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VARIATIONS OF THE RATIO OF LAMINAE THICKNESSES IN SEDIMENTS

OF LAKE GOSCIA2 - A COMPARISON WITH SOME PALAEOTEMPERATURE ESTIMATES

Summary: A ypothesis has been proposed, that changes in
ratio thicknesses of light and [light+dark layers in laminated
sediment of the Lake Go&ci”z correspond to the climatic variations.
For the period of Holocene there is good similarity between smoothed
sequence of he ratio of laminae thicknesses and palaeotemperature
reconstructions from the Lake Tingstade Trask, Gotland, and from the
Denmark Strait. For the Late G,acial, the changes of ratio of laminae
thicknesses correspond to the maxima and minima in cumulative plot of
radiocarbon dates from Polish localities. Similarity of curves seems
to prove additionally the nnual character of lamination in the Lake
GoScigz and fix the zero point of chronology at about 13,300 cal BP.

1. INTRODUCTION

Tacustrine sediments are relatively widely used lor studies of past

climatic changes. Since the work of Sluiver 17970 the 180 method has been
succ.sfally applied in palaeocl atic studies, and everal papers
presenting results of combined polle and isotope stu ies on lacustrine
sediments have been published (e.g Eicher et al,, 1981, Eicher S
Siegenthaler, 1976, 1983, Morner & Walli , 1977, Morner 1980, Punning et
al., 1986, Ro6zanski, 1988). However, because in most studies the time

scale was not available, the results were presented in function of depth
instead of time.

Investigation of laminated lacustrine sediments is especially
interesting, since such sediments offer relatively precise datng control.
Moreover, additional information can be derived dire tly from changes of
varve thicknesses. The correlation betw en varve thickne ves va- lation and
climate has been firstly found by Se bo d (1958). Short-term cyc"ic
variations of varve thickness were corre.a ed eeth ciima®ic chan.es (Kempe
& Degens, 1979. Renberg et al., 1986). A oini  application of three
methods mentioned above to investigations of laminated sequence from the
Goaci”z Lake (Halska-Jasiewiczowa et al., 198 1 seems to offer unique
possibility of detailed reconstruction of climatic changes during the Late
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Glacial and Holocene. A lot of time is needed, however, to complete pollen
and isotopic analyses, while the record of varve thicknesses is obtained
immediately in the first stage of research as a result of counting the
number of varves. It seems therefore worthwhile to study the information
comprised in varve thicknesses already in this initial stage of research.

2. THE RECORD OF RATIO OF LAMINAE THICKNESSES

The chronology of the lower part of laminated sediments of the Goé&ci”z
Lake (Goslar et al., 1989) 1is used in this study to obtain tentative
picture of climatic variations immediately from the record of varve
thicknesses. The chronology exists in form of three separate records
comprising thicknesses of light (1), dark (d) and Dlight + dark (1+d)
layers and covers more than 9600 years in four segments. The gap between
first and second segment is probably greater than 100 years, while two
other gaps are of order of few years.

In the whole sequence a high correlation is observed between
thicknesses of light and dark laminae deposited during the same year. This
means that the thicknesses of light and dark layers are controlled, to a
certain degree, by the same factor or factors (e.g. amount of material
input to the lake). It seems that the influence of such factors will be
significantly reduced by considering the ratio of light layer thickness to
total couplet thickness

1

1+d .
Because thicknesses of light and dark layers represent summer and winter
sedimentation, respectively, it is assumed that the ratio r includes an
information about duration of period with high temperature, i.e the
duration of summer, and, to a certain degree, about mean summer
temperature. The interpretation of numeric values of parameter r in terms
of definite climatic conditions in not established. In spite of this it is
assumed for the purpose of this study to use the terms ‘“warmer” and
"cooler"™ climate as denoting periods with high and low values of r,
respectively. The sequence of r values was smoothed by calculating 2l-year
running averages, and taking average values in successive 50-year
intervals. Each point of smoothed sequence corresponds therefore to 50
years. The gaps were Tfilled by adding artifical points with r=0.5 to the
original sequence. The zero point of chronology has been assumed to be
13,300 cal BP (Goslar et al., 1989). The obtained record is shown by curve

A in Fig. 1.
3. COMPARISON WITH PALAEOCLIMATIC RECONSTRUCTIONS

The Holocene period

For comparison with the sequence of r values were chosen the
palaeoclimatic reconstructions available in form of the temperature record
with relatively precisely established time scale. It seems that the most
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Fig. 1. A comparison between: A - smoothed sequence of the ratio of summer

layer to whole varve thicknesses from Goscigz Lake, B - smoothed

cumulative histogram of radiocarbon dates of the Late Glacial 1in Poland

(Pazdur & Pazdur, 1986)., C - mean summer temperature reconstruction from

the Denmark Strait (Kellogg, 1984, core,, V29-J}06), D - mean,, summer

temperature reconstruction from Lake Tingstade Trask, Gotland (Morner &
Wallin, 1977).

Rys. 1. Poréwnanie wygtadzonej krzywej stosunku grubosci lamin z Jez.

Goscigz (krzywa A) z krzywa czestosci dat radioweglowych z terenu Polski

dla okresu péznego glacjatu (krzywa B, wg: Pazdur, Pazdur, 1986) ,oraz

rekonstrukcjami $rednich temperatur lata wykonanymi na podstawie rdzenia

V29-206 osadéw morskich (krzywa C, wg: Kellogg, 1984) oraz na podstawie

rdzenia osadéw jeziornych z Jez. Tinkstade Trask (krzywa D, wg: Morner,
Wallin, 1977).

suitable comparison is provided by the records of mean summer temperature
in sediments of Lake Tingstade Trask, Gotland (Morner & Wallin, 1977,
Morner, 1980, 1984) and 1in cpre V29-206 from the Denmark Strait (Kellogg,
1984). These records are presented in Fig. 1 by curves D and C,
respectively. The time scale of both records was constructed by
calibration of conventional radiocarbon dates, quoted by the authors,
using calibration curves of Stuiver & Pearson (1986), Pearson & Stuiver
(1986), Pearson et al. (1986), Kromer et al. (1986) and Stuiver et al.
(1986). It should be pointed out that only the first two curves are
officially accepted and can be regarded as definite while the last three
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are tentative. Nevertheless, it may be expected that only slight
corrections of these tentative curves will be made in future.
B »
The palaeoteraperature record from Lake Tingstade Trask has been

published in scale ofsidereal years, but now it _is obvious that the
sidereal years and radiocarbon years presented by Morner & Wallin (1977,
Figs 12 and 15) do not agree for conventional"ages greater than 7000 BP.
The present calibration seems to be justifiedby good correspondence of
Pleistocene/Holocene boundary in recalibratedsequence with estimates of
Stromberg (1985), Hammer et al. (1986) and Stuiver et al. (1986), equal to
10,700 + 50 cal BP, 10,720 + 75 cal BP and 10,970 * 110 cal BP,
respectively.

There is a good correlation of maxima and minima of both
palaeotemperature records and the sequence ofr values from the GoSciqz
Lake. Some shifts in time scale may be due to dating error. One
interesting point, but difficult to explain, is better correspondence of
r-value record with palaeotemperatures vreconstructed for the Denmark
Strait than with those obtained for Gotland. For Late Glacial, however,
the correlation with palaeotemperature from the Denmark Strait 1is poor, as
might be expected because of probably different circulation pattern caused
by neighbourhood of the ice sheet margin.

The Late Glacial period

No similax palaeotemperature reconstruction has been foundfor this
period unfortunately. Although the Late Glacial stratigraphy is well
recognized, there are some discrepanc es if different models are used for
reconstruction the climatic changes in this period (cf. Berglundet al.,
1984). There are somedoubts concerning climate deterioration during the
Older Dryas phase, as in some European localities no temperature fall has
been noted (cf. Eicher & Siegenthaler, 1976, Oeschger et al., 1980, Kaiser
& Eicher, 1987). It seems reasonable to expect significant regional
differences of patterns of climatic changes during the Late Glacial
period. For that reason, it would be the best to correlate the record from
the GoSciqz Lake with some reconstruction from Polish area. But,
unfortunately, such reconstruction based on" continuous Bolling-Allerod
profile, is not available yet. The most suitable indicator of climatic
changes seems to be the cumulative plot of radiocarbon dates of the Late
Glacial period in Poland (Pazdur & Pazdur, 1986)., containing 120 dates
from 59 localities. Generally, the frequency of dates should resemble the
climatic rhythm of stadials and interstadials during the considered period
of time. This effect is, however, modified because older sediments are, as
a rule, worse preserved, and, additionally, because of purely subjective
interests of individual workers. In spite of this, the characteristic
features of histogram seem to be the maxima corresponding to the
interstadials of Bolling and Allerod, and minima of the Older and Younger
Dryas. The smoothed cumulative histogram is presented by cure B in Fig. 1.
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There is a good correlation between this histogram and curve of ratio of
laminae thicknesses.

4. CONCLUSIONS

The record of ratio of laminae thicknesses from the Lake Goacigz, shown
in Fig. lv is presented in common time scale with some palaeoclimatic
reconstructions. In order to adjust the time scale, conventional
radiocarbon dates have been calibrated in the same way for all considered
palaeclimatic reconstructions. The inherent accuracy of dates, calibration
curves, and temperature estimates may be, of course, subject of discussion
(cf. Siegenthaler & Eicher, 1985, p- 415). The proposed basis of
correspondence between the ratio of laminae thicknesses and climate may
also be questioned. In spite of this the correlation between individual
curves shown in Fig. 1 is, from purely statistical point of view, not
accidental. The possible ground of this dependence is that presented by
the author. Validity of the ratio of laminae thicknesses as palaeoclimatic
indicator seems to be very promising although it needs more detailed
study. On the other hand, it may be concluded that satisfactory
correlation of different records shown in Fig. 1 confirms the annual
character of lamination in the Goéaci”z Lake and dating of the =zero point
of established chronology at about 13,300 cal BP (Goslar et al., 1989).
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ZMIANY STOSUNKU GRUBOSCI LAMIN W RDZENIU OSADOW LAMINOWANYCH
Z JEZ. GOSCIAZ 1 ICH POROWNANIE Z ZAPISAMI PALEOKLIMATYCZNYMI

Streszczenie

Wysunieto hipoteze, ze zmiany stosunku grubosci warstwy jasnej do
catorocznej w osadzie laminowanym Jeziora GosScigz zwigzane sg z wahaniami
klimatu. Dla okresu Holocenu, stwierdzone zostato dobre podobienstwo
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miedzy Kkrzywg przedstawiajaca wygtadzona sekwencje stosunku grubosci
warstw a rekonstrukcjami paleotemperatur z Jeziora Tingstade Trask na

Gotlandii i z Ciedniny Dunskiej. Dla Péznego Glacjatu zmiany stosunku
grubosci warstw odpowiadaja maksimom i minimom na histogramie
przedstawiajacym czestos¢ dat radioweglowych z obszaru Polski. Zgodnosé

krzywych wydaje sie dodatkowo potwierdza¢ roczny charakter laminacji oraz
wczesniejsze wydatowanie punktu zerowego chronologii z Jeziora Goscigz na
ok. 13,300 cal BP.

H3MEHEHH9 OTHOBEHH3 TO/IIMHN C/10EB B OCAHKAX H3 O3EPA TOCUMOHI CPABHEHHE
C H36PAHHNMH KPHBfalWM nA/I1EOTEMIIEPATYP

Pe3DHe

B floK/iaae paccMOTpeHo npenno/io*eHne, mto OTHOieHHe to/iihhu CBeT/ioro
c/iom k cyMMapHoB To/isHne roflHHHoro c/iosi ocanKOB H3 03epa Tocumoh*
o6yc/ioB/ieH ho H3MeHehneM K/iHMaTHHecKHX yc/iOBHH b npoi/ioM# CpaBHeHHe c

h36pahHbiMh kphbumh na/ieoTeMnepaTyp noKa3UBaeT Xopo«yc cxoflIHMOCThb Me*ay

cr/iaieHHofi kphboh othoae hha to/i*hhu cnoeB h xapaKTepHCTHKaHH
na/ieoTeMnepaiyp b pa3pe3ax ocagKOB «3 03epa THHKdane Tpacic, roT/iaHfIHB, h
UaTCKoro npo/iHBa 3a nepHoa ro/iouena. Bo BpeMsi no3flHero r/iMUHa/ia xofl
no/iynenHofi kphboh Koppe/iHpyeT c uwarpaMMOH Mac to tu panHoyr/iepojiHux

aaTHpOBOK OpraHHHeCKHX O00OpaSUOB C TepHTOpHH Ffl0/IbIK. CXOFfIHMOCTb 3THX kpHBUX

noTBep*flaeT roflHMHuii xapaxTep c/ioeB ocaflKOB H3 03epa focunoH**



