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ABSTRACT _

LIRITZIS, I. and GRIGORI, E., 1998. Astronomical forcing in cosmogenic Be-10 variation from east Antarctica coast?
Journal of Coastal Research, 14(3), 1065-1073. Royal Palm Beach (Florida), ISSN 0749-0208.

Cosmogenic lOBe concentrations in Antarctic ice (Vostok site), during the past 150 ka (1 ka 1000 years) have been
spectrally analyzed. The current interest in beryllium refers on its use as a dating tool in lake, offshore/marine, and
ice-core environments, and for palaeoclimate variation and reconstruction. The methods of fast fourier transform
maximum entr~py, and pow~r spectrum employing the Blackman-Tukey window, as well as significance tests (x<
Kolmogorov-Smirnov, analysis per subset, randomness test etc. l were applied.

Significant and strongly stationary periodicities centered around 100 ka (large uncertainty, near the record length),
4? ~a, 25 k~, ~9. ~a, 12 ka and 5 ka were found, superimposed upon each other forming a network of periodic cycles.
S~mIlar periodicities we.re p~eviously reported for f> 11'0 variation from V28-239 pacific ocean deep-sea core and other
dIr~ct .or p~oxy palaeoclimatic data. They are recognized with the well known astronomical frequencies; the long-term
variations In ~he geolnetr? of the. earth's orbit and rotation as the fundamental causes of Pleistocene ice-ages of the
past 3 Ma. This astronomical forcing (referred to as the Milankovich theory) is for first time observed in \ilBe variation,
a~d interesting observations can be made regarding the contiguity between IIlBe production-deposition rates, palaeo
climate, solar activity, earth's orbit and rotation, sea-level changes and geomagnetic field.

ADDITIONAL INDEX WORDS: Bervllium-l O, palaeoclimates, oxygen-IS. Milanleocich . periodicities.

INTRODUCTION

Beryllium-l0 (half-life = 1.5 Ma and A. = 0,462 X 10 ()
year 1) is produced by spallation of nitrogen and oxygen at
oms by cosmic-rays in the upper atmosphere. Its production
rate is proportional to the flux of cosmic rays, which is mod
ulated by solar activity and the strength of the Earth's mag
netic field (LAL and PETERS, 1967; LAL, 1987; McHARGUE
and DAMON, 1991), In general, beryllium is produced in a
manner similar to that of radiocarbon. Be-l0 is deposited not
only from rain and wind onto land and marine sediments
but also from snow onto mountainous and polar regions. Ice
is a good reservoir for lOBe studies because of a continuous
record, good time resolution, independent chronology and
minimum interference from other effects.

The lOBe profile confirms the trends of oxygen isotope curve
using the time-scale adopted by (LORIUS et al., 1985),

Studies of the cosmogenic radionuclide lOBe has generated
much interest because of its potential as a tracer in the en
vironment and applications to geochronology, geology, ar
chaeology, glaciology, geophysics, oceanography and astron
omy. Therefore, such studies are useful to coastal researchers
regarding important new information provided on climate re
construction, chronostratigraphy, chronological connections
between polar and lower latitude climatological records, to
mention a few.

96122 received 4 October 1996; accepted in reuisum 10 November
1997.

Along such reason and due to its importance, the spectral
analysis of lOBe concentration offers a fundamental tool for
testing the astronomical theory of climate forcing, which dur
ing the last twenty years has gained much respect (BEH(;EH.

1989; BERGER and PESTIAUX, 1984 l. Moreover, this study
provides a new insight of the orbital influence on the periodic
sediment accumulation and periodic variation of proxy pa
laeoclimatic data, offering possible correlations between cer
tain solar-planetary-terrestrial records.

In our present effort, the search for possible periodic vari
ation of lOBe in glacial deposits focus in particular on the
identification of these periodicities with certain other phe
nomena of terrestrial or astronomical origin, and the subse
quent causal interpretation of lOBe production-transporta
tion-deposition processes.

Although comparison between radiocarbon variations in
tree-ring and lOBe in ice cores have shown excellent correla
tion for short-term variations (believed to reflect with a high
probability production rate variations), interpretation of long
term trends is more problematic. However, correlation with
8lHO eases the interpretation of such long-term variation. In
deed, for the Vostok isotopic studies of east Antarctica, the
observed 8lHO-temperature relationship is quite linear, and
the temperature reconstruction is reinforced by the good
agreement between accumulation changes derived by trans
forming the 8lHO profile into a temperature profile and those
derived from the presently analysed lOBe.

Obviously, correlations between beryllium, carbon dioxide



1066 Liritzis and Gri gori

0. 1

0. 5

- 0 . 3

- -0.?

bel0

be2

'11.3

0.9

, '
,': ,:
' , , 1

, ',
,' ,
,' ,

( ~

, ;
"

Time Sequenc~ Plot

II
"
"

I\
"Vl
" I ,
I' I ,
" ' I
" "

:';; , \
I • , '

, I ' :

~
:: '

/'," ;
'1 ' ,

1

2

0. 5

1. 5

2. 5

S0

o bel0

6040

n 0

2 0

3

Po lynomial S mo o t h i n g

of Order 1

o 0 0

uPo

-()- smooth
~T -'-'~T -I--T~I ----.~,_,_-T~_,___I

1 -

3

2

2. 5

time i n d ex Time

Figure 1. (a) 10He conce nt ra t ion ( X ] 05 atoms /g ) (da shed) a nd l st order polynomial fit (solids) agains t time, per 2 ka . (b) a na lyzed residua ls of lOBe a fte r
subt ra ct ion of t he first orde r polyn omia l (solid lin e) and origi nal lOBe data (das hed line ).

(C-14), and oth er stable isot ope profiles in the sam e ice core
enables not only th e influ enc e of solar variability on climate
to he t ast ed , but al so reflect s cha nge s in ice cap s and conse
quently determines rates of ri se in sea-level (BOWEN, 1991).

A unique record of lOBe varia tion s in Vosto k and Dome C
cores from Antarcti ca (RAISBECK et al. , 1981 ; 1987), two
coas t a l sites in th e Wilkes land, near th e coast of C. Hoad ley
(780 28 ' S, 1060 48' E), covering the past 150 ka ha s been
spectra lly ana lyzed. The long 2,083 m depth ice core was
dr illed through the ice sheet covering th e la st glaciation back
to - 150 ka . Sampling of ice for isotope ana lysis was done by
cut t ing a continuous s lice from th e lengt h of th e ice aft er
cleaning. Sampling was performed on average every 25 m.
Th e one standard deviation to th e measurement un cer tainty
was less th an 3% a nd th e instrumental es t imate d error wa s
5%. Multiple mea surements for some sa mples subdivided
were made to obtain some information on short -term fluctu
a tions in th e lOBe. Th e concentrations in th e sub-sa mples
ag ree to within 10% of that for th e mean concent ra t ion at
th at level. Maximum a nd minimum values of 2.81 and 0.61
X ] 0" atoms/g were recorded for number of data , N = 78,
average value = 1.42 , stand. dev. = 0.44 ; whi le the frequ ency
histogram for the number of lOBe follows a norm al (Ga ussian )
distribution.

SPECT RUM ANALYSIS METHODS AND RESULTS

In th e time dom ai n autocor relation was employed, where
th e intrinsic non- stationarity of the record is emphasized pri 
marily through th e variable amplitudes of spectra l peaks.
The autocorrelation retains all frequency components essen
tially ga thered in the functio n. Moreover, the lack of spectral
resolution is trad ed for increased time reso lution and th e
abilit y to detect not only periodicities but a lso ap erio dic tran
sients .

In the freque ncy domain , three different power spectral
ana lysis techniques have been used: the maximum entropy
spectrum analysis (MESA), the fast fourier transform (FFT),
and the Blackman-Tukey smoothed spectrum a nalysis (PSA)
attach ing signi ficance levels. Tests of significance ( i .e. th e
Kolmogorov-Smirnov and randomness tests) and sta tionarity
(analys is of subse ts , use of various autoregressive orders, F)
were applied (XANTHAKIS et al ., 1991; 1995 ; LIRITZIS et al. ,
1995 ; ULRYC H and BISHOP, 1975 ; CHATFIELD, 1984).

FFT always gives the total length of the record and it s var
ious sub-harmonics as th e high peak. This also defines peri
ods high er than th e length of the tim e-series.

MESA assumes that the resu ltant spectr um es t ima te will
be based on all th e information in th e actua l record and will
usc th e least amount of information about th e series outside

Jou rnal of Coa sta l Resea rch , Vol. 14, No, 3, 1998
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Figure 2. FFT spe ctrum of all th e record . Not e th e six periodiciti es pre
sented in Table 1.

th e observ ed record. Algorithms for MESA were derived from
BURG (1967) and SMYLIE, et al . (1973). Because of th e incon
clusive performance of the autoregressive ord er (F, Filter s )
we consider it necessary to imp lement three means of estab
lishing th e sufficient order of AR process. Such means can be
th e dir ect comparisons of MESA and FFT power spectra. Th e
three crite r ia are: i) AKAIKE'S (1969) final prediction error
(FPE); this exhibits th e expected monotonicall y decrea sing
cha ra cte r as a function of the order of AR filter, ii) BERRY
MAN'S (1978) crite rion, where F = 2N/ln2N, N = number of
data , and iii) ULRYCH and BISHOP'S (1975) crite r ion, where
N/3 < F < N/2.

Both th e autocovariance (MESA) and FFT methods are
"da ta ada ptive" methods; that is , th ey see th e data through
a preselected fixed window and require the unreali stic as 
sumption of a periodic or a small exte nsi on outside th e ob
se rved record . Hence, the possibility of poor resolution and
shifts in th e spectru m peak s exists when the methods are for
"short" data sequences, as in the pre sent work.

Th e PSA power (variance) spectra (BLACKM AN a nd TUKEY,
1959) were obtained from autocorrelation fun ctions whi ch
were truncated at various lags. Moreover , if th e spect ru m
represents a random sample from a normal popu lation, th e
sa mple spect ru m est ima te s at a given frequ ency are distrib
ut ed about the corresponding population spectr um according

c ycle s / s a mplin g interva l

Figure 3. Integr ated peri odogr am of the Kolmogorov-Smirn ov te st. Fr e
qu en cies between 0.04-0.3 cycles/2ka a re signi ficant to > 95%.

to a chi-squa re distribution divid ed by th e equiva lent degr ees
of free dom. Th erefore, th e spect rum peaks are attached sig
nifican ce levels at 1%, 5% and 10%, for respecti ve ratios of
peak s-to-continuum.

Th e si multa neous a pplica t ion of these four compl ementary
methods offers a chec k upon computa t iona l accuracy and sta
bility, frequ ency and power spectral den sity, and all ows a
ca re ful scrut iny of th e peri ods of interes t , and a reasonabl e
det ermination of th e actua l periods pr esen t (LIRlTZIS, 1990;
XANTHAKIS and LIRITZIS, 1991).

Th e raw data were equa lly space d per 2 ka fixed windows
(N = 78). Eleven such wind ows of 2 ka were missi ng and
replaced with interpolat ed val ues. Subsequently this t ime
se ries was detrend ed by su bt ra ct ing a l st a nd then a 2nd
ord er polyn omial (Figure 1). Also, it was smoothed with a 3
te rms moving average. In all the th ree smoot hings /detrend
ings th e obt ain ed periodicities were almost similar a nd sig
nificant to > 95%, as evid enced from th e Kolmogorov-Smirnov
cumula t ive periodogram . Th e randomness test , where the
two-t ail ed prob ability of equaling or excee ding Z~ 0.05, con
firm ed th e nonrandom variation to the t ime-se ries . Th e pe
riodiciti es obt ained from the four methods of spectrum anal
ys is are discussed below .

FFT and PSA : Th e FFT wa s applied to th e whole detrend ed
series as well as to sub-se ts . Th e truncated records were

J ournal of Coastal Research, Vol. 14, No.3 , 199 R
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Figure 4. I'SA s pect rum for la g = 70 . T he da sh ed line define, th e conti nu um. Th e ratio ( I') of peak-to-continuum det e rm ine, t he significance wit h Chi
' q ua re su u is t ic, It is I' = 4 .60fi , 2.996 an d 2.:302 for sign ifica nce level , at l 'k, fi' lr a nd 10';' res pec tively.

mad e first by truncating the older data down to th e first half,
th en trunca ting th e recent data down to half of th e seco nd
older ha lf of th e whol e record . This was mad e to test th e
sta t iona ri ty of \('Be time-seri es. Th e PSA was applied to th e
detrendcd record .

Signifi cant variance (sign ificance > 95'1< ) was observed for
frequ en cies - 0.04- 0.3 cycles/2 ka , outs ide this band th e s ig
nifican ce was < 95'1< (F igures 2,3 ). Attached erro rs in fre
qu en cy peak s refer to th eir resp ecti ve full width hal f maxi
mum (FWHM).

Six peri odic terms were obtained from th e FFT, which on
average for a ll subse ts were: 126 .2 :!:: 41.3 ka , 38 .3 :!:: 2.9 ka ,
24.4 :!:: 2.5 ka , 18.1 :!:: 1.1 ka , 12.6 :!:: 0.9 ka a nd 5.4 :!:: 0.1 ka .
Th e PSA ga ve th e following, almost s imila r results: 140 :!:: 40
ka (80- 85'1<), 56 :!:: 14 ka « 80'1< ), 40 :!:: 6 ka (90-95 '1<), 25.4
:!:: 2 ka (80-85'1< ), 18.6 :!:: 1.4 ka (90- 95'1< ), 12.2 :!:: 1 ka (99'1< )
a nd 5.4 :!:: 0 .3 ka (99 '1< ) (Figure 4 ). Th e 56 :!:: 14 ka peak is of
low sign ificance a nd rather rep resents side lobe of th e high
peak, a product of th e method, for th e peri od of th e length of
th e record .

Th e 12G.2 :!:: 4 1.;{ ka and 140 :!:: 40 ka , exh ibit a large fluc
tu ation du e to short length of th e record . Th e 38 .3 :!:: 2.9 ka
lor th e 40 :!:: G ka of th e PSA ) is pr esent in most subse ts a nd
in th e three detrending procedures, but a bse nt in some sub
sets because, i) the re its spect ra l power is bein g overdrawn
by th e high er period, ii ) du e to th e sho rt len gth of respecti ve
subsets (Jess tha n 75 ka ), iii ) th e fact tha t FFT prefer s th e
high len gth of the record as th e high est peri od wit h sub-ha r
moni cs , a nd finall y iv l from th e need of tap ering the ends of
some subset s- as was proved for 10'1< or 20'1< data a t both
ends of th e subset ta pered with cosinus bell- in addit ion to
some e ffect from t he int erpolated va lues . However, th e two

halv es conta in thi s period at th e expense of th e side lobes of
th e 126 and 25 ka periodicities (Ta ble 1).

Th e 24.4 :!:: 2.5 ka (or 25.4 :!:: 2 ka in PSA ) is present in the
whole record and all subse ts . Similarly, th e 18.1 :!:: 1.1 ka ,
12.6 :!:: 0.9 ka, and 5.4 :!:: 0.1 ka, for FFT, whi ch correspond
to 18.6 :!:: 1.4, 12.2 :!:: 1 and 5.4 :!:: 0.3 ka of PSA. Th e last
one, as expecte d, is not present in th e smoothed with 3-te rms
movin g average record; its variance is low and lies near the
Nyquist frequen cy (I'" = V2 u t, ut = 2 ka ) corres ponding to
the peri od of 4 ka .

Th e - 20 ka periodicity wa s a lso obt ained from th e cycling
vari ation of the a utocorrela t ion coefficients.

MESA : Simila r treatment to FFT ana lys is gave simila r pe
r iodicities to FFT and PSA except of th e two around 20 ka,
wh ich her e a ppea r as one, th e 19.6 ± 1.9 ka . It is present in
a ll subse ts but with low va riance. Th e high peri odic term of
107.8 :!:: 3a.7 ka is pre sent in all an alyses, except of th e short
subse ts , with large expecte d fluctu ation (Figure 5 ).

Th e 45. 7 :!:: 5.4 ka appears in a ll subse ts with a a pronoun
cely la rge variance. Th e 12.9 :!:: 1.3 and 5.4 ± 0.03 ka a re
a lso present but with a small varian ce in a ll subset s. Th e 8
:!:: 0.04 ka period must be a by-product of th e two periods 19.6
ka and 12.8 ka ; according to th e th eory of combining sinu
soids th e 7.8 ka is obta ined . Thi s new period emerges in
MESA which uses th e maximum inform ation from within th e
ana lyzed reco rd ignoring ext ra pola t ions outs ide this length of
data .

Vary ing the filter length (F = 10- 70), it was noticed th e
sta bility of th e - 40 ka , - 21 ka , 12.5 a nd 5.4 ka peri ods for
F = 20- 45, with large va ria nce taken mainly by th e - 40 and
- 21 ka peaks. Lower (F ) gives an oversmoot hed spect ru m
wit h lost resolu tion, whil e for high er (F), freq ue ncy splitting

.lou rn nl of ( 'ow;!a l \{,',,'a rt'h . Vol. 14. No. :l. 1991'\
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Figure 5. MESA spectra for, a) all the record (F :31), and b) for the
subset 2-108 ka (F 2~3), Note the six periodicities presented in detail in
Table 1.

and simultaneous splitting of the spectrum peaks occurs, giv
ing a false spiky appearance to the spectrum.

The coefficients of the estimated autocorrelations for lags
40 ka followed a prominent cyclic pattern of '-"'·20 ka.

Similar results were obtained with the removal of two ex
trerne spiky values from the analyzed time-series, and re
placed by avarages of adjacent data points. This implies that
some anomalously high concentrations of 1"Be in Antarctic ice
cores (uncorrelated with 8 1SO) overlap the regular variation
of astronomical forcing, and sways opinion towards a sto
chastic process for their origin (from cosmic ray acceleration
in propagating interstellar shock waves, which envelop the
heliosphere and whose source may be ancient supernovas
(SONETT et al., 1987), or as due to magnetic "excursions" i.e.
periods during which the apparent dipole direction and/or in
tensity at a given latitude fluctuate strongly from their "nor-

mal" values for periods of a few hundred to a few thousand
years) (RAISBECK et al, 1987; VEROSUB and BENER.JEE,
1977),

However, the periodicities obtained from all spectral meth
ods form a "network" of periodicities superimposed upon each
other.

DISCUSSION

The revealed periodicities, stationary and significant, un
der the present conditions of the data quality (measurement
errors, missing values, length of record), are similar, with an
apparent coincident anticorrelation, with the set of astronom
ical ones of the Milankovich insolation theory i.e. the funda
mental periods of the planetary system, referred to the
earth's orbit and rotation, that is the eccentricity, precession
and obliquity (BERGER and PESTIAUX, 1984; BERGER, 1978).
However, beside the Milankovich forcing, the additional
peaks seem to correspond to major planetary motions (FAIR
BRIDGE and SANDERS, 1987).

These astronomical elements have several components in
their expansion, which have been found in several other geo
logical, astronomical and geophysical spectra (XANTHAKIS et
al., 1995; BERGER, 1989; BERGER and PESTIAUX, 1984; BER
GER, 1977, 1978, 1984; BERGER and LOUTRE, 1991).

The most important terms in eccentricity series expansion
are; 413 ka, 95 ka, 136 ka. The last two contribute to a peak
which is often loosely referred to as the 100 ka eccentricity
cycle. Secondary peaks appear at 130 ka, 600 ka, 1.3 Ma, and
2.3 Ma. The four main terms in the expansion of precession
have periods of 23.7 ka, 18.98 ka, 19.16 ka. In low resolution
geological spectra these are seen as a single peak near the
mean of 21 ka or as two peaks of 23 and 19 ka. The latter
was observed with the FFT analysis. Secondary peaks appear
at 15 ka, 17 ka and 56 ka. The Obliquity of 41 ka has sec
ondary peaks at 30 ka and 53 ka. Some of these secondary
coincide with those found in our analysis, though it is not
clear if they are an artifact of the methods, secondary com
ponents, or major planetary motions.

It has been demonstrated (HAYS et al., 1976) that the as
tronomical frequencies were significantly present in palaeo
climatic data; the 100-, 41-, 23-, and 19-Ka periods are su
perimposed on a general red noise spectrum.

A noteworthy spectrum analysis of lake sediment radioac
tivity has revealed several whole or quasiperiodicities rang
ing from 1 to 24 ka, the latter long period attributed to the
precessional signal (XANTHAKIS et al., 1992).

Regarding solar-planetary effects, the obtained periodici
ties, together with expected higher ones as well as the Mil
ankovich cycles, coincide with planetary resonances. Thus,
for example, the 5.3-5.6 ka periodicity seems to be the reso
nance cycle of 5.56 ka from: Solar Orbital Progression (S()P)
of 178.731 years X 31; SJL (Saturn-Jupiter Lap) of 19.879:3
years X 280; Solar Sunspot Cycle (SSC) of 11.1212 years X

500 (Note: these are mean values and each period is slightly
variable). The 12-13 ka periodicity seems to have the same
components to give a resonance of 12.5 ka, thus 178.7:31 S()P
X 70; 11.1212 sse X 1124. The Planetary-Solar Quadrature
Cycle (PSQC) of 1112.1212 years (556.06 years X 2; sse x

.lournal of Coastal Rese-arch. Vul. 1et. Nu. :{. 19~)H
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84 :!: 14

93 .:3 c!:. 28

140 ::: as
2 10 ::t 70

fi2 .fi :t 20

10 7 .8 :!: :3:3.7

2

44 .2 :: 4
46.7 :!: 6
46.7 :: 6
sz.s :: 8.:>
44.2 2: 7
44 .2 :: 7

4 2 :': 4

4 2 :: 4
42 2: [)

:18.2 :t 4
38 .1 :t :3.2
44.2 :': fl
49 .4 :t I I

52.5 :t 1:3
fi2 .5 :t 20

4 2 :!: fi
4 2 :t 4

:38.2 :t 8
38.1 ::: 4
38 . 1 :: II
38 .2 :!: 7

:3fi :t 6
46 .7 :t s
46 .7 2: fi
46 .7 :t 7
49 .4 2: 10

:38. 2 ::: 7

43 .6 :': s.a

3

19 :t I
19 :t :3

19 .2 :t 2
19 .2 :t 1
19 .5 :t 1.3
Ib .7 :!: I
18 .7 :: 1.2

19 .5 :!: 1.:3
19 .5 :!: 1.3
19 .5 :t I

19 :t 0 .6
19 :t 0 .9

19 .5 :':: 1.6

19 :!: 0 .9
18 .2 :t 0 .7

19 :': 1.6
19 :: 1.6

18 .7 :!: I

26 .2 :', 2

l fl'<; :!: U l

4

12.5 :': 0 .2
iz.s :: 0 .:3
12 .5 :: 0 .4
12 .5 :': 0 .:3
12 .5 ::: 0 .2
12 .5 :': 0 .2

12. 5 :: 0 .:1
12 .5 :: 0 .:3
12 .:3 :': o.s
12 .:3 :t 0 .7

12 .7 :: 0 .:1
12 .7 2:0.:3
12 .7 :: 0.4
tz.s :: 0 .6

12 :': 0 .6

12 .7 :: 0 .3
12.7 :!: 0.4

1:3.1 :!: 0 .5

12 .7 :t 0 .4
12 .5 :t 0 .3

12 .7 :!: 0 .6

12 .9 :':: l. :J

8 :t 0 .1
8 ::t 0 .1

7 .9 :: 0 .1

8 :t 0 .1

7 .9 :t O.IS
r.s :t 0 . 1

8 :t O.I S

8 :t 0 .1

7. 9 :!: 0 .1

7 .9 :!: 0 .05

6

5.4 ::t 0.1
S.4 ::t 0 .1

S.4 z 0 .1
fi.4 :': 0 .1

S.3 :t 0 .1
S.3 :t 0 .1

5 .4 :t 0.06

" .3 ::t 0.1
5.3 :t O.OS

fi.4 :: 0.04

From the' a bsen t peaks , most appe a r with ve ry 10\,.; power a nd omi tte d . whi le th e abse nt ones rea ppea r whe n the ana lysed sub-record is tapered at th e
e nd . Th e un cortu in tv of th e ave rugo is th e s ta nda rd e r ro r of t he mean

1(0 ) is plotted on the harmonic/cyclicity graph herewith <Fig
ure GI. It iden tifies both the principal mean Milankovich pe
riod s a nd the Be-IO s pect ral peak s , with a fair degree of pr e
cision . Th e Be-IO spectra hi gh er th an 95 ka a re explained as
"proj ected ' possibilities . Th e obt ained periods a re bound int.o
th e less t.han 10" cycles part of the a bscissa .

The many common periodiciti es found in sever al sola r-te r
res t rial phenomen a (e .l{. su ns pots , C- 14, geomag ne t ic inten
s ity , t.rce-ri mrs. terrestri a l landforms and depos its , lOBe and
1.' 0 in pola r icc, a nd eve n th ermoluminescen ce signa l in rna

rinr - sedime nts I may offe r interpretation for th e possible
ca uses of clima te changes, cons idering mainlv th e potentia l
impact of a pa st a nd present. va ria ble sun, whi ch exhibits long
I > 1 ka I and s hort -te rm periodiciti es, coupled with ea rth's or'

bita l and geomagne t. ic chan ges .
It would be interesting t.o ca r ry out simila r analyses to oth-

er II 'Be long records from oth er latitudes to exa mine th e effect
of eac h ast ronomica l for cin g to th e lO Be va ria t ion.

Th e physical/geophysical mechanism pertinent to th e vari 
ation of lO Be in polar icc du e to the as t ronomica l forcing mu st
1](' soug ht in th e manner th e lOBe is produced , the rate of
producti on a nd its tran sportation-d epo sition down to ea r th.

Pot enti al sources of II'Be pro duction/deposit ion rate arc: i)
variation in primary cosmic- ra y flux, ii l cha nge s in solar mod
u lation , iii) changes in geomagnetic field intensity, iv i circu
lation pattern in th e atmosphere. The long-term modula tion
of i ii ) and (iii) is probably related to th e obtained period iciti es
in th e ka range.

However , as the "Be va riation correlates with 8"0 (RA IS 

BEC K et al. , 1987 ; DA NSCAARIl et al ., 1993) - high tempera
ture , low ,oBe- t he temper ature is consid ered as the dominant
fact or in precipitation rate. Th eor eti cal es t imat ions have
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No. of Peak and Periodicities (ka )

Table 1. Continued

2) FFT

Interval (ka ) 2

1-155 131 =:+:: 32 :38 =:+:: 3.5
1-151 147.5 2: 50 40.6 2: 5
1-147 131 2: 52 :34.7 2: 4
1-143 147.5 2: 78 34.7 2: 5
1-139 118 2: 55 34.7 2: 5
1-135 118 =:+:: 64 39.3 2: 12
1-131 147 2: 100
1-127 33.8 =:+:: 4
1-123 73.5 =:+:: 28 39.3 =:+:: 6
1-119 158.7 =:+:: 77 36.8 2: 7
1-107 111 =:+:: 50 38 =:+:: 8.5
1-99 98.3 =:+:: 40 35.7 =:+:: 6
1-91 84.3 2: 46
1-83 59 =:+:: 25.3
1-75 40.7 =:+:: 9

5-155 168.6 =:+:: 40 40.7 =:+:: 7
7-155 196.6 2: 98 39.3 =:+:: 5

13-155 147.5 =:+:: 63 38 =:+:: 4
17-155 168.6 =:+:: 60 33.7=:+:: 6
21-155 118 =:+:: 60
25-155 200 =:+:: 100
33-155 147 2: 56 39.3 =:+:: 5
41-155 118 =:+:: 52 36.8 =:+:: 8
49-155 54 =:+:: 26
57-155 59 =:+:: 19
65-155 40.7 =:+:: 6
73-155 45.4 =:+:: 16

3

26.2 =:+:: 2.5
26.2 =:+:: 2
24.6 =:+:: 3
21.8 =:+:: 3

20 =:+:: 3

24.6 2: 3.5

25.6 =:+:: 2

28 =:+:: 4
26.2 =:+:: 5
24.5 =:+:: 3.5
25.6 =:+:: 5

26.2 =:+:: 3
22.6 =:+:: 3.5

4

18.4 =:+:: 2.3
18.4 =:+:: 2.4
18.4 =:+:: 1.1
17.9 2: 1.3

19.3 =:+:: 1.5
18.7 =:+:: 1.4
19.2 =:+:: 1.5
17.6 =:+:: 1.3

19 =:+:: 2
17.9 =:+:: 1.8
20.3 2: 2.5
18.1 =:+:: 2
18.7 =:+:: 2
18.7 =:+:: 2.5

19 =:+:: 1.2
18.4 2: 1.3
18.1 =:+:: 1.3
17.9 =:+:: 1.5

18.7 ± 0.5
17.6=:+::2
15.1 =:+:: 3
18.1 =:+:: 1.6

15.3 ± 2.5

5

12.5 =:+:: 0.9
12.5 =:+:: 0.9
12.3 2: 0.9
12.4 =:+:: 1
12.5 =:+:: 1
12.4 =:+:: 0.6
11.9=:+:: 1

13 =:+:: 1
12.3 =:+:: 0.5
12.8 =:+:: 1
12.1 =:+:: 0.7
12.7=:+:: 1.4
13.1 =:+:: 1.2

12 =:+:: 0.7
12.5 =:+:: 0.5

11.8 =:+:: 0.5
13.4 =:+:: 1
13.3 =:+:: 0.9
12.3 =:+:: 1
14.2 =:+:: 1.5
12.5 2: 1.3
11.9 =:+:: 1
11.5 =:+:: 0.6
13.4 =:+:: 1.3
15.5 =:+:: 2.5
11.5 =:+:: 0.7

6

5.4 =:+:: 0.1
5.4=:+::0.1
5.4 =:+:: 0.1
5.4 =:+:: 0.1
5.4 =:+:: 0.1
5.4=:+::0.1
5.3 =:+:: 0.2
5.3 =:+:: 0.1
5.4 =:+:: 0.1
5.3 =:+:: 0.1
5.4 =:+:: 0.1

5.4 =:+:: 0.1
5.3 2: 0.2
5.4 ± 0.3

5.4=:+::0.1
5.4 2: 0.2
5.3 2: 0.1
5.4 2: 0.1
5.5 =:+:: 0.1
5.5 =:+:: 0.2
5.4 =:+:: 0.1
5.5 =:+:: 0.1
5.4 ± 0.1
5.5 =:+:: 0.1
5.4 =:+:: 0.2
5.6 =:+:: 0.2

No. of Peaks and Periodicities (ka)

Broad peaks appear at shorter subsets, associated with large uncertainties

3) PSA
Interval (ka l x2-test Significance

1-155 1
2
3
4
5
6
7

140 =:+:: 40
56 2: 14
40 =:+:: 6

25.4 =:+:: 2
18.6 =:+:: 1.4
12.2 ± 1
5.4 =:+:: 0.:3

80-85 r;,

<80';(
90-95<;(
80-85()(
90-95(lr

99(!r
99~;~

shown that for the Antarctica plateau (YIOU et al., 1985);
while simulation (HAYS et al., 1976) from a regressive model,
using the insolations as a forcing (BERGER, 1988), gave a best
fit to the measured 81HO. Taking into account the above and
the, already noted, anticorrelation between eccentricity-obliq
uity-precession combined long-term variation curve and lOBe
concentration curve, these factors reestablish the astronom
ical forcing of the already found periodicities for lOBe. We
should note that in the lOBe concentration records, the dom
inant signal with an amplitude of a factor 2-3 is the accu
mulation rate, which is highly correlated with the lHO signal
(DANSGAARD et al., 1993).

Apart of the variation of large-scale circulation which is the
principal variation due to temperature distribution, further
effects pertinent to lOBe regular, but also superposed irregu
lar, fluctuations can be invoked from by-products of ternper
ature variation, such as, the moisture input, latent heat,
shifts of mass in the atmosphere, development of surface
wind and weather systems, cloud development and weather,
cyclogenesis, general distribution of wind zones ie.g, wester-

lies). Also in Antarctica, late winter brings the most dis
turbed regime and any wind exceeding 5-7 m/sec may upset
the light powdery surface snow drifting it. Last, other agents
affecting wind circulation may be volcanic aerosols, which
may cause sudden season changes (see also, LAL, 1987).

Therefore, the earth's orbit and rotation causes changes, a)
in the earth-sun distance and thus temperature, and b) in
the impinging angle of cosmic-rays on the magnetosphere,
which coupled with the changes in geomagnetic secular (di
polar) and non-dipole field, results to a latitudinal gradient
in the 10Be variation.

All the above determine the lOBe concentration, rate of pro
duction and precipitation. We believe that the lOBe concen
tration variation in the Antarctic ice cores is caused from the
above two factors which are driven by the astronomical forc
ing. Exceptional values present as outliers are due to rather
randomly varying agents e.g. extraterrestrial shock waves,
anomalous and sudden wind circulation changes, volcanic
eruptions, sudden infrequent solar activity emissions.

The apparent network of periodicities found here for the
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Figur e 6. Ha rm onics of All-Planet Resonan ces. aga inst, Cyclicity of Planetar y-Solar' Quadra ture Cycle of 1.1121212 ka ( = 100 X suns pot cycle of 11.1212
yrs ), Ha r monic sca le (left ) is in orde rs of ma gnitude ( X 1112 yr) , and Cycle sca le (a bscissa ) are a lso orde rs of magnitude (numbers of cycles ), Diagonal
line det ermined from mu lt iples of 1112 yr, wh ich closely corre spond to Milankovich va lues of Ea rthIMoon/Sun orbital vari abl es, e.g. the eclipt ic cycle
a pprox, 40,036 yr = 36 X 1112 (or 3600 tim es the sunspot cycle mean ). Th e 93,418 yr ( = 84 x 1112.12) is th e eccent ricity cycle , whi ch has seve ra l values ,
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lOBe concentra t ion and elsewhere, reinforces th e complicated
behaviour of dynamical (orbita l, pul sed forcing) sola r-pla ne 
tary system, combined wit h the se lf-organiza t ion of ea rth's
response. ()(ANTHAKIS et al., 1992 ; LIHITZIS a nd G ALLOWAY ,

1995; R fu'\1PI N O et al ., 1987l.

CONCLUSION

Th e lOBe concentrations in the eas t Antarcti c ice (Vostok
and Dome C coas ta l sites ) have been spect ra lly a na lysed a nd
s ign ifica nt periodicities s imila r to t he well known as t ronom
ical freque ncies were disclosed . That is , the long-term vari
a tions in th e geometry of the earth 's orbit a round the sun
and rotation, as the fund amenta l ca uses of Pleistoc ene ice
ages of the past 3 Ma. Thi s va r ia t ion a long with the produc
t ion mechanism of lOBe a nd its deposition onto ice-cap s is
linked with SI"O and temperature trends , as well as sh ort
and long-term sola r and geoma gne t ic variation.

Such ana lys is provides important clues regarding pa laeo
climate reconstruction in polar regions , se a-level fluctuat ions ,
and especia lly possib le relationships between seve ra l sola r.
terrestrial and planetary agents .
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