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ABSTRACf 

A computer program is developed for tuning paleoclimatic curves to match the orbital 

signals of obliquity, precession and eccentricity or their combination. The tuning consists of 

clicking a control point and pulling it along the time axis. The software has graphic and 

mathematical capabilities to perfonn a real-time orbital tuning displaying the resulting power 

spectrum and coherence function while the curve is being tuned. A random curve is orbitally 

tuned within the range of constrictions common in other marine chronostratigraphic studies. 

Results show that coherencies above 0.9 in the precessional and obliquity orbital bands and 

near the 100 Kyr eccentricity period may be achieved simultaneously as an artifact of the orbi

tal tuning. Furthennore, the solution of orbital tuning is non-unique. This example is a vivid 

proof that orbital tuning cannot be the basis of any support for the orbital theory, nor can it be 

used for quantitative estimates of the portion of orbital forcing. The 100 Kyr peak obtained by 

orbitally tuning paleoclimatic records to obliquity and precession should not be linked with 

eccentricity since coherence in the overall eccentricity band remains low, and since this 

phenomenon was also observed tuning a random curve. Analysis of the V28-238 o180 record 

before orbital tuning shows peaks in the power spectrum near orbital periods, which may either 

be coincidental or represent the blurred contribution of orbital forcing. By artificially removing 

these peaks, it is illustrated that this contribution is negligible. Tuning the V28-238 o180 

record to a previously published independent time scale based on constant aluminum accumula

tion and anchored by 11 2»rh dates shows even less similarity with the orbital signal. 



1. Background 

A consensus exists today, among marine chronostratigraphers that paleoclimatic records 

from deep-sea sediment cores vary with periodicities that match those of the earth's orl>ital 

variations (e.g. Hays et al., 1976; Imbrie et al., 1984; Martinson et al., 1987; and others). 

However, in order to obtain this match, it was necessary to calibrate the depth-in-core with 

time by the method of orbital tuning. Orl>ital tuning is an iterative process by which each 

excursion in the paleoclimatic curve being tuned is compared with a corresponding excursion 

in an orl>ital target curve; and if differences occur, an appropriate adjustment is made in the 

age of one or more control points. The target curve consists of a high latitude summer solar 

radiation curve (Milankovitch, 1941) or individual phase-shifted orl>ital signals. Sometimes 

digital filters are applied so that the comparison at each step of the iteration is done either in 

the precession band alone or in the obliquity band alone. Martinson et al. (1982, 1987) used 

an algorithm which iteratively changes the coefficients of an expansion of the mapping function 

between the depth in core and time in an orl>ital target curve. 

The justification for orbital tuning is based on a list of effects which blur and smooth the 

isotopic signal, broadening its spectral peaks and even introducing spurious peaks (Pestiaux 

and Berger, 1984). Among these effects are changes in the sedimentation rate; sediment tran-

sport; bioturbation - the mixing of the top layer of sediments by bottom dwelling organisms; 

vital and ecological effects; influence by ambient water temperature; changes in evaporation-

precipitation rate; stratigraphic disturl>ances and distortions due to the coring process itself. 

Orl>ital tuning is intended to recover the orl>ital infonnation in the isotopic record by modifying 

its time calibration. 

Hays et al. (1976) orl>itally tuned a composite record of oxygen isotope ratio (~180) from 

two deep-sea sediment cores (RCll-120 and E49-18). The records of the two cores were 

joined at tennination III and tuned at tennination II, III and V. Hays et al. concluded that 10, 
' 

25 and 50% of the variance correspond to precession, obliquity and eccentricity, respectively. 
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However, Evans and Freeland (1977) interpreted the results of their orbitally tuned age model 

as indicating that "there may be an astronomi,cal effect, but it is evidently small". 

Johnson (1982) suggested orbital tuning as an alternative and more accurate dating 

method than radiometric methods. By orbitally tuning two deep-sea cores (V28-238, V28-239) 

to eccentricity, he arrived at a date of 790 Kyr BP (thousand years before present) for the 

Brunhes-Matuyama magnetic reversal. This approach has recently been extended to cover the 

past 2.5 million years (e.g., Shackleton et al., 1990; Hilgen et al., 1993). 

Imbrie et al. (1984) developed the orbitally tuned SPECMAP time scale from a stack of 5 

tuned ~180 records from deep-sea sediment cores. Three of the cores (V28-238, V22-174, 

DSDP502b) penetrate the Brunhes-Matuyama magnetic reversal, which Imbrie et al. dated from 

radiometric studies at 730 Kyr BP. Two of the cores (V30-40, RCll-120) are of higher reso

lution but shorter \300 Kyr BP). Several radiometric control points were used in the first 100 

Kyr BP. In the process of orbital tuning, Imbrie et al. included 56 to 72 control points and 

required approximately 120 iterations. Their target curves were obliquity and precession sig

nals, phase-shifted by an icc-sheet model. The resulting SPECMAP curve shows high coher

ence in the correct orbital frequencies. Even though tuning was done only in the precession 

and obliquity bands, a strong peak containing a large part of the variance appeared near the 

100 Kyr cycle, corresponding to a main eccentricity peak. Imbrie et al. (1984) concluded that 

as much as 85% of the isotopic variance in the orbital bands, or 60% of the total isotopic vari

ance, may be explained by orbital forcing. 

Martinson et al. (1987) used four different target curve versions in orbitally tuning a high 

resolution short core (RCll-120) and estimated that 25% of the complete ~180 record could be 

explained as linear response to obliquity and precession; and if the -too Kyr component of 

eccentricity was -included in the orbital forcing, the above value has risen from 25% to about 

50%. 

Can the eccentricity variations force a dominant 100 Kyr climate response? EccentJ:icity 
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can affect the incoming solar radiation only indirectly by modulating the amplitude of radiation 

changes caused by precessional variations. V arlo us theories have been offered to explain how 

this eccentricity modulation can translate into a dominant eccentricity forcing, some of which 

are reviewed by Imbrie et al. (1993) and by Neeman et al. (1988a, 1988b). A common feature 

among these theories is that they were only tested with highly parameterized and tentative for

mulations relying heavily on tuning, thus successfully simulating a fair match with the SPEC

MAP record, though each had invoked different and unrelated mechanisms. 

However, a more basic question is whether the precessional radiation variations, even 

when coupled with the obliquity radiation variations, are able to produce large climate changes. 

Neeman et al. (1988a) showed that testing the orbital theory with a climate model is closely 

linked with the broader and yet unresolved question of climate model sensitivity. Satisfactory 

reproduction of the present-day climate docs not necessarily imply a model that has the correct 

climate sensitivity. The approach of Neeman et al. was to explore a range of variability of 

several tunable climate-model parameters, rather than to tunc these parameters to a single 

optimal set of values. 

Consequently, the current state of affairs is that climate models with realistic sensitivity 

do not simulate the initiation of ice-sheets even with extreme orbital parameters (Neeman et al., 

1988b; Rind et al., 1989). In the fonncr study, a statistical-dynamical zonally-sectorially aver

aged model was coupled to a vcnically integrated ice sheet model with two horizontal dimen

sions. In the latter study, the GISS (Goddard Institute for Space Studies) GCM (general circu

lation model) was employed. Neeman ct al. (1988b) demonstrated that whereas tuning the cli

mate model to be more sensitive was a merit in simulating ice-sheet initiation, it turned out to 

be a stumbling block when the coupled model was designated to simulate a termination with a 

large ice sheet as initial condition. In response to a continuous application of extreme orbital 

parameters yielding highest summer insolation, most of the North American ice sheet has 

remained intact for the whole range of variability of climate-model and ice-sheet-model param

eters. Similar results followed with a coupled ice-sheet - global seasonal energy balance model 
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with two horizontal dimensions developed by Deblonde and Peltier (1991). They stressed that 

the non-prediction of ice sheet collapse was robust against parameter variations in both parts of 

their coupled model. 

If extreme values of precession and obliquity applied continuously cannot simulate either 

initiation or termination, then either all climate models arc missing one or several important 

mechanisms, or the possibility exists that indeed modulating precession by eccentricity cannot 

create a dominant 100 Kyr icc-sheet variation. The latter conclusion is supported by Winograd 

ct al. (1992) who investigated o180 variations in a continental core (DH-11) of vein calcite 

extending beyond 550 Kyr BP. Ages were assigned to the o180 data by interpolating between 

21 mass-spectrometer uranium-series-dated intervals. They conclude that three out of four ter

minations recorded by the DH-11 record either preceded (II and III) or are not associated with 

(V) major insolation peaks, suggesting that terminations arc not orbitally induced. 

Recently, the possibility of a missing mechanism was brought up by Lindzen (personal 

communication, 1992) who suggests that small orbitally forced changes in the displacement of 

the solstitial surface temperature maximum (of the order of 2-3 degrees of latitude) produce 

large changes in the intensity of the Hadley circulation, which in tum are likely to play a 

significant role in determining the meridional heat fluxes in the winter hemisphere. A qualita

tive relation connecting intermediate and extreme heat fluxes to high and low snowfall respec

tively, results in the demodulation of the precession forcing leading to the dominant eccentri

city periods. 

The dominant 100 Kyr climate fluctuation, and its absence prior to 900 Kyr B.P. were 

simulated as a free oscillatory solution to a set of three low order equations relating ice, C02 

and North Atlantic Deep Water formation (Saltzman and Sutera, 1987; Saltzman and Maasch, 

1988; Maasch and Saltzman, 1990). Including non-eccentricity orbital forcing in the equation 

for rate of ice, an agreement of the icc solution with the SPECMAP o180 curve was achieved. 

The magnitude of the orbital forcing term was determined by an arbitrarily tuned constant 
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It is worth emphasizing here the argument by Saltzman (1984), that whatever progress is 

made in climate modeling, the uncertainties of the physical parameterizations may always 
I 

remain larger than the accuracy in snow budget calculations needed for prediction of the evolu-

tion of the ice sheets. A possible exception to this rule is a highly ablative negative snow 

budget that inhibits the fonnation of ice sheets, as found in the initiation experiment by Nee-

man et al. (1988b) and Rind et al. (1989). 

In the present study, the orbital tuning approach is reassessed. Software is developed for 

real-time orbital tuning (Section 2) and applied to the analysis of the stacked ~180 SPECMAP 

record (Section 3). One of the long range records composing the stack (V28-238) is analyzed 

before and after being orbitally tuned (Section 4). A random number series is taken as input 

curve (Section 5) and tuned to match the earth's orbital variations, followed by some experi:... 

ments with the V28-238 record (Section 6) and a discussion (Section 7) of the orbital tuning 

approach and its significance in the evaluation of the role of orbital forcing. 

2. The Software 

A computer program was developed on an IBM-PC, with graphic and mathematical capa-

bilities to pcrfonn a quick and real-time orbital tuning of any input record. The tuning is per-

fonncd by clicking a control point on the graph of the input record and pulling it to the right 

or to the left along the time axis, by employing the keyboard cursors. After this is perfonned, 

the program calculates the new depth vs. time calibration function, which is a mapping func-

tion relating the untuned to the tuned curve, and from it evaluates the new tuned curve. Each 

shifted point has of course the same amplitude as before but it corresponds to a new time on 

the time axis. In addition, the program perfonns a quick spectral analysis of the resulting 

tuned curve, displaying a graph of the resulting spectrum compared with the orbital spectrum 

and displaying the coherence function (or squared coherence) between the tuned and orbital 

curves (see Diggle, 1990, Chapter 8). The whole process is instantaneous (on a 486/25-MHz 

PC with math co-processor}, and the user sees the result immediately on the computer screen. 
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A menu-driven choice is available for comparing the input record which is being tuned to 

one (or more) of a set of curves. These include the eccentricity (e), the obliquity(£) and the 

precession index (e sinO>, where Ci> is the longitude of perihelion), a combined orbital curve 

which is a nonnalizcd and phase-shifted combination of the above, and the original untuned 

curve. These curves appear with different colors to aid the tuning process. The orbital param

eters as a function of time are calculated from tables and equations supplied by Berger (1978). 

Filtered curves arc obtained by summing the spectral components of the curve in only 

one of the orbital bands. At any point of the iteration the user can see the resulting filtered 

tuned curve as function of time, and compare it to the orbital curve in this band, checking 

visually for coherence, i.e., the extent to which wave patterns and envelopes are similar in the 

two curves (for the given frequency band). The program also accepts as input a given depth

in-core vs. time calibration function, either for an option of automatic tuning according to this 

input function, or for the sake of being displayed and compared with the calibration function 

arrived at during different steps in the orbital tuning. With the software developed in the 

present study, the whole process of orbital tuning is reduced to a matter of minutes. 

3. The SPECMAP stack 

As a first input to the program, the SPECMAP smoothed stack (Table 7, Imbrie et al., 

1984) was taken. Here no tuning was done in the present study, since the SPECMAP curve 

(Fig. 1a, solid curve) is already tuned. The coherence function between the SPECMAP and 

orbital curves (Fig. 1 b) shows peaks above 0.9 in or ncar all four orbital bands. Note that the 

scale of the coherence function is linearly compressed between 0 and 0.8 since peaks below 

0.8 are in practice meaningless. 

To be precise, the peaks are at 19-20, 22-25, 39-44 and 87 Kyr. The values of the peaks 

and their location on the period-frequency axis arc in very good agreement with the coherency 

calculated by Imbrie et al. (1984) and shown in their Fig. 10. The shift of the 100 Kyr eccen

tricity peak to ncar 87 Kyr can also be seen there, only that it is less pronounced since 
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coherency is plotted in their case against frequency. (A plot against frequency has its advan

tages. However, for the ease of comparison with the orbital periods it was found more con

venient to check against a linear period axis.) This shift of the coherence peak to 87 Kyr is an 

expression of the fact that if we combine the spectral components of the SPECMAP and orbital 

curves at the 87-112 Kyr band (Fig. 2c) and at the 78-98 Kyr band (Fig. 2d) and compare the 

results, a better match is seen in the latter band (compare the timing of the wave crests at 100 

and 200 Kyr BP). 

The match between the SPECMAP and orbital power spectrum (Fig. 1c) is even more 

striking here than in Fig. 10 of Imbrie et al. (1984), since the spectral analysis in the present 

study is of higher resolution and· it captures the double peak near 23 Kyr (e.g., see Berger, 

1977, Table 1) in both orbital and SPECMAP curves. Note that the dotted curve is a nonnal

ized and phase-shifted combination of e, E and e sinli>. The phases of obliquity and precession 

in this combination were shifted, for the sake of comparison, to match the phases of the SPEC

MAP curve. The coefficients multiplying each orbital tenn in this combination were chosen in 

the present study to\ achieve agreement in amplitude with the SPECMAP curve in each of the 

three orbital bands. This agreement is of course artificial (intended for the sake of com

parison), in contrast with agreement in the location of the peaks on the period axis and the fine 

structure in the 19-24 Kyr band of the precession index, that is indeed striking. As a matter of 

fact, Imbrie et al. argued that it would be difficult to sec how coherencies ranging from 0.92 to 

0.97 could be achieved in all four frequency bands simultaneously as an artifact of the tuning 

procedure (however, see below). 

A word of caution, though, regarding the coherence in the eccentricity band. The fact 

that the peak in coherence function is shifted was already discussed above. What is even more 

meaningful is ~e absence of any significant coherencics at or near the other spectral peaks of 

eccentricity, like 120 and 400 Kyr, see Fig. 2a,b. Thus, if the spectral components of the 

SPECMAP and orbital curves arc compared in the 49-392 Kyr band, Fig. 1d, similarity is 

Po<>r, in contrast with the remarkable match in the precession band in Fig. lf. The latter 
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coherence was of course one of the main findings of Imbrie et al. (1984) in their Fig. 9, and 

agreement between the latter figure and Fig. 1 serves as a verification for the results of the 

present study. 

The spectrum of significant coherencies (>0.75) and their phases are given in Table 1. A 

generally small range of phases indicates (or results from) an agreement with the target 

(phase-shifted) orbital curve, though deviations from -20 to +30 degrees exist In particular, 

there is ·a deviation between 19 and 21 Kyr that cannot be explained by the theoretical phase 

curve of Imbrie et al. (1984) (sec their Fig. 11). 

4. The V28-238 record 

The untuned raw 5180 record from the V28-238 core (Shackleton and Opdyke, 1973; 

Pisias, personal communication, 1992) was used as input to the program. Actually, Imbrie 

et al. (1984) modified the raw record by removing a 30-cm section (723-753 em) which they 

represent as stretching of the record during core recovery, and this was also repeated for con

sistency in the present study. A constant sedimentation rate was assumed by assigning the date 

of 731 Kyr BP to depth 1171 em (the SPECMAP timing of the Brunhes-Matuyama magnetic 

reversal, Table 6, Imbrie et al., 1984). The modified untuned V28-238 record is shown in Fig. 

3, compared with the orbital combination (dotted curve) having the same parameters as for the 

SPECMAP case discussed above. The power spectrum (Fig. 3c) shows a rather continuous 

spectrum, with a peak at43.6 Kyr which may be related to the nearby obliquity peak, and also 

a small peak. at 19.1 Kyr with high coherence with the orbital signal. Apart from the latter, 

there is no significant coherence, and there is no reason to expect for one since the record is 

untuned and sedimentation rates may change in time. The aforementioned coherence peak, as 

well as a peak near 60 Kyr may well be coincidental peaks, as judged from experience with 

various records analyzed in the present study. 

Next, the calibration function for the SPECMAP tuning of V28-238 was taken as input to 

the program from Table 6 of Imbrie et al. (1984). Using the automatic turung option, the 
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record was tuned and analyzed in Fig. 4. Compare the tuned and untuned (Fig. 3) records and 

observe the shrinking and stretching of various sections along the time axis. There is a high 
. I 

resemblance between the coherence and power spectrum of the individual V28-238 tuned 

record and that of the stack shown in Fig. 1. Again the coherence is above 0.9 in the preces-

sion and obliquity bands and in 87 Kyr, and the fine structure of the power spectrum agrees 

with that of the orbital signal. Resemblance between the two experiments is also found in the 

individual bands. A remarkable match is again seen in the precession band (Fig. 4f). In con

trast. there is no coherence in any band in the untuned V28-238 record (Fig. 3). 

5. A Random Record 

Fig. 5 shows a random series record. Here a series of 392 numbers was taken by calling 

the random function of the Turbo-C Borland Library. Prior to using the random function, it 

must be "seeded" with an integer, chosen here as 13, hence the name RANDOM 13. Each 

random number was assigned a date starting with 0 Kyr BP with a time interval of 2 Kyr. As 

the original series showed too much fluctuation at high frequencies, it was passed through a 

low-pass filter shown in Fig. 6. The resulting series was scaled to units of standard deviation 

and plotted in Fig. 5 on the o180 axis. The dotted curve is again the same orbital combination 

used above in the SPECMAP stack comparison. 

There is no significant coherence with the omital signal (Fig. Sb) except for a coinciden-

tal peak of 0.84 at 28 Kyr. The power spectrum is rather continuous with some peaks, e.g. 

near 50 Kyr, showing some resemblance in nature to the power spectrum of the untuned V28-

238 (compare Fig. Sc, with Fig. 3c). The decomposition of the untuned RANDOM 13 record 

into the three omital bands (Fig. Sd,e,f) shows little similarity (coherence) with the omital sig-

nal, in resemblance to the untuned V28-238 case (Fig. 3d,e,f). 

In Fig. Sa each cross represents a control point which was allowed to be tuned in the tun

ing procedure. The distance between the control points was initially fixed at 12 Kyr, and there 

were 65 such control points. This is a rather more strict condition placed on the current tuning 
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procedure compared to the one employed in the SPECMAP tuning, where control points were 

added wherever needed (56-72 for the different cores). 

In the process of tuning, the RANDOM 13 curve was mainly tuned against the orbital 

combination curve obtained for the SPECMAP case and described above. Occasionally, the 

tuning was performed iteratively against the individual precession, obliquity and eccentricity 

curves in tum. This iterative procedure follows Imbrie et al. (1984), except that the present 

tuning was not designed to exclude eccentricity as a target curve (however, see below). At the 

later stages of the tuning, special attention was paid to changes in the coherence function, seen 

in real-time after each tuning step. Should the coherence decrease, the tuning would be 

reversed, i.e, the control point returned to its previous position along the time axis. 

The resulting tuned RANDOM 13 curve is shown in Fig. 7. A striking agreement was 

obtained in the power spectrum (Fig. 7c) in the obliquity and precession bands, including the 

fine detail in the 19.1, 22.4 and 23.8 Kyr peaks. Coherence (Fig. 7b) throughout these bands 

is above 0.95 and is above 0.90 in a single peak in the eccentricity band (112 Kyr). The peak 

in the power spectrum (Fig. 7c) in 100 Kyr is smaller in amplitude than the orbital combina

tion (dotted) curve, a fact that has little meaning remembering that the coefficient of eccentri

city in orbital combination curve was chosen in the present study (see above) so that the ampli

tude of the power spectrum at 100 Kyr agree with the SPECMAP tuned peak. Note also that 

near 100 Kyr, the untuned RANDOM 13 curve (Fig. 5c) has less power than the untuned 

V28-238 curve (Fig. 3c). 

The tuned RANDOM 13 curve, filtered to include only components in the precession 

band (Fig. 7f) shows a remarkable match with the orbital precession curve (dotted curve), to no 

lesser extent than the filtered SPECMAP curve (Fig. 1 f) or the filtered tuned V28-238 curve 

(Fig. 4f). Evidently, this remarkable match is not more than an agreement in amplitude and 

phase between each of the spectral components of the tuned and target curves, and the present 

tuning experiment proves that tuning may achieve agreement for various wave components 
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simultaneously. Once the wave components of the tuned and target curves agree in a particular 

band, the filtered tuned and target curves will also agree in that band. 

Table 2 shows the spectrum of significant coherencies (>0.75) and their phases. The 

range of phases is even smaller than for the SPECMAP curve (Table 1) indicating (or resulting 

from) a match between the tuned and target curves. 

The calibration curve for the tuned RANDOM 13 curve is presented in Fig. 8a (solid 

line) and compared with the calibration curve of the SPECMAP tuned DSDP502b core (dotted 

line) obtained from Table 6 of Imbrie et al. (1984) (sec their Fig. 7 for the calibration curves 

for all 5 cores). The slope (or sedimentation rate) of the RANDOM 13 calibration curve lies 

within the range of the slopes of the SPECMAP calibration curves, as demonstrated in Fig. 8b. 

Following a reviewer's request, two additional tuning experiments were conducted on 

RANDOM 13, both excluding eccentricity from the target orbital curve. Results are shown in 

Figs. 9 and 10. The target curve used in the process of tuning is the dotted curve in Figs. 9a 

and lOa. Calculations of coherence and power spectrum arc performed with the complete 

phase-shifted orbital combination curve. In one experiment (Fig. 9), in the process of maxim

izing the coherence in the obliquity and precession bands, a 100 Kyr peak has spontaneously 

appeared. In the other experiment (Fig. 1 0) this phenomenon has not occurred. Note that the 

resulting power spectrum (Figs. 9c and 10c) at 100 Kyr is considerably lower than in the origi

nal tuning experiment (Fig. 7c) where eccentricity was included in the target curve. A corollary 

is the non-uniqueness of the tuning solution~ 

It was verified that the results with the RANDOM 13 curve are not dependent upon the 

choice of 13 as a seed. All other seeds tested have produced random curves which could be 

orbitally tuned to the same extent as RANDOM 13, i.e., resulting in each case in matching 

spectral power peaks with cohercncies above 0.95 in the three bands corresponding to preces

sion and obliquity, and above 0.9 near the 100 Kyr eccentricity cycle. 
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6. The Portion of Orbital Forcing in Untuned Records 

What is the portion of the variance in the deep-sea core records that can be attributed to 

the orbital forcing?_ The results of the present study rule out such an estimate based on orbital 

tuning. Returning to the untuned (modified, see above) V28-238 curve, Fig. 3, the peaks in 

the power spectrum ncar 19, 22 and 435 Kyr were "smoothed out" by reducing the amplitude 

of these wave components manually to a mean amplitude of neighboring waves, and subse

quently rebuilding the curve from its modified wave components. The resulting curve, shown 

in Fig. 11 a, is not very different from the original, Fig. 3a, except for the absence of some 

very small fluctuations, and the corresponding smoother power spectrum (Fig. 11c). Similar 

results (not shown here) follow with the two other SPECMAP stack deep-sea sediment cores, 

V22-174 and DSDP502b, also covering the entire Brunhes Epoch. An assumption of constant 

sedimentation rate therefore leads to a negligible orbital trace in the o180 signal of deep-sea 

core records. 

In the original constant sedimentation time scale of Shackleton and Opdyke (1973), the 

Brunhes-Matuyama reversal is dated 700 Kyr BP. Using this date instead of 731, the results 

shown in Fig. 12 were obtained. Here the peaks ncar 19, 22 and 43.5 Kyr are shifted to 18, 

21 and 41 Kyr respectively, while their amplitude remain about the same. New small peaks 

appear ncar 23 Kyr. Comparison with the orbital power spectrum (dotted line) is now better 

for obliquity and worse for precession. However, there is no coherence in any orbital band 

(Fig. 12b). 

However, the assumption of constant sedimentation rate may be too rigid since this rate is 

known to vary in time. What may be suitable is therefore an independent time scale, with the 

precision of mass-spectrometric dating and not making any use of orbital tuning. Fortunately, 

such time scale exists, though it has not received much attention, and it was developed for 

none other than the V28-238 core. Kominz et al. (1979) measured aluminum and other major 

element concentrations at short intervals down this core by flame atomic absorption spectra-
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photometry. The aluminum content of sampled intervals was found from its concentration, the 

length of the interval and the bulk density calculated from chloridometcr measurements. The 
\ 

sampled intervals were taken as the 5180 stages (Shackleton and Opdyke, 1973, see also 

below). For the first 10 stage boundaries (first 362 Kyr), dating was detennined from 2JO.nt 

activities. Kominz ct al. demonstrated that dating by the assumption of constant aluminum 

accumulation rate highly correlated with the independent 23~ dating. 

It is not implied here that the aluminum scale is necessarily better than other time scales. 

Absolute time calibration of paleoclimatic records is most likely still inaccurate and the alumi-

num scale may be outdated. With this reservation in mind, the aluminum scale of Kominz 

et al. is tested in the present study, using their Table 4 as calibration. Each of the first 19 con-

trol points is a stage boundary, shown as a cross in Fig. 13a. The 20th (oldest) control point is 

the Brunhes-Matuyama boundary given as 693 Kyr BP. Note that the boundary between stage 

5 and 6 (Tennination II) is given as 138 Kyr BP by the aluminum scale, and was considered 

too old in 1979. However, today it is the main focus of attention, dated as 140 Kyr BP in the 

Devils Hole DH-11 record (Winograd ct al., 1992) and in the original Vostok record chronol

ogy (Jouzcl et al., 1987), and also in the Summit record (Dansgaard ct al., 1993), but dated as 

128 Kyr BP in the SPECMAP record (Imbrie et al., 1984). 

Comparing the analysis of the aluminum scale (Fig. 13) with that of the constant sedi-

mentation scales (Figs. 3 and 12), there is no evidence that a similarity with the orbital signal 

has improved. On the contrary, the power spectrum is smoother with the aluminum scale, 

without peaks that can be related to orbital periods, and coherence in the orbital bands is low. 

Very similar results (not shown here) were obtained by replacing the first 10 aluminum dates 

by the corresponding 23<711 dates. Comparison of the calibration function of the aluminum 

scale with that of the SPECMAP scale (Fig. 14a) shows that it is smoother for the aluminum 

scale, with sedimentation rates (Fig. 14b, solid line) varying considerably less than for the 

SPECMAP scale (Fig. 14b, dotted line). 
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7. Discussion 

The random curve experiment perfonned in the present study clearly demonstrates that 

coherencies above 0.9 in the precessional and obliquity orbital bands and near the 100 Kyr 

eccentricity period may be achieved simultaneously as an artifact of orbital tuning. The origi

nal untuned random curve has of course no coherence with the orbital signal, and the tuning 

perfonned is within the range of constrictions common in other marine chronostratigraphic stu

dies. The risks of orbital tuning were already recognized (e.g., Pestiaux and Berger, 1984; 

Pisias and Leinen, 1984). The fonner argued that the weaker the tuning assumptions will be, 

the larger are the chances to avoid circularity; while the latter suggested that the presence of a 

spectral peak lying close to an orbital frequency may not be related to orbital forcing at that 

frequency. However, Pisias (1983) indicated the inability to produce either an increase in 

coherence or to induce the presence of spectral peaks by "orbitally tuning" a random number 

series. Recently, using a similar strategy, Briiggemann (1992) noted that coherence could be 

increased, but only in one frequency band at a time. 

The results of the present random curve experiment and the extent to which it was suc

cessful in reproducing a high match with the orbital signal leaves little doubt as to the ability 

of orbital tuning to introduce artificial power in the spectra of the original records. Evidently, 

orbital tuning cannot be the basis of any support for the orbital theory, nor can it be used for 

quantitative estimates of the portion of orbital forcing. 

Recognizing the potential circularity of orbital tuning, Imbrie et al. (1984) relied in their 

conclusions on the fact that they perfonned their orbital tuning only in the precession and obli

quity bands, while obtaining a significant coherence peak in the eccentricity band. Tuning a 

random curve in the present study to a target curve comprising of only preceSsion and obli

quity signals has resulted in one instance in the appearance of a coherence peak at 100 Kyr. In 

the experiment where eccentricity was included in the target curve, the power of the tuned 

curve at 100 Kyr was higher, and overall resemblance was best 
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Therefore, the phenomenon observed by Imbrie et al. should not be regarded as a proof 

of the orbital theory, though it may be connected to this theory by an explanation offered by 

Neeman et al. (1988a). The connection is through the well known fact that precession is 

modulated by eccentricity (the envelope of the precession signal is proportional to the eccentri

city signal, sec for example Fig. lf, dotted line). Therefore it is possible that by aligning the 

long-scale fluctuations to fonn a 100 Kyr sinus wave, it is then easier to obtain a 100 Kyr 

modulation of the near 20 Kyr small-scale fluctuations. The fact that the spectral power in 100 

Kyr has . increased is essentially a result of this alignment, which in tum is equivalent to tuning 

to 100 Kyr. Therefore, the phenomenon observed by Imbrie et al. can be restated as follows: 

tuning to 100 Kyr in addition to tuning to obliquity and precession results in better coherencies 

in all orbital bands. 

It may be difficult to see in the orbitally tuned SPECMAP curve a proof that eccentricity 

variations arc linked with climate, since coherence with the eccentricity peak is limited to a 

narrow peak at 87 Kyr, while the eccentricity spectral power at 120 and 400 Kyr is completely 

absent in the tuned curve. As mentioned in Section 1, there arc a few theories which might 

explain non-linear climate forcing by the eccentricity signal. However, it would not be 

straightforward to explain a dominant climatic peak at 100 Kyr, while also providing an expla

nation for the absence of the 120 and 400 Kyr peaks, or even the absence of the main 100 Kyr 

peak prior to 900 Kyr BP (e.g., Pisias and Moore, 1981 ). 

The untuned long-range o180 records composing the SPECMAP stack do not exhibit 

spectral power peaks at the eccentricity periods. On the other hand, they do show some rela

tively small peaks near obliquity and precession periods. These peaks may be close to orbital 

periods by mere coincidence. Many random curves that were tested in the present study had 

power spectra o( the same nature with peaks of similar relative magnitude at or near orbital 

periods, even before tuning. Alternatively, if they do represent the blurred contribution of 

orbital forcing, the experiment of smoothing out the peaks has illustrated that this contribution 

is negligible. Analyzing the V28-238 o180 record with the independent aluminum time scale 
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of Kominz et al. (1979), anchored by 11 230nt dates, shows even less similarity with the oibi

tal signal, emphasizing that a match with the orbital signal was obtained only after perfonning 

orbital tuning. 

The results of the present study seiiously question the practice of dating geological events 

from oibitally tuned time scales. This conclusion is self -evident if most of the power in paleo

climatic records is of non-oibital origin. But even if it turns out that oibital variations do leave 

a significant trace in the records, orbital tuning is not the right tool to recover it The sedimen

tation rate of untuned records varies and they arc disturbed by a list of factors mentioned in 

Section 1, and the power spectrum of untuned records is undoubtedly very noisy. Conse

quently, it follows that the solution of oibital tuning is non-unique. 
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Figure Legends 

1. The SPECMAP stack of 5 orbitally tuned o180 records: (a) the SPECMAP curve (solid 

line) in standard deviation units plotted against time before present and compared with a 
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phase-shifted orbital combination curve (dotted line, sec text), (b) the coherence function 

between the SPECMAP and the orbital curve (with linear compressed scale between 0 

and 0.8) plotted against the period, (c) the power spectrum of the SPECMAP curve (solid 

line) and of the orbital combination curve (dotted line) plotted against period; (d) The · 

SPECMAP curve (solid line) compared with the orbital combination curve (dotted line) 

filtered to include only components in the eccentricity band, (e) obliquity band, and (f) 

precession band, plotted against time before present. 

2. (a) As in Fig. 1b and (b) as in Figlc, but with scale of period axis extending to 400 Kyr; 

(c) The SPECMAP curve (solid line) compared with the orbital combination curve (dot

ted line) filtered to include only components in the 87-112 Kyr band and (d) in the 78-98 

Kyr band, plotted against time before present. 

3. As in Fig. 1 but for the V28-238 untuned o180 record. 

4. As in Fig. 1 but for the V28-238 orbitally tuned o180 record. 

5. As in Fig. 1 but for the RANDOM 13 untuned record. 

6. The low-pass filter multiplying each wave component of the original RANDOM 13 curve. 

7. As in Fig. 1 but for the RANDOM 13 orbitally tuned record. 

8. (a) The calibration function for the RANDOM 13 orbitally tuned record (solid line) scaled 

to fit on top of the calibration function, depth vs. time, for the orbitally tuned DSDP502b 

o180 record (Table 6 of Imbrie et al., 1984), and (b) the sedimentation rate (or slope of 

the calibration function) for the RANDOM 13 (solid line) and the DSDP502b o180 

record. 

9. As in Fig. 7 but for a second experiment, in which the RANDOM 13 curve is orbitally 

tuned to a target curve comprising of only precession and obliquity signals (the dotted 

curve in (a)). 

10. As in Fig. 9 but for an additional experiment, in which coherence did not increase near 

the 100 Kyr period. 
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11. As in Fig. 1a,b and c. but for the V28-238 untuned o180 record for which the wave com

ponents responsible for peaks ncar orbital frequencies were reduced to amplitudes of 

neighboring wave components, and the record rebuilt from its modified wave com

ponents. 

12. As in Fig. 1a,b and c. but for the V28-238 untuned o180 record for which the Brunhes

Matuyama boundary was dated 700 Kyr BP (following the original Shackleton and 

Opdyke. 1973. time scale) instead of 731 Kyr BP (following the SPECMAP time scale). 

13. As in Fig. la,b and c. but for the V28-238 o180 record calibrated by the independent con

stant aluminum accumulation time scale of Kominz ct al. (1979). anchored by 11 2»rh 

dates. 

14. (a) The calibration function. depth vs. time. for the aluminum scale (solid line. Table 4 of 

Kominz et al.. 1979) and the orbitally tuned SPECMAP scale (dotted line. Table 6 of 

Imbrie et al .• 1984). both scales developed for the V28~238 o180 record, and (b) The sed

imentation rate (or slope of the calibration function) for the aluminum scale (solid line) 

and the orbitally tuned SPECMAP scale (dotted line) . 
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RANDOM 13 (after tuning, exp. 3) 

~ 3.0~----~----~----~----~--~~--~~--~~--~ 

0 100 200 300 I 400 500 600 700 BOO 

b 1.0 
~ .95 
~ .90 
Q) 

..r:: 
0 
() 

d 'Q-3.0 
m-2.0 ...,. . 

I -1.0 

Time BP (Kyrs) 

110 100 90 80 70 60 50 40 30 
Period (Kyrs) 

110 100 90 80 70 60 50 40 30 
Period (Kyrs) 

20 10 

20 10 

~ 0.0 
~ 1.0 
~ 2.0 
10 3·0 o'-----,-JoL-o--2--'o-o--3...1.o-o---4-'-o-o--so.J....o---6-o,__o ___ 7_..o.__o __ a_..oo 

e ......... -to 
Time BP (Kyrs) 

::::£: 

;!)-0.5 
I 

<0 0.0 ...,. . . 
~ 0.5 ·~_.: 
CD 
iO 1.0'------~----~----~----~----~----'------~--~ 

0 100 200 300 400 500 600 700 800 
f _.. -1.0 Time BP (Kyrs) 

::::£: 
C::-0.5 
I 

-~ 0.0 
........ 
0 0.5 
~ 
~ 1.0~----~----~----~----~----~----~----~--~ 

0 100 . 200 300 400 500 
Time BP (Kyrs) 

600 700 800 



32 

2'-3.0 
V28-238 (without orbital signal?) 
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,, 

V28-238 (B/M==700 Kyr) 
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'2-3.0 
V28-238 (aluminum scale) 
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!··········· SPECMAP V28- 2381 
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TABLE 1. The spectrum of significant coherencies (>0.75) and their phases 
for the SPECMAP stack. 

Period Coherence Phase 
. (Kyr) (degrees) 

98.0 0. 77 15 
87.1 0.97 8 
60.3 0.84 44 
43.6 0.92 -2 
41.3 0.92 1 
39.2 0.87 1 
25.3 0.80 27 
24.5 0.98 20 
23.8 0.97 21 
23.1 0.97 23 
22.4 0.90 28 
21.8 0.88 27 
21.2 0.78 57 
20.1 0.88 30 
19.6 0.92 -15 
19.1 0.93 -16 
18.7 0.90 -18 
11.4 0.93 -154 



37 

TABLE 2. The spectrum of significant coherencies (>0.75) and their phases 
for the tuned RANDOM 13 curve (first experiment, Fig. 7). 

Period Coherence Phase 
(Kyr) (degrees) 

112.0 0.91 7 
98.0 0.79 11 
87.1 0.77 8 
43.6 0.76 -23 
41.3 0.94 -22 
39.2 0.98 -21 
24.5 0.88 -9 
23.8 0.98 -9 
23.1 0.98 -4 
22.4 0.99 2 
21.8 0.98 2 
19.6 0.99 5 
19.1 0.92 3 
18.7 0.91 5 
15.4 0.76 -37 
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