

The computations thus far showed that the CKGPTS95 timescale, constructed based
on the nine adjusted calibration values, Table 1, is highly accurate. By inclusion, the GVSA
of the CKGPTS95 has shown that most inaccuracies in the fundamental radiometric decay
constant can be ruled out (Cande and Kent, 1992), except for a systematic error in the
decay constants used in K/Ar dating (Hilgen, 1991).

6. Triggering mechanisms

To identify or rule out triggering mechanisms of the precessional resonance as due
to orbital forcing (or more precisely, triggers of the Earth’s mechanical resonance due to
energy-transfer from orbital periods that include direct and mixed effects of orbital reso-
nances), any individual orbital forcing first must be separated. As mentioned earlier, an
inherent feature of variance-spectra, used by the GVSA, is a linear depiction of back-
ground noise levels. This depiction streamlines relative spectral computations and anal-
yses. In the following, I first separate the drivers from resonance. Then I compute spectra
of spectra to separate any overlying and underlying dynamics from the respective system
(the entire information contents) that presumably is already dynamical.
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Figure 5. The 1-20-My-band GV spectrum of the CKGPTS95’s precession-free spectrum, Figure 4. Only the first two 99%-significant
periods are of interest, as indicated by their statistical fidelity. While insufficiently statistically significant to render the two peaks
significant physically, the relative variance- (thereinafter: power-) dominance in the P’ = 3.56977 My period makes it alone the Earth’s
superperiod (one which controls other periods in a system). Like with the P relative to p, P also is 2mt-phase-shifted, relative to Yap’,
which means the Earth-Moon-Sun system fell into the %4 lockstep with the Earth’s obliquity that can be viewed then as a co-trigger
of the Pi resonance. Unlike a spectrum of a time series, which tells about repetitiveness in data and can thus expose causal physical
mechanisms, a spectrum of a spectrum can tell about any repetitiveness of cycles themselves, which can expose overlying dynamics
of a system. Such a procedure can have a physical meaning only if dominant dynamics previously are enforced (or ignored, as a
more appropriate term given the context). The band was narrowed further, to 1-20-My, as methodologically the strictest approach
possible, so to shift the remaining power to the sub-band of interest; this is justified because floating astrochronologies dominate the
data beyond the beginning of Oligocene (~34 My) (Tanner and Lucas, 2014).

Enforcing the phase-shifted precessional driver P and the apsidal-precessional cycle
p' was sufficient to make all periodicity in the GVSA spectrum of CKGPTS95 vanish below
significance, Fig. 4. This vanishing has demonstrated that, according to the CKGPTS95, all
dominant (significant) cycles over the past 83 My related to polarity reversals were also
related to the precessional resonance but not to the main (axial) precession itself, and there
was no secondary field dynamics which precessional resonance dampened. Moreover, the
successful separation of the resonance driver from its resonance, Fig. 4, showed that the
smallest of disturbances in the precession could also generate the resonance. Finally, the
apsidal precession, p1, could play a role in creating that disturbance and co-triggering the
precessional resonance.

This result — that there is no continuous forcing of the reversals, but there are har-
monics instead — is supported by Lutz (1985), who found no significant periodicity in
geomagnetic reversals and pointed out that long periods in paleodata are either harmon-
ics or not well defined. As astronomical tuning in our case left some room for deciding if
the precession causes reversals itself, the uniform (with highest spectral peaks virtually
leveled) noise-background level on Fig. 4 reveals the existence of some other systematic
modulation that partakes in the dynamics of reversals. An observation of such a modula-
tion mechanism likely would represent the first proof of precessional resonance; see Hin-
nov (2013) for a review of (orbital) precession resonance studies. Note here that orbital
resonance among heavenly bodies can cross-scale-translate via energy transfer into mass
(particle) resonance on the resonantly affected bodies of mass (Omerbashich, 2020a,
2020b).
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Carbone et al. (2006) claimed that, based on statistical analyses, a physical process
underlines the geomagnetic reversals phenomenon. If indeed real — such a process could
also affect measurably the timescale here freed of potentially detrimental effects of astro-
nomical tuning. To test their claim, I use a bar-line descriptor of clustering to plot the
change in local clustering with the decrease in period length, Fig. 4. There, as seen from
the clustering getting somewhat resolved towards the band’s high end, there does appear
to be a physical process underlying geomagnetic reversals. Besides, as expected from sys-
tematic noise, the spectrum resolves better (with the decrease in period length), i.e., spec-
tral peaks split more regularly towards the high end, to a discernable local declustering
that then permeates throughout the highest frequencies as their general tendency towards
declustering. Therefore, in addition to the virtual flatness of highest noise peaks, we can
see that the systematic noise is not lonely in defining spectral information contents. In
short, the clustering does indicate that the noise appears joined by a systematic physical
process as well, thus corroborating ibid.

To verify this statistical conclusion further, in the physics realm primarily, I compute
the spectrum of the spectrum from Fig. 4. Spectra of spectra have been used for a long
time (for example, to investigate alternate states of matter, namely in demonstrations of
the Bose-Einstein condensate). Computation of the spectrum of a spectrum (rather than
comparing individual spectral peaks as done classically) is an inherent ability of the GVSA
thanks not only to the method’s linear representation of spectral magnitudes but also to
straightforward statistical analysis incorporated into the spectral computation itself. In
this way, and unlike using statistical approaches alone, such as reanalysing the spectra of
post-enforcing residuals, all modulations — including those that arise due to combined
effects of two or more periods — can be observed or enforced (ignored) simultaneously.
Here the 1-40-My-band spectrum of the same-band spectrum of (now precessions-free)
CKGPTS95 can tell us about the dynamics of the process which overlies the geomagnetic
reversals, should such a process exist and be systematic (periodic) in its nature. The spec-
tra computed in this study also apply to any future design modifications of the CKGPTS95
and other geological timescales.

The GVSA of the CKGPTS95 (precession-free) spectrum from Fig. 4 has returned in
the 1-20-My band spectrum with six peaks significant at the 99% level and eight peaks
significant at the 95% level, Fig. 5. The longest 99%-significant peaks were P’ = 3.56977
My with ¢ = 0.16, and 2.78506 My with ¢ < 0.1. Note here a two-magnitudes-of-order
overall drop in spectral magnitudes compared to the CKGPTS95 spectrum itself, Fig. 5 v.
Figs 1-2 & 4, which makes the ¢ =0.16 of P’ indicative of a physical process as well, albeit
again an adynamical (or relatively low-energy) one. The 3.5-My period was reported first
by Olsen and Kent (1999), who also found its ¥2 harmonic 1.75-My. They identified those
cycles in the large-lake sedimentary record and claimed the periods as the first geological
evidence of the chaotic behavior of the inner planets. For them, the 1.75-My (3.5-My) does
not correspond to anything in the modulation of precession but could be a long-period
modulation cycle of obliquity, in which case it must come from indirect forcing (ibid.).
Indeed, as seen in Fig. 5, the spectrum of the (precessions-free) spectral peaks of
CKGPTS95, where timescale periods themselves formed a new time-series largely freed
from its conventional astronomical ties, revealed P’ as a trigger (indirect forcer) of the
geomagnetic reversals record. Note that the obliquity and precession are long considered
(semantically) underlying, i.e., controlling variables in the Milankovitch theory as well;
see, e.g., Hays et al. (1976).

That P’ is another astronomical modulation (now of the obliquity), is seen as before
in the case of P (Den Hartog, 1985), so for the 1-yr base oscillation, one obtains theoreti-
cally: ¥4-GVSAptheor = 3.56977 My / 360° = 9.916 ky, which matches the Earth obliquity’s cycle
that, as seen here, maintained the lockstep: Yap’teor = 41 ky / 4 = 10.250 ky, to within 3.3%.
Since P’ was obtained indirectly (from spectra of spectra, to free the data trends of the
built-in precessions chronology), the normalized achieved accuracy could be up to an or-
der of magnitude better, to around 3%.. This possibility also follows from looking at the
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period it overpowered, of 2.78506-My, Fig. 5, which itself is 2rt-phase-shifted, i.e., a circu-
lar modulation of the 3/10 harmonic of theoretical precession ptneor = 25.772 ky, i.e., 360° -
(3/10)p, to within just 0.6%o. Excellent matching to the theoretical precession rather than
precession realized in the CKGPTS95-adjusted strata is owing to the above-described
methodology, namely combined separation of driver from resonance via computation of
the spectra of spectra. Additionally, this overpowering of the precession’s second-longest
and second-strongest phase-shifted modulation by the obliquity’s longest and therefore
strongest modulation is direct evidence that, in their interplay, it is the obliquity which at
least partially controls the precession (and thus indirectly the precessional resonance too),
and not the other way around.

Indeed, as seen from Figs 2 & 5, P modulates Pi as a forcer (driver) significantly — so
that the Pi are its well-defined harmonics (continuous unity-fractions) rather than reflec-
tions (intermittent integer multiples). Then as seen from the spectrum of CKGPTS95 spec-
trum, Fig. 5, and by sheer existence and placement of the P', the P’ itself is the superperiod
(superimposed period) to P and any P-harmonics. This interplay, in turn, means that the
obliquity acts on the precession indirectly: due to the projector effect and the resulting
phase shift, Fig. 3, P’ impresses upon P instead of p’ impressing upon either p or p: (or
both). Note here that the detection of a precessional resonance in the 1-40 My band was
enabled in part by methodological band-pass filtering of orbital tuning, which modeled
noise in the immediate spectral vicinities of p and Y4p” by focusing spectral power from
surrounding frequencies to the Milankovitch bands (Hinnov, 2000).

In the same sense, note that the Universal Wave Series (UWS) harmonic periods in
the 1 ky—1 My band (Puetz et al., 2016) are a hint at the precessional resonance as demon-
strated here to be originating in the 1-40-My band and an independent proof that reso-
nance harmonics generally are recoverable from astronomically tuned timescales. Be-
sides, given the methodology used and the number of calibration points, the P’ fidelity
normalized to at least an order-of-magnitude-larger value does appear sufficient for P’ to
be outright called physically significant (dynamical) and for its Y4p” base to be recognized
as the cause of the chaotic behavior of the inner planets, as inferred by Olsen and Kent
(1999). Also, P’ is among the strongest periods found in this study, right after the axial-
precessional period, p, and its circular modulation, P. Then after using up all the power
in data, P stands out as the lead period to some of the most potent terrestrial cycles. To-
gether with its lower-order resonance harmonics, crosscycles primarily (as due to cross-
coupled oscillations; the P-harmonics that at the same time are harmonics of other astro-
nomical cycles and their modulations as well), forcing and transformative potential of the
precessional resonance-dynamics on inner planets becomes unquestionable.

7. Milankovitch theory as a special case of Earth-Moon-Sun resonance dynamics

The Milankovitch theory is successful mostly over the Pleistocene, i.e., between 0.01-
2.6 My ago (Feng and Bailer-Jones, 2015). From the resonance dynamics perspective, the
reason for this is in the Pleistocene fitting the frequencies of tailing long-period P-harmon-
ics, Table 2, causing the most recent precession’s 27 (circular) modulation to be confused
for the precession’s base cycle and the primary (direct) energy-transfer mechanism. In the
same sense, however, P and its first few harmonics carry most of the power of Earth-
Moon-Sun resonant dynamics, which is why they affect geophysical processes the most.
After all, it is P, its first few harmonics, and their various modulations, which get reported
from numerous and seemingly unrelated types of paleodata; see, e.g., Rampino and Pro-
koph (2020) for an overview, and Omerbashich (2021) for a summary of such adynamical
periodicity.

As mentioned earlier, besides Carbone et al. (2006) who also saw an underlying pro-
cess in geomagnetic polarity reversals, Olsen and Kent (1999) previously reported the
obliquity periodicity in the geological record. Those two studies then corroborate the here
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reported find of a physical process causing the reversals and excursions (incomplete or
short-term reversals). Note again that timescales in practice are tied to the precessions
primarily (and to a lesser degree eccentricity) because the geological record and other
global data do not seem to reflect precession cycles. Similarly, the eccentricity cycle is con-
sidered insignificant in comparison to other orbital forcers.

That the results of this study and supporting two studies are correct is seen from
certain aspects of the Milankovitch theory, specifically its predictive abilities. For example,
the lack of precession in the geological record historically is attributed to the importance
of annual insolation (controlled by the obliquity), with more influence on polar tempera-
tures than seasonal insolation (modulated by the precession) (Naish et al., 2009). There-
fore, the statistical and physical significances of any obliquity modulations are not imme-
diately discernable either, due to the methodology of designing a timescale, which then
has to be undesigned — here by computing spectra of spectra (note that there are numer-
ous other methods too).

Related to that was the above find that the obliquity, non-critically (seen from affect-
ing systematic noise content right below precessional) and indirectly (as overlying other
astronomical cycles), partakes in the control of geomagnetic reversals. Then this find also
supports the Milankovitch (untestable; see ibid.) hypothesis that summer half-year insola-
tion intensity, with its sensitivity to the precession, can control geophysical parameters
like the surface temperature and growth and decay of ice sheets. Therefore, the here con-
firmed 3.5-My cycle is a likely candidate for the Earth’s superperiod — a periodicity su-
perimposed on all other periods in a physical system. To show that a superperiod in the
latter case has a physical meaning, any adynamical data periodicity and reflections first
must be separated from respective drivers. Only after such signal separation, here used to
simultaneously remove any effects of the astrochronology from the timescale calibration,
can it be expected from the spectrum of a spectrum of that timescale to extract meaningful
(dynamics-related) repetitiveness of a data period itself.

Also, the present study supports the Milankovitch theory in that it did not find the
100-ky eccentricity period like that in time-series of ice ages — proclaimed by some as the
period Milankovitch theory cannot explain and therefore collapses as a theory; see, e.g.,
Berger (2012). Moreover, there is no phase-shifted eccentricity either. However, a faint
though 99%-significant spectral peak at 100.02-ky with a very high 99.5-var% magnitude
but forbiddingly negligible ® = 0.000064 is seen but only when the upper limit of the spec-
tral band of interest is set very near the precession and obliquity periods, say in-between
those at 0.035 My so to cancel out any spectral leakage effects. (For example, setting the
band’s upper limit just below obliquity as another dominant cycle while leaving the op-
posite vicinity vacant demonstrates an unmitigated leakage effect: the only 99%-signifi-
cant peak at 84.02-ky (twice the obliquity to within <2.5%) gets picked up at a very high
93.2-var% magnitude, but again with a forbidding ® = 0.000045. Thus the obliquity cycle
itself leaks beyond detection, and all that is left is its 2T reflection.)

This proven presence of a period only after a deliberate data manipulation identifies
the 100.02-ky as an obliquity-precessional resonance period (note its suspiciously round
precision too, indicating an artificial, i.e., precession-tuning origin rather than a genuine
eccentricity cycle), and shows that its detection by other workers is likely due to data pre-
processing including padding, filtering, and tapering. This separation of an astronomical
period from a similar but unrelated resonant period was possible thanks to the earlier
described and repeatedly demonstrated absolute-extraction abilities of the GVSA from as
few as three values.

Insomuch as ice ages and geomagnetism are phenomena not entirely independent,
this all-embracing indication at positive verification of the Milankovitch theory is owing
to the most profitable use of data by definition of a scientific endeavor: in their raw form.
Berger (2012), who used a GVSA variant to compute a short-band periodogram of the
geomagnetic record compiled by Bassinot et al. (1994), supports this conclusion. Berger
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(2012) thus found no 100-ky period either, while also strongly suggesting significant var-
iation near obliquity and in various lines related to precession (ibid.), resembling reso-
nance interplay. This outcome was to be expected if the Milankovitch forcing — and the
precession especially — is the Earth’s leading dynamical driver, say, of ice mass, see ibid.

8. Verification of resonance-moderation of polarity reversals and strata

To verify the above detection of resonance response of the Earth to external forcing
due to entrainment and the consequent resonance-moderation of magnetic polarity rever-
sals and strata, I first demonstrate the ability of the GVSA to extract known resonances
from paleodata. Subsequently, I show that the Rampino period, Pr, while being the sole
and dynamical actor in geomagnetic reversals, belongs to the precessional resonance as
well. Pris a carrier wave of resonance's destructive deflections, indirectly responsible for
the polarity reversals by downward penetrating, enveloping the inner core, and eventu-
ally flipping the geomagnetic polarity.

8.1. Extraction of previously reported planetary resonances

For that purpose, I compute the 1-40-My-band spectrum of the time series of residu-
als that have remained after enforcing the precessions in CKGPTS95 calibration. Residual-
time-series analysis is another feature inherent to the GVSA, making it a comprehensive
numerical-statistical analysis package rather than just a numerical computations algo-
rithm. Here, spectra of a residual time-series can unhide any periods previously sup-
pressed by a systematic signal that is being enforced (Wells et al., 1985). (Note that the
entire resonance train gets enforced with enforcing P; this is another, now methodological,
evidence that the ensemble of Pi harmonics as a whole indeed forms the precessional res-
onance.) Thus the GV spectrum of residuals has revealed 95%-significant known periods
of the Earth-Mars planetary resonances recognized earlier in various (mostly older than
83 My) parts of the geological record, now for the first time in the 0-83-My specific part
also (see Table 3 of Hinnov, 2013); see Table 3 for complete data.
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Table 3. Matching of 95%-significant periods in the 1-40-My-band GV spectrum of CKGPTS95-spectrum’s residuals remaining after
enforcing P (and thus P, too), against the same periods as reported previously; see Table 3 of Hinnov (2013) and Table 1 of Rampino
and Prokoph (2020). There were no 99%-significant peaks — as expected after enforcing the dominant precessions and their reflec-
tions (precessional-resonance) signals in data naturally dominated by resonances (not just the enforcing-suppressed ones, but also
planetary like Earth-Mars). Note a very low statistical fidelity, ®, on most periods, as indicative of resonant or otherwise mostly
powerless spectral periods. Here power is in the sense of relayed energy, not GVSA magnitudes as commonly given in variance
percentages (but which can also be expressed in spectral power (spectral density) units of dB, see Pagiatakis, 1999). The CKGPTS95
timescale spans 0-83 My, Table 1.

GVSA of CKGPTS95-spectrum’s residuals (0-83 My),

Stratigraphic record Planetary resonance p & P enforced
g4-g3 s4-s3 period Dperiod magnitude
[My] (My] [My] [var%]
NEOGENE
Pleistocene-Miocene (0-9 Ma) . 1.11905 0.00110 73.75

0180 sea level
Miller et al. (2005); Boulila et al. (2011)

MIOCENE-OLIGOCENE (20-34 Ma)

Benthic marine 'O . 1.11905 0.00110 73.75

Ocean Drilling Program (ODP) Site 1218
Palike et al. (2006); Boulila et al. (2011)

CRETACEOUS
Aptian-Albian (100-125 My) o 1.60695 0.00230 87.69
Scisti a Fucoidi, Italy
Grippo et al. (2004); Huang et al. (2010)

TRIASSIC-JURASSIC
Norian-Pliensbachian (205-184 My) 1.60695 0.00230 87.69
Inuyama Chert, Japan 1.83749 0.00300 82.73
Ikeda and Tada (2013)
TRIASSIC
Carnian-Rhaetian (230-200 My) . 1.60695 0.00230 87.69
Newark Series, USA 1.83749 0.00300 82.73
Olsen (2010)
TRIASSIC
Anisian-Ladinian (245-237 My) d 1.83749 0.00300 82.73
Inuyama Chert, Japan
Tkeda et al. (2010)
PERMIAN
Wouchiapingian-Changhsingian (251-260 My)

Wujiaping-Dalong Formations 0.00910 76:29
Wu et al. (2013)
T Average lead cycle GVSA of CKGPTS95-spectrum’s residuals (0-83 My), p &
[My] P enforced
ENDING WITH PALEOPROTEROZOIC 26.5 (mass extinctions)
Holocene—Orosirian (0-2023 My) ~26 (craters + mass ext.) : 0.63000 77.02
Compilation of 58 cratering & 35 mass-extinction reports
Rampino and Prokoph (2020)
T period GVSA of CKGPTS95-spectrum’s residuals (0-83 My), p &
[My] P enforced
PERMIAN/TRIASSIC
Holocene—Permian/Triassic (0-253 My) 0.63000 77.02
Mass-extinction episodes
Raup and Sepkoski (1984)
ENDING WITH PALEOPROTEROZOIC
Holocene—Orosirian (0-2023 My) 0.63000 77.02

Cratering record
Chang and Moon (2005)
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8.2. Extraction of periods previously reported from cratering and extinctions

I now extract periods previously reported as dominant in cratering and mass-extinc-
tion records. Note that the most significant period revealed from the precession-free geo-
magnetic reversals CKGPTS95 calibration, of 26.5 My and at a very high magnitude of
77.0 var% with a moderate ® = 0.63 (nonetheless relatively highest of any period extracted
in this study), could not be identified as a resonance reflection or harmonic. This period
has been reported previously by Rampino and Prokoph (2020) as the average dominant
cycle in a compilation of 58 reports of cratering and 35 reports of mass extinctions and
here therefore termed the Rampino period, Pr. (Note that Raup and Sepkoski (1984) and
Chang and Moon (2005) came significantly close to it from an extinctions record spanning
0-253 My and a cratering record spanning 0-150 My, respectively, Table 3.) Compiled
periods were based on many completely different methods and approaches to computing
and analysing spectra. This period reveals a powerful wave (the sole and dynamical actor)
as it affected solid matter. Besides, it is of the highest fidelity found on any period ex-
tracted in this study. Its remarkable power is stressed even further when we know that it
took the entire precessional resonance train (ensemble) to hide it.

Pr is so pure and persistent that it even appears as a co-driver of other (the short-
period; ky-) harmonics, Table 4. However, it does not emit longer-period harmonics, re-
vealing that the resonance confines it to (many) relatively short intervals of time — disal-
lowing it by the resonant nature of the process itself to be ever encountered by the entire
geological record. Since also supported by the combined cratering-extinctions record as
well as the extinctions record alone, Pr most likely represents the precessional resonance’s
crosscyclic (multi-harmonic) carrier of the peak angular deflection. Here cratering is
mainly understood as petrified evidence of large-scale polygonal geomorphology seen
throughout the Solar system due to the imprinting of actual solid-matter resonance waves
via macroscale Faraday latticing into the molten material (melted on impact as well, in a
snapshot fashion). In the same sense, originally polygonal crater edges eventually erode
into circular (here the most realistic scenario) shapes rather than the other way around,
i.e,, from circular into polygonal geometries as believed by some (the least realistic sce-
nario); see Omerbashich (2020a).

The decisive role of precessional mechanical resonance for Earth is particularly plau-
sible since found in both the cratering and the calibration as the most accurate portion of
the currently accepted (timescale of the) geomagnetic polarity reversals record. These
multiple detections from seemingly disparate data mean that the precessional resonance
is directly, and the precession and obliquity in tandem indirectly (along with geomorphol-
ogy varying in crustal thickness in particular, and other causes), responsible for the geo-
magnetic reversals as well. Finally, Rampino and Prokoph (2020) deduced that records of
cratering and mass extinctions are somehow connected. Indeed, their fundamental con-
nection follows from the above result: not only is the precessional resonance long-term
destructive (mainly causing geomagnetic excursions — started but never finished rever-
sals — that appear like gradual processes while masking the cataclysmic nature of the
reversals) but also strictly terrestrial and incessant. Then the record of mass extinctions is
a record of the destruction of evidence of life during Transformative Resonant Events
(TRE), instead of periodicity of mass extinctions themselves (note that evidence of only a
few remarkable mass-extinction events is beyond doubt). This unavoidable inference
questions most if not all past claims of periodic mass extinctions.

The well-established fact that life always appeared to have sprung back incredibly
fast following an extinction event (ibid.) inevitably reveals the circular logic of the propo-
nents of periodic mass extinctions, making the mass-extinctions records work just the
same in the opposite direction too — as evidence of the no-mass-extinction scenario of life
on Earth. Besides, the fact that 35 globally random extinction episodes can average to the
value of the dominant period of geomagnetic reversals, and a combined record of 35 ex-
tinction events and 58 cratering events) within half-order of magnitude so, is remarkable
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in itself because it reveals that all three phenomena — polarity reversals, polygonal “cra-
tering”, and “periodic” extinctions are due to a single process. (Here, extinctions are sup-
posed regardless if represented really by the record of extinctions or their sample’s violent
decimation such as what large igneous provinces had done to the geological record; see,
e.g., Prokoph and Puetz, 2015).

Most importantly, since the average of dominant periods, as returned from globally
randomly sampled and diverse data sets, exactly match the dominant periodicity of one
of those global phenomena, the underlying physical process then must be ergodic. Thus,
there is nothing chaotic about those processes, including the geomagnetic field whose re-
cent ergodicity is established (De Santis et al., 2011). The extraction of the Rampino period
then means a data-based confirmation of geomagnetism overall ergodicity.

Table 4. Values of the 95%-significant GV spectral peaks from the 0.02-40-My band of the geomagnetic reversals’ currently accepted
timescale, CKGPTS95, Table 1. The 99%-significant periods are plotted in Figure 1. Compared to Table 2, showing the same but in
1-40-My band, the extraction of the above periods was affected by the power of the precession cycle, p, as one of the clearest periods
found in this study. The four clusters of split periods are shown as declustered (represented by one period-value per cluster). The
above-listed, short (ky-) periods are mostly harmonics of P — circular modulation of precession p; P’ — circular modulation of Vap’
obliquity; and Pr — Rampino period, of 26.5 My (Rampino and Prokoph, 2020). Note that a precessional 20.41-ky period and its 5/2-
modulation to within <1%, 50.54-ky, are crosscycles of both Rampino harmonics and precessional circular modulation’s harmonics
(indicating that P dominates Pk rather than the other way around). This direct P-Pr connection confirms Pr as most relevant and
potent in terms of orbital-mechanical resonance energy transfer. Note that the most efficient feature of mechanical resonance in terms
of ability to relay destruction is its magnification effect via frequency demultiplication, which upsurges the energy injected resonantly
into a physical system by 100s of times (Den Hartog, 1985).

GVSA of CKGPTS95-spectrum’s residuals (p and P enforced)

period Dperiod mag harmonic
[My] [var%)]

0.14974 0.0001400 78.61

0.09775 0.0000610 75.07

0.06977 0.0000310 78.46 P/134

0.06929 0.0000310 74.59 P/135

0.06543 0.0000280 73.49

0.05054 0.0000160 74.34 P/185, Pr/525

0.04267 0.0000120 77.72 P/219

0.04010 0.0000100 73.32

0.03863 0.0000096 85.65 P/242

0.03346 0.0000072 79.57 Pr/793

0.03334 0.0000071 86.19 P'/107

0.02951 0.0000056 89.23 P'/121

0.02422 0.0000038 78.45 P/386

0.02041 0.0000027 73.50 P/458, Pr/1300

0.02037 0.0000027 75.38
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Figure 6. Left panel: Extinction rate in families per My for marine organisms as a function of time; callout: origination rate for the
marine organisms. Right panel: the number of known families of Phanerozoic marine organisms, as a function of time (linear trend
dashed; exponential trend dashed); callout: the integrated percentage extinction of families. From: Newman and Sibani (1999). Trends
are steady but non-monotonic. Note that, due to sensitivity to the ocean tidal component as the most persistent systematic noise
constituent, marine genera somewhat exaggerate the trending.

The data of alleged extinctions support this possibility themselves: the average inten-
sity of extinction of marine life during the Phanerozoic has decreased, i.e., changed on a
steady downward trend, while the number of families increased unobstructed, Fig. 6
(Newman and Sibani, 1999). It is implausible that most if not all species over time had
developed natural resistance of the same kind and at the same level or extent, to the causes
of extinction, since that would imply thousands of factors to coincide and remain congru-
ent over half a billion years at least. This steady drop in extinction intensity resembles
energy dissipation of an underlying physical process, and the increase in the number of
families (and lifespan too, as later studies have shown) correspond to a scenario without
any extinctions whatsoever, i.e., as if geophysical upheaval responsible for geomagnetic
reversals and cratering has also decimated the record of species but not the species them-
selves.

The orbital-mechanical resonance due to energy transfer is a process that fits the
above description: it naturally dissipates over very long (hundreds-of-My-) intervals, only
to rebound at other times, all while destroying via harmonics or Pr any petrified evidence
of speciation systematically-periodically. The conclusion that the constant drop is a sign
of an underlying resonance is supported by a steady global in-size reduction of polygonal
(resonant) geomorphology, such as patterning and cratering. Specifically, such geomor-
phology has changed from ancient kilometer-scale shapes, primarily polygonal craters
(Faraday latticing) mostly hexagonal and seen throughout the Solar system, to present-
day metre-scale shapes like patterns in salt deserts; see, e.g., Omerbashich (2020a) and
Lasser (2019).
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Figure 7. Time-domain-superimposing all claims of periods in mass-extinctions, as compiled by Rampino and Prokoph (2020) (see
their Table 1), reveals the virtual impossibility of life on Earth. All periods were used (regardless of statistical significance) due to
the inherent inability of Fourier and other classical methods of spectral analysis to correctly estimate the statistical significance of
spectral periods (Erlykin et al., 2017, 2018). The plot reveals an impossibility of life on Earth in the Phanerozoic (the last half a billion
years). The point of origin selected at -200 My as around the middle of the Phanerozoic. The plot assumes all life originated at an ins-
tant or during a short interval (of several My). Bar line: grayness represents life, blackness impossibility of life. Bin spread fixed at 1
My, to represent macroevolutionary bursts (minimum time required for a single evolutionary step to develop adaptively in a species)
per Uyeda et al. (2011). The 10-My bin is a gauge best-fitting the overlap intervals, averaging the time for which most species continue
after an extinction event (cf. Barnes et al., 2021, who found that most species continue for more than 30 My past an extinction, while
many drops in diversity without recovery are not associated with mass extinction events at all). The dashed arc depicts a resonance
period (wave) as it rolls out in the time domain. Based on the varying spread in overlapping, the plot rules out galactic cyclic causes
to mass extinctions, revealing that life on Earth would be practically impossible if most of the reports alleging periodic mass-extinc-
tions were results of using reliable data and proper preparation and processing techniques. Instead, the precessional resonance via
its carriers of destructive angular deflection (such as the 26.5-My Rampino period, Table 3, and lower-order harmonics) causes po-
larity reversals during TREs while simultaneously decimating strata — including the record of (thus “periodic”) mass extinctions.
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Finally, alleged periods of mass-extinctions superimposed in the time-domain reveal
that life during Phanerozoic (including today) practically could not exist, or periodic
mass-extinctions are not real; see Fig. 7. Note here that the obliquity-induced precessional
resonance does not outright discard any possibility of mass extinctions as such, like the
Permian-Triassic extinction event. Instead, the record of evolution gets decimated to-
gether with, or within a short time from, topography-reshaping TREs. This reasoning
agrees with the recent find that most species continue after an extinction event for more
than 30 My, while many post-event drops in diversity without recovery are not associated
with mass extinction events at all (Barnes et al., 2021). Similarly, pre-Milankovitch views
that climate periodicity is due to changes in Earth’s magnetic field (Puetz et al., 2016,
Raup, 1985) made sense only due to the geomagnetism record’s dominant bias in the same
way. Then geomagnetism polarity reversals, polygonal “cratering”, and “periodic” mass-
extinction records describe the same phenomenon of obliquity-triggered precessional me-
chanical resonance that causes stratigraphically recorded changes — in geomagnetism
and cratering primarily. This recording is due to actual resonance waves in the solid mat-
ter (Faraday latticing), but only apparent changes in evolution — as evolutionary evidence
itself (residing embedded within solid matter) gets exposed to damaging resonance
waves. Note here that, while the geomagnetism record gets decimated too, it is the least
affected type of solid-matter-residing paleodata since only simultaneous total (rarest) re-
shaping of entire continents can alter that record significantly in terms of its systematic
information contents.

Other examples of GVSA’s ability to compute resonances in data at absolute accuracy
and 99% or 95% significance levels include resonance extractions from time-series of
Muw5.6+ earthquakes’ occurrences for solid Earth (Omerbashich, 2000b) and from moon-
quakes for solid Moon (Omerbashich, 2000a), both cases also reporting 89%- and 67%-
significant harmonics as well, all the way up to 1/72 of the forcer in the case of solid Earth.
Again, that the GVSA can absolutely accurately extract solid-matter resonance as it forms
actual particle waves, was shown from continuous GPS data by Omerbashich (2022).
Worth noting here is the main difference between detecting orbital resonances transferred
directly (mechanically and/or by the way of gravity) into the solid matter as particle
waves, and those impressed into gaseous matter indirectly as a temporally undersampled
powerless signal: while in the latter case, characteristic of various types of paleodata, sta-
tistical fidelity of so extracted resonance periods normally is ® <12 and often ® << 1, ®
<<< 1, and on, in the former case it is regularly @ > 12 and often ® >> 12, ® >>>12, and on.
For example, in the extractions reported by ibid., and which dealt with >99% populated
time-series, fidelity was found to occupy 12-11 ranges on the shortest, while reaching
60,000-9,000 ranges on the longest periods.

9. Identification of moderation carrier

To show that the Rampino period, Pr, does represent the precessional resonance’s
crosscyclic (multi-harmonic) carrier of the peak angular deflection, I examine phase rela-
tions of Pr to P. Should such a causal relation exist, it would expose Pr as itself a modula-
tion of the already phase-shifted precession p. In that case, Pr would also be the primary
modulation of P, and thereby the only sole actor besides (2ntp, Pi) resonance in the 140
My band.

Since not an orbital period itself, we cannot expect for the Pr to have 2m-phase-
shifted, i.e., in the same way as precession and obliquity did. Then, and since Pr was ex-
tracted as a sole actor only once — in the absence of (p, Pi), the way in which P modulates
Pr is determined entirely by the effects of annual variation in the equation of time on P
itself, Fig. 3. Puetz et al. (2016) have already shown the effect of this variation on P, albeit
in the 1 ky-1 My band and for the base cycle in that band, as a phase coefficient k = 2.829.
(Note that those authors, based on observations of the discrete time translation symmetry
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alone (i.e., of paleodata periods tripling, halving, and doubling), mistakenly assigned the
unit of a solar year to the above coefficient of proportionality and called it a period, Pos,
when in fact it is the symmetry alone which arises due to annual variation in the equation
of time, Fig. 3).

Since Pr is tacitly assumed itself affected by the same variation, and we want to test
an implied physical hypothesis (of Pr being the strongest resonance period, on a par with
Pitself, or even stronger in terms of damage potential to solid matter), k is already a phase-
shift of Pr and is a (dimensionless) coefficient. Then all we need to do to establish or rule
out the implied physical hypothesis is compare the match of Pr and P against k. And since
we can see that Pr / P = 2.838, the matching is within 3%, or practically absolute, so the
results from the GVSA, Fig. 3, are independently and numerically validated.

Furthermore, since k itself (again, as a coefficient instead of period) is just a reflection
of 7, i.e.,, k =9/10 - 7 to within 0.5%o, i.e., practically 1 - mt, this odd-multiple mt-phase-shift
of Pr from P reveals that Pr is a carrier of classical destructive rather than constructive
(even-multiple) interference, itself phase-shifted from P so that Pr = (9/10) =-P. The insta-
bility in the k = m equality, as due to a 9/10 reflection alone (itself a reflection to within
0.5%o), is an independent confirmation that the destructive interference of Pr is due to
inherently unstable angular deflection of a mechanical resonance.

Thus Pr originates as the system period, i.e., around the mid-band and as a (9/10) P
modification itself — as the result of an interplay of all resonance harmonics, i.e., the
above-noted entire train, Fig. 2 and Table 2. This interplay is why Pr, while phase-shifted
itself (albeit not by 2m), forces (or relays, rather) its own, higher-order, harmonics, Table
4, revealing its terrestrial rather than galactic or other origins, and P as the resonance
driver. Although an excess critical speed and angular deflection make for the potentially
destructive side of any mechanical resonance, the most potentially damaging feature of
such resonance in the case of closed physical systems like the Earth-Moon-Sun is far more
critical. Namely, it brings about the above-mentioned resonance magnification effect via
frequency demultiplication, which can magnify energy injected resonantly into a physical
system by 100s of times (Omerbashich, 2007a, Den Hartog, 1985). This magnification can
then be channeled also through a carrier wave such as Pr.

Such sole-actor, energetic period like Pr can co-instigate geomagnetic polarity rever-
sals and be capable of various other upheavals on and inside the Earth. Those cataclysms
include resonant (and therefore mixed, intermittently periodic-quasiperiodic), all-trans-
forming events such as plate tectonics and reformatting continents, which then signifi-
cantly alter strata too. However, the complete record of geomagnetic polarity reversals is
not periodic with Pr. This apparent absence is due to the varying ability (to complete ina-
bility) of the incessant resonance train's member waves to move across vast distances and
depths. These individual harmonics separately also partake during TREs in decimating of
strata and other records of paleodata, thus adding an appearance of pseudoperiodicity or
chaos in data. The variation in an individual harmonic's abilities to move as a wave de-
pends upon which resonance frequency turns into the largest destroyer-wave feeder at a
given time and location. Identifying and ignoring (turning on and off) those waves in all
combinations can then help map the underlying dynamics in space and time. The signif-
icant alteration of strata by a Pr wave during TREs, and then the downward continuation
of that wave and its harmonics, and then penetrating and finally enveloping the inner
core, is the core/polarity reversal mechanism.

Numerous models support the results of this study in some of its aspects. For in-
stance, the Pétrélis et al. (2011) model supports the possibility that such a mechanism is at
play by establishing a link between plate tectonics and reversal frequency, i.e., a correla-
tion between lopsided continental geomorphology and the soon-following reversals.
While corroborating the Carbone et al. (2006) find of reversals clustering, a model by
Stefani et al. (2007) exhibited a good agreement with the CKGPTS95 and identified reso-
nant features in geomagnetic polarity reversals. On the other hand, while unable to con-
firm the clustering, a core-rotation model by Hoyng and Duistermaat (2004) has suggested
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that polarity reversals are relatively fast events. In addition to numerical and analytical
modeling, numerous experiments also addressed the geomagnetic reversals problem.
Thus, dynamos generated by mechanical driving such as precession or tidal forcing have
become popular in recent years, and experiments focusing on precession-driven flows
were conducted in various labs (Giesecke et al., 2019).

The high accuracy and precision of computations of previously reported periodicity,
besides owing advantage to the GVSA, also mean that virtually all ~3P periodicity previ-
ously reported from paleodata most likely are underestimated and overestimated extrac-
tions of Pr, as evading detection is one of the characteristics of resonance carrier waves.
Besides, while indeed detecting a ~3P period in paleodata, many of such reports also
found no statistical significance in it (Table 1 of Rampino and Prokoph, 2020), and variable
significance is another characteristic of resonance carrier waves (in addition to being char-
acteristic of using inapt computational tools and approaches, as described above).

As extracted in this study, Pr is matched practically exactly by the average from all
the estimates of dominant periods from the extinction record. However, the cratering
record's average is significantly mismatched (ibid.). This difference was as expected since
encapsulated or sheltered strata preserve histories of natural disasters more faithfully than
the craters exposed to weather and erosion ever could. Previous reports corroborate the
find of Pr in geomagnetic reversals of this study, e.g., by Raup (1985), who, in a coarse
study, found geomagnetic reversals periodic at 30 My, which probably was an overesti-
mated Pr.

10. Discussion

Modern approaches to dating events and fossils in the geological record over the past
forty years have relied heavily on tuning that record to repeatable astronomical events in
the Solar system — especially so for missing ends of strata series or otherwise obscured
parts such as most of paleodata older than ~40 My. But as with any modeling, this con-
trived “clockwork geoscheme” is only as good as the awareness of end-users of all its
drawbacks and potential error sources. It took only a few decades for ad-hoc tying arbi-
trarily selected portions and ranges of the record to celestial mechanics to diverge into the
realm of spectral analyses of so tuned datasets declaring practically every adynamical re-
flection of astronomical cycles as verification of some genuinely natural process. Spectral
analyses of diversity in paleodata, for example, often invoke even extraterrestrial causal
mechanisms, such as galactic or universal, as the cause of mass extinctions — thereby im-
plied as repeating themselves. However, such explanations are not convincing since they
do not explain the appearance of equally justifiable and possibly related sub-harmonics
in the spectral analysis (Baker and Flood, 2015). Not only that extraterrestrial causes need
not be invoked to explain widely present periodicity in paleodata, but those periods them-
selves as extracted are also suspect due to undersampling and overestimating issues per-
vading analyses of the geological record. For example, as seen in Fig. 7, periods of so-
called periodic mass extinctions superimposed in the time domain make most of life on
Earth seem virtually impossible.

By focusing on the rarely probed 1-40-My long band, it was possible to avoid math-
ematically the dominance of the axial, p, and apsidal, pi, precessions, Fig. 1 — amplified
and focused in the process of astronomical tuning of the CKGPTS95 timescale of geomag-
netic reversals. This band has revealed an annually-secularly modulated precession, P =
9.34737 My, along with its entire ensemble of harmonics Pi=P/i,i=1...9;i € AS Fig.2. The
P = P1 = 360°p is the lead (annual) modulation of precession harmonics due to annual
variations in the equation of time, Fig. 3. Rather than cumbersomely comparing individual
peaks in the timescale spectrum to discern the possible modulation impressor or trigger,
computing the spectrum of that timescale calibration's spectrum in the same band reveals
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the obliquity’s annual modulation P’ = 3.56977 My = 360°-V4p’. Here Vap’ = 9.916 ky, or the
obliquity’s base cycle Y4p’ineor = 41000/4 to within 3%, then overlies the entire record and
triggers the here extracted precessional resonance.

Hence, when spectrally analysing paleodata, it is not sufficient to declare a statisti-
cally significant period also physically significant or outright discard an extracted period
that is statistically insignificant. Such detections warrant further investigation into possi-
ble mutual mathematical relationships among statistically significant periods. If a de-
tected period is part of a modulation ensemble, i.e., one of (usually many) mutually math-
ematically directly related periods, then such a batch represents n- reflections (integer
multiples of the shortest period — the driver) or harmonics (integer splits of the longest
period — the forcer) or unspecified modulations (ratios of the driver or the forcer). Reflec-
tions also can appear as forcers of other modulations, which are then also termed reflec-
tions and not harmonics as the term harmonic is reserved for possibly dynamical (rela-
tively high-energy) cyclic physical phenomena. If the driver or forcer turns out to be as-
tronomical — like the Earth's axial precession period, of ~26 ky — then its entire ensemble
of modulations is physically insignificant or meaningless, too. Only after enforcing of
entire such ensemble (where it suffices to ignore just the driver of forcer for its entire en-
semble to get ignored too) can one begin a quest for periods as signatures of natural forces
or phenomena that had dynamically affected the data examined.

Then additional criteria to determine the physical meaningfulness of statistically sig-
nificant periods are required. As mentioned earlier, one such criterion is the (statistical)
fidelity, ®: usually, periods with @ > 12 reflect some dynamical process that acted upon
the data sampled. Physical constraints also could be invoked. For example, since we know
that life on Earth does not die out every precession cycle, the precession alone most likely
is not a mass-extinction driver. Likewise, we know that the Earth magnetic poles do not
revert (the geomagnetic field does not change polarity) every precession either, so the pre-
cession alone most likely is not a polar-reversals forcer; and so on. These physical con-
straints say nothing about precessional resonances since the latter include numerous me-
chanical waves of varying energy levels and destruction potential.

Thus the Earth axial precession’s modulation due to annual variation in the equation
of time (Fig. 3), P =9.34737 My, has been reported previously as a genuine and statistically
significant spectral peak. In one of more extreme examples of confusing means and ends,
Martinez and Dera (2015), while aware that “grand orbital cycles” (on the order of My)
are just modulations of astronomical cycles, nevertheless declare a ~9-My peak they
found in the Jurassic-Early Cretaceous carbon cycle also physically significant. They even
proclaim it “an important metronome of the greenhouse climate dynamics” — all based
on statistics alone.

Other workers, however, do recognize this modulation as physically unrealistic and
proceed on to examine possible non-orbital causes for its presence, see, e.g., Boulila et al.
(2012) study of a ~9-My pseudoperiod in Cenozoic carbon isotope record 5'*C but who
also fail to explain the presence of this pseudoperiod. In an assessment of a recent exam-
ple from non-marine tetrapod extinction record (compiled by Rampino et al., 2020) insen-
sitive to the ocean-tidal component as the largest systematic noise constituent,
Omerbashich (2021) found that most if not all of the periods claimed in the past as mass-
extinction cycles are instead astronomical reflections, of Earth’s axial precession primarily,
i.e, n'p. A mass-extinctions period of 27.5 My extracted using circular and Fourier meth-
ods from their compilation and cratering by Rampino and Caldeira (2015), was previously
questioned by Meier and Holm—-Alwmark (2017) over circular method use and then by
Omerbashich (2021) over Fourier method use. As mentioned, ibid. showed that the 27.5-
My period is just a ~3P modulation (the above-discussed tripling in rigid multi-body res-
onances; see, e.g., Prokoph and Puetz, 2015). Previously, Omerbashich (2006, 2007b) had
demonstrated on a flawed report by Rohde and Muller (2005) that data manipulations and
inapt techniques such as the Fourier class of spectral analysis techniques can result in a
detection of apparently significant periods in marine diversity data as well.

28



hhttps://doi.org/10.1002/essoar.10506945.3

Since P is controlled by the Earth’s own orbital (annual) cycle primarily, subsequently
driven into secular, centennial, millennial modulations, and on — the total modulation of
P extends ad infinitum. Thus, the results of this study are precession rate-independent
and readily applicable to any geological interval to Triassic, thanks to the strict nature of
paleomagnetism primarily (Berger, 2012), but also beyond, since the main find is strictly
astronomical in origin. For example, the 10P and 100P/7 reflections were first reported by
Omerbashich (2006) from the Sepkoski fossils record as 91.3-My and 140.23-My at the
99%-significance level. The former of the two periods was confirmed by Boulila et al.
(2018), who also report a ~9.3-My cyclicity as previously attributed to the long-period
Milankovitch band based on the Cenozoic record, as well as a ~250-My megacycle which
they attributed even to tectonic causal mechanisms but which too is just an annually-sec-
ularly induced reflection, 100P/4, Fig. 3. The reason for the latter period to be so persistent
(very long) is in it being a crosscycle — amplified and maintained by the 70" reflection
as well, Fig. 5.

Other reports of reflections, sensationally declared key or justified by cryptic galactic
causes, fill the literature and are often picked by national and international media in
search of a sensation more. In one of the most notorious such examples, Boulila (2019)
reported “prominent ~9 and ~36 My” cyclicities in Cenozoic-Cretaceous benthic forami-
nifera 080, but a look at Fig. 3 tells that those are just annually-secularly induced P and
its ~4P reflection, respectively. The only reason the often reported ~36-My period appears
so persistent and omnipresent across the geological record is that it too is a crosscycle —
amplified by 10P’ reflection, Fig. 5, as well as the 27t (circular) modulation 360° - p”, where
p” is the Earth eccentricity astronomical period, of ~100 ky.

More of the similarly simple mathematical relations are noticed readily among de-
tected periods in paleodata. For example, looking at the nine periods from Table 2 of
Omerbashich (2021), the 33.84146-My period is just the 8.48624-My period quadrupled, or
6.67870-My quintupled, while the 11.93548-My period is simply the 7.95129-My period
tripled-halved, etc. As mentioned earlier, these subharmonic relations — doubling, halv-
ing, and tripling primarily — represent discrete time translation symmetry characteristic
of subharmonic resonant response of rigid multi-body systems to external periodic forc-
ing. For instance, the above-discussed ~3P periods often are reported in the literature, but
such reports mostly used inapt techniques that cannot distinguish resonances from reso-
nance drivers.

The type of result obtained in the present study calls for an addition to the Milan-
kovitch theory (see, e.g., Berger, 2012) to differentiate among varying power of the Milan-
kovitch — as demonstrated here — resonant, cycles. This varying power from one to an-
other resonance wave explains the 100-ky cyclicity problem of that theory — the otherwise
inexplicable termination events when astronomical cycles (and, in the sense of resonance
theory, their reflections or harmonics) switch in the role of planetary change driver. The
latest such recorded event of glacial-interglacial switching, the Mid-Pleistocene Transi-
tion, had occurred ~1 My ago. At that time, the ~40-ky period gave in to the ~100-ky period
(Bajo et al., 2020). This event resembles an energy-transfer event across frequencies — the
relatively brief period of nonlinear resonance (Rial et al., 2013). The difficulties in assign-
ing physical mechanisms to generate the necessary gain to power the 100 ky cycles led Liu
(1992) to examine frequency resonance phenomena among the orbital parameters as an
alternative source for the transition, and he concluded that it is the Earth obliquity which
modulates a major 100 ky periodicity (Hinnov, 2000). As shown earlier, and supporting
that result, the Mid-Pleistocene switch from the obliquity’s p’ period to a 100-ky period
was not a transition from obliquity to eccentricity as the Earth’s dominant climatic driver,
but an obliquity-triggered resonant jump from one to another resonant frequency coinci-
dentally near the duration of one eccentricity cycle. The orbitally triggered (and obliquity-
triggered too) precessional resonance is the most reasonable physics-based, all-explana-
tory addition to the intellectually already pleasing Milankovitch theory.
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The addition to the Milankovitch theory is overdue, so to recognize that that theory
is just a special case of the far more complex Earth-Moon-Sun (or rather obliquity—pre-
cession—Earth) resonant energy transfer. Similarly, that theory’s spatiotemporal domain
extends only for as long as a specialized energy band (currently determined by one of the
tailing harmonics of the precessional resonance) of the resonant-dynamic energy band
that at present envelopes and shapes our planet lasts before it dissipates. As it dissipates,
it does it only so to make room for another precessional-resonant energy band belonging
to another resonance harmonic (and so on, until Pr), and which will be describable by
some other form of the Milankovitch theory — not entirely unlike the current one. The
energy supplied thus to the Earth is globally cumulative since the Earth acquired the
Moon ~4450 billion years ago, and thus the only known mechanism for a growing Earth
proposed by many, e.g., Schmidt and Embleton (1981) and Maxlow (2021). Omerbashich
(2020a) proposed that one of Mars’s moons be reassigned to the Earth to create interfer-
ence before the Earth reaches the state of energy overload and implodes.

The present study revealed that the concept of time crystal known from quantum
physics is also macroscopic. This synchronization of quantum type in vibrations of dy-
namic structures at interplanetary and interstellar scales could arise tidally due to a satel-
lite galaxy or universe. In the first attempt to link the Milankovitch theory to Earth's inter-
nal processes at Myr time scales, Boulila et al. (2021) erroneously speculated that the most
likely phenomenon linking insolation-climate with the Earth's internal processes lies in
climatically-resonantly driven mass changes on Earth surface, such as imagined sea level
variations due to climate change. In their opinion, the potential link between external and
internal processes would thus manifest as interaction and feedback rather than a direct
orbital forcing of the solid Earth. However, as I showed in the present study computation-
ally and confirmed by exposing Earth's behavior as that of a gigantic macroscopic time
crystal, the exact opposite holds: a direct orbital forcing of the solid Earth, her interior,
and the Milankovitch process has been taking place in unison since time immemorial. This
cross-scale-verified computational discovery conclusively confirms the genuine nature of
the South Atlantic Anomaly of the geomagnetic field low as a precursor of an upcoming
reversal, contrary to recent speculations, e.g., by Nilsson and Muscheler (2022).

11. Conclusions

Discrete time translation symmetry (seen commonly in paleodata as period multipli-
cation and halving), 2nt-phase-shifts, and Ys-lockstep to the forcer — previously thought
to arise together only in a subharmonic response of a time crystal to external periodic
forcing and to be confined to quantum scales — characterize the here reported global ge-
ophysical detection of the mechanism for geomagnetic polarity reversals from the
CKGPTS95 timescale calibration, as arguably the best record of paleodata available for
this type of studies. This macroscopic confirmation of fundamental properties of the dis-
crete time crystal concept known from quantum physics means it is unremarkable while
revealing the scale-invariant nature of physics from a previously unknown, planetary ge-
odetic perspective. This result has fundamental implications as it relates macroscopic with
quantum physics: the (planetary) time crystal is formed by the many-body entrainment causing
precession resonance that, in turn, moderates (geo)magnetic polarity. In quantum dynamics,
such particle entrainment can take the form of collisions, causing Feshbach resonances.

This fundamental property was arrived at by analyzing paleodata periods previously
claimed in the literature as standalone-significant cyclicity (indicative of a dynamical pro-
cess) but which turned out to be just multiples or fractions of some other periods that
appear as periods in extinctions and other geological records. Thus previously claimed
very long periods in paleodata, such as the ~9-My, are modulations primarily of the Earth
axial precession. Together with respective modulations (reflections and harmonics), they
arise resonantly under the obliquity and other triggers such as varying crustal thickness,
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mantle flows, and inner-core dynamics — basically any obstacles in the path of macro-
scopic Faraday instabilities. Future analyses of non-astronomical periodicity in paleodata
must enforce (mathematically ignore) precession periods and their annual 2n-phase-
shifted modulations and entire precessional resonance ensembles, depending upon the
band or scale of extraction. It should become a standard procedure to mathematically
make the said astronomical periods and their modulations vanish from spectra before
drawing conclusions on causality and physical mechanisms that affect dynamical pro-
cesses at all scales on Earth, from quantum to planetary.

The global approach to treating the currently accepted CKGPTS95 timescale (calibra-
tion) of geomagnetic polarity reversals, viewed as the gauge for analyzing planetary pale-
odynamics, has confirmed the generally accepted absence of lonesome (including extra-
terrestrial) mechanisms for periodic polarity reversals. At the same time, that approach
enabled deducing the 0.02-40-My-bands resonance as it uses its inherent 26.5-My
Rampino period for a carrier of cumulative resonant destruction of obstacles in the reso-
nance’s path. As the orbital energy transfer had already occurred in those mechanical res-
onances, they become in their low-frequency part transformatively destructive and plate
tectonics-catalyzing; the energy transfer constitutes an energy injecting mechanism for the
astronomical forcing of climate to work, albeit in ways previously unseen. Namely, the
2m-phase-shifted precessional resonance extracted in the 1-40 My band is also the scale-
invariant energy-transfer mechanism of the Milankovitch theory as now just a special case
applicable to the current stage of the Earth-Moon-Sun resonant dynamics. Thus sedimen-
tary stratigraphy keeps a record of this orbital-to-mechanical resonant energy transfer so
that long-period (My-) scales of resonant periodicity no longer require a major extrater-
restrial (galactic) or tectonic driver to explain changes in paleodata. Instead, the preces-
sional resonance at its wave cycles, during rare but cataclysmic Transformative Resonant
Events (TREs) characterized by general destruction due to combined effects of interfer-
ence and angular deflection of its most energetic parts via the 26.5-My Rampino carrier
wave, downward penetrates the inner core, envelopes it, and mechanically flips the geo-
magnetic polarity and cores. In doing so, while modifying all solids, including the crust,
it also decimates the geological record with the evidence of evolution, creating the false
record of periodic mass extinctions that instead records precession-induced terraforming
events. Over geological history, the (incessant) resonance has caused geomagnetic polar-
ity excursions while masking sudden cataclysms under what today appears like gradual
processes. Other geophysical theories dismissed in the past over their lack of mechanism
are now more plausible, such as that on expanding Earth.

A pivotal question that needs to be addressed by future research then is if the up-
coming geomagnetic polarity flip will be just an excursion or a complete reversal. In the
latter case, an accompanying TRE is certain. Given thousands of harmonics in-between
consecutive Pr (besides the millions of puny reflections accumulated via repetitive annual
imprinting that creates a projector effect), architecture and urbanism in futuristic concepts
generally must ensure the survival of life until successful space colonization, as sheltered
and confined until then to underlake and undersea super-protective habitats independent
of topography.
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