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R. P. Kane and N. B. Trivedi

Instituto Nacional de Pesquisas Espaciais - INPE
Caixa Postal 515, 12201-970 - Sio José dos Campos, SP, Brasil

The magnetic susceptibility record of Chinese Loess Plateau for the
last 2.5 million years was subjected to Maximum Entropy Spectral

Analysis. The portion 0 - 800 ka B.P. showed 95,000 years as the

strongest peak, resembling the 98,000 year peak in the spectra of

oxygen isotope series from deep-sea cores, and matching the eccen-

tricity peak of Earth’s rotation axis. The astronomical peaks 19,000

and 23,000 years related to Earth’s precession and 41,000 years re-

lated to Earth’s obliquity were also observed but weakly. For earlier

periods (800 ka - 2400 ka B.P.), nine peaks were observed (including

41,000 and 100,000 years) but weakly.

ANALISE ESPECTRAL DOS REGISTROS DE SUSCEPTIBILIDADE
MAGNETICA DOS "LOESS” CHINESES Os registros de susceplibi-
lidade magnética do Platé Chinés "Loess” nos tltimos 2,5 milhées
de anos foram sujeitos a Andlise Espectral de Mdzima Entropia. A
por¢ao 0-800 mil anos anteriores ao presente mostrou 95.000 anos
como o mais intenso pico, aparecendo com um pico de 98.000 anos
no especlro da série de isétopos de oxigénio apresentada nos sedi-
mentos marinhos profundos, e coincidem com o pico na excentrici-
dade do eizo de rotagio da Terra. Os picos astronémicos em 19.000
e 23.000 anos relacionados i precessao da Terra e em §1.000 anos
relacionados a obliquidade da terra foram observados, porém muito
[racamente. Para periodos anteriores (800-2.400 mil anos anteri-
ores ao presente), nove picos foram observados (incluindo §1.000 e
100.000 anos), porém fracamente.

INTRODUCTION Methodology of obtaining the data has been de-
scribed in several publications (Emiliani, 1955, 1978;
Kemp and Eger, 1967; Hays et al., 1976; Siddiqui
and Wang, 1984; Imbrie et al., 1984; Shackleton
and Imbrie, 1990) and periodicities of about 19,000,
23,000, 42,000 and 100,000 years have been reported,
of which the first three could be related to obliquity

Climate in the past is known to have under-
gone large fluctuations. Glaciations have resulted
in episodes of high-sea level (low ice volume) which
are reflected in the oxygen 18 isotope content of
deep-sea cores. Time series of the oxygen isotope
show many significant periodicities, some of which

and precession of the earth’s axis of rotation. For

have astronomical implications (Milankovitch, 1930). the oxygen isotope data for the last 782,000 years
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published in Imbrie et al. (1984), Kane and Trivedi
(1992) used the method of Maximum Entropy Spec-
tral Analysis (MESA) and reported 98,000 years as
the most prominent periodicity, followed by 40,000
years of less than half the amplitude and peaks at
24,000, 67,000, 84,000, 107,000 and 786,000 years of
less than one third the amplitude, which compared
well with the results of Thomson (1990) who used
the method of multi-taper spectrum analysis. Using
the data from four deep-sea cores from the Atlantic,
Pacific and Indian oceans, Berger et al. (1991a) have
reported mean periodicities of 117,700, 43,600, 24,900
and 19,300 years.

Geological time series can be obtained for other
parameters also. Loess-soil (dust) deposits have been
observed in China and their lithology and magnetic
stratigraphy studied (e.g. Liu, 1988). Kukla et al.
(1990) reported results from the study of a single
stacked file obtained as the average of the records
of the low field magnetic susceptibility at three sites
in the Chinese Loess Plateau in north central China.
The data refer to the last 2.5 Ma (million years) and
Kukla et al. used MESA technique for spectral analy-
sis, but only for the upper 736,000 years of the stacked
time series and compared the results with those for
the oxygen isotope record of Imbrie et al. (1984) for a
similar period, mainly with a view to study the chang-
ing behaviour of the 41,000 and 23,000 year orbital
periodicities. In the present note, we present results
of a spectral analysis (MESA) of the whole series of
stack susceptibility values of the Chinese loess for the
last 2.5 million years as given in Appendix I of Kukla
et al. (1990).

DATA

Fig. 1 shows a plot of the magnetic susceptibility
values (crosses) for 0 to 0.8 Ma (million years) B.P.
in Fig. 1(a), and 0.8 - 2.5 Ma B.P. in Fig. 1(b), (c),
(d). In Fig. 1(a), the smooth curve is for the oxygen
18 isotope (Imbrie et al., 1984). The numbers repre-
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sent the spacings between successive peaks, in units
of thousand years. As can be seen, the oxygen isotope
series shows many spacings at 20-26 ka (thousand
years) and 40 ka which could correspond to the bi-
modal 23,000 and 19,000 year peaks of earth’s preces-
sion and the 41,000 year peak of obliquity. However,
as pointed out by Imbrie et al. (1984) themselves
as also by Thomson (1990) and Kukla et al. (1990),
these astronomical frequencies are used by Imbrie et
al. (1984) for tuning (refining) the isotope record
time scales. Hence, their presence does not neces-
sarily indicate astronomical origin. In the magnetic
susceptibility plot of Fig. 1(a) (crosses), where near
surface values (0 - 10 ka B.P.) are omitted, the 20-24
ka separation is not very frequent, while 40 ka occurs
often. The correlation coefficient between the oxygen
isotope and susceptibility series was about +0.6. In
Fig. 1(b, ¢, d), 40 ka and 50-70 ka seem to occur
very often. In a gross way, some major features of
the oxygen isotope and susceptibility plots seem to
match e.g., the maxima at -100, -200, -300, -400 and
-500 ka, indicating a 100 ka year wave.

SPECTRAL ANALYSIS

From Fig. 1, it seems that the spectral char-
acteristics have not remained the same through the
whole period of 0 - 2.5 Ma B.P. Nevertheless, we
divided the data into 3 groups of roughly 800,000
years each (11 ka - 830 ka, 831 ka - 1650 ka, 1651
ka - 2470 ka B.P.) and subjected it to MESA (Maxi-
mum Entropy Spectral Analysis), developed by Burg
(1972) and critically reviewed by Ulrych and Bishop
(1975). In this method, there is an adjustable pa-
rameter LPEF (Length of the Prediction Error Fil-
ter). At small LPEF, only smaller periodicities are
revealed. For larger LPEF, larger periodicities (al-
most approaching data length) can be revealed but
with possible errors as large as 20% (Chen and Ste-
gen, 1974). Also, the lower periodicities start showing

peak splitting. Hence, our prescription is to locate
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Figure 1. Plot of magnetic susceptibility (crosses) of the Chinese Loess
(c) and (d) 800 - 2500 ka B.P. The numbers represent spacing (
the full line represents oxygen isotope record from deep-sea ¢
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Grifico da susceptibilidade magnética (cruzes) do "Loess” chines (m3 kg=') para (a) a 800 mil anos antes do
presente (B.P.); (b), (c), (d) 800 a 2500 B.P. Os nimeros representam a separagao (mil anos) enlre os picos
sucessiwos. Em (a), a linha sélida representa o registro isotdpico do oxigénio de testemunhas oceanicas profundas.
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Figure 2. Amplitudes of the various periodicities detected by a Maximum Entropy Spectral Analysis. The
abscissa scale is log('T).

Amplitudes de virias periodicidades detectadas pela Andlise Espectral de Entropia Mdrima. A escala da abs-
cissa € log(T). '
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Figure 3. Oxygen isotope and susceptibility series for the last 800,000 years (full lines) and their extrapolations

(crosses) as predictions for future.

Séries temporais de susceplibilidade e isotdpica do ozigénio para os dltimos 800.000 anos (linhas sélidas) e

suas extrapolagoes (cruzes) como previsdo futura.
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low periodicities (one tenth of the data length) in the
low LPEF (33% of data length) plots and larger pe-
riodicities in the larger LPEF (50% of data length)
plots. Also, since amplitude (or power) estimates in
MESA are unreliable (errors could exceed 20%) and
are sensitive to the LPEF used, we used MESA only
for detecting possible periodicities Ty (k = 1 to n)

and then use these '’y in the expression:

n
() = A+ > B+ E
k=1
n
= A, + Zn,.s'm(‘m///'k +dr)+ E
k=1
B o= [apSin(2rt) 1) + bpCos(2rt)1T3)] (1)

where f(t) is the observed time series and B is the
error factor. A Multiple Regression Analysis (MRA,
Bevington, 1969) was then carried out which gave
the best estimates of the parameters A, (ag, by) and
their standard errors by a least-square fit, from which
(rk,¢r) and the standard error o, could be calcu-
lated. Amplitudes rp exceeding 3 o, would be sig-

nificant at a 99% a priori confidence level.

I'rom the MESA plots, about a dozen periodici-
ties were selected for each of the three intervals and
MRA yielded amplitudes as shown in Fig. 2. The
abscissa scale is not the conventional f (frequency),
nor T (period) but log(T). Fig. 2(a) refers to oxygen
isotope series for 0 - 800 ka B.P. (Kane and Trivedi,
1992) and Fig. 2(b) refers to magnetic susceptibil-
ity (Kukla et al., 1990) also for 0 - 800 ka B.P. The
hatched regions indicate the 3 sigma (a priori) signif-
icance limit and only peaks exceeding this limit (99%
confidence level) are shown, with numbers indicating
periodicities in units of 1000 years. As expected, the
strongest peaks in both are near T = 100. In their
paper, Kukla et al. (1990) presented results of MESA
for this period but only for 200 ka intervals at a time
with steps of 25 ka. Thus, spectra were shown for 11
ka - 211 ka, 36 ka - 236 ka, ... 536 ka - 736 ka and the

emphasis was on studying the behaviour of the 22 ka
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and 41 ka peaks only. However, their Fig. 11 does in-
dicate a significant peak near T = 100 ka, which they
ignored in their text. For astronomical comparison,
T = 94,945 years and T = 107,807 years are known
to be the second and fourteenth terms of eccentricity
series expansion as given by Berger (1978). In con-
trast, the peaks at 'T' = 23 ka and 19 ka corresponding
to the most prominent precession peaks and T' = 41
ka corresponding to most prominent obliquity peak of
Barth’s rotation are seen rather weakly in Fig. 2(a)
and (b). There are significant peaks near T = 200 ka
and these do not match with any astronomical peaks.
The peak near T = 400 ka could be related to T =
412,885 years, the first term of eccentricity series ex-

pansion (Berger, 1978).

Fig. 2(c) and 2(d) refer to carlier periods viz.
800-1600 ka B.P. and 1600-2400 ka B.P. Peaks at I’
= 100, 155, 220 and 300 are significant, at a 6 sigma

(or more) a priori level.

Fig. 2(e) shows spectra for the whole series () -
2400 ka B.P. Here, eleven peaks are significant and ‘T
= 93 ka and 206 ka stand out prominently. Some of
the other peaks were present in only one of the three
series of susceptibility, indicating that these are of a

transient nature.

In a general way, the spectra in IPig. 2(a) and
Fig. 2(b) are similar. The larger amplitudes of T'= 19
ka and 22-24 ka in Fig. 2(a) are probably due to the
fact that these are used in the tuning of the oxygen
isotope data. But otherwise, the resemblance is still
remarkable, specially due to the 100 ka sequence and,
as concluded by Kukla et al. (1990), the atmospheric
and oceanic circulation changes which accompanied
the glaciations were of a global scale, with some as-

tronomical control of the gross climate variations.

The T = 100,000 years signal is quite intrigu-
ing. In addition to the oxygen isotope (and now the
susceptibility series), Hays et al. (1976) found this
signal in T's, an estimate of summer sea-surface tem-

perature at the core site, as also in the percentage
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of C. davisiana, a radiolarian species, and advanced
the hypothesis that the radiation-climate system re-
sponds nonlinearly to changes in the geographic and
seasonal distribution of insolation. If the ice sheets
wasted faster than they grew i.e. if the cryosphere
responded to the orbital forcing with two different
constants (see Broecker and Van Donk, 1970; Calder,
1974), the modulation effect of eccentricity on the
precession index could generate a 100,000 year com-
ponent. The intriguing part is that the 100 ka com-
ponent seems to be present prominently only in the
last 800,000 years, or, to be more precise, in the last
600,000 years. Why it is not seen prominently in ear-

lier intervals, is a moot question.

PREDICTION

Since the periodicities (specially 100,000 years)
are prominent in the last 800,000 years, the spectral
peaks for this interval could be used for predicting the
future behaviour. In Kane and Trivedi (1992), such
an attempt was made for the oxygen isotope data and
indicated a possible increase in the next 20,000 years,
in agreement with the predictions from various mod-
els (Calder, 1974; Peterson and Larsen, 1978; Imbrie
and Imbrie, 1980; Kukla et al., 1981; Berger et al.,
1981; Berger et al., 1989; Melice and Berger, 1989)
as reviewed by Berger et al. (1991b). Fig. 3 illus-
trates the prediction (crosses) by our method (Kane
and Trivedi, 1992). The susceptibility is expected to
decrease in the next 20,000 years and then rise for the

next 70,000 years.

CONCLUSION

A spectral analysis of the time series of the mag-
netic susceptibility in the Chinese Loess Plateau in
north Central China for the last 2.5 million years
was carried out. When divided into 3 equal parts,
(roughly 11 - 830 ka, 831 - 1650 ka, 1651 - 2470 ka
B.P.), the spectra varied considerably from one part
to another. In the first part (11 - 830 ka B.P.), the
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most prominent periodicity was 95,000 years and re-
sembled the 98,000 year periodicity of oxygen 18 iso-
tope in deep-sea cores, probably matching with the
100,000 year eccentricity band of Earth’s orbital mo-
tion. The precession bands (19,000 and 23,000 years)
as well as the obliquity band (41,000 yeérs) were also
observed but with much smaller amplitudes. In ear-
lier intervals (831 - 1650 ka and 1651 - 2470 ka B.P.),
the periodicities had amplitudes smaller than those

observed during the recent period (11-830 ka).
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