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A broken climate pacemaker?—part 1
Jake Hebert
The results from the well-known “Pacemaker of the ice ages” paper, which convinced uniformitarian scientists of the
validity of Milankovitch climate forcing, are now largely invalid, due to a significant revision in the age of the Brunhes–
Matuyama magnetic reversal boundary. Unfortunately, the Blackman–Tukey method used to obtain both the original and
new results is somewhat obscure. Because of the important role that Milankovitch theory plays in both geochronology
and ‘climate change’ speculation, it would be helpful if there were a simple way that other scientists, and even nonspecialists, could confirm these new results without the need for extensive computation. Here I summarize the results
of these new calculations and present a simple conceptual argument that allows others to partially verify these results,
using only a pocket calculator or an Excel spreadsheet. This would make an excellent critical thinking exercise for high
school or middle school science or mathematics students.

M

ilankovitch climate forcing is now the dominant
secular explanation for the fifty or so Pleistocene
glacial intervals (‘ice ages’) said to have occurred within the
last 2.6 Ma.1 This theory posits that changes in the seasonal
and latitudinal distribution of sunlight, resulting from
variations in Earth’s orbital motions, pace the Pleistocene
ice ages. In particular, these climate changes are thought
to result from variations in the elongation of the earth’s
orbit (eccentricity), the tilt of the earth’s axis (obliquity),
and the longitude of the earth’s perihelion (point of closest
approach to the sun), measured with respect to the vernal
equinox. The concept of Milankovitch climate forcing
has numerous problems 2–5 but is today largely accepted
because of a well-known 1976 paper titled, “Variations in
the earth’s orbit: the pacemaker of the ice ages”.6 The paper’s
authors, James Hays, John Imbrie, and Nicholas Shackleton,
performed spectral analyses on three quantities (of assumed
climatic significance), sampled at 10 cm intervals, within
two deep-sea sediment cores from the southern Indian
Ocean. The cores were designated as RC11-120 (length of 9.5
m) and E49-18 (length of 15.5 m). A third core, designated as
V28-238, in the western Pacific Ocean, played an important,
but indirect, role in the analysis (figure 1). Analyses of the
oxygen isotope data (discussed below) and other variables
showed climate cycles having periods of approximately
100, 42, and 23 thousand years (ka). Because the lengths of
these cycles corresponded well to those of inferred cycles in
Earth’s orbital and rotational motions, the Pacemaker paper
was seen as providing strong support for the Milankovitch
theory.
Experts acknowledge that evidence for the Milankovitch
(or astronomical) theory comes almost exclusively—if not
exclusively—from spectral and/or time series analyses
performed on paleoclimate data, like those performed in the
Pacemaker paper. Physicist Richard Muller and geophysicist
Gordon MacDonald noted:
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“In fact, the evidence for the role of astronomy
[in climate variation] comes almost exclusively from
spectral analysis. The seminal paper was published
in 1976, titled, ‘Variations of [sic] the earth’s orbit:
pacemaker of the ice ages.’”7
Likewise, noted physicist Walter Alvarez stated:
“The widely accepted Croll-Milankovitch
theory that fluctuating climate conditions during
the Quaternary glaciation have been driven by
astronomical cycles is based entirely on time-series
analysis of paleoclimatic and orbital data [emphasis
added].”7

Implications for geochronology and
the ‘climate change’ debate
This paper argues that the original results presented in
the Pacemaker paper are invalid, even by uniformitarian
reckoning. Before discussing why this is the case, it is good
to explain why this is significant.
The Milankovitch theory has become an extremely
important aspect of secular geochronology. Uniformitarian
scientists now generally assume the theory to be valid
and use that assumption to assign relatively ‘young’ ages
(thousands of years to a few million years) to deep-sea
sediment cores via a technique called ‘orbital tuning’.8 These
ages are then used to assign ages to other deep-sea cores,
as well as the deep ice cores of Greenland and Antarctica.9
Likewise, uniformitarian scientists are now using the
Milankovitch theory in an attempt to assign ages even to
Triassic sediments.10 Incredibly, the Milankovitch theory
is even used to assign ages to the dating standards used in
argon-argon dating.11,12 If the evidence for the Milankovitch
theory is weak, then all of these age assignments are called
into question—even by uniformitarian reckoning. The
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consequences to uniformitarian
geochronology would obviously be
devastating.
Likewise, the Milankovitch theory
is making a subtle contribution to
‘climate change’ alarmism, a subject
which is discussed in more detail in
part 2 of this series.13

Pacemaker problems

Figure 1. The ‘Pacemaker of the ice ages’ paper used data from the two Indian Ocean deep-sea
cores RC11-120 and E49-18. Another core from the western Pacific, V28-238, played an important
role in establishing the timescales for the two Indian Ocean cores.
0

2

1

3

4

Depth (m)
5

6

7

8

9

10

1.5

RC11-120

δ180 (0/00)

2.0
2.5
3.0

1 2

3.5

3

4

6

5

7

8

9

Marine Isotope Stage

4.0

Figure 2. Reconstructed δ18O data from the RC11-120 core, along with approximate locations of
the Marine Isotope Stage (MIS) boundaries
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However, there are serious
problems with the Pacemaker
paper.14–16 First, multiple versions of
the data from these two cores exist,
raising the question, which versions
are the ‘real’ ones? Most of the
differences between data sets are
trivial, but in some cases, data points
(and even small blocks of data) used in
the original Pacemaker analysis have
been removed from the newer versions
of the data.17 Furthermore, the original
10-cm resolution data actually used by
the Pacemaker authors do not seem
to be publicly available. I requested
these data from the two surviving
Pacemaker authors, but they did not
respond to those requests. Hence,
in order to replicate their results, I
had to carefully reconstruct the data
from figures 2 and 3 in the original
Pacemaker paper. I have compiled
these different data versions into
tables in order to facilitate side-by-side
comparisons of the older and newer
data sets.18
Second, the Pacemaker authors
excluded from their analysis all data
from depths above 4.9 m within the
E49-18 core, probably needlessly.
In fact, they did not even bother to
plot the oxygen isotope data for
depths above 3.5 m (figure 3 in the
original Pacemaker paper) in the E4918 core! The purported justification
for this exclusion of data was that
the age at the top of the E49-18 core
was uncertain (and possibly as old
as 60,000 years), making the upper
third of the E49-18 core unusable for
analysis.19 However, other secular
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Figure 3. Reconstructed δ18O data for the E49-18 core, along with approximate locations of the Marine
Isotope Stage (MIS) boundaries. Data from above 3.5 m depth were obtained from SPECMAP data,
archived, as of 13 October 2016, at doi.pangaea.de/10.1594/PANGAEA.52207.
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scientists disagreed, arguing that the top of the core was
quite young.20 That would imply that the upper section of
the E49-19 core was potentially datable by the radiocarbon
method (even within a uniformitarian framework), which
would mean that the uppermost E49-18 data were indeed
usable for their analysis.
Third, before performing their analyses, the Pacemaker
authors had to assign tentative timescales to the two cores.
Critical to these timescales, especially for the longer E4918 core, was an assumed age of 700 ka for the most recent
magnetic reversal boundary, the Brunhes–Matuyama (B–M)
magnetic reversal boundary. This age was based on K-Ar
dating of volcanic rocks which recorded this reversal.21
However, uniformitarian scientists have since revised the
age of the B–M reversal boundary upward to 780 ka.22–24
Incredibly, it seems that uniformitarian scientists never
bothered to see what effect this age revision would have on
the original Pacemaker results!
I have recently reperformed the Pacemaker frequency
domain calculations, using the same method as the paper’s
authors, but taking into account this revision to the age
of the B–M reversal boundary, as well as the inclusion of
the previously excluded data from the second core. These
changes dramatically weaken, if not completely invalidate,
the original argument for Milankovitch climate forcing
presented in that paper.16
In order to understand the original and new Pacemaker
results, it is necessary to consider some background material.

Foraminifera, oxygen isotope ratios,
and marine isotope stages
Microscopic marine organisms called foraminifera
construct shells composed of calcium carbonate, CaCO3.
When these organisms die, their remains become part of the
debris accumulating on the seafloor. Scientists often measure
the amount of 18O in a foraminiferal shell compared to the
amount of 16O and calculate a quantity called the oxygen
isotope ratio, denoted by the symbol δ18O.
If one plots δ18O values from a sediment core as a function
of depth, many ‘wiggles’ are readily apparent (figures 2
and 3). These oxygen isotope values are thought to be global
climate indicators: maximum values of δ18O within seafloor
sediments are thought to indicate times at which global ice
volumes were largest, and minimum δ18O values are thought
to indicate times when global ice volumes were smallest.25
Because uniformitarian paleoclimatologists think that the
18
δ O signal is a global climate indicator, they believe that
the same basic pattern of δ18O wiggles present in one core
should be present in other cores. Of course, they recognize
that changes in sedimentation rate, local weather effects,
etc., can alter or distort this signal. Nevertheless, they believe
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that it is possible to ‘match’ δ18O features within one core to
corresponding δ18O features in another core, even if the two
cores are separated by great distances. Hence, they believe
it is possible to transfer ages assigned to prominent δ18O
features within one core to (presumed) corresponding δ18O
features in another core.
To facilitate this wiggle-matching process, uniformitarian
scientists have invented a numbering system involving
marine isotope stages (MIS). Our present-day climate
is part of MIS 1, which includes the so-called Holocene
epoch. The most recent ice age corresponds to MIS 2-4,
and most of MIS 5. MIS 5 was originally classified entirely
as an interglacial, but secular paleoclimateologists now
restrict the interglacial classification to the earliest δ18O
‘trough’ within MIS 5, substage MIS 5e.26 Likewise, MIS
6 corresponds to the penultimate (second-to-last) ice age.
Generally, the boundaries between marine isotope stages
occur at the depths at which the δ18O values have transitioned
halfway from a very low to a very high δ18O, or vice versa.
The oxygen isotope values from the RC11-120 and E49-18
sediment cores are shown in figures 2 and 3, along with the
approximate MIS boundary locations.

Age assignments for marine
isotope stage boundaries
Before the Pacemaker authors could analyze the
RC11-120 and E49-18 data, they had to assign timescales
to these two cores. Radioisotope dating methods cannot
generally be used to date the deeper sediments (although
protactinium-thorium dating is theoretically capable of
dating sediments thought to be less than 175,000 ka old27),
and uniformitarian scientists believe that radiocarbon dating
methods can only be used on the uppermost sediments.
Hence, uniformitarian scientists used the long western
Pacific V28-238 core to indirectly assign ages to the
sediments. They chose this particular core because it was
believed to have the most nearly constant sedimentation
rate of all the cores that had been examined.28 Magnetic
minerals within the sediments showed a reversal of the
earth’s magnetic field at a depth of 1200 cm within the V28238 core. Uniformitarian scientists had already used K-Ar
dating to assign an age of 700 ka to volcanic rocks showing
this same reversal. Hence, they concluded that the sediments
at a depth of 1200 cm within the V28-238 core were 700 ka
old. By assuming that the top of the V28-238 core had an
age of 0 ka and that the seafloor sediments at that location
had accumulated at a nearly constant rate, they were able to
assign tentative ages to the first 21 MIS boundaries within
the core (figure 4).29 The results of these calculations are
shown in table 1 (third column from left), as are the results
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core from their analysis. The MIS 6-5
boundary was identified at a depth of
4.90 m within this second core; hence
the age of 127 ka was assigned to this
depth. The MIS 12-11 boundary was
identified at a depth of 14.05 m; hence,
this depth within the E49-18 core was
assigned an age of 440 ka. Again, age
was assumed to increase linearly with
depth down the core.
Figure 4. Method used to obtain age estimates for the MIS stage boundaries within the V28-238
core. The MIS 8-7 boundary was identified at a depth of 430 cm within the V28-238 core. Hence, it
was assigned an age of 251 ka.

Spectral analysis

Figure 5 shows the manner in
which three waves of different
frequencies, amplitudes, and phase
constants may be added (superposed) together to yield
a composite waveform. Although the number of waves
needed to construct the δ18O waveforms shown in figures
2 and 3 is much larger, the principle is the same: these
complicated waveforms may also be constructed by adding
together waves of different frequencies, amplitudes, and
phase constants. It is also possible to ‘reverse-engineer’ the
waves that have been superposed in order to obtain the final
resulting waveform. This is the rationale behind spectral
analysis, in which composite waveforms are decomposed
into their constituent waves. A Discrete Fourier Transform
(DFT) may be used for this purpose. However, the DFT is
subject to some weaknesses, discussed briefly below, which
makes it less than ideal for such an analysis.31 After assigning
their SIMPLEX timescales to the two Indian Ocean sediment
cores, the Pacemaker authors used the Blackman–Tukey

if one changes the assumed age of the B–M reversal from
700 ka to 780 ka (far right column).
The Pacemaker authors transferred the age assignment
of 440 ka for the MIS 12-11 boundary, the age assignment
of 251 ka for the MIS 8-7 boundary, and the age assignment
of 128 ka for the MIS 6-5 boundary to the presumed
corresponding MIS boundaries in the RC11-120 and
E49-18 cores. Technically, however, the Pacemaker authors
did not actually use this last age estimate of 128 ka in
their analysis. Protactinium-thorium dating applied to the
V12-122 Caribbean core had already yielded an age estimate
of 127 ka for the MIS 6-5 boundary, and the Pacemaker
authors felt that this slightly lower age estimate was a little
more accurate.30 They no doubt, however, considered the
close agreement between these two age estimates of 127 ka
and 128 ka to be a confirmation of the validity of their
assumption of a (nearly) constant sedimentation rate within
the V28-238 core.
They then used these three-age
control (or anchor) points to construct
timescales for the two sediment
cores. For their initial analysis, they
employed simple timescales (which
they dubbed as ‘SIMPLEX’), utilizing
only two age control points within
each core and the assumption of a
constant sedimentation rate. Within
the RC11-120 core, the MIS 6-5
boundary was identified at a depth of
4.40 m. Hence, an age of 127 ka was
assigned to this depth in the RC11-120
core. An age of 0 ka was assumed for
the top of the RC11-120 core, and ages
were assumed to increase at a constant
rate with depth within the core.
Figure 5. A complicated waveform may be constructed by adding together (superposing) waves
As noted earlier, they completely
of different frequencies, amplitudes, and phase constants. All three component waves shown here
have an average value of zero.
excluded the upper third of the E49-18
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Figure 6. PATCH δ18O power spectrum, obtained using the original ELBOW
chronology in the Pacemaker paper, based on an assumed age of 700 ka for the
B–M reversal boundary. The peaks align well with the vertical lines indicating the
eccentricity, obliquity, and precession frequencies obtained from orbital calculations.

PATCH d180 B-T Power Spctrum
10

8

Spectral Power

method32 to analyze the three variables
that had been measured in the cores:
the δ18O values of the planktonic
foraminiferal species Globigerina
bulloides, the percent abundance of
one particular radiolarian species
(Cycladophora davisiana) relative
to the other radiolarian species, and
(southern hemisphere) summer sea
surface temperatures (also inferred
from radiolarian data). Their analysis
resulted in graphs called power
spectra. A power spectrum is a graph
consisting of peaks of varying height,
plotted against frequency. Prominent
peaks occur at the frequencies
corresponding to large-amplitude
waves making a large contribution
to the overall signal.33 One of the
difficulties with a DFT is that spurious
peaks often appear in the resulting
power spectra. The BlackmanTukey method, on the other hand,
alleviates this difficulty. Likewise,
the Blackman-Tukey method is a
good choice when the timescale
is uncertain, as in the Pacemaker
analysis.The results from their
original spectral analyses are shown
in figure 5 of the original Pacemaker
paper, as well as in figures 9-17 in
my second paper.34,35 Comparison of
these graphs show generally good
agreement between my results and
theirs, despite the fact that I obtained
my results using a reconstructed data
set.36
Figure 6 depicts the original
18
δ O power spectrum results for a
composite ‘core’ called PATCH which
the Pacemaker authors constructed
using the uppermost RC11-120 data
and the lowermost E49-18 data. This
power spectrum was calculated for
the time interval 0 to 486 ka. In the
original Pacemaker paper, the authors
used a relatively small number (51) of
discrete frequencies when calculating
their power spectra. However, experts
cited by the Pacemaker authors claim
that one can legitimately use 2–3 times
as many discrete frequencies as did the
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Figure 7. PATCH δ18O power spectrum, obtained using a revised ELBOW chronology, based on an
assumed age of 780 ka for the B–M reversal boundary. Peaks B and C no longer coincide with the
obliquity and precession frequencies (vertical lines) calculated from the orbital data. The positions
of the lines are shifted slightly from those in figure 6 because the revised chronology changed the
time interval for the calculations from 0–486 ka to 0–544 ka.
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Pacemaker authors.37 I have taken the liberty of doing so, as
well as ‘zooming in’ on the pertinent part of the spectrum.
The vertical lines in figure 6 indicate the eccentricity,
obliquity, and precessional frequencies calculated by the
Pacemaker authors. The peaks align well with the vertical
lines, indicating good agreement between the results and
Milankovitch expectations (even though the last vertical
line does not pass directly through the centre of the C peak,
this can still be reasonably counted as a ‘hit’ for the theory).
Figure 7 shows the same δ18O power spectrum, but
after taking into account the revised age of 780 ka for the
B–M magnetic reversal boundary. The new time interval
corresponding to the PATCH ‘core’ extended from 0 to 544
ka. The vertical lines in figure 7 indicate the eccentricity,
obliquity, and precessional frequencies I calculated using
the B-T method and the astronomical data for the interval
0 to 544 ka.38,39
Note that the age revision has noticeably shifted
the locations of the smaller B and C peaks in figure 7
(corresponding to the obliquity and precession frequencies,
respectively) so that those peak frequencies no longer agree
with frequencies expected by the Milankovitch theory.
This age revision also shifts the results for the RC11-120
core and the bottom section of the E49-18 core.
Spectral analysis performed using all the data from the
E49-18 core (including the originally excluded section) also
yielded results that were generally in poor agreement with
Milankovitch expectations.16

Table 1. An assumed age of 700 ka for the Brunhes–Matuyama (B–M)
magnetic reversal boundary yields age estimates (third column from left)
for the MIS boundaries that are in reasonable agreement with ‘orbitally
tuned’ ages (second column from right), at least for the twelve most
recent MIS boundaries. However, the new age estimate of 780 ka for
this magnetic reversal causes many of the new age estimates (far right
column) to be multiple tens of thousands of years older than expected
based on Milankovitch expectations. The ‘tuned’ age estimates for the
MIS boundaries are from Lisiecki et al.40

MIS
Boundary

V28-238 (cm)

Old
Age (ka)

L&R Tuned
Age (ka)

New
Age (ka)

1–2 (TI)

22

13

14

14

2–3

55

32

29

36

3–4

110

64

57

72

4–5

128

75

71

83

5–6 (T II)

220

128

130

143

6–7

335

195

191

218

7–8 (T III)

430

251

243

280

8–9

510

298

300

332

9–10 (T IV)

595

347

337

387

10–11

630

368

374

410

11–12 (T V)

755

440

424

491

12–13

810

473

478

527

13–14 (T VI)

860

502

533

559

14–15

930

543

563

605

1015

592

621

660

16–17

1075

627

676

699

17–18 (T18)

1110

648

712

722

18–19

1180

688

761

767

15–16 (T

Verifying the results
Because these calculations require integral calculus and
a computer, laypeople may not have the technical expertise
to use the Blackman–Tukey method to verify these results.
Furthermore, those who do have the necessary expertise
may simply not have the time to check the results. Given the
potential importance of these results for geochronology and
the ‘climate change’ debate (discussed in a second paper), is
there a way that others can at least partially test them (which
we are enjoined to do in I Thessalonians 5:21)?
Yes. First, one can easily verify both the old and new
estimated ages for the MIS boundaries (table 1) using the
method shown in figure 4. Also, these new age estimates
introduce an apparent cause-and-effect problem. The
original MIS boundary age estimates (at least those for the
twelve most recent boundaries identified in the two Indian
Ocean cores) were reasonably close to tuned ages (second
column from right in table 1) that were based on a simple
ice model tied to summer insolation at 65° N 40: nearly all
the discrepancies between the two methods were less than
10 ka. However, after the age revision for the B–M reversal
boundary, six of these twelve age estimates are now at

VII)

Depth in

19–20 (T20)

1210

706

790

787

20–21

1250

729

814

813

21–22 (T22)

1340

782

866

871

least 32 ka greater than expected, based on Milankovitch
expectations, and one (the MIS 12-11 boundary) is 67 ka
greater than expected! This raises a question: how can the
climate be changing multiple tens of thousands of years
before the changes in summer insolation that supposedly
caused the changes?
Likewise, one may use simple algebra and the two
SIMPLEX age control points within the RC11-120 core to
show that the original RC11-120 SIMPLEX ages (in ka), as
a function of depth (in metres), are given by
ageRC11-120 (original) = (28.864 ka/m) x depth 

(1)
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308.75 ka

Age (ka)

Inserting depths of first 0.0 m and then 9.50 m into Eq. (1)
enables one to show that the ages corresponding to the top
and bottom of the RC11-120 core are, respectively, 0.0 ka
and 274.2 ka. Hence the total time assigned to the length of
the RC11-120 core is 274.2 ka – 0.0 ka = 274.2 ka. Likewise,
inserting depths of 4.9 m and 15.5 m into Eq. (2) allows
one to verify that the length of time assigned to the bottom
section of the E49-18 core is 489.6 ka
– 127.0 ka = 362.6 ka. Even though
350
the preliminary timescales used in
the Pacemaker analysis assume a
300
constant sedimentation rate, round-off
250
error may cause the time increments
between data points to vary slightly.
200
Because the Blackman–Tukey method
requires evenly spaced data points, the
150
Pacemaker authors had to specify a
time increment Δt and then interpolate
100
the data so that the total time intervals
50
were integer multiples of Δt. They
chose their time increment Δt to be
0
3 ka for both cores. Hence, the time
6
7
8
9
10
0
1
2
3
4
5
intervals for the core sections, after
Depth (meters)
interpolation, were 273 and 363 ka
— —Original Age (ka) ——Revised Age (ka)
(figures 8 and 9, respectively). This
corresponded to 92 interpolated data
Figure 8. Original and revised SIMPLEX age models for the RC11-120 sediment core
points for the RC11-120 core and 122
interpolated data points for the bottom
section of the E49-18 core.

273.00 ka

agebottom of E49-18 (original)= (34.208 ka/m) x depth – 40.619 ka(2)

402.80 ka

might think that the age of 127 ka would be the better
choice, as this would leave the original RC11-120 results
unaffected by the age revision. However, the RC11-120
results are apparently not statistically distinguishable
from the background noise.41 Hence, they are not, in and
of themselves, a convincing argument for Milankovitch
climate forcing.
What about the E49-18 core? The new age of 780 ka for
the B–M reversal boundary and the method of Shackleton
and Opydke (table 1) implies an age estimate of 279.5 ka
for the MIS 8-7, as well as an age estimate of 490.75 ka for
the MIS 12-11 boundary. But the B–M reversal boundary in
the V28-238 core was apparently the only means available

363.00 ka

Likewise, the original SIMPLEX ages (in ka) for the bottom
two-thirds of the E49-18 core are given by

600

New timescales

94
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Of course, the revised age of 780
ka for the B–M reversal boundary
alters the ages for the MIS boundaries,
which, in turn, alters Eqs. (1) and (2).
The original age estimates of 127 and
128 ka for the MIS 6-5 boundary were
in good agreement with one another,
but the revised age of 780 ka for the
B–M reversal boundary yields an age
estimate of 143 ka for this boundary,
resulting in an apparent discordance
between the two age estimates.
Someone hoping to salvage at least
some of the original Pacemaker results
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Figure 9. Original and revised SIMPLEX age models for the E49-18 sediment core
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to the Pacemaker authors to assign ages to the MIS 8-7 and
12-11 boundaries. For this reason, the oxygen isotope signal
in the V28-238 core was extremely important to secular
paleoclimatologists and has been called an ice age ‘Rosetta
Stone’.42 Hence, if one wants to redo the calculations for
the E49-18 core using the method of the Pacemaker authors
(but after taking into account the age revision to the B–M
reversal boundary), he has no choice but to use these new
age estimates for the MIS 8-7 and 12-11 boundaries. But if
one is willing to trust this method to obtain age estimates
for the MIS 8-7 and 12-11 boundaries, then logically one
should also be willing to use that method to obtain an age
estimate for the MIS 6-5 boundary. Hence, the pragmatic
(but not necessarily scientifically objective!) choice would
be to go ahead and use the age estimate of 143 ka for the
MIS 6-5 boundary, despite the resulting apparent causeand-effect problem.
The new age estimates (as a function of depth) within
the two cores are given by
ageRC11-120 (new) = (32.5 ka/m) x depth

(3)

agebottom of E49-18 (new) = (38.005 ka/m) x depth – 43.227 ka. (4)
One can verify that Eq. (3) yields an age of 0 ka at the top
of the RC11-120 core and an age of 143 ka at a depth of 4.40
m in the RC11-120 core, as should be the case. Likewise,
Eq. (4) yields an age estimate of 143 ka at a depth of 4.90
m within the E49-18 core, and an age of 490.75 ka at a
depth of 14.05 m, also as expected. The age for the MIS
8-7 boundary was not used in these calculations, as it was
only used later to construct the ‘ELBOW’ chronology for
the ‘PATCH’ core (table 2 in the Pacemaker paper).
One can also use Eqs. (3) and (4) and to verify that the
new total time (prior to interpolation) assigned to the RC11120 core is 308.75 ka and that the new time assigned to the
bottom section of the E49-18 core is 402.85 ka.
When redoing the Pacemaker calculations, I attempted
to minimize interpolation as much as possible, as it is
always preferable, if possible, to perform the analysis on
the original data, rather than on interpolations from that
data. I chose Δt = 3.25 ka for the RC11-120 core, which
completely eliminated the need for interpolation of the data
(3.25 ka just happened to be the time increment between
the original data points). Hence, the total time assigned
to the RC11-120 core was still 308.75 ka. For the bottom
10.6 m of the E49-18 core, the time increments fluctuated
slightly between 3.800 and 3.801. Hence, a value of
Δt = 3.8 ka was used, resulting in a total length of time of
402.8 ka being assigned to this core section.
Both the original and revised age models (after
interpolation) are shown in figures 8 and 9.

Estimating the new periods—a shortcut
The revised age for the B–M reversal boundary has
stretched the SIMPLEX timescales assigned to the two
core sections, but, as before, age down the core still varies
linearly with depth. Hence, it is fairly easy to estimate
the new expected periods of the dominant spectral peaks.
Figure 10 illustrates the logic behind this method with
a hypothetical signal constructed by superposing three
different waves. The original length of time corresponding
to the sampled portion of the composite waveform is
T0. After stretching of the timescale, this length of time
becomes Tnew. Note, however, that increasing the timescale
to Tnew has not changed the shape of the resultant waveform.
Furthermore, since the resultant waveform is composed of
simple sinusoids, the amplitudes and relative phases of the
sinusoids are unaffected by this stretching.
Because the shapes of the individual sinusoids have not
been affected by the stretching of the timescale, the number
of wave cycles N (i.e. the number of periods) contained
within the time interval for waves 1, 2, and 3 will be the
same both before and after the stretching process. For
instance, wave 2 in figure 10 exhibits N ≈ 3.2 periods within
the space of time T0. After stretching, the number of cycles N
will still be about 3.2, but those 3.2 wave cycles must now fit
Table 2. Period estimates for the dominant spectral peaks calculated for
RC11-120 summer sea surface temperature (SST), oxygen isotope values
(δ18O), and percent abundance of the radiolarian species Cyclodophora
davisiana (%Cd). Original period estimates were reported to the nearest
thousand years in Hebert15, although I have here reported the smaller
period estimates to one decimal place to reduce round-off error. The new
period estimates were obtained using both the Blackman–Tukey method
and the ‘easy’ method described in the text.

RC11-120 SIMPLEX
Original Time Interval (ka)

273.00

New Time Interval (ka)

308.75

SST P0 (ka)

102

37.6

21.0

SST Pnew: easy method (ka)

115

42.5

23.8

SST Pnew: B–T method (ka)

111

41.8

23.8

δ18O P0 (ka)

95

37.6

23.8

δ O Pnew: easy method (ka)

107

42.5

26.9

δ18O Pnew: B–T method (ka)

111

43.0

27.1

% C. d. P0 (ka)

119

38.6

23.4

% C. d. Pnew: easy method (ka)

135

43.7

26.5

% C. d. Pnew: B–T method (ka)

129

43.0

26.7

18
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original period estimates as a ‘black box’ and accept as a
given that the original period estimates are accurate.

Confirming the results

Figure 10. A stretching of the timescale over which a waveform has been
sampled will also stretch the component waves comprising the signal.
This fact enables one to quickly estimate the new periods of the prominent
spectral peaks, provided that the original periods of those spectral peaks
are already known.

into the larger time interval Tnew. But the number of periods
N may be calculated by dividing the original time interval
T0 by the original period estimate for wave 2, which we here
call P0. Thus, if we know the original period P0 for wave 2,
we can estimate the new period Pnew:
(5)
Eq. (5) may also be used to estimate the new periods for
the other two waves comprising the composite signal.
Here we have made an assumption that is generally not
strictly correct, but which is ‘good enough’ for our purposes.
We assume that the frequency of a dominant spectral peak
corresponds exactly to the frequency of one of the individual
waves comprising the resultant signal. Because the signal
is composed of a finite number of waves, this is not really
correct—an estimated peak frequency often falls ‘between’
two of the discrete frequencies in the power spectrum.
Nevertheless, for a power spectrum with a reasonably large
number of discrete frequencies within a finite frequency
band, we expect a particular peak frequency to be quite
close to one of those discrete frequencies. This means that
we can also use Eq. (5) to estimate the new periods (after
stretching) of the spectral peaks, provided that we know the
original periods for those peaks. In the following discussion,
we treat the Blackman–Tukey method of obtaining those
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My original SIMPLEX values of P0 (obtained using my
reconstructed Pacemaker data and the Blackman–Tukey
method) are shown in tables 2 and 3. For instance, the
middle section of table 2 lists my original periods for the
three dominant RC11-120 δ18O spectral peaks. The period
of the smallest spectral peak was 23.8 ka. Eq. (5) implies
that the estimated value for the new (stretched) period is
Pnew = (308.75 ka ÷ 273.00 ka) × 23.8 ka = 26.9 ka. This
compares favourably with the new period of 27.1 ka I
obtained using the Blackman–Tukey method. The agreement
between these estimated periods and those obtained by the
B–T method is generally poorer for the longer (~100 ka)
periods (i.e. the estimated uncertainty in the new period
estimate is larger for larger periods). The reason for this is
given in the online appendix,43 which provides a means of
estimating this uncertainty.
Unlike the SIMPLEX timescales, the ELBOW timescale
for the PATCH Composite ‘core’ did not have a perfectly
constant slope versus depth; the radiocarbon age of 9.4 ka
(table 2 in the Pacemaker paper) remained the same both
before and after stretching of the timescale, and a third
anchor point (at 8.25 cm) was used in the E49-18 section
of the PATCH core. Hence, this shortcut method was not
strictly valid, and I did not calculate error estimates for
this particular case. Nevertheless, there was still generally
good agreement between periods calculated using this ‘easy’
method and the B–T method (table 4).
These comparisons were obtained using my estimates
for the periods of the spectral peaks, calculated using
reconstructed data. Although these results are generally
in good agreement with the original published Pacemaker
results, there are some discrepancies, likely due to subtle
errors in the values of the reconstructed data. However,
one can also use this method and the original published
Pacemaker results to estimate the periods that the Pacemaker
authors would have themselves obtained had they used
the currently accepted age of 780 ka for the B–M reversal
boundary in their calculations.
Since the earth’s inferred orbital cycles are quasi-periodic,
the frequencies expected from Milankovitch theory will not
be exactly the same before and after the stretching of the
timescales for the cores. However, one typically expects
periods of lengths ~100, 41, and 19–23 ka to result from
such orbital calculations. The new results are generally
in poor agreement with Milankovitch expectations. This
is especially true for the new E49-18 and PATCH results
(tables 3 and 4).
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Table 3. Period estimates for the dominant spectral peaks calculated
for E49-18 summer sea surface temperature (SST), oxygen isotope
(δ18O), and percent abundance of the radiolarian species Cyclodophora
davisiana (%Cd). Original period estimates were reported to the nearest
thousand years in Hebert15, although I have here reported the smaller
period estimates to one decimal place to reduce round-off error. The new
period estimates were obtained using both the Blackman–Tukey method
and the ‘easy’ method described in the text.

E49-18 SIMPLEX
Original Time Interval (ka)

363.0

New Time Interval (ka)

402.8

PATCH ELBOW

SST P0 (ka)

99

43.6

23.5

SST Pnew: easy method (ka)

110

48.4

26.1

SST Pnew: B–T method (ka)

113

48.9

26.2

δ18O P0 (ka)

105

47.1

25.2

δ O Pnew: easy method (ka)

117

52.3

28.0

δ18O Pnew: B–T method (ka)

120

53.1

27.8

% C. d. P0 (ka)

149

% C. d. Pnew: easy method (ka)

165

% C. d. Pnew: B–T method (ka)

151

18

Table 4. Period estimates for the dominant spectral peaks within the
PATCH composite ‘core’. Shown are the periods of dominant spectral
peaks for summer sea surface temperature (SST), oxygen isotope
(δ18O), and percent abundance of the radiolarian species Cyclodophora
davisiana (%Cd). Original period estimates were reported to the nearest
thousand years in Hebert15, although I have here reported the smaller
period estimates to one decimal place to reduce round-off error. The new
period estimates were obtained using both the Blackman–Tukey method
and the ‘easy’ method described in the text.

Power to the people!
That the original Pacemaker results are now moot has
important implications for both geochronology and ‘climate
change’ speculation, discussed in part 2 of this series.
Due to the complicated issues involved in the ‘climate
change’ debate, it is often very difficult for voters, policy
makers (and even other scientists!) to verify for themselves
scientific results that are relevant to the debate. This is a rare
exception—laypeople without a knowledge of calculus, and
even high school students, can verify these new results. I
have verified for myself that the original period estimates P0
in the original Pacemaker paper are approximately correct,15
but one does not need to take my word for it in order to
make a logically compelling internal critique against the
Pacemaker paper. Remember that uniformitarian scientists
have themselves claimed for 40 years that the original
Pacemaker results were accurate and that we should believe
them. For the sake of argument, one can simply accept
this claim as a ‘given’. And since uniformitarians are now
claiming that the age of the B–M reversal boundary is 780
ka (rather than 700 ka), the new results (which agree poorly
with Milankovitch expectations) are the logical consequence
of their own claims. Uniformitarians have shot themselves
in the proverbial foot!

Original Time Interval (ka)

486

New Time Interval (ka)

544

SST P0 (ka)

94

40.6

23.2

SST Pnew: easy method (ka)

105

45.4

25.9

SST Pnew: B–T method (ka)

112

45.8

26.4

δ18O P0 (ka)

105

42.6

24.2

19.4

δ18O Pnew: easy method (ka)

117

47.6

27.1

21.7

δ18O Pnew: B–T method (ka)

121

48.2

27.1

22.3

% C. d. P0 (ka)

138

41.6

24.2

% C. d. Pnew: easy method (ka)

154

46.5

27.1

% C. d. Pnew: B–T method (ka)

155

45.8

26.9

Unfortunately, this shortcut method will not work with
the trials using the uppermost E49-18 data that had been
omitted in the original Pacemaker analysis. However, given
that the estimated age of 12 ka for the top of the E49-18
core used in those trials seems to have been obtained via
little more than an educated uniformitarian guess,44 the
significance of those results is somewhat in doubt, anyway.
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