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SCIENTIFIC BACKGROUND AND SCOPE OF PROJECT

Lake sediments are regarded as important natural archives

containing information about environmental changes in the past.

Laminated sediments provide additionally an independent time scale

for comparisons with other dating methods, including radiocarbon,

and for precise studies of rate of change of various parameters of

lake ecosystem at time scales of 10 to 10 yr. Sequence of

laminated sediment of the Gosciqz Lake covers more than 13,000 yr

and is actually the longest known sequence in the world. Besides of

environmental reconstructions it has a potential significance for

studying natural

beyond 6000 yr BP.

14 14
studying natural C variations and calibration of C time scale

EXPERIMENTAL METHODS

Apparatus designed for dendrochronological studies was adopted

for precise measurements of widths of annual layers of laminated

14 13sediment with accuracy of 10%. Routine C and C measurements were

performed on set of samples using both organic and carbonate

fractions of laminated sediment, and on more than 50 samples of

terrestrial and lacustrine origin from several cores taken in the

nearest vicinity of the lake. The results of those measurements were

used to reconstruct the water level fluctuations in the lake during

the last 12 kyr. Appropriate numerical method, based on the concept

of running phase analysis, was developed for searching for

periodicities in the sequence of annual layer widths. The study of

recent environment covered developing the sampler for taking

undisturbed cores of unconsolidated sediment by freezing technique,
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investigations of microscopis structure of the individual laminae,

radiocarbon and 5 C measurements in recent sediments and in

contemporary plants representing terrestrial, submerged and

semi-submerged vegetation in the lake basin. A series of radiocarbon

and 6 C measurements was; performed on tufa carbonate and associated

organic matter from several sites covering different climatic

environments. A complete system for radiocarbon dating of small

samples was developed, including vacuum line tor combustion of

samples and purification of CO-, seven miniature gas proportional

counters with plastic scintillator as the guard shield, and

appropriate electronic system with microcomputer.

RESULTS OBTAINED

Floating varve chronology, based on correlation of cores Gl/87

and G2/87, and covering 9682 yr (Goslar et al, 1989), was improved

by adding results of varve counts performed on core Gl/90. One

important gap in the previous chronology, caused by sandy layer ca

14 130.5 m thick, was eliminated. Results of measurements of C and C

content in carbonate fractions of lake sediments have enabled

reconstruction of relative water level changes in the lake during

past 11,500 yr BP (Pazdur and Starkel, 1989; Pazdur et al, in

print). Widths of annual layers show distinct periodic changes with

periods equal to 11 yr and 22 yr (solar cycles), 35 yr (Bruckner

cycle) and 200 yr (Walanus, 1989a,b). It was found that the ratio of

summer layer widths to total annual layer widths show secular

changes which can be correlated with some palaeotemperature records

(Goslar, 1989). Four tufa samples with associated organic fraction
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from ca 2000 m asl in South America (Peruvian Andes) were measured

to test the possible application of the developed model to tufas in

different geochemical and climatic environments. A series of

calcareous tufa samples from the Villers-devant-Orval profile

(Belgium) were dated, although no direct comparison with organic

matter dates is available for this profile.

CONCLUSIONS

Results of all studies already performed show that the sequence

of laminated sediment of the Goscigz Lake contains important

palaeoclimatic and palaeohydrological information. Improved floating

varve chronology enables tentative interpretation of results of

other isotopic and environmental studies. Variability of varve

thicknesses show also the possibility of extracting of the

astrophysical signal. The sediments can be used for studies of

14natural C variations and calibration of radiocarbon time scale in

time period of Late Glacial and early Holocene. Simultaneous study

of the laminated sediment, incorporating varve counts, stable

isotope measurements and pollen analysis, has led to important

conclusion concerning the duration of the Younger Dryas period,

estimated to ca 1500 yr (Rozariski et al, in print). The results

obtained on paired organic and carbonate samples from delected

profiles of tufaceous sediments seem to confirm that the validity of

model considerations (Pazdur, 1988) is not limited to local or

regional conditions of southern Poland.
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Introduction

The research performed under this contract may be summarized in form

of the following topics:

1. Design of the system of seven miniature gas proportional counters

for radiocarbon dating of small samples.

2. Studies on varve chronology of laminated sediment of the Goscigz

Lake.

3. Reconstruction of water level fluctuations in the Gosci^z Lake from

model calculations and radiocarbon-dated organogenic sediments of

different facies from vicinity of the lake.

4. Isotopic and varve studies of the uppermost unconsolidated sediment

of the Gosci^z lake and radiocarbon and 6 C changes in contemporary

vegetation in the lake basin.

5. Radiocarbon dating of calcareous tufa from different environments.

The methods and results of research associated with studies of

laminated sediments of the Goscigz Lake and the lake basin were

published in special issue of the Bulletin of Silesian Technical

University, v. 989 (Zeszyty Naukowe Politechniki Sl^skiej, t. 989),

Section Mathematics-Physics, pt. 57 (Seria Matematyka-Fizyka, Z. 57),

Subseries Geochronometry No. 5 (Geochronometria Nr 5), in form of 7

separate papers dealing with specific aspects and presenting detailed

description of methods, results and conclusions.
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Task 1. Design of the system of seven miniature gas proportional

counters for radiocarbon dating of small samples.

Description of research carried out

a) Miniature gas counters and shields

In the first stage of this study two single miniature gas

proportional counters were constructed in order to check the purity of

materials used for cathode tubes, and to test the counter

performance. Copper tubes were selected from commercially available

high-purity copper, supplied by Polish factories, basing on

comparative (relative) measurements of surface beta and alpha

radioactivity. Comparisons with results of similar measurements on

high-purity electrolythic copper, supplied several years ago by Prof.

K. 0. Munnich from Heidelberg, show similar level of radioactive

contamination in both Polish and German copper.

First miniature counter LM1 was constructed in our lab and tested

on the complete set-up developed in Hannover by K. Jeleii and M. A.

Geyh (1986). The diameter of the cathode of this counter was chosen to

fit the dimensions of miniature counters developed in Hannover

Laboratory. Second miniature counter LM2 of smaller cathode diameter,

also constructed in our lab from commercially available copper, was

tested on provisional set-up, designed in our lab.

Table 1. Parameters of proportional counters LM1 and LM2.

Counter LM1 LM2

Cathode:

Material

Diameter

Volume (total)

Anode:

Material

Diameter

C0_ pressure

Mass of carbon

Backgroung counting rate

commercially available copper OFHC

20 mm 12 mm

18.85

steel

25 jum

3 atm

22 mg

0.0453 ±

cm

0.0023 cpm

11.65 cm

steel

25 ixa

3 atm

17 mg

0.286 cpm
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Basing on the results of preliminary test the next eight miniature

gas proportional counters of type LM 2, were designed and tested. All

counters have satisfactory vacuum and electrical parameters.

Background counting rate measurements were performed using same

counting set-up as described in previous progress report. All counters

have relatively high background values, ranging from 0.20-0.25 cpm.

Measurements of the background counting rate were made with

material shield consisting of 5 cm thick layer of old low

radioactivity lead (laboratory tested and selected) and 20 cm thick

layer of steel. Active anticoincidence shielding was made of plastic

scintillator supplied by Institute of Atomic Energy in Warsaw. The

scintillator has diameter of 170 mm, length 268 mm, and has 7 holes of

diameter 18 mm, 174 mm long, for placing set of 7 miniature counters.

The location of miniature gas proportional counters inside the plastic

scintillator is shown in Fig. 1. The cross-section through the

counting system is shown in Fig. 2. Horizontal and vertical

cross-sections of the material shielding, made of lead and irob, are

presented in Fig. 3. Only one PM tube of 80 mm diameter was applied to

the face of the scintillator during preliminary measurements of

background of counter LM2. Counting gas for these measurements was

produced by combustion of pit coal and purified in the vacuum line

used for preparation of carbon dioxide for routine radiocarbon dating

in our lab.

b) vacuum line

Complete vacuum line for combustion of organic samples containing

100-500 miligrams of carbon and purification of carbon dioxide was

designed. All elements of the line are made by our glass-blower. The

schematic diagram of the vacuum line is shown in Figs. 4 and 5. I:.i a

series of test it was found that the vacuum line may be used on a

routine basis to produce carbon dioxide of sufficient purity for

filling miniature proportional counters.

c) electronics

The electronic system used for preliminary background measurements

was made of commercially available units of CAMAC standard,

manufactured by POLON Enterprise, Warsaw, Poland. This system was then

modified and expanded by connecting it to the IBM PC compatible
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microcomputer to facilitate the preliminary testing measurements. The

diagram of the electronic system designed for testing the performance

of single miniature proportional counters is shown in Fig. 6. The IBM

compatible microcomputer was supplied with appropriate specialized

cards and actually may be used as a multichannel pulse height

analyser.

In the last year of this research a compact programmable electronic

system for testing the performance of the complete counting system,

consisting of plastic scintillator with 7 gas proportional counters,

was designed. The block diagram of the system is shown in Fig. 7. Thi

electronics may be used without any modification in routine

radiocarbon measurements after complete testing of the performance of

the whole counting unit. The electronic system provides also the

possibility to introduce the method of pulse rise time analysis

through appropriate computer program.

Results obtained and conclusions

Relatively high bakground of the miniature counter LM2 obtained

during testing measurements in our provisional set-up is most probably

connected with low efficiency of the plastic scintillator itself, and

with low efficiency of light collection by single PM tube used in

these measurements. In order to lower the background it will be

necessary to select another low-radioactivity PM tube with diameter

equal to that of the scintillator. It is also expected that the

pulse-rise time analysis, which is planned to introduce after

completing the preliminary analysis of the spectra obtained from

proportional counters, will result in decreasing the background

counting rate.

-19-
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Task 2. Studies on varve chronology of laminated sediment of the

Gosciqz Lake.

Description of research carried out

The studies on varve chronology were based on the set of 4 cores,

taken out by Dr K. Wieckowski and Dr B. Wicik, fron two deepest parts

of the Goscigz Lake (cf Fig. 8).

For establishing the varve chronology of the laminated sediment of

the Goscigz Lake the methods developed for dendrochronological studies

were adopted, including appropriate adaptation of the apparatus used

to measure tree-ring widths and the computer programs used for

smoothing and matching dendrochronological sequences.

Dendrochronological apparatus used in this study was designed by T.

Goslar (1987) for measuring tree-ring widths in fossil oak trunks with

accuracy of ca 0.1 mm. For the purpose of this study the accuracy was

improved by appropriate changing of the read-out unit, enabling

evaluation of the boundary between light and dark laminae with

maksimum error of 0.05 mm.

First trials with measuring annual layer widths of laminated

sediment were made directly on the surface of core. This method was

find very difficult because of two reasons: first, operation with 2 m

long segments of core was difficult, and second, the surface of the

core had changed colour with time of observation because of drying and

oxidation in air. Therefore the thickness measurements were performed

on photographs of the cores.

The surface of every investigated core was thoroughly cleaned and

photographed. More than 1000 negatives in scale 1:2 have been

obtained from cores Gl/87, G2/87 and Gl/90. The measurements of

layers' thickness were performed on the negatives. The location of

boundary of individual layer was determined with the accuracy of 0.05

mm what gives the relative accuracy of layer thickness measurement

equal to 10%. Thickness measurements were performed separately for

light and dark layers of each couplet. In order to improve the

reliability of identifying of the individual layers, two cores were

analysed simultaneously, and already before measurements the layers in

both cores were correlated visually. In sections where the lamination



-7-

was seriously disturbed (at the ends of segments), the measurements

were not done.

In order to check the results obtained on cores the photos of the

core GO/85 collected in 1985 were also analysed, in addition to the

negatives of Gl/87 and G2/87 cores. Their quality was insufficient for

measurements of varve thicknesses, but, in spite of this, they enabled

exact visual correlation of varved sequence of core GO/85 with those

of Gl/87 and G2/87. Radiocarbon dates performed on samples collected

from core GO/85 can be therefore directly transferred to cores Gl/87

and G2/87.

Detailed description of research, including description of the

investigated cores, visual features of lamination, etc, is given in

paper by T. Goslar, M. F. Pazdur and A. Walanus (1989, Chapters 2 and

3, pp. 12-13).

Results obtained

Performed varve thickness measurements cover 10 m thick series of

laminated sediment, starting from depth 18.7 m to depth 8 m.

Lamination in the uppermost part of investigated cores Gl/87 and G2/87

was clearly visible, but disturbances did not allowed for precise

width measurements. Partial sequences obtained on cores Gl/87 and

G2/87 were combined into floating varve chronology consisting of four

segments and covering 9682 years (cf Fig. 9).

Detailed description of the method of constructing the varve

chronology, including discussion of gaps and weak points of obtained

sequence, as well as estimation of the age of endpoints, is given in

quoted paper (Goslar, Pazdur, Walanus, 1989; Chapter 5, Figs 1 and 2,

pp. 13-17).

The series of measurements of varve thickness performed on core

Gl/90, collected in winter 1990, allowed for precise correlation of

this new core with those previously studied. This correlation, shown

in Fig. 10, allowed to eliminate the most important gap occuring in

cores Gl/87 and G2/87, caused by sandy layer ca 0.5 m thick,

separating two sequences of laminated sediment in the basal part. The

measurements proved that the gap in cores Gl/87 and G2/87 is

equivalent to 210 yr. Results of width measurements of light
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(=summer) and dark (=winter) layers of annual couplets show remarkable

secular changes. The hypothesis was formulated that the observed

changes are controlled by climate. A provisional measure of climatic

changes was introduced in form of the ratio r of the thickness of

light (summer) layer to total thickness on annual couplet. Discussion

of climatic interpretation of this ratio with description of numerical

methods used to filter the noise present in raw data, is given in

paper by T. Goslar (1989, Chapter 2, p. 22).

Smoothed changes of the ratio of summer layer widths to total

widths of annual couplets are shown in Fig. 11 (cfGoslar, 1989, p. 23)

and are compared with smoothed histogram of C dates from Poland

(Pazdur, Pazdur, 1986) and with palaeotemperature reconstructions from

Denmark Strait (after Kellogg, 1984) and from Lake Tinstade Trask,

Gotland (Morner and Wallin, 1977).

It was supposed that besides of high noise shown by the sequence of

layer widths, such a long sequence, consisting of nearly 10,000

numbers, should reveal some periodicities, observed in other laminated

sequences. Apropriate modification of the Fourier analysis, based on

the concept of Running Phase Analysis (RPA), was developed by A.

Walanus (1989a, pp. 45-50) and applied to the sequence of annual

couplets widths from cores Gl/87 and G2/87.

Application of the method of running phase analysis to searching

cyclicities in the sequence of layer widths has proved the existence

of cyclic changes with periods equal to 11 and 22 yr (solar cycle), 35

yr (the so-called Bruckner cycle) and 200 yr. The 35 yr cycle was

suggested by results of Renberg et al (1984), the last 200-yr cycle

was found in the sequence of 614c values by Neftel et al (1981). The

examples of periodic changes of the varve thickeness occuring in

selected parts of the laminated sequence, are shown in Fig. 12.

Detailed description of results of cycle searching, including

discussion of statistical verification of the presence of those

periodicities is given in paper by A. Walanus (1989b, pp. 53-60).

Conclusions

Detailed correlations of varve thickness measurements in cores

Gl/87 and G2/87 with 14C dates and varve counts from core GO/85, C
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dates of basal parts of cores G2/87, and 14C dates of peat layer at

base of non-laminated cores G86E and G86W has led us to following

conclusions:

1. lamination observed in investigated cores is annual,

2. statistical analysis of the obtained sequence of varve thickness

proved the presence of the 11- and 22-yr cyclicities, attributed to

solar activity cycle,

3. uppermost varve in the established varve chronology corresponds to

ca 3900 cal BP in calibrated radiocarbon time scale, older endpoint of

obtained chronology may be dated to ca 13,300 cal BP,

4. the results of varve counting in the lowermost part of cores Gl/87,

G2/87 and Gl/90, in association with stable isotope study, allowed for

estimation of the duration of the Younger Dryas cooling, to ca 1500 yr

(cf Rozanski et al, in print)
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Task 3. Reconstruction of water level fluctuations in the Gosciqz Lake

from model calculations and radiocarbon-dated organogenic

sediments of different facies from vicinity of the lake.

Description of research carried out

Radiocarbon and 6 c measurements made on carbonate fraction of

samples from core GO/85 (cf Pazdur et al, 1967a,b) were accurately

matched with cores Gl/87 and G2/87, basing on correlation of varve

sequences (cf Fig. 10 and paper by T. Goslar et al, 1989, p. 17).

Therefore, it was possible to evaluate true absolute ages of those

samples and compare with results of C age determination, and,

finally, to estimate time changes of the C dilution factor. The

geochemical model described by Broecker and Walton (1959), developed

for estimation of the C dilution factor q from a set of geochemical

and hydrological parameters of a lake, was reformulated and has led to

estimates of relative changes of water level in the Gosciqz Lake,

based on known values of C dilution in the past. Detailed

description of modified Broecker-Walton model is given in paper by A.

Pazdur and L. Starkel (1989, Chapters 4 and 5, pp. 32-37).

About 50 samples were collected for radiocarbon dating from seven

cores taken in the nearest vicinity of the Goscigz Lake in 1989. The

cores were taken by Dr K. Wieckowski and Dr B. Wicik of the Warsaw

University using piston corer as a part of systematic studies of the

Lake Gosciqz, within the Research Project CPBP 03.13. Samples for

dating were selected from distinct lithologic boundaries which mark

periods with high and low water level in the lake. The localities of

cores are shown in Fig. 13. Simplified lithological profiles are shown

in Fig. 14, with indicated positions of samples collected for

radiocarbon dating and obtained conventional radiocarbon dates. The

correlation of those cores, based on obtained radiocarbon dates, is

presented in Fig. 15.

Results

Calculations based on modified Broecker-Walton model have resulted

in reconstruction of relative water level changes in the Goscigz Lake

during last 11,500 yr. The results presented in paper by A. Pazdur and

10
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L. Starkel (1989, Figs. 2 and 3, pp. 36 and 38) are compared with

other evidence resulting from pollen studies of peat-bog and lake

sediments in Poland and reconstructions of fluvial activity in

Holocene (op. cit., Fig. 4).

The resulting reconstructions of the water level changes in the

lake, based on model calculations and on direct radiocarbon datings of

well distinguished lithological boundaries, are summarized in Fig. 16.

The results of dating and sedimentological analysis were summarized

and presented in form of poster during the 14th International

Radiocarbon Conference in Tucson, Arizona, in May, 1991. The paper

"Reconstruction of hydrologic changes in the Gosci^z Lake basin during

the last 12,000 years", by Pazdur A., Pazdur M. F. , Wicik B., and

Wieckowski K., was submitted for publication of Conference Issue of

"Radiocarbon".

Conclusions

Lowerings of the water level in the Goscigz Lake, reconstructed

from described model, show correlation with wet phases in the

Holocene, deduced from studies of peatbogs and river channels. The

shift in time is probably connected with rhythmic events of

overflowings of lake basin and incisions of the Ruda creek, draining

the lake.

11
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Task 4. Isotopic and varve studies of the uppermost unconsolidated

sediment of the Goscigz Lake and radiocarbon and 6 C changes

in contemporary vegetation in the lake basin.

Description of research carried out

The study of recent sediment may provide usefull information for

interpreting isotope and varve data obtained from long cores of

laminated sediment. The research of recent sediment was devoted to the

following topics:

a) Design and field testing of sampler for taking undisturbed frozen

cores of unconsolidated lake sediment.

b) Detailed microscopic examination of the structure of lamination and

correlation of cores, basing on analysis and comparison of the

observed microscopic structure, measurements of varve thickness, and

results of preliminary Cs-137 and Pb-210 measurements.

c) Isotopic studies of recent sediment, including C-14 and C-13

determinations in carbonate and/or organic fractions, and preliminary

Cs-137 and Pb-210 determinations. Two series of bulk sediment were

used for radiocarbon and 5 c determinations. In the first series the

bulk sediment samples, taken from cores G4f and G5f, from depth

ranging between 105 and 170 cm, were subdivided into carbonate and

organic fractions. The carbonate fraction was obtained by quantitative

collecting of C02 evolved from bulk sample by treating it with 8%

hydrochloric acid. Organic fraction was obtained by combustion of the

residue insoluble during the acid treatment. In the second series the
13measurements of radiocarbon concentration and 5 c were performed on

bulk samples combusted in a stream of oxygen without any preliminary

treatment. Radiocarbon measurements were performed with the

proportional counters filled with pure carbon dioxide. The 5 c

determinations were performed on small aliquots of CO2 collected just

before filling the proportional counters, i.e. exactly on same gas

used for radiocarbon determinations.

The determinations of specific activity of Cs-137 and Pb-210 were

12
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made on dried bulk samples of sediment using high-sensitivity gamma

spectrometry with the large volume Ge coaxial gamma detector. Same

samples were used for Cs-137 and Pb-210 determinations.

d) Determinations of radiocarbon concentrations and 5 C in

contemporary vegetation from the lake basin. Three types of

contemporary vegetation in the lake basin were used for this study: 1)

terrestrial vegetation (grass, leaves of Betula pubescens Ehrh. and

Frangula alnus Mill., needles of Pinus silvestris L.); 2)

semi-submerged near-shore vegetation (bulrushes, Phragmites communis

Trin., Acorus calamus L.); 3) submerged vegetation (different species

of algae, Potamogeton perfoliatus and Stratiotes aloides L.).

Results obtained

a) Design and field testing of sampler for taking undisturbed frozen

cores of unconsolidated lake sediment

Two samplers for taking undisturbed frozen cores has been designed

and tested with positive results. The schematic cross section of the

second version of the sampler ("cold-finger") is shown in Fig. 17.

Basic technical data concerning this sampler are listed in Table 2.

During the first field trip to the Gosciqz Lake in autumn 1989 six

cores were taken using the first version of the sampler. It was found

that the cores with well-preserved lamination cover depth from 60 to

110 cm below water-sediment interface. The youngest topmost part of

sediment was taken in two cores (G2f/89 and G3f/89). However, because

the cores were relatively short and because of some disturbances of

lamination, the correlation of cores was only approximate. Basing on

this experience it was decided to design second version of the samples

with increased length to 2 m and increased outer diameter to 6 cm. The

active length (filled with dry ice) was increased to more than lm. The

modified version of sampler was tested during field trip in May, 1990,

when five next cores were taken. The cores taken with this new sampler

are more than 1 m long and their correlation is therefore much easier

to perform. In two cores the water - sediment interface is visible. In

next field trips in winter 1990/91 and in spring, 1991, the new cores

of good quality were taken.

13
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Table 2. Technical data of the second version of sampler

- length of sampler
- outer diam.

- mass of sampler

- mass of dry ice used

- amount of sediment taken

- time of sampling

2
6

14

2

5

1

m
cm

kg

kg

dm3

h

b) Detailed microscopic examination of the structure of the lamination

and correlation of cores

Detailed microscopic examination of the internal structure of

individual couplets, consisting of light (=summer) and dark (=winter)

layers, performed on significant part of the sequence deposited during

the last 150 yr, have led to distinguishing of the three different

patterns of lamination, shown in Fig. 18. Almost all cores taken

during the period of this research project were tentatively

correlated. Schematic correlation of cores taken in 1989 and in 1990

is presented in Fig. 19.

c) Isotopic studies of recent sediment, including C-14 and C-13

determinations in carbonate and/or organic fractions, and preliminary

Cs-137 and Pb-210 determinations

Six samples of unconsolidated sediment from correlated cores

G4f/89 and G5f/89 were collected for C-14 and C-13 measurements. The

measurements of radiocarbon concentrations were performed on 11

fractions. The second series of measurements was performed on six

upretreated samples from depth 0 to 86 cm. The results obtained in

both series are listed in Table 3.

The results of determinations of specific activity of Cs-137 shown

in Fig. 20 indicate distinct post-1960 peak. The results of Pb-210

activity determinations, shown in Fig. 21, allowed fo estimation of

the average sedimentation rate during last century to ca 1.25 cm/yr.
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Table 3. Results of 14C and 513c measurements in samples of uppermost

unconsolidated sediment from the Goscigz Lake.

Lab.No.

-

Gd-4517

Gd-4503

Gd-4516

Gd-6184

Gd-6185

Gd-5668

Gd-6188

Gd-6193

Gd-6186

Gd-5667

Gd-6183

Gd-4700

Gd-6401

Gd-6403

Gd-4712

Gd-6404

Gd-6461

Core/depth [cm]

G4/5f/105-115

G4/5f/105-115

G4/5f/115-125

G4/5f.115/125

G4/5f/125-137

G4/5f/125-137

G4/5f/137-147

G4/5f/137-147

G4/5f/147-160

G4/5f/147-160

G4/5f/160-170

G4/5f/160-170

Gllf/0-15

Gllf/15-27

Gllf/27-39

Gll/13f/39-53

G13/15f/64-76

G13/15f/76-88

fraction

carb.

organic

carb.

organic

carb.

organic

carb.

organic

carb.

organic

carb.

organic

total

total

total

total

total

total

513C

-2.28

-

-1.91

-30.67

-1.11

-28.39

-0.76

-29.89

-0.17

-28.87

+ 0.87

-29.86

-24.59

-21.22

-

-23.13

-21.03

-

( 14

apparent age

2200

2630

2140

2410

1860

2190

1840

2560

1620

2470

2680

2080

1680

1090

1300

1430

1970

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

150

100

90

100

90

60

100

100

70

40

110

140

80

60

80

80

100

513C ind) Determinations of radiocarbon concentrations and

contemporary vegetation from the lake basin.

The samples of contemporary vegetation were collected in May, 1989,

in June 1990, in February 1991 and in July 1991 in the vicinity of the

Goscigz Lake for comparative determination of contemporary

radiocarbon activity. Locations of the sampling points are shown in

Fig. 22. Measurements of C-14 activity were performed with CO,-filled
13

proportional counters; small aliquots of same gas were used for 6 C
determinations. The results are listed in Table 4.
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Table 4. Carbon isotopic composition of contemporary vegetation from

the Gosci^z Lake basin.

No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Lab.No.

Gd-5559

Gd-5569

Gd-4585

Gd-6264

Gd-5742

Gd-5743

Gd-5744

Gd-5740

Gd-6263

Gd-5914

Gd-5899

coll

date

V/89

V/89

V/90

V/90

V/90

V/90

V/90

V/90

V/90

11/91

11/91

loc.

1

1

2

2

6

4

4

6

1

4

6

513C

wrt PDB

-31.40

-30.83

-15.6

-19.7

-27.7

-29.3

-28.5

-30.9

-28.0

-27.74

-26.45

C-14 PM

120.8±0.6

119.1±0.5

77.8-1.0

84.3-0.7

118.3-0.7

117.4-0.7

118.2-0.6

115.3-0.6

115.5-1.0

120.4±l.l

117.6±1.0

description

Betula (leaves)

grass

Stratiotes aloides L.

Algae

Phragmites comm. Trin

Betula (leaves)

Pinus (needles)

Acorus calamus L.

Frangula (leaves)

Pinus (needles)

Phragmites

The partial results obtained during the period covered by this

research contract were presented in form of poster during

international meeting "Workshop of Working Group on Laminated

Sediments" at Lammi Biological Station, Finland, June 4-6, 1990, by T.

Goslar and A. Pazdur. More complete results obtained in this study

(combined with the results of the Cracow group, concerning the

isotopic study of water from the lake basin) were presented in form of

poster during the 14th International Radiocarbon Conference in Tucson,

Arizona, in May, 1991. The paper "Isotopic composition of water and

uppermost part of laminated sediment of the Goscigz Lake: Preliminary

study", by Dulinski M. , Grabczak J. , Kuc T.f Goslar T. , Pazdur A.,

Pazdur M. F. , was submitted for publication of Conference Issue of

"Radiocarbon".
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GENERAL CONCLUSIONS

The results already obtained in the study of laminated sediments of

the Gosci^z Lake show great potential of this sequence as the source

on information on climatic, hydrologic, and astrophysical processes

during last 13-14 thousand years. The floating varve chronology forms

a background for detailed studies of fine ecological changes and

provides itself an information about some palaeoclimatic parameters.

As this sequence extends back in time to the Late Glacial, it gives an

unique opportunity for studying natural changes of radiocarbon

production and calibration of the radiocarbon time scale beyond time

interval covered by recent dendrochronological scales.
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Task 5. Radiocarbon dating of calcareous tufa from different

environments.

Description of research carried out

In earlier studies of tufa profiles from southern Poland (Pazdur,

Pazdur & Szulc, 1988; Pazdur, 1988) we found highly different values

of the reservoir correction factor Tn of carbonate fraction of tufa

samples, ranging from 900-11,000 yr. Observed values of TR are related

to the lithologic type of tufa. The highest values are observed for

tufas deposited in highly turbulent water (oncoids, stromatolites,

moss travertines), whereas the lowest values correspond to peloidal

muds deposited in semilimnic environments. We observed constant values

of TR in most profiles (Raclawka, Rzerzusnia, Sieradowice).

The aim of this study is to extend the experimental base of the

geochemical model developed for interpretation of C ages of tufa

profiles (Pazdur, 1988) and to check its validity by dating tufa

samples from other regions.

The site Checras is situated in the valley of the Checras River

near Churin (10°48'S, 76°45'W), Prov Cajatambo, Dept Lima. Moss

travertines occur in two series of gravels in terraces I and III ca

2400m and 2100m asl, respectively, separated by ca 300m thick series

of lacustrine sediments (cf Pazdur, 1989)

The profile of tufaceous sediments in Villers-devant-Orval,

Belgium, >12m thick, consists of calcareous gyttja, fine- and coarse

grained tufas, fine calcareous detritus, and several layers of

stromatolite in the upper part of the profile. Distinct sedimentologic

changes in the lowermost part of the profile may suggest the presence

of reworked carbonate. Detailed site description, including discussion

of the results of pollen analysis, was published by Geurts (1976).

Samples from the Checras site were collected in 1985 by P. Libelt and

members of the Polish Expedition to High Andes, Peru, from natural

outcrop. Samples from profile Villers-devant-Orvai were collected in

1975 by M. A. Geurts from natural exposures.

All samples submitted for dating were first subjected to careful

visual examination and lithological identification before further

processing in laboratory. Detailed description of laboratory methods
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was given elsewhere (Pazdur, Pazdur & Szulc, 1988)

Results obtained

Experimental data enabling direct comparison of the radiocarbon

dates of tufa carbonate with radiocarbon dates of associated organic

matter were obtained from two new sites in southern Poland, situated

close to the Raclawka site studied previously (Pazdur, Pazdur & Szulc,

1988), and one site in High Andes, Peru. In each site both carbonate

and organic matter fractions were dated to determine the value of

reservoir correction TR. The results are given in Table 5.

Table 5. Comparison of

tufa

14C dates of organic and carbonate fractions of

Sample

Rudawa Rd-4

Szklarka

Sk-121-C

Checras 1/01

1/02

111/03

111/04

T
ORG
yr ]

6140±

7600±

19,900±

3P

100

130

540

24,500±2800

1000± 100

9500±1200

Tc
yr BP

10,970± 70

10,240± 100

34,500±1300

35,400±1700

17,100± 200

23,600± 400

TR
yr

4830

2640

14,

10,

16,

14,

600

900

100

100

513C

% wrt PDB

-9.20

-11.17

-3.71

-4.83

-0.65

-1.67

values estimated from Eq. 2

5 C values of carbonate of four samples of moss travertine from the
14Checras site are shown in Figure 23 as functions of C dates of

organic and carbonate fractions. The clearly outlying result obtained

on the organic fraction of sample 1/02 may be suspect because of very

little organic matter (ca 60% dilution with inactive carbon) and

possible contamination with recent organic dust. After rejecting this

point, the remaining results show good regularity and can be

approximated by least squares lines with equations:
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513C = (3.0±0.93) - (0.21±0.03)Tc

613C = (-0.36±0.27) - (0.16±0.02)T
ORG

(la)

(lb)

Experimentally determined values of Tn, listed in Table 5, are
13plotted as functions of 6 c in Figure 24, together with data

previously obtained from tufa profiles in Raclawka and Folkestone, UK

(Pazdur, 1988, Fig 2, p 12; see also Pazdur, Pazdur & Szulc, 1988,

Table 1). The new data points fit the previously obtained dependence

very well (Pazdur, 1988, line C in Fig 2). The least square line

approximating the dependence of T (in ka) upon 6 C is described by

equation

TR = (17.35±0.71) (1.34±0.09)513C . (2)

This dependence can thus be used for estimating the real age of sample

Checras 1/02. According to equation (2) the value of the apparent age

is equal to 10,900±2200, and the resulting age can be estimated as

equal to 24,500±2800 BP.

Six samples from the lower part of the profile

Villers-devant-Orval, Belgium, were dated. The organic content in all

the samples was too low for C dating. The profile showed much

differentiation of lithologic types of calcareous sediments, as well
13as distinct bipartition in 6 c values of carbonate. The two oldest

1*5 1 A

samples, 02/286 and 02/274, show very high values of 6 C and C age
14 13

(Table 6). c ages and 5 C values of four younger samples form a

compact group and indicate different mechanisms of deposition of the

younger series. Two distinct age inversions also occur in the profile.
1*3 *! A

6 c value show a very high correlation with C ages of carbonate

(Fig. 25). This dependence, described by

613C = (-14.4 ± 0.8) + (0.52 ± 0.05)T ,
c

(3)

is similar to that obtained for tufas from the Gliczarow and

Folkestone sites (Pazdur, 1988).

20
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Table 6. Radiocarbon and palynologic age estimates of tufa samples

from the Villers-devant-Orval profile, Belgium

Sample

02/221

02/249

02/253

02/258

02/274

02/286

Tc
yr BP

9830±140

ll,230±180

9860±130

10,300±80

27,200±700

21,340±250

613C

% wrt PDB

-8.79

-8.78

-8.94

-10.08

-0.83 16

-2.28 14

TR
yr

2210±140

2220±140

2180±150

1890±260

,240±3640

,290±3050

Tcorr
yr BP

7620±200

9010±230

7680±200

8410±270

10,960±3700

7050±3100

palynologic

age '

Early Atlantic

Late Boreal

Middle Boreal

Early Boreal

Late Preboreal

Preboreal

*)'according to the subdivision of the Holocene, accepted by Geurts

(1976, Fig 3, p 58), the Preboreal phase extends from 10,500 to 8500

BP, the Boreal phase from 8500-7500 3P, and the Atlantic phase from

7500-4500 BP.

The presence of two significantly different groups of 6 C values
14and C ages in the profile suggests that they should be treated

separately. High values of 513c of samples 02/274 and 02/286 indicate

that the reservoir correction factors of these samples should be

estimated from the dependence of Tn upon 5 C given by line C in

Figure 24 (cf Pazdur, 1988). The corrected ages (Table 6) are

subjected to large errors (ca 30%), but indicate beginning of

sedimentation of tufas in the early Holocene. Mean value, equal to

9000±2100 BP is consistent with results of pollen analysis by

Geurts (1976, p 50) indicating a Preboreal age of the lowermost part

of the profile.
13Lithologic features and 8 C values of the second group of four

samples suggest that corresponding reservoir corrections should be
13estimated from dependence of 1' on 6 c observed in profiles in

Rzerzusnia and Trzebienice (S Poland) and Thatcham Reedbeds (S

England), described by equation (Pazdur, 1988, p 11)

T_ = (4.41±0.98) + (0.25±0.11)513C (4)
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shown by line B in Figure 24. Estimated values of TR and corrected

ages are listed in Table 6. An inversion of dates of samples 02/249

and 02/253 also occurs after correction.

There is general agreement between the corrected ages of this set

of tufa samples and the results of pollen analysis (Geurts, 1976)

which indicate an early Boreal age for sample 02/258 and an early

Atlantic age for youngest dated sample 02/221. However, the inversion

of ages of samples 02/249 and 02/253 occurs after correction. Sample

02/249, with a corrected 14C age equal to 9010±230 BP was collected

from a thin layer of coarse-grained tufa, embedded in a series of fine

grained calcareous detritus, >lm thick. This distinct sedimentologic

change in the profile may suggest the presence of reworked carbonate.

Conclusions

The results obtained on paired organic and carbonate samples,

listed in Table 5 seem to confirm that the validity of model

considerations (Pazdur, 1988) is not limited to local or regional

conditions of southern Poland. Application of this model to data

obtained on samples from a profile in Villers-devant-Orval shows

reasonable agreement of corrected C ages of tufas with palynologic

age estimates in the group of four younger samples. However, there are

significant age inversions. A very rough lithologic description of the

dated profile leads to conclusions that age inversions are associated

with reworked sediments. It should be pointed out that very regular

data from High Andes tufas were obtained on autogenic material with no

evidence of redeposition or diagenetic changes. Therefore, it seems

appropriate to repeat the conclusion from our previous study (Pazdur,

Pazdur & Szulc, 1988) that detailed lithological investigation of
14dated profile and carefull selection of tufa samples for C dating is

of crucial importance for reliable dating.
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Fig. 1. Schematic location of miniature gas proportional counters

inside plastic scintillator guard counter.

Fig. 2. Cross-section through the counting unit. 1 - HV connections to

the proportional counters; 2 - emitter follower; 3 - amplifier; 4 -

miniature proportional counters; 5 - plastic scintillator guard

counter; 6 - PM tube; 7 - back heading with HV connections to the PM

tube; 8 and 9 - supporting rings; 10 - front heading with HV and

signal connections.

Fig. 3. Cross sections through the material shield: A - vertical, B -

horizontal.

Fig. 4. Vacuum line for combustion of small samples.

Fig. 5. Vacuum line for purification and storage of carbon dioxide.

Fig. 6. (a) Diagram of the electronic system used for testing the

performance of single miniature gas proportional counter. (b)

emitter follower. SP - plastic scintillator, FP - PM tube, W -

amplifier, WN - HT supply, IK - generator of control pulses, OSC -

oscilloscope, 1101, 1202 - standard CAMAC-system units

(discriminator, analyser), PC - counting unit with memory and timer.

Fig. 7. Block diagram of compact computerized electronics designed for

routine operation of the counting system with 7 miniature gas

proportional counters with common plastic scintillator guard shield.

Fig. 8. Map of the vicinity of the Goscigz Lake with indicated

localities of coring (symbols 0,1 and 5 in the central part of the

Goscigz Lake indicate location of long cores of laminated sediment

GO/85, Gl/87 and G2/87, and G5/90, respectively.

Fig. 9. Synthetic varve chronology based on varve counts and
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correlation of cores GO/85, Gl/87 and G2/87.

Fig. 10. Correlation of cores of laminated sediment.

Fig. 11. Smoothed changes of the ratio of light layer to the total

thickness of the annual couplet, based on measurements performed on

cores Gl/87 and G2/87 (curve A), compared with other paleoclimatic

records: B - smoothed cumulative histogram of radiocarbon dates of

the Late Glacial period in Poland (after Pazdur and Pazdur, 1986); C

- mean summer temperature reconstruction for the Denmark Strait,

core V29-206 (after Kellog, 1984); D - mean summer temperature

reconstruction from Lake Tinkstade Trask (after Morner and Wallin,

1977) .

Fig. 12. Examples of periodical changes of varve thickness in cores

Gl/87 and G2/87.

Fig. 13. Location of cores taken around the Goscigz Lake.

Fig. 14. Lithological changes observed in cores from the nearest

vicinity of the Gosciqz Lake. Black squares denote locations of

radiocarbon-dated samples. Numbering of cores is same as in Fig. 13.

Fig. 15. Correlation of cores from the nearest vicinity of the Gosciqz

Lake, based on results of C-14 dating. Numbering of cores same as in

Fig. 13, lithological designations same as in Fig. 14.

Fig. 16. Water level changes in the Goscigz Lake. A - relative water

level changes reconstructed from the calculations based on the

Broecker-Walton model (after Pazdur and Starkel, 1989, modified by

inclusion new data); B - reconstruction based on radiocarbon-dated

lithological changes in profiles shown in Figs. 13-14.

Fig. 17. Schematic cross-section through the sampler designed for

taking cores of unconsolidated lake sediment with the freezing

technique.

28



-29-

Fig. 18. Three types of microscopic structure of lamination observed

in laminated sediment of the Gosciqz Lake.

Fig. 19. Correlation of frozen cores of uppermost unconsolidated

sediment, taken during field trips in 1989 and 1990.

Fig. 20. Changes of Cs-137 specific activity in uppermost part of the

laminated sediment of the Goscigz Lake. The post-1960 peak is

indicated.

Fig. 21. Changes of Pb-210 activity in uppermost part of the

laminated sediment of the Gosci^z Lake.

Fig. 22. Locations of sampling points of contemporary vegetation in

the Lake Goscigz basin.

Fig. 23. Values of 513C in carbonate fraction of tufa samples from

Checras, High Andes, as functions of C ages of organic matter (A)

and carbonate (B).

Fig. 24. Dependence of experimentally determined values of the
13,reservoir correction To. on 5 C values of tufa carbonate for tufas

deposited in high-energy water flow (line C, A) and in medium-energy

water (line B, B). Dashed lines show la confidence limits (after

Pazdur, 1988, Fig 2, p 12, modified and completed with new data).

Fig. 25. Values of 6 C of tufa samples from the Villers-devant-Orval

profile, Belgium, as functions of C dates.

Fig. 26. Lower part of the tufa profile in Villers-devant-Orval,

Belgium, with C and C data. Lithology and stratigraphy after

Geurts (1976).
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