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The “Pacemaker of the Ice Ayes” Paper Revisited:
Closing a Loophole in the Refutation

of a Key Argument for

Milankovitch Climate Forcing

Jake Hehert’

Abstract
he 1976 “Pacemaker of the Ice Ages” paper by Hays, Imbrie, and

Shackleton largely convinced the secular scientific community that

Earth’s orbital and rotational motions are affecting climate. The authors

performed power spectrum analyses on variables of presumed climatic

significance within two deep-sea Indian Ocean sediment cores, analyses

that showed dominant spectral peaks at frequencies corresponding to

calculated 100-, 41-, and 23-thousand-year astronomical cycles. Previ-

ous research showed serious problems with this paper, as it implicitly

assumed an age of 700 thousand years for the Brunhes-Matuyama (B-M)

magnetic reversal boundary, rather than the currently-accepted age of

780 thousand years. Furthermore, secular scientists have argued for the

existence of discontinuities in the cores that were used either directly

or indirectly in the analyses, and they have also made modifications to

the data sets used in the Pacemaker analysis. When all these changes

are taken into account, the Pacemaker analysis provides no convincing

support for the currently-accepted version of the Milankovitch hypoth-

esis. In fact, agreement with Milankovitch expectations is worse than

the previously published new results obtained using the reconstructed

original data sets.

ous problems (Oard, 2005, 2007, 2014; Cronin, 2010), it is now

The astronomical (or Milankovitch) hypothesis is the currently  widely accepted on the basis of a 1976 paper published in Sci-
dominant secular explanation for the fifty or so Pleistocene  ence entitled “Variations in the Earth’s Orbit: Pacemaker of the
ice ages said to have occurred within the last 2.6 million years Ice Ages” (Hays, Imbrie, and Shackleton, 1976). Because the
(Walker and Lowe, 2007). Although the theory has many seri-  astronomical hypothesis of climate forcing implicitly assumes
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the existence of “deep time,” the Pacemaker paper has become
not just a key argument for the astronomical hypothesis, but an
iconic argument for an old FEarth as well. The significance of
the Pacemaker paper is indicated by the fact that both Nature
and Science published articles commemorating its fortieth
anniversary (Maslin, 2016; Hodell, 2016).

Hays, Imbrie, and Shackleton performed spectral analyses
on three variables within two southern Indian Ocean deep-sea
sediment cores designated as RC11-120 and E49-18. These
three variables were the oxygen isotope ratios (denoted by the
shorthand notation 3'®0) of the foraminiferal species Globige-
rina bulloides, the percent abundance of the radiolarian species
Cyclodophora davisiana, and (southern hemisphere) summer
sea surface temperatures, also inferred from radiolarian data.
The results showed climate cycles corresponding to periods of
100, 42, and 23 thousand years (100, 42, and 23 ka). They also
showed evidence of a 19 ka cycle, although others (Muller and
MacDonald, 2000, pp. 74-78) have argued that this apparent
cycle was not “real.” Since orbital calculations show dominant
cycles having nearly those same lengths (100, 41, and 23 thou-
sand years), the Pacemaker paper was seen as strong evidence
for the hypothesis of Milankovitch climate forcing.

However, the original Pacemaker results are invalid
(Hebert, 2016¢), even by uniformitarian reckoning, due to a
significant age revision made by uniformitarian scientists in
the early 1990s. In order to better understand the methodol-
ogy of the Pacemaker paper and why its results are invalid, it
is necessary to first cover some background material. Readers
already familiar with the concepts of oxygen isotope ratios and
Marine Isotope Stages (MIS) may wish to skip the following

two sections.

Background:

Foraminiferal Oxygen Isotope Values
Microscopic marine creatures called foraminifera construct
shells, or tests, that are composed of calcium carbonate
(CaCQ,). Planktonic foraminifera float freely in the water
column (Mortyn and Charles, 2003), whereas benthic fora-
minifera live on or in the seafloor sediments (Kingston, 2010).
When these organisms die, their shells contribute to the debris
accumulating on the ocean floor. Scientists often measure the
180 and 'O isotopes in a foraminiferal shell and use this to
calculate a quantity called the oxygen isotope ratio, indicated by
the symbol 6*O. These values are reported relative to a standard
8180 value, in units of parts per thousand (“per mille,” or %o):
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Evaporation preferentially favors the removal of ‘lighter’
isotopes (such as '°O) from a reservoir of oxygen atoms (such
as water molecules in an ocean), and this preferential evapora-
tion is more pronounced at lower temperatures. Hence, during
an ice age, one would expect the oceans to be more depleted
in %0, or equivalently, more enriched in 8O, compared to
some standard value. Since foraminifera use oxygen atoms
to make their shells, one thus expects higher 880 values in
shells constructed by foraminifera during an ice age. Therefore,
the oxygen isotope signal within a sediment core is thought
to be a climate indicator, with higher 8'%0 values indicating
colder temperatures or, more precisely, times of high global
ice volume (Wright, 2010). Likewise, lower 8'*0 values within
the sediments are thought to indicate times of low global ice
volume. Conversely, higher (less negative) 8'30 values within
ice cores are thought to correspond to times of less global ice
volume, and lower (or more negative) 8'°0 values are thought
to correspond to times of greater global ice volume. Of course,
creation scientists have long pointed out issues that complicate
this simplistic understanding of seafloor sediment and ice core
30 values (Oard, 1984; Vardiman, 1997).

Nevertheless, the Pacemaker authors used planktonic
oxygen isotope ratios from the two Indian Ocean sediment
cores in their analysis (Hays, Imbrie, and Shackleton, 1976).
This is potentially problematic, since planktonic 80O values
are much more susceptible to short-term, local temperature
and chemical variations than benthic 8'%0 values (Oard, 1984;
Karner et al., 2002, p. 1). Hence, it may not represent a truly
global climate signal, even within a uniformitarian framework.
However, we here overlook this potential difficulty and focus
on other problems with the Pacemaker paper.

Backyround:
Marine Isotope Stages

Because uniformitarian scientists believe that this oxygen
isotope signal is a global climate indicator (Prell et al., 1986,
p. 137), they believe that, in theory, the oxygen isotope signal,
plotted as a function of depth, for one sediment core should
look basically the same as the oxygen isotope signal for another
sediment core. Of course, uniformitarians recognized that in
actual practice this will rarely be the case; changes in sedimen-
tation rates, local weather effects, post-depositional processes,
etc., can obscure or distort this idealized signal. Nevertheless,
if oxygen isotope features can somehow be accurately dated
in one sediment core, uniformitarian scientists believe that it
should be possible to transfer those ages to (presumed) cor-
responding oxygen isotope features in another sediment core
(Figure 1).

In order to facilitate this

¢

‘wiggle matching” process,
uniformitarian scientists devised a concept called marine
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Figure 1. Because uniformitarian scientists believe that the
oxygen isotope (8'0) signal is a global climate indicator,
they assume that similar $'%0 features in different sediment
cores are the same age (provided that the §'*0 signals in the
cores have not been distorted by local weather effects, post-
depositional processes, etc.).

isotope stages (MIS). Generally, but with some exceptions,
odd-numbered marine isotope stages indicate warm periods
(interglacials), and even-numbered marine isotope stages
denote ice ages (glacials). The boundaries between marine
isotope stages are generally located at depths at which the
8'%0 signal has transitioned halfway from a local minimum to
a local maximum, or vice versa (Gibbard, 2007). Prominent
features within a particular marine isotope stage are indicated

with a number following a decimal. Particularly low 8§30 val-

ues within a marine isotope stage (indicating times of relative
warmth within a glacial or interglacial) are indicated by odd
numbers after the decimal, whereas particularly high 850
values within the MIS (indicating times of relative coolness
in a glacial or interglacial) are indicated by even numbers after
the decimal, with the post-decimal numbers decreasing as one
moves up the core toward younger ages. For instance, MIS 5
is thought to contain three dominant "0 troughs, labelled
as 5.1,5.3,and 5.5, with 5.1 being the youngest and 5.5 being
the oldest. Originally, the entirety of MIS 5 was thought to be
an interglacial, but now uniformitarian scientists argue that
this is only true of MIS 5.5. MIS events 5.1 and 5.3 have since
been grouped together with MIS 2, 3, and 4 and counted as

representing the most recent ice age (McManus et al., 1994,
p. 326). By convention, MIS boundaries between two marine
isotope stages are indicated by the number of the earlier stage
followed by a decimal and a zero. For instance, the boundary
between stages 1 and 2 is denoted as MIS 2.0

Age Assignments for the Pacemaker Paper

Prior to performing their analyses, the Pacemaker authors had
to assign tentative timescales to the two Indian Ocean cores.
Even uniformitarians acknowledge that, with some exceptions
(e.g., radiocarbon dating of the uppermost sediments and
uranium series dating), radioisotope dating methods cannot
be used to directly date seafloor sediments. Hence, they had
to use a “backdoor” approach to obtain these preliminary
age-scales. Potassium-argon dating had previously been used
to assign an age of 700 ka to volcanic rocks recording what
was believed to be the most recent “flip” or “reversal” of the
earth’s magnetic field, the Brunhes-Matuyama (B-M) magnetic
reversal (Shackleton and Opdyke, 1973).

Uniformitarians believe that magnetic reversals occur
slowly, taking on average about seven thousand years, although
with a large degree of latitude-dependent variation (Clement,
2004). However, uniformitarian scientists themselves have
claimed evidence for multiple, extremely rapid, past magnetic
reversal events (Coe, Prévot, and Camps, 1995; Bogue and
Glen, 2010; Sagnotti etal., 2014). Hence, the evidence would
seem to strongly favor rapid magnetic reversals, which are
quite unexpected in the uniformitarian framework. Creation
scientists associate these reversals with the upheaval of the
Genesis Flood and argue that the apparent erratic timing of
the reversals is a consequence of an incorrect uniformitarian
timescale (Humphreys, 1986, 1990).

Since seafloor sediments contain magnetic minerals, they
can, in principle, also record these magnetic reversals. There-
fore, uniformitarians transferred this age of 700 ka to the most
recent apparent magnetic reversal (located at a depth of 1200
cm) within the western Pacific core V28-238 (Hays, Imbrie,
and Shackleton, 1976; Shackleton and Opdyke, 1973). The
V28-238 core is extremely important to uniformitarian scien-
tists because of the (presumed) very constant rate at which its
sediments were deposited; its deposition rate was thought to
be the most constant of any deep-sea cores then in existence
(Shackleton, Berger, and Peltier, 1990, p. 258). Hence, if the
age of the top of the V28-238 core were known, uniformitar-
ian scientists could then use the assumption of a constant
sedimentation rate to assign ages to the marine isotope stage
boundaries within the V28-238§ core, and, since the isotopic
signal was assumed to be globally synchronous, these ages
could then be transferred to the oxygen isotope signals in
other sediment cores. Because of its importance, the isotope
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record in the V28-238 core has been called a kind of ice age
“Rosetta Stone” (Woodward, 2014, p. 97). The Pacemaker
authors transferred some of these MIS boundary ages to the
(presumably) corresponding isotopic features in the RC11-120
and E49-18 Indian Ocean cores.

However, in the early 1990s, uniformitarian scientists arbi-

trarily raised the age of the B-M magnetic reversal boundary to
780 ka (Shackleton, Berger, and Peltier, 1990; Hilgen, 1991) so
that isotopic wiggles in other sediment cores would agree with
Milankovitch expectations! This revision was later ostensibly
“confirmed” by radioisotope dating (Spell and McDougall,
1992). However, uniformitarians never went back to see what
this age revision would do to the original Pacemaker results.
Hebert (2016¢) used Shackleton and Opdyke’s (1973) method
to recalculate the ages for the marine isotope stage boundar-
ies using this new age assignment and then re-performed the
Pacemaker calculations. The results showed that this age
revision significantly weakened the case for Milankovitch
climate forcing.

In fact, there is a “shortcut” by which even non-specialists
can quickly verify that these new results are at least approxi-
mately correct (Hebert, 2017a, ¢, d), using nothing more than a
pocket calculator and basic high school algebra. Furthermore,
there are good reasons to suspect that uniformitarian scientists
do not have a good “replacement” for the Pacemaker paper
(Hebert, 2017b), which means that there is no objective evi-
dence for the astronomical theory (hypothesis, really), even
within a uniformitarian framework.

Revised Data Values

However, uniformitarians have made other changes that con-
ceivably could also have affected the results of the Pacemaker
analysis. For the sake of rigor, these additional changes should
also be taken into account when redoing the calculations.

First, uniformitarians have made additional measurements
within the RC11-120 and E49-18 cores, and these newer
measurements sometimes disagree somewhat with the older
measurements. For this analysis [ used the most recent publicly
available versions of the relevant data sets I could find. For
the RC11-120 80 values, I used the data of McIntyre and
Imbrie (2000), accessed at https://doi.pangaea.de/10.1594/
PANGAFEA.56357?format=html#download. These data are
shown in Figure 2.

For the E49-18 8'°0 data, I merged the 10 cm resolution
data from Hays, Imbrie, and Shackleton (1997) with Rickaby
and Elderfield’s (1999) higher resolution (5 cm) data for the
uppermost core section. These data sets were accessed at https://
doi.pangaea.de/10.1594/PANGAEA.52207 and ftp:/ftp.nede.
noaa.gov/pub/data/paleo/paleocean/sediment_files/complete/
e49—18r-tab.txt.
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Figure 2. RC11-120 8'30 values and MIS events.
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Figure 3. E49-18 680 values and MIS events.

Actually, the values reported by Hays, Imbrie, and Shackle-
ton (1997) in the upper core section were themselves the simple
averages of the values reported by Rickaby and Elderfield
(1999). Hays, Imbrie, and Shackleton reported two different
8180 values (2.99%0 and 2.86%o0) at a depth of 15.5 meters, so
[ used the simple average (2.93%o) of these two values at that
depth. These data are shown in Figure 3.

Likewise, I used the RC11-120 SST values provided by
Hays, Imbrie, and Shackleton (1997), which were archived at
https://doi.pangaea.de/10.1594/PANGAFEA.52223?format=ht
ml#download. SST values for the E49-19 core were provided
by Howard and Prell (1992) and accessed at https://wwwl.
ncde.noaa.gov/pub/data/paleo/paleocean/sediment_files/sst/
e49-18_ssts-tab.txt . Unlike the previous SST estimates, these
new E49-18 SST estimates were based on foraminiferal, rather
than radiolarian, data. However, the new SST estimates were

generally “in phase” with the previous temperature estimates
(Hebert, 2016a).
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The SPECMAP values of the percentages of C. davisiana
values within the RC11-120 core were provided by Martinson
et al. (1987), and these were accessed at https://doi.pangaca.
de/10.1594/PANGAEA.517067format=html . For the percent-
ages of C. davisiana within the E49-18 core, | used my values,
which I reconstructed from Figures 2 and 3 in the Pacemaker
paper (Hebert, 2016a, Table A6), as I could not find a compila-
tion of these values elsewhere.

Alleged Core Discontinuities
Uniformitarians originally claimed that continuity of the V28—
238 core was “virtually proved” (Emiliani and Shackleton, 1974,
p- 513). However, they later reversed themselves and claimed
that V28-238 had been disturbed within marine isotope stages
5and 11 (Imbrie et al., 1984; Prell et al., 1986). However, the
supposed discontinuity in stage 5 was not considered significant,
as Prell et al. (1986, p. 149) did not attempt to correct for it.
However, they did correct for supposed stretching of the core
in stage 11; in order to compensate for this, three “extraneous”
data points were removed (Prell et al., 1986, p. 149), causing
depths below 723 cm in V28-238 to be decreased by 30 cm
(Imbrie et al., 1984, p. 288). In some cases, uniformitarians
revised these depth estimates slightly. See online V28-238 data
archived at https://doi.pangaea.de/10.1594/PANGAEA.51710?
format=html#download, which I used to construct my Figure
4. I also used these data, along with the data from Prell et al.
(1986, pp. 144-148), to construct my Table 1. All MIS events
in Table 1 came from Prell etal. (1986), with the exception of
MIS events 13.0 and 13.1. Although Prell et al. (1986, p. 146)
claimed that the MIS 13.0 boundary was “difficult to pick,” my
identification of a depth of 781 c¢m with this boundary seems
reasonable, given that Prell et al. identified the positive 80O
peak to the right as MIS 13.2 and the §'°0 trough to the right
of 13.2 as 13.3. Given those two choices, it seems obvious that
the 8'80 trough to the left of MIS 13.2 (at a depth of 802 cm)
should be MIS 13.1. And if that is the case, what else can the
depth of 781 c¢m be but MIS 13.0?

These depth revisions alter the apparent depths of many
of the MIS boundaries in V28-238. Likewise, the apparent
depth of the B-M magnetic reversal boundary is revised
to 1200 cm — 30 cm = 1170 cm (Prell et al., 1986, p. 148).
Naturally, these revisions will alter the presumed ages for
those MIS boundaries. Figure 5 illustrates Shackleton and
Opdyke’s (1973) method for obtaining the ages for the MIS
boundaries but uses new depth values and the revised age for
the B-M reversal boundary. As noted earlier, Figure 4 depicts
the V28-238 8'80 signal plotted as a function of these adjusted
depth values.

Of course, one should consider the possibility that there
might also be hitherto unnoticed discontinuities in the

V28-238 Depth (meters)

30

05

Figure 4. V28-238 8'30 values as a function of revised depth
values, with indicated marine isotope stage (MIS) events.
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Figure 5. Demonstration of the method used by Shackleton
and Opdyke (1973) to assign ages to the V28-238 marine
isotope stage (MIS) boundaries, but using the revised age
of the Brunhes-Matuyama magnetic reversal boundary and
revised depths for the V28-238 data. Hays, Imbrie, and
Shackleton used a handful of these (unadjusted) ages in their
famous 1976 “Pacemaker of the Ice Ages” paper.

RC11-120 and E49-18 cores as well. This is addressed in
the following sections.

Checking For Discontinuties
in RC11-120 and E49-18:
Shaw Diagrams
Correcting for these supposed discontinuities within the V28—
238 sediment core should theoretically yield a plot of 830 versus
depth that suffers from no remaining distortions. In that case,
the assumed age of 0 ka at the core top would imply that the
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Table 1. Depths of marine isotope stage events (up to 13.3) in the V28-238 deep-sea core, after accounting for the revisions

described by Imbrie et al. (1984) and Prell et al. (1986).

revised depths within the V28-238 core are truly proportional
to age. Hence, the (presumed correct) V28-238 830 signal in
Figure 2 can be used to test for disturbances and/or changes in
sedimentation rates within other sediment cores. If one plots the
depths at which particular 8O features were found within the
V28-238 core on one axis of a graph, and the depths at which
those same (presumed) features were found within another core
on the other axis, the result is known as a Shaw diagram (Shaw,
1964; Prell et al., 1986). These plots often consist of a number
of straight line segments, sometimes separated by “gaps” and/

V28-238 V28-238 V28-238 V28-238

Min. V28-238 Max. Min. V28-238 Max.
MIS Depth | Most Likely [ Depth MIS Depth | Most Likely [ Depth
Event (cm) Depth (cm) (cm) Event (cm) Depth (cm) (cm)
1.1 5 10 15 8.3 443 452 463
2.0 15 25 30 8.4 463 468 483
2.2 35 42 45 8.5 483 489 501
3.0 45 55 65 8.6 489 501 511
3.1 62 71 75 9.0 501 511 522
3.3 85 91 101 9.1 522 531 543
4.0 101 105 115 9.2 531 543 552
4.2 111 115 123 9.3 552 571 583
5.0 123 125 135 10.0 583 593 603
5.1 135 145 151 10.2 595 603 611
5.5 201 210 215 11.0 611 620 641
6.0 215 220 251 11.1 632 652 663
6.4 261 271 282 11.2 663 671 691
6.5 282 302 322 11.3 691 712 722
6.6 322 332 343 12.0 722 727.5 733
7.0 332 337.5 343 12.2 733 741 752
7.1 332 343 353 12.3 741 752 761
7.2 353 364 370 12.4 752 761 771
7.3 364 383 392 13.0 741 781 792
7.4 392 399 410 13.1 781 802 821
7.5 399 410 432 13.2 812 821 830
8.0 422 432 443 13.3 821 830 840
8.2 432 443 452

or exhibiting discontinuities in their respective slopes. Together
these line segments make up the “line of correlation” (LOC).
Since the depths (from the V28-238 core) on the vertical axis
are assumed to be correct, the depths on the horizontal axis may
be “corrected” by mapping them onto the vertical axis, thereby
converting them to the V28-238 “reference” depth scale. Once
this has been done, the (presumed correct) V28-238 linear age
scale is applied to the data from the test core.

Figure 6 illustrates the basic concept. A set of clearly identi-
fiable MIS events common to both the reference core and the



Volume 54, Fall 2017

test core is used to compare relative sedimentation rates in the
two cores. Because there is some uncertainty in the depth of an
MIS event, the events are represented by small rectangles, with
the horizontal sides of the boxes indicating depth uncertain-
ties in the test core and the vertical sides representing depth
uncertainties in the reference core. These events are used to
construct the line of correlation (LOC), with the LOC prefer-
ably passing through all the event boxes.

If one grants the assumptions that the 3'%0O signal is glob-
ally synchronous and that the MIS events have been correctly
identified in both cores, then the Shaw diagram can be used
to compare relative sedimentation rates between the two cores.
For instance, the time between events #1 and #2 in Figure 4 is
At, in both cores, but during that time interval, a greater thick-
ness of sediment was deposited in the reference core than in
the test core, indicating that the sedimentation rate within the
reference core was faster. However, during the time interval
At, a greater amount of sediment was deposited in the test core
than in the reference core, indicating that for that time interval,
the test core had a faster sedimentation rate.

Hence, changes in the slope of the line of correlation indi-
cate a change in relative sedimentation rate between the two
cores. Since the sedimentation rate of the reference core (in
this case, the V28-238 core) is assumed to be constant, changes
in slope are assumed to be due to changes in sedimentation
rate within the test core. One may correct for these presumed
changes in sedimentation rate by transforming depths in the
test core to depths in the reference core.

In their analysis, Prell et al. (1986) combined the RC11-
120 and E49-18 80 data into a single isotopic signal before
comparing this composite signal to the V28-238 reference
signal. However, this is extremely dubious, because their new
depth scale had to be, to some degree, fictitious. This is because
one particular isotopic feature, the MIS 6-5 boundary (or, in
decimal notation, MIS Event 6.0), was located at one depth
(440 cm) within the RC11-120 and at another depth (490 cm)
in the E49-18 cores. Which depth, then, was plotted on the
Shaw diagram? Based on their Figure 6, it appears that Prell
et al. (1986, p. 151) used the RC11-120 depth scale. This
means that depths within the E49-18 core had to somehow
be converted to the RC11-120 depth scale before they con-
structed their Shaw diagram. But this would require them to
make assumptions about the relative sedimentation rates for
the RC11-120 and E49-18 cores. But the very purpose of a
Shaw diagram is to check for changes in sedimentation rates,
rather than to simply make assumptions about those rates!
Would it not make more sense to actually check for relative
changes in sedimentation rates in the two cores separately?
Then, after such changes had been identified and corrected
separately in both cores, the two data sets could be combined
into a composite data set, if need be, on a common depth scale.

Depth in Test Core (cm)

Event #1
L
R

Event #3

Depth in Reference Core (cm)

Figure 6. Conceptual illustration of a Shaw diagram, which
compares the sedimentation rates within a test core to the
(presumably constant) sedimentation rate in a “standard”
core, such as V28-238. Each small box illustrates the depth
uncertainties for a given isotopic event that has been identi-
fied in both the test and standard cores.

For this reason, I constructed separate Shaw diagrams for
the RC11-120 and E49-18 cores. With a few exceptions, [ used
the isotopic features identified by Prell et al. (1986) and Howard
and Prell (1992). However, because I used a newer version of
the RC11-120 88O data than did Howard and Prell (1992),
my estimates for the locations of some isotopic events differed
from theirs, particularly near the bottom of the RC11-120 core.

Isotopic Events Used in the Analysis
The isotopic events identified by Howard and Prell (1992)
within the RC11-120 and E49-18 cores are listed in their
Table 3 (pp. 88-90). Likewise, the depth range (maximum
and minimum possible depths) associated with each isotopic
event within the V28-238 core are found within Table 2 (pp.
144-148) in Prell et al. (1986). Note that the notation “SRC”
in Prell et als Table 2 refers to the V28-238 core (Prell et
al., 1986, p. 148). Actually, “SRC” seems to be a typo; Prell
etal. called V28-238 the standard reference section (p. 148);
hence the acronym at the head of their Table 2 should really
be “SRS,” as it is in their Figure 1 caption. The most likely
position of each V28-238 isotopic event was obtained by visual
inspection of a graph of the V28-238 830 data, plotted as
a function of depth. These data were obtained from https://
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Table 2. Marine isotope stage events in the RC11-120 deep-
sea core that were used to place the RC11-120 data on the
V28-238 depth/age scales.

RC11- RC11-
120 Min. | RC11-120 | 120 Max
MIS Depth | Most Likely | Depth
Event (cm) Depth (cm) (cm)
1.1 10 20 30
2.0 30 45 55
2.2 60 70 85
3.3 175 185 195
4.0 205 215 220
4.2 220 225 235
5.0 245 250 270
5.1 255 290 300
5.5 410 420 435
6.0 435 440 455
6.6 595 600 605
7.0 605 620 635
7.1 630 645 655
7.3 670 675 695
7.4 700 722.5 740
7.5 740 760 775
8.0 775 785 790
8.2 790 805 8§20
8.3 815 830 840
8.4 835 840 855
8.5 855 865 895
8.6 865 895 905
9.0 900 910 920
9.1 920 927.5 940
9.2 940 950 950

doi.pangaea.de/10.1594/PANGAEA.51710?format=html#do
wnload . Generally, there was very good agreement between
the depth ranges listed by Prell et al. (1986) and the online
V28-238 80 data.

Prell et al. (1986) further narrowed the possible depth
ranges of MIS events by comparing data from more than a
dozen sediment cores. They also listed these more restrictive

depth ranges in their Table 2. However, [ elected not to use
these narrower depth ranges to construct my Shaw diagrams
for a number of reasons. First, Prell et al. (1986) also used the
RC11-120 and E49-18 data to obtain these narrower depth
ranges. However, as noted earlier, they incorrectly “lumped”
the RC11-120 and E49-18 data together (their p. 151), treat-
ing them as data obtained from a single core. Hence, this error
could have biased their results. Attempting to correct for their
mistake would require making separate Shaw diagrams for all
the dozen or so sediment cores used in Prell et als (1986)
study, and then attempting to find an overall error range for
each MIS event. Needless to say, this would be a lot of work,
and it does not seem necessary; although the incorrect “lump-
ing” of the RC11-120 and E49-18 data together may have
biased the results somewhat, the Shaw diagrams one obtains
using the narrower error ranges (their so-called SCU values)
are very similar to those obtained otherwise (the SRC values
from the V28-238 core). Hence, using the wider error ranges
for the MIS events is unlikely to significantly alter the overall
results, and given the effort required to obtain those narrower
error ranges, it is likely not worth the effort. Second, it seems
reasonable to avoid using data from a large number of cores,
since doing so requires correct identification of the same (pre-
sumably global) MIS events in all the dozen or so cores. This
greatly increases the possibility of incorrect identification of
an MIS event or events.

Obtaining the RC11-120 Line of Correlation
The twenty-five isotopic features I used to place the RC11-120
data on the V28-238 depth scale are shown in Table 2. Most of
these features came from the list provided by Howard and Prell
(1992). However, none of their identified isotopic features were
located within the uppermost 100 cm or so of the RC11-120
core. In order to obtain a better “spread” of data close to the
origin, L also included the 1.1, 2.0, and 2.2 MIS features. These
isotopic events seemed like reasonable additions to the list since
they are fairly easy to identify. I also included the 8.6, 9.0, 9.1,
and 9.2 MIS events. These four events were not included in
Howard and Prell’s list, but I included them to reduce uncer-
tainty in the new depth scale at the bottom of the core. This
was rather tricky, due to a gap of missing 8'%0 data between 865
and 895 c¢m, but I estimated the locations of these four events
to the best of my ability by assuming that the prominent §'30
peak at 895 cm was MIS Event 8.6, and that the very bottom
of the core (depth of 950 cm) was MIS Event 9.2. Note that
this caused my depth assignments for MIS Events 8.4 and 8.5
to be noticeably different from the depths assigned by How-
ard and Prell. However, this seemed on balance to be more
charitable to the Milankovitch theory, as my depth assignments
were more consistent with those implied by Hays, Imbrie, and
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Shackleton’s (1976) Figure 2, and those assignments yielded
results that were quite favorable to the theory.

[ estimated the minimum and maximum possible depths
for each RC11-120 isotopic features to the best of my ability,
although this eventually turned out to be unnecessary. As a
general rule, the “line of correlation” does not necessarily
have to pass through the “centers” of all the data points; it only
needs to fall within each of the error “boxes” for each point.
Obviously, one needs to know the estimated errors in order to
meet this requirement. However, I discovered through trial and
error that better alignment results between the corresponding
8% troughs and peaks of the test and reference cores if one
does force the line of correlation to pass through the “centers’
of all the data points. This makes sense, because the “center”
of each data point represents the “most likely” location of the
corresponding isotopic event. Figure 7 shows the Shaw diagram
for the RC11-120 and V28-238 8'%0 data, and Figure 8 shows
the RC11-120 and V28-238 3'%0 data, both plotted on the
V28-238 depth scale. There is very good alignment between
the corresponding 8'30 features within the two cores, showing
that the RC11-120 data has been successfully placed on the
V28-238 depth scale.

4

Obtaining the E49-18 Line of Correlation
In a similar fashion, I plotted 25 isotopic events common to
both the E49-18 and V28-238 cores (Figure 9). All but three
of these isotopic events were included in Howard and Prell’s
(1992) E49-18 data from their Table 3. Their table excluded
the MIS 6-5 and 8-7, and 12-11 stage boundaries (the MIS
6.0, 8.0, and 12.0 events), but it seemed reasonable to include
them since these were age anchor points used in the Pacemaker

RC11-120 Depth (cm)

g
V28-238 Depth e

Figure 7. My Shaw diagram for the RC11-120 and V28-238
80 data, constructed using the MIS events common to
Tables 1 and 2.

analysis. Figures 3 and 4 show the locations of the identified
isotopic events in the two cores, and Tables 1 and 3 provide
these data in tabular form. Occasionally, the discrete nature
of the data required me to place an event between two data
points; for instance, the isotopic event 6.0 in E49-18 should
be about halfway between the data points at 490 cm and 500
cm; hence, [ reported this depth as 495 cm.

I chose to exclude from my analysis data from above MIS
event 6.0 in the E49-18 core, as did the Pacemaker authors,
mainly because use of those data points would have added
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Figure 8. Comparison of the RC11-120 and V28-238 'O
signals, after the RC11-120 data were placed on the revised
V28-238 depth scale.
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Figure 9. MIS events identified in both the E49-18 and
V28-238 §'0 data.
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Table 3. Marine isotope stage events in the E49-18 deep-
sea core that were used to place the E49-18 data on the
V28-238 depth/age scales, as well as the six MIS events in the
uppermost core section that were not used in this analysis.

E49-18 E49-18
Min. F49-18 Max
MIS Depth | Most Likely | Depth
Event (cm) Depth (cm) (cm)
2.0 0 0 5
2.2 30 40 55
3.3 165 190 200
4.2 200 210 220
5.1 235 265 305
5.5 450 480 490
6.0 490 495 510
6.5 590 610 620
7.1 650 670 690
7.3 720 730 740
74 750 765 780
7.5 §00 §10 §20
8.0 §20 825 840
8.2 840 860 880
8.4 890 900 920
8.5 920 940 960
8.6 950 970 980
9.2 1010 1030 1080
9.3 1040 1095 1110
10.2 1130 1140 1170
11.1 1180 1200 1270
11.3 1250 1340 1350
12.0 1370 1390 1410
12.2 1430 1440 1460
13.0 1500 1505 1510

six additional line segments to my line of correlation (LOC).
Even without using data from the top of the core, I still needed
eighteen linear equations to place the E49-18 data on the
V28-238 depth scale. And since the Pacemaker authors did not
use the data from the uppermost part of the core, why should
I have to, especially when doing so requires five additional
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Figure 10. My Shaw diagram for the E49-18 §'*O data (bot-
tom two-thirds only) and the V28-238 data, constructed
using the MIS events common to Tables 1 and 3.
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Figure 11. Comparison of the E49-18 and V28-238 8'30
signals, after the E49-18 data were placed on the revised
V28-238 depth scale.

linear equations? Figure 10 shows the Shaw diagram that was
used to place the lower two-thirds of E49-18 data onto the
V28-238 depth scale.

The E49-18 80 data are shown in Figure 11, along
with the V28-238 data, after placing the E49-18 data on
the V28-238 depth scale. Note that the alignment between
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corresponding isotopic features is pretty good but not as good
as the alignment between the RC11-120 and E49-18 50
features. One could improve this alignment by using additional
MIS events in the Shaw diagram, but one runs the risk of mis-
identifying some of the additional isotopic features. Note also
that the “spike” in the E49-18 80 signal at about 240 cm in
Figure 11 is not a mistake, even though it does not align with
a comparable 380 feature in the V28-238 data; this feature
is simply not present in the V28-238 §'O data.

After placing the RC11-120 and E49-18 data onto the
V28-238 depth scale, I used the equation

Age (ka) :MUSO ka
1170 cm (2)

to transform the V28-238 depth scale into a timescale.

New Restuits

The original Pacemaker paper results were seen as strong
evidence for Milankovitch climate forcing because the appar-
ent lengths of the climate cycles (100, 42, and 23 ka) within
the geological spectra were very close to those of calculated
astronomical cycles (100, 41, and 23 ka). Of course, the revi-
sions uniformitarian scientists themselves have made to the
sediment core data have undone those original results. After
making these revisions, but still using the methodologies
of Shackleton and Opdyke (1973) and Hays, Imbrie, and
Shackleton (1976), I redid the Pacemaker power spectrum
calculations, the results of which are shown in Figures 12-20.
The use of newer 80 data sets sometimes moved slightly
the locations of the age control points used by the Pacemaker
authors; the MIS 6.0 and 12.0 events in the E49-18 core
are now located at 495 cm and 1390 cm, respectively, rather
than 490 cm and 1405 cm, as originally reported in the
Pacemaker paper.

Dashed double arrows within the figures indicate the ap-
proximate bandwidth for each spectrum, the meaning of which
is discussed in Hebert (2016b, p. 138). In the Pacemaker paper,
the original timescales for the RC11-120 and E49-18 cores
were arguably too short to obtain a good estimate of the period
of the eccentricity cycle, and the Pacemaker authors did not
bother doing so. However, the newer timescales (358 ka for the
RC11-120 core and 390 ka for the E49-18 core section) are
long enough to attempt to obtain these estimates, so I did so.

Vertical lines in each figure indicate the frequencies/periods
of the eccentricity, obliquity, and precession orbital cycles
for the calculated time intervals. In some cases, a resulting
astronomical peak was quite short relative to the other peaks,
or there was considerable uncertainty in the estimate of the

eccentricity frequency/period, as the eccentricity period was
a large fraction of the time interval assigned to the core. In
those cases, the vertical lines are dashed to indicate greater
uncertainty in those astronomical frequencies/periods.

The new RC11-120 timescale extends from 0 ka to 362 ka.
Because some of the RC11-120 data are missing from the very
top of the core, I elected to set (after interpolation of the data)
the timescale from 4 to 362 ka, so that all three data sets would

“cover” the same time interval. [ used an interpolated time-step
At = 2 ka, which resulted in n = 180 interpolated data points.
The power spectra in Figures 13 through 15 were obtained with
the variable m setto 110 (see Hebert 2016b, pp. 135-138, fora
discussion of the meaning of this parameter). Spectral analysis
performed on the orbital variables over this same time interval
(and using the same values of m and n) were used to obtain the
expected Milankovitch periods/frequencies. I used Berger and
Loutre’s (1991) orbital data, accessed at https://doi.pangaea.
de/10.1594/PANGAEA.56040?format=html#lcol0.ds1004521.

Before examining Figures 12-20, how do we determine
if the (central) frequency f; of a climate peak agrees with the
frequency obtained from the Milankovitch theory? As a first
approximation, one can take the uncertainty in the (central)
frequency £, of a spectral peak to be half the width of the peak,
measured at half the peak’s full height. In other words, the
uncertainty in the frequency is the half-width at half maxima
(HWHM). Hence, if a theoretically expected orbital frequency
lies inside the full-width-at-half maxima (FWHM) of the spec-
tral climate peak, then one can consider the central frequency
f, of the climate peak to agree with the frequency of the as-
tronomical peak (Muller and MacDonald, 2000, pp. 96-98).

Of course, there is also uncertainty in the orbital frequen-
cies, so one might wonder if perhaps we should calculate error
bars for the orbital spectra, too, and then check to see if the
climate and orbital error bars overlap. However, this is not
necessary. The uncertainty in a spectral frequency is mainly
due the background noise (Muller and MacDonald, 2000, p.
96). Thus, the greater the height of a spectral peak compared
to the background spectral power, the less the uncertainty in
the estimate of the frequency (Muller and MacDonald, 2000, p.
98). Orbital spectra have extremely high signal-to-background
ratios, so we can treat the uncertainties in the orbital frequen-
cies as being negligible.

The RC11-120 SST results (Figure 12) are not particularly
impressive. The expected precession frequencies do fall within
the full-width-at-halfmaxima (FWHM) for the F and G “peaks,”
although it is debatable whether these short “bumps” can
really be called “peaks.” The obliquity frequency just barely
falls outside the FWHM of the C peak. However, the A peak
is arguably consistent with Milankovitch expectations, as the
second eccentricity frequency does fall within the FWHM of
the A peak.
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Figure 12. Revised RC11-120 SST power spectrum.
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Figure 13. Revised RC11-120 8'*O power spectrum.

The RC11-120 80 spectral results (Figure 13) are in
better agreement with Milankovitch expectations. The lower
precession frequency (corresponding to 23.1 ka) falls within the
FWHM of the D peak. However, no climate peak appears at
the higher precession frequency (corresponding to 18.9 ka), but
given the uncertainty and relatively low height of this preces-
sion peak, this may not be a problem. The obliquity frequency
just falls on the rightmost edge of the FWHM for the B peak.
The A peak is in agreement with the eccentricity frequency.

The RC11-120 % C. davisiana spectral results (Figure
14) are in considerably worse agreement with Milankovitch
expectations. The A peak, according to the FWHM rule, is
barely in agreement with Milankovitch expectations, but this
is not the case for the B or C peaks.

The spectral results for data from the bottom two-thirds of
the E49-18 core are in extremely poor agreement with Mi-
lankovitch expectations, as can be seen from Figures 15-17.
After interpolation of the original data, the timescale extended
from 149 to 539 ka (n = 131 data points, with At=3.0 ka). The
parameter m was set equal to 80. Again, the timescale of 539
ka — 149 ka = 390 ka is arguably long enough to calculate a
theoretical value for the eccentricity frequency/period, so I did
so. However, the width of this eccentricity peak was quite wide,
so [ used a dashed vertical line to indicate greater uncertainty
in this particular frequency value. A “doublet” was again pres-
ent in the precession power spectrum.

Given these equivocal results, construction of the PATCH
composite data sets is not really justified, but for the sake of
completeness I constructed them anyway. The new PATCH
timescale (after interpolation) extended from 4 to 539 ka
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Figure 14. Revised RC11-120 % C. davisiana power spec-
trum.

(again, because some data were missing from the uppermost
part of the RC11-120 core; the age scale was started at 4 ka).
Because the radiocarbon age assignment of 9.4 (+ 0.6) ka ata
depth of 39 ¢cm within the RC11-120 core contradicted the
age assignment of 14.3 ka inferred from Eq. 2, this particular
age control point was excluded from the analysis. Interpolation
resulted in n = 215 data points with At= 2.5 ka. The parameter
m was set equal to 95. Because a test of statistical significance
implicitly assumes that the data are weakly stationary (Hu,
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Figure 15. Revised E49-18 SST power spectrum.
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Figure 17. Revised E49-18 % C. davisiana power spectrum.
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Figure 16. Revised E49-18 8'®0 power spectrum.
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Figure 18. Revised PATCH SST power spectrum.

2006), I de-trended the RC11-120 and E49-18 data separately
and normalized their standard deviations to 1.0 before combin-
ing them into a single data set (Hebert, 2016¢, p. 245). Again,
there was poor agreement between Milankovitch expectations
and the actual results.

Some uniformitarian scientists claim that the age of the
Brunhes-Matuyama magnetic reversal boundary is actually
790 ka (Berger et al., 1995; Karner et al., 2002; Muller and
MacDonald 2000, p. 159). L used the lower age estimate of 780

ka in order to be charitable to the Milankovitch hypothesis. Us-
ing the higher age estimate will “stretch” the timescales for the
sediment cores even further, potentially yielding results that are
in even poorer agreement with the Milankovitch hypothesis!

Conclusion
Although Hebert (2016¢) already demonstrated that the revi-
sion to the age of the Brunhes-Matuyama magnetic reversal
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Figure 20. Revised PATCH % C. davisiana power spectrum.

boundary adversely affected the original Pacemaker results,
there remained a slim but nonzero chance that these ad-
ditional changes could collectively “cancel” each other out,
yielding results that were again consistent with Milankovitch
expectations. The results of this paper seem to have closed that
potential loophole. Of course, uniformitarian scientists might
“quibble” with these results on the grounds that they do not
like my choice of MIS events that I used to construct my Shaw
diagrams. Admittedly, this was the hardest part of this research

project. The selection of the MIS events involved “judgment
calls,” and in some cases, it was genuinely difficult deciding
whether or not an MIS event should be included in the Shaw
diagrams, especially if that event was not included in the lists
by Prell et al. (1986) and Howard and Prell (1992). However,
I don’t think “tinkering” with the choice of MIS events is
likely to affect the results that much. I have done multiple
trials using different combinations of MIS events, and none
of them provided convincing evidence of the Milankovitch
theory. If uniformitarian climatologists want to contest these
results, they are certainly welcome to do the calculations for
themselves, something that, candidly, they should have done
more than 25 years ago!

It is obvious that the “Pacemaker” results cannot legiti-
mately be used as an argument for Milankovitch climate forc-
ing—even if uniformitarian paleoclimatologists are unwilling
to publicly admit this!
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