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4C DATING, analysis in calcareous tufa give possibilities for reconstruction of time scale and palaeoclimatic

STABLE ISOTOPES, conditions of sedimentary processes. Results of isotope examinations of 2 profiles with
CALCAREOQOUS TUFA, organic and tufa sediments from Eastern Poland and 8 calcareous tufa sites from Eastern
HOLOCENE, India (Orissa) are given. A systematic error of “C conventional age of carbonate fraction of

POLAND, INDIA tufa samples as reservoir age (T,) was estimated. The T, values of different type of tufa sedi-
ment are determined by stream water energy. On the basis of known experimental depen-
dence between T, and 3“C for tufas deposited in high, average and low energy water,
unknown values of T, and corrected “C ages (T, ) were calculated for samples from India

tufa sites. Continuous deposition of organic and carbonate sediments in Polish profiles give

TCCA

1. INTRODUCTION

Tufas are freshwater carbonate deposits, the deposi-
tion of which is affected by physico-chemical and/or bio-
chemical processes. Continental carbonate deposits like
tufa are now being used for radiocarbon dating (Geyh and
Schleicher, 1990; Pazdur, 1988; Pazdur et al., 1988a; Srdoc
et al., 1980, 1982 and 1983; Thorpe et al., 1980 and 1981).
These deposits are also considered as reliable recorders
of palaeoclimatic and environmental changes (Andrews
et al., 1994; Pazdur et al., 1988b and Turi et al., 1986).

Results of *C measurements of tufa from several sites
in southern and eastern Poland indicated significant
variability of initial *C activity and its dependence on sedi-
mentological and geochemical processes (Dobrowolski
et al., 1999; Pazdur, 1988 and Pazdur et al, 1988a).
A number of factors determine the reliability of “C dates
of the tufaceous sediments. Carbon isotopic fractionation

the possibility to calculate the approximated T

ca @ges on the basis of dependence between

and a sample depth in a profile, and time scale reconstruction of 3C and &80 changes
in carbonate fraction of tufa samples during the whole Holocene.

during sedimentation processes are concerned with pri-
mary factors, which determine the initial *C concentra-
tion in carbonates. Isotopic studies of groundwater give
some information about this process. Radiocarbon stu-
dies of groundwater have resulted in formulation of di-
fferent models which estimate initial C activity of HCO,
ions dissolved in water (Mook, 1976 and Pearson, 1992).
However, physicochemical processes involved in precipi-
tation of tufa are complex and numerous environmental
factors may influence them (Friedman, 1970; Usdowski
et al., 1979 and Pazdur ez al., 1988a, b). Direct application
of such models in *C dating of tufa has led to unsatisfac-
tory results.

Allinvestigated calcareous tufa samples collected from
different regions and profiles indicate depletion in “C
isotope in the moment of deposition. It causes a system-
atic error of conventional radiocarbon dates of carbon-
ate fractions, i.e., so called reservoir (or apparent) age.
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Fig. 1. Location of studied sites with tufa
5 deposits in Eastern India (Orissa State):
L_ [ Phulbani, Boudh, Nayagarh, Keonjhar and
L Mayurbhanj and in Eastern Poland (Lublin

i Upland): Krzywice-1(K) and Rudka-2(R).

Conventional “C age of carbonate sample is “older” than
true radiocarbon age. The value of reservoir age has con-
nection with the environment of tufa deposition. In
streams with turbulent and fast flow, tufaceous sediments
show the highest values of reservoir age, even 4000 years.

Deposits of streams with moderate and variable flow show

the lowest values of the reservoir age (ca 2500-2100 years),

while the stagnant water deposits have the lowest values

(Iess than 1000 years).

According to Szulc (1983) and Pazdur and Szulc

(1988a) a slightly simplified classification of was done:

e Spring tufa: precipitated in turbulent, high energy
water flow (oncoids, stromatolites and moss
travertines).

e Tufas (oncoids and moss travertines) and peloidal cal-
careous muds: precipitated in streams with low or vari-
able water flow.
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Calcareous muds precipitated in shallow, stagnant-wa-
ter basins in conditions of semilimnic sedimentation.
In the Indian context, tufa deposits (see Figs 3, 4 and
5) are classified as follows (Das and Mohanti, 1997).
Waterfall tufa (Fig. 3): precipitated from turbulent wa-
ter flow (high energy condition); include stromatolic
tufa, phytohermal (moss) tufa, phytoclastic tufa and
occasional pisoids.

Slope tufa (Fig. 4): precipitated from moderately agi-
tated water flow conditions; include stromatolitic tufa,
phytotermal tufa and phytoclastic tufa.

Low gradient stream /river channel margin tufa (Fig. 5):
precipitated from low or variable water flow; include
stromatolic tufa and coated pebbles.

None of the deposits indicate shallow or stagnant-

water basin conditions.
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Redeposition and diagenetic modifications are con-
sidered as secondary factors influencing the '“C dates of
tufaceous sediments. Post-depositional changes include
dissolution and reprecipitation of CaCO, within the sedi-
ment. Cementation of tufaceous sediments leads to con-
tamination of primary carbonates with *C contained in
percolating water. Radiocarbon dating of redeposited and
diagenetically modified calcareous tufa yields erroneously
high values. Detailed examination of the profile during
sampling may help to overcome this type of error.

2. RESERVOIR EFFECT IN “C DATING
OF TUFACEOUS SEDIMENTS

Radiocarbon activity of freshwater carbonate sediment
at the moment of precipitation (4,) is obviously influenced
by isotopic composition of carbon compounds dissolved
in water.

The conventional radiocarbon age (7.) of carbonate,
determined by the ratio of measured “C activity (4) in
a sample to “C activity of the contemporary biosphere
(A,,), defined as 95% of the activity of NBS oxalic acid
standard (Stuiver and Polach, 1977), i.e.,

T = 8033« ln[A]
An

is greater than the real age of sediments because of
depletion of initial C activity in precipitated carbonate
with respect to biosphere. Difference between T, and the
real age is characterised by so called “reservoir age” T,
(or apparent age T ,,,; Pazdur, 1988). The value of T, is
related to initial “C activity of carbonate (4,) and reser-
voir dilution factor (g) through the equation

2.1)

T =-8033 xln{iJ =-8033xInq (2.2)

Aox

The real conventional radiocarbon age 7., is obvi-
ously described by

Teca =Tc —Tg @3)

The value of reservoir age T, observed for calcareous
tufa, lake marl, lacustrine gyttja and cements is charac-
teristic for depositional environment of carbonate, which
includes geographic locality of the karst area, type of veg-
etation, and type of bedrock as well as it contains infor-
mation on sources of carbon and its geochemical cycle in
environment. Observed T, values for these sediments
range from several hundred to several thousand years and
sometimes more (Pazdur, 1988 and 2000 and Pazdur et al.,
1995a, b). Speleothems have relatively constant reservoir
age determined by stable sedimentation conditions in
caves (Hercman, 2000; Holmgren et al., 1994 and Pazdur
et al., 1999).

The scattering of values of T, observed by various
authors could be explained by the dependence of T, on
the bedrock type (which is a source of “C-free carbon)
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and the type of sediment. The type of calcareous sedi-
ments depends strongly on hydrodynamic conditions of
water flow (Szulc, 1983).

Observed values of g in both recent and ancient tufas
range from 0.5 to 0.95 (Srdoc et al., 1983; Thorpe et al.,
1981; Pazdur 1988; Pazdur ef al., 1988a and Pazdur and
Pazdur, 1990) and consequently the values of T, are in-
cluded in interval from 500 to 5500 yr. They can be of
extremely high value ca 11 kyr (Pazdur, 1988).

The factors determining the precipitation of freshwa-
ter carbonates should be reflected by isotopic composi-
tion of carbon (8"°C, 4,) in carbonate samples and should
influence the T, value. The measured values are T, (see
Eq. (2.1)) and some dependence between 8"°C and T, is
expected.

Radiocarbon dating of tufaceous sediments should be
associated with detailed sedimentologic studies and car-
bon stable isotope 8C measurements (Pazdur, 1988).
Estimating true ages T, of individual tufa layers is rela-
tively easy even when few organic horizons can be found
in the investigated profile. In such case, measured values
of “C ages of carbonate and organic fractions can be co-
rrelated with &C values of tufa carbonate. A constant
value of &“C in the profile indicates a constant value of
apparent age, which can be determined independently
by comparing “C ages of carbonate and associated organic
matter or detrital organic matter dispersed in the carbo-
nate, itself. Assuming that the age of organic remnants
reflects the actual age of carbonate precipitation, we can
define the reservoir age T, of carbonate

Tr =Tc =Tore (24)

This value determined for a tufa profile with known
values of 8"3C across the profile, can be used for estima-
tion of the real age of tufa horizons on the basis of 7T,.
measurements.

Profiles of tufaceous sediments that do not contain
organics, may be characterised by constant value of the
reservoir (apparent) age and can be dated with accept-
able accuracy. It was found, that constant T, value in a
profile reveals peloidal calcareous muds precipitated from
stagnant or low-energy water, and tufas precipitated from
turbulent water, which do not exhibit significant correla-
tion of 8°C and 7. (Pazdur, 1988).

To estimate magnitude of the reservoir age the rela-
tion between 7', and 8"°C can be used in the shape of equa-
tion characteristic for spring tufa precipitated from higher
energy water
T,= (13.50%3.27) + (0.96+0.34) x &°C [kyr]  (2.5)

or characteristic for tufas precipitated from average
and lower energy water
T,= (441x0.98) + (0.25x0.11) x &°C [kyr].  (2.6)

The T, values may be calculated on the basis of equa-
tions (2.5) or (2.6), and in consequence 7., using equa-
tion (2.3) for each measured pair T, and 8"C in tufa
samples, may be determined.
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3. INVESTIGATED SITES AND SEDIMENTS

Lublin Upland, Eastern Poland

Calcareous tufas and travertines occurring in Poland
are formed by precipitation from groundwater circulat-
ing through/carbonate rocks of different lithology (lime-
stones, chalks, marls) and stratigraphic position (Devo-
nian, Lower Carboniferous, Jurassic, Cretaceous and
Tertiary). Their sites are found mainly in the Southern
Poland (Carpathians and Cracow-Wieluni Upland; Szulc,
1983) and Eastern Poland (Lublin Upland; Dobrowolski
etal., 1999; see Fig. 1). Sites with tufaceous sediments from
the Eastern Poland are connected with soligenous mires:
carbonate deposition strongly depends on groundwater
circulation and structure of the Upper Cretaceous bed-
rock.
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Krzywice-1 and Rudka-2
Carbonate sediments are presented by moss tufas de-

posited in well oxidised ascending springs, and by calcar-
eous muds formed in shallow, stagnant water basins in
conditions of semilimnic sedimentation (Dobrowolski et
al., 1999 and 2001; Fig. 2A). The thickness of tufa layers
in examined profiles varies from ca 0.5 to 40 cm. These
unconsolidated carbonate sediments, with no diagenetic
changes, were formed as incrustations of hygrophyte
plants (Cyperaceae, Phragmites, Calliergon giganteum and
Scorpidium scorpioides). Thickness of organic-carbonate
sequence in the Krzywice-1 profile is ca 6m and in the
Rudka-2 profile - ca 4m. Simplified lithology of sediments
from both profiles is given in Fig. 2.
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Fig. 2. Sediment profiles with tufa deposits and results

o radiocarbon dating: part A - profiles from Poland with
Tors O T @ges (see Table 1) used for calculation of
curves described by Eqs (5.7) and (5.8); part B - profiles
from India with T, ages of samples (see Table 2).
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Orissa, Eastern India

Several freshwater tufa deposits occur in the tropical
setting in Phulbani, Boudh, Nayagarh, Keonjhar and
Mayurbhanj districts of Orissa State (Fig. 1). The depos-
its occur as surficial deposits in hilly topography; at sites
of waterfalls, where streams have steeper gradients or
margins of small river where boulders or bedrock occur.
In Phulbani, Boudh and Nayagarh districts the rock types
are charnokites, khondalites and granite gneisses belong-
ing to the Easternghat Group. In Keonjhar district, the
deposit rests over quartzite, which is overlain by basic lava
and tuff of Simlipal Group and underlain by the
Singhbhum Granite. The deposits in Mayurbhan; district
have been formed at the contact of quartzites of Iron Ore
Group and younger dolerite intrusives. The quartzites
along with a thin band of ferruginous shale overlie the
Singhbhum Granite, which is invaded by numerous dol-
erite dykes.

The tufa deposits can be broadly classified as stroma-
tolitic tufa, phytohermal tufa and phytoclastic tufa. The
cross sections of these different sediments are shown in
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Figs of 3 to 5. Phytohermal tufas are mostly calcified
mosses (Das and Mohanti, 1997). When the mosses are
less than 2 cm in size, these tufa are named as microhermal
tufa, in which case some pteridophytic plants and algae
may be associated. Occasionally, pisoids also occur along
with intraclastic deposits. Porous zones show thin inor-
ganic crusts called sinter. Larger cavernous zones show
speleothem-like deposits like stalactites and laminated
flowstone.

The deposits show variations in the thickness of dif-
ferent tufa facies. Tufa profiles were constructed from
quarry faces and stream-cut sections after careful exami-
nation of the sequence of tufa facies and associations (Figs
3, 4 and 5). Samples were collected from various layers
showing major sedimentary intervals (Fig. 2B). Profile
samples were collected from three localities (i.e.,
Mundapathar, Sulagan and Kudipasa). Some number of
tufa samples were found in five other localities
(Banigochha, Madhapur, Bhaliadal, Mitikoli and Takara;
see Fig. 1). Organic-rich soils occurring in small pockets
were collected from the profiles.
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Fig. 3. Sequence of various tufa facies (encrousted boulders,
stromatolitic tufa, phytohermal tufa and phytoclasic tufa with
sinter) in slope deposits.
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Fig. 4. Occurrence of stromatolitic tufa (showing varying
disposition), phytohermal (moss) tufa and speleothem-like
sediments in waterfall deposits.
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COATED PEBBLES

SANDY RIYVER BED

Mundapathar
The deposit is characterized by dominantly stroma-

tolitic and phytohermal (moss) tufa (Fig. 3). Above the
level of 3.6 m from the bottom (MS-7, Table 2), a cavern-
ous zone occurs which shows speleothem-like deposits.
Pisoids occur along with intraclastic tufa at the depth 5.5
m (MS-10, Table 2) within disrupted crusts of stromatolitic
tufa.

Sulagan
The lower parts of the deposit show phytohermal

(moss) tufa alternating with thin layers of stromatolitic
tufa. At levels of 3.5 m (SS-4) and 5.2 m (SS-6, Table 2),
microhermal tufas form thick zones. A narrow cave oc-
curs above the level SS-3 showing botryoidal hangings and
thin inorganic crusts with ramifying projections. The up-
permost part of the deposit shows occurrence of stroma-
tolitic tufa which is partly covered by soil.

Kudipasa
At the lower level of the deposit tufa is found to en-

crust quartzite boulders. The boulder zone is overlain by
a thin layer of stromatolitic tufa, which is overlain by a
thick zone of phytohermal (moss) tufa. Microhermal tufa
shows pocket-like deposits on the level 1.8 m (KS-3, Table
2). In the whole cross section of outcrop the deposits are
dominated by very thick zones of phytoclastic deposits.
Sinter crusts show plate-like growths within the
phytoclastic deposits. The top portion of the deposit shows
laminated flowstone, which is covered by soil.

Regional samples
Some number of tufa samples were found in the five

localities (Banigochha, Madhapur, Bhaliadal, Mitikoli and
Takara; see Fig. 1) as single calcareous incrustations in
sediments. They are called “regional samples”.

The regional samples are stromatolitic tufa. The
samples MBS-5 is a modern crust collected from the
stream channel where active tufa deposition is observed.
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Fig. 8. River channel margin tufa
deposits showing occurrence of tufa-
encrusted boulders, stromatolitic tufa
and coated pebbles.

4. RESULTS OF *“C DATING AND §“C AND 60
MEASUREMENTS

C dating

All analyzed samples were dated using CO,-filled pro-
portional counters (Pazdur et al., 2000). Radiocarbon ages
T.orT,,. (Table 1 and 2) are the conventional "“C ages
of carbonate (7)) and organic matter (7,,.) normalized
to 8C=-25%o, according to recommendations of Stuiver
and Polach (1977). The analysis was carried out at the
Gliwice Radiocarbon Laboratory, Silesian University of
Technology, Poland.

&3C and &*0 measurements

The measurements of relative stable isotope concen-
tration *C and 80 in samples from Polish sites were car-
ried out at the Mass Spectrometry Laboratory, Maria
Curie-Sktodowska University, Lublin, Poland. The same
analysis for samples from India sites was carried out at
the Department of Geology, University of California,
USA. Measurements were performed using standard mass
spectrometry techniques with gaseous CO, obtained from
chemical reaction of carbonate fraction of tufa samples
with concentrated orthophosphoric acid (>103 %). The
0C and 8'®0 values were expressed relative to the PDB
standard (Tables 2 and 3).

5. CONVENTIONAL "C CORRECTED AGE (T,
OF TUFACEOUS SEDIMENTS

Krzywice-1 and Rudka-2 sites

Both tufa profiles contain organic matter mixed with
carbonate or occurring as separate layers. There are also
layers consisting only from carbonate fraction (see Table 1).
The determination of time scales for sedimentation of
carbonates, where possible, was based on “C dating of
organic fraction (7). For layers with no organic frac-
tion, the reservoir age T, (estimated according to Eq.
(2.4)) was assumed the same as for younger (higher) level.
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Table 1. Results of radiocarbon dating of carbonate (T,) and organic fraction (T ), &°C measurements and estimation of
reservoir effect (T, ) and corrected carbonate age (T, ) of organic sediments anaﬁ tufa samples from Polish sites.

Sample Depth Lab.No. |F T Tc, Torg B¢ Tr Tcea

[m] Gd- [BP] [%q PDB] | [years] [BP]
Krzywice-1
KRZ 1/94 5.37-5.50 10280 O H 11530 + 100 11530 + 100
KRZ.2/94 4.37-4.60 10070 O PT |[10770+ 140
KRZ 4/94 4.00-4.10 7516 C TF | 10590 + 80 -7.43 9970 + 140
KRZ.4/94 4.00-4.10 10072 O PT |9970 + 140
KRZ 5/94 2.80-2.95 9237 O PT |6670+ 170
KRZ 5/94 2.80-2.95 7517 C TF |10620+50 -7.32 6670 + 170
KRZ.6/94 2.70-2.79 7518 C TF |10540+70 -8.08 3950 + 250 6590 + 200
KRZ 7/94 2.42-2.55 10073 O PT [6120+ 100
KRZ 8/94 2.31-2.43 7519 C TF [9670 + 60 -6.71 3950 + 250 5720 + 200
KRZ 9/94 2.16-2.31 7522 C TF 9730+ 70 -6.71 3950 + 250 5780 + 200
KRZ.10/94 2.00-2.15 10074 @) PT |3620+130
KRZ 11/94 1.00-1.12 10079 O PT [1530%70
KRZ.12/94 0.79-0.92 7524 C TF |4340 + 60 -8.17 3530 £ 60 810 + 100
KRZ.13/94 0.56-0.66 7525 C TF |4200 + 50 -9.04 3530 + 60 670 + 80
KRZ.14/94 0.56-0.43 7520 C TF |[3530+ 60 -8.28 3530 + 60 0+60
KRZ.14/94 0.56-0.43 9231 O PT | MODERN
Rudka-2
R2-1 4.20-4.10 10655 O TF | 8700 + 180
R2-2 3.21-3.09 10642 C CM | 7130+ 190 -6.57 1360 + 130 5770 £ 120
R2-3 3.09-3.01 10651 C CM | 6980 + 180 -6.57 1360 + 130 5620 + 160
R2-3 3.09-3.01 10649 O PT |5620 + 160
R2-4 2.80-2.70 10645 C CM | 7670 £ 150 -7.39 1780 + 220 5890 + 270
R2-4 2.80-2.70 9816 O PT |5890 + 270
R2-5 0.92-0.87 10646 C CM | 2720+ 140 -7.74 500 + 140 2220 + 190
R2-5 0.92-0.87 9801 O PT |2220+ 190
R2-6 0.87-0.82 10659 C CM | 2870 + 140 -7.74 (%)
R2-7 0.82-0.74 7980 C CM | 3080+ 70 -7.74 (%)
R2 -8 0.74-0.71 9797 C CM |3530+210 -7.25 1780 + 150 1750 + 180
R2-8 0.74-0.71 9807 O PT |1750 + 180
R2-9 0.71-0.65 10663 C CM | 2980 + 140 -7.25 1780 + 150 1200 +£ 110
R2-10 0.48-0.37 7983 C CM | 2190 + 60 -8.27 1860 + 120 330 +£220
R2-10 0.48-0.37 9809 O PT |[330+220

F = fraction of the sample; C, O = carbonate and organic fraction; (*) = assumed &°C values in carbonate fraction; in organic
fraction &°C = -25%0 was assumed. Type of sediment: TF = tufa, PT = peat, H = humus/soil, CM = calcareous mu

Much more of small carbonate samples than for “C
dating were collected for stable isotope *C and *O analy-
ses. Full time record of 8°C and 80 needed separate
construction of time scale. For this experimental depen-
dence between known T, ., and depth d of samples in sedi-
ment profiles was used, for Krzywice-1 and Rudka-2 sepa-
rately. This dependence is shown in Fig. 6 and described

by the best fit of polynomial functions:
T,.,=-251.95x d* +3924 x d - 2082.9 [years BP] ~(5.7)

for Krzywice-1 profile, with correlation coefficient
r’=0.9938, and
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T,.,=374.62 x d*-2748.1 x d* +7670.5 x d - 2630.6 [years BP|
(5.8)

for Rudka-2 profile, with correlation coefficient r>=0.9937.
Results of T, calculations and &”C and 8"*O measure-
ments are listed in Table 3. The errors of estimation are

less than 100 years.

Sites from Orissa
As we can study from the data sheet (see Table 2) all
organic fractions of tufa samples from all profiles are rela-
tively young. This may suggest that there is some input
from modern carbon sources. The tufas are generally
porous and permit movement of water, which might have
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Table 2. Results of radiocarbon dating of carbonate (T.,) and organic fraction (T, ), stable isotope
measurements (8°C and &°0) and estimation of reservoir effects (T,) and corrected carbonate ages (T, )
of tufa samples for sites from India.

Sample Lab. |F/T,WE |Tc, Torg s8C 5%0 Tr Tr Tcea | Teca
No. [BP] [%c] |[%c] |[years] |[years] |[BP] |[BP]
Gd- PDB] |PDB] |(5) ©) ® ©
Kudipasa
KS-1 12065 |C/STM | 15470 £120 |-4.30 -3.83 9370 3340 6100 | 12130#
KS-1/8-1 CH, M -4.30 -3.83
KS-1/5-1 9841 |OH,M |90+ 180 =25 (%)
KS-2 12059 | C/PHT, M | 16570 £ 180 |-4.46 -3.98 9220 3300 7350 | 13270#
KS-3 12070 | C/PHT, M | 16600 + 180 |-6.78 -4.74 7000 2720 96007 | 13880
KS-3/S-2 CH M -6.78 -4.74
KS-3/S-2 9828 |OH,M 102.0+2.7 |-25(%)
PM

KS-4 C/PCT,M -3.89 -4.21
KS-5 CS,M -4.54 -4.30
KS-6 CST,M -4.26 -4.15
KS-7 C/PCT,M -5.35 -3.87
KS-8 12067 | C/S,M 10970 +£90 |-7.80 -4.01 6000 2460 4970# | 8510
Mundapathar
MS-1 12008 | C/ST,H | 7050 + 80 -8.53 -5.60
MS-1/M-1 C/H H -8.53 -5.60 5310 2280 1740 | 4770#
MS-1/M-1 9824 |OHH 1120+ 180 |-25 (%)
MS-2 10678 | C/PHT, H |8270 +210 |-10.41 |-6.01 3510 1810 4760 | 6460#
MS-3 CST,H -10.47  |-5.98
MS-4 12007 |C/ST,H |7620+90 -9.26 -6.21 4610 2100 3010 | 5520#

(-9.28) [ (-6.27)
MS-5 CH H -11.27  |-6.06
MS-5/M-2 12001 |C/PHT, H | 7660 + 100 |-11.27 |-6.06 2680 1590 4980 | 6070#
MS-6 10674 |C/ST,H 9070 +230 |-10.60 |-5.60 3320 1760 5750# | 7310
MS-7 10677 | C/S,H 6920+190 |-9.75 -6.54 4140 1970 2780 | 4950#
MS-8 12004 | C/PHT, H | 8310 + 60 -11.92 | -5.84 2060 1430 6150 | 6880
MS-9 10675 |C/ST,H |5220+180 |-9.84 -6.02 4050 1950 1170 | 3270#
MS-10 10671 |C/P,H 5220 +180 [-10.40 |-5.97 3520 1810 1700 | 3410#
MS-11 12000 | C/ST,H |5770 + 80 -10.92  |-6.01 3020 1660 2750# | 4110
MS-12 10679 | C/PHT, H |4350+£180 |-9.29 -5.83 4580 2090 MOD |2260#
Sulagan
SS-1 12072 |C/ST,H |10280+110 |-9.20 -3.36 4670 2110 5610 | 8170#
SS-2 12069 | C/PHT, H | 11400 £ 120 |[-6.65 -3.72 7160 2750 4240 | 8650#
SS-2/R-1 9822 |C/HH 3700 +£220 | -6.65 -3.72 7160 2750 MOD | 950#
SS-2/R-1 9831 |OHH 110+ 8 PM | -25(%)
SS-3 CST,H -4.77 -6.04
SS-4 C/PHT, H -8.48 -3.49

(-8.48) [(-3.44)
SS-5 C/ST,H -9.51 -4.09
SS-6 G2 H -8.92 -4.27
SS-6/R-2 9818 | C/PHT, H |8010+300 [-8.92 -4.27 4940 2180 3070 | 5830#
SS-6/R-2 10669 | O/H, H 1095+ 1.4

PM

SS-7 12071 |C/ST,H |8930+110 |-9.97 -4.63 3930 1920 5000# | 7010
Regional samples
BA-1 C/ST,L -10.74  |-5.02

(-10.95) | (-5.05)
MA-1 12067 |C/ST,M |10970+90 |-9.74 -4.23 4150 1980 6820 | 8990#
MB-4 12061 |C/ST,M | 19850 +290 |-2.52 -3.39 11080 | 3780 8770# | 16070
MB-5 12058 | C/PHT, M | 12780+140 |? ?
MBS-5 11385 |C/ST,M |220+90 -11.67 |-6.82 2300 1490 MOD | MOD
MI-1 11375 |C/ST,M 10750 £210 |-8.26 -3.79 5570 2350 5180 | 8400#
MUC-1 12068 |C/ST,H |9370+100 |? ?
TA-2 C/ST, L -7.81 -4.0

F = fraction of the sample; C, O = carbonate and organic fraction; MOD = modern; (*) = assumed &°C values in organic
fraction; (5) and (6) indicate the number of equation in chapter 2, used for estimation of T, (and T, ); (#)= estimated ages
of tufa carbonate fraction giving the best stratigraphy of sediments. Type of tufa samples T: P = Pisoid, PCT = Phytoclastic
tufa, PHT = Phytohermal (moss) tufa, S = Sinter/flowstone, ST = Stromatolitic tufa, H = Humus/soil. Name of regional
samples: BA = Banigocha, MA = Madhapur, MB = Bhaliadal, Ml = Mitikoli, MUC = Mundapathar, TA = Takara.

Water energy WE: H = High, M = Moderate, L = Average and Low.
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dissolved the modern carbon from the upstream area and
contributed to the organic deposits. Secondly, as the tu-
fas are dampened by water films, they support the growth
of modern/recent cyanobacterial/algal flora. These might
have possibly contributed some modern carbon to organic
samples. Because of this, the dates of organic fraction
associated with tufa carbonate are not real ages of tufa
samples. The *C time scale for studied changes of sedi-
mentary conditions and &0 in tufa carbonates from the
study area can be reconstructed on the base of relation
between the reservoir age T, and 8”Cvalues (see Eqgs (2.5)
and (2.6)).

The measured values are T, and 8"C; some depen-
dence between them is expected. Values of &“C of car-
bonate are plotted in Figs. 7 and 8 against the carbonate
age T, of samples of all investigated profiles, each of the
separate profiles and regional samples. Smoothed depen-
dence of 8”C upon 7. is shown by solid lines

FC=a, +a,, (5.9)

obtained by least squares method. Parameters of least
squares line (a,,, a,.), the value of correlation coefficient
R, and number (n) of experimental points used in calcu-
lation for separate profiles are listed in Table 4. The de-
pendence of 8"°C upon T, is insignificant for separate
profile and has relatively high confidence level for experi-
mental points from regional samples and all points
together. To estimate magnitude of the reservoir age, the
relation T, and 8"”C can be used in the shape of equation
characteristic for spring tufa precipitated from high
energy water or characteristic for other tufas (Eqgs (2.5)
and (2.6)).

T [yharz BF]
" 2020-

The T, values and corrected carbonate ages for the
reservoir effect (7..,) of tufa carbonate are listed in Table
2. The T, and T, values were determined on the basis
of both relation (5) and (6) for each measured pair 7.
and 8"*C in tufa samples. For reconstruction of the radio-
carbon time scale for sedimentary processes and
palaeoclimatic interpretation of stable isotope results
(Pazdur et al., 2002) we assume, that the best calculated
ages are ages which give corrected stratigraphy of inves-
tigated sediment layers in profiles. These results are indi-
cated in Table 2. It may be noted, that the best stratigra-
phy order of T, ages in profile is not in agreement with
information about relation of tufa type to water energy.
The relative errors of such estimated T, ., ages range
within 25-30 %. Inverses observed for samples in profiles;
Kudipasa (Gd-12001), Mundapathar (Gd-12008 and Gd-
10678, Gd-12007 and Gd-12001), Sulagan (Gd-9822 and
Gd-9818) can partly result from great estimation errors,
but the main determinant is the mechanism of sedimen-
tary and post-sedimentary processes and possibilities of
contamination of tufas by “younger” or “older” carbon.

It appears that the older deposits at the lower levels
of the tufa profiles have been partly affected by cementa-
tion in the vadose realm. The meteoric water might have
dissolved younger carbon from humus/ soil zone or mod-
ern tufas, and while moving through the porous older tu-
fas have probably contaminated the tufas. Contamination
by older carbon seems very unlikely. It is possible too, that
cementation processes provide discrepancy of calculated

T, ages and classification of type tufa sediments.
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} Fig. 6. Dependence of experimental values
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of T, on the depth of a sample in the
Krzywice-1 and Rudka-2 profiles (Poland).
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Age T [BP] Table 4. Parameters of the least squares lines described by
0. 4000 8000 12000 16000 20000 Eq. (5.9). a; and a,; - least square estimates of the coefficients
o N | of straight line (Figs 7 and 8), r - correlation coefficient,
-2.00 o n - number of experimental points.
. Y =4.08410%* X - 1244 Profile g [%o] arc [%o/kyr]  t
r =0.58 (n=24) Kudipasa 0.00043 -0.0123 0.45 4
-4.00 = Mundapathar ~ -0.00022 -0.0086 0.12 1
h Sulagan -0.00015 -0.0070 0.08 5
Regional 0.00045 -0.0128 0.86 4
2 500 samples
‘; All samples 0.00041 -0.0124 0.58 24
; -
w
-8.00 —
-10.00 —
-12.00 _

Fig. 7. Dependence of &°C upon T for all investigated profiles

from the Eastern India (Orissa) sites. Straight line is described

by equation shown in Figure. n - number of experimental points,
r - correlation coefficient.
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. Fig. 8. Dependence &°C upon T, for separate profiles
s : : : : : : : : : : and for regional samples from the Eastern India
b Lann acna |=cca 5o zaqnn (Orissa) sites. Values of correlation coefficients are
Lt 1] given in Table 4.
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Table 3. Values of unknown corrected radiocarbon ages T, of samples analysed on 6"C and 60 from Krzywice and Rudka sites
(Poland), estimated on the basis of approximation of T ., as function of depth, described by Eqs (5.7) and (5.8).

Krzywice 4,43 10336 -6,34 -10,61
Depth [m] Teea [BP] &'3C [%o, PDB] 580 [%o, PDB] 4,58 10583 -9,95 -11,72
0,6 180 -9,04 -7,95 47 10772 -3,67 -13,78
0,7 540 -8,68 -8,76 4,75 10849 -3,04 -13,1
0,8 894 -8,17 -8,22 4,95 11143 -0,77 -12,55
1,1 1927 -8,21 -8,27 54 11731 -7,03 -11,27
1,4 2915 -7,75 -8,29

1,55 3392 -7,52 -8,81 Rudka

1,6 3548 -7,33 -8,65 Depth [m] Teca [BP] 8'3C [%o, PDB] 8'%0 [%o, PDB]
2,05 4898 -9,35 -5,68 0,5 564 -7,52 -7,75
2,08 4985 -9,58 -5,4 0,65 1297 -7,25 -7,5
2,23 5410 -7,16 -7,88 0,85 2134 -7,74 -7,93
2,35 5742 -6,71 -8,18 1,05 2827 -7,64 -7,12
2,4 5878 -7,24 -8,34 1,1 2980 -7,25 -7,61
2,54 6252 -7,49 -7,95 1,15 3126 -8,44 -6,34
2,6 6410 -9,61 -3,18 1,2 3264 -7,99 -8,33
2,65 6539 -7,58 -8,6 1,25 3395 -6,96 -8,55
2,74 6770 -7,44 -8,23 1,35 3638 -7,06 -7,49
2,78 6871 -8,08 -9,98 1,45 3856 -6,96 -8,84
2,8 6921 -7,43 -8,63 1,55 4051 -6,43 -8,73
2,9 7169 -7,32 -8,63 1,65 4227 -7,46 -7,6
3,35 8224 -6,47 -8,7 1,75 4384 -7,15 -8,85
3,85 9275 -6,23 -8,83 1,85 4526 -6,87 -8,09
4,14 9827 -7,43 -9,8 2 4715 -6,46 -8,53
4,17 9882 -7,01 -9,84 2,15 4881 -6,66 -8,23
4,21 9954 -7,4 -9,65 2.4 5128 -7,12 -6,11
4,23 9990 -7,07 -9,93 2,55 5271 -6,1 9,14
427 10061 -6,36 -9,75 2,65 5369 -7,41 -9,67
4,29 10096 -7,41 -10,06 2,7 5420 -7,39 -8,15
4,31 10131 -7,09 -10,4 2,8 5525 -74 -8,59
4,38 10252 -6,74 -9,88 2,9 5639 -6,6 -8,58
4,4 10286 -9,6 -10,21 3 5763 -7,29 -7,64
4,42 10319 -6,24 -11,53 3,1 5899 -7,13 -7,72

6. CONCLUSIONS

To estimation of “C ages of calcareous tufa, the res-
ervoir age T,, dependent on type of tufa sediments (wa-
ter energy conditions) should be known. Two indepen-
dent ways of T, determination were made.

The calcareous tufa of Krzywice-1 and Rudka-2 pro-
files in Lublin Upland, Poland represent calcareous muds
formed in shallow, stagnant water basins in conditions of
semilimnic sedimentation. Comparison of conventional
radiocarbon ages of carbonate and organic fraction of
several samples from each profile gave possibilities to
estimate reservoir age 7, and use these values to deter-
mine corrected conventional *C ages 7., (corrected for
reservoir effect) of samples containing only carbonate
fraction. Non linear dependence between known 7., and
depth of the carbonate samples in sediment profiles was
used for determination of unknown 7., of samples des-
tined for &"C and 8'®0 analysis.

The smoothed dependence between 8"°C and 7. for
calcareous tufa deposited in high and mean energy wa-
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ter in Orissa state, India, has been useful in calculating
the best corrected ages (T,.,) of the dating samples. The
model used for calculation of reservoir age T}, on the basis
of observed relation, has empirical character and give only
approximated values. Some anomalies in “C ages ob-
served in a few samples of the profiles are probably a func-
tion of post-depositional changes or contamination due
to excursion of modern carbon in the depositional system.

The &“C values indicate greater input of biogenic
lighter carbon. The role of photosynthesis and evapora-
tion in the deposition of tufa is considered to be low due
to low residence time. The absence of any marine carbon-
ate source and high-energy conditions due to water tur-
bulence for Indian tufas, suggest partial disequilibrium
during isotopic fractionation.
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Key words: Abstract: Measurements of 30 and &"“C in tufa samples dated by “C method have been
CALCAREOUS TUFA, used to reconstruct climatic changes in Southern and Eastern Poland and in Eastern India
STABLE ISOTOPES, (Orissa) for the last ca 13,500 years. Stable isotope time record &30 in calcareous tufa pro-
PALAEOCLIMATE, files can be interpreted as palaeoclimatic record if dependence between oxygen isotope com-
HOLOCENE, position and temperature for the specific climatic region is known. Estimated sedimentation

POLAND, INDIA temperatures of calcareous tufas from Polish sites indicate the mean year of air temperatures
during the last 12,000 years and mean winter and summer temperature for Orissa state, using
stable isotope analysis for calcareous tufa from Indian sites. The estimated temperatures have
real values, comparable with contemporaneous sedimentation temperature. The characteris-
tic trend of the temperature changes increasing for Poland and decreasing for Orissa, since

the beginning of the Holocene till today, can be observed with climatic optimum ca 5000-

1. INTRODUCTION

Calcareous tufa and speleothems appear to be signifi-
cant indicators of palacoenvironmental and palaeocli-
matic changes. These deposits reflect the combined
effects of karst processes, controlled to a great extent by
climatic factors, especially temperature and humidity.
Freshwater tufas in continental realm, deposited by physi-
cochemical and/or biochemical processes are also consid-
ered as reliable recorders of palaeoclimatic and environ-
mental change (Andrews et al., 1994 and Pazdur et al.,
1988b). Stable isotopes, like *O and "*C, and chemical
analysis, frequency distribution of U/Th and '*C dates have
frequently been used as a tool for analysis of sedimento-
logical processes and reconstruction of palaeoclimatic
conditions, as well as for stratigraphic purposes. Measure-
ments of 80 and 8"*C in tufa samples dated by “C
method have been used to reconstruct Holocene climatic
changes in southern and eastern Poland (Pazdur, 2000).

6000 BP synchronous in both countries.

Precise dating of speleothems by *C and other dating
methods along with 8°C and 4'®0 measurements have
been used to interpret palaeoclimatic changes (Pazdur et
al., 1995). The frequency distribution of “C and U/Th
dates has been successfully applied to palacoclimatic stud-
ies using speleothems (Goslar et al., 2000; Hercman,
2000).

Interpretation of isotopic investigations in lacustrine
carbonates is much more sophisticated and difficult be-
cause of the complex nature of sedimentation, influenced
by a number of physicochemical and biological factors.
Palaeolake level changes of the Gosciaz Lake (Central
Poland) have been studied from the lake and lake-mar-
gin sediments with help of deposits constituted of lami-
nated sediments, peat, lacustrine gyttja and beach sedi-
ments together with radiocarbon chronology and carbon
isotope content interpretation. The behaviour of this lake
during the last 12 ka reflects global climate change in the
temperate zone fairly well (Pazdur ez al., 1994 and 1995b).
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The significance of undisturbed lacustrine calcareous sedi-
ments as potential geochemical archives of isotopic
records of palaeoenvironmental changes has been recog-
nized. Isotopic studies of pedogenic carbonates (caliche,
concretions) and cements provide information related to
circulation of groundwater and precipitation, and, indi-
rectly, lead to palaeoclimatic conclusions (Pazdur et al.,
1995a).

Several authors dealing with freshwater carbonates
assumed that kinetic effects during isotopic fractionations
are small (except at spring heads) and used the isotopi-
cally derived temperature for studying local and regional
palaeoclimatic and palacoenvironmental records
(Andrews et al. 1993 and 1994; Pazdur et al. 1988b).
Usdowski et al., (1979) and Dandurand et al., (1982), while
studying calcite precipitation at springs and streams, at-
tributed the variations in isotopic composition to disequi-
librium condition due to kinetic effects. Turi (1986) noted
that isotopic equilibrium is seldom attained in the depo-
sition of travertines mainly as a consequence of kinetic
effects. Recently, Chafetz and Lawrence (1994) demon-
strated that 8'®O values of the precipitates can change
drastically within a travertine system and stressed that the
overall changes with water flow, microenvironmental con-
trols and disequilibrium precipitation determine the iso-
topic signatures of these freshwater deposits. It is, there-
fore, necessary to stress the depositional conditions be-
fore establishing the isotopic signatures and reconstruct-
ing the palaeoclimatic change.

Generally, tufa deposits, for example European tufas,
involve headwaters, which contain dissolved calcium car-
bonate derived from marine (isotopically heavy) carbon-
ates. In contrast to these deposits, tufas of Orissa State
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Fig. 1. Map of Europe and Asia
where tufa samples have been
[ studied in Poland and India (Orissa).

are formed in a Precambrian terrain of crystalline and
metasedimentary rocks. Due to the absence of any ma-
rine limestone or dolomite, the tufa depositional system
forms an interesting geochemical system. Das and
Mohanti (1997) recently presented the fabrics of micro-
bial tufas and discussed depositional processes. In this
paper, we have attempted to date the tufa carbonates and
apply the stable isotopic signatures to understand the
implications of climatic changes in Orissa during the
Holocene.

For reconstruction of time record of palaecoenviron-
mental conditions of the sedimentary processes the time
scale of carbonate deposition should be reconstructed.
Radiocarbon, U/Th, TL and AAR dating methods may
be usually used.

The large number of dating results obtained by dif-
ferent methods enable interpretation of results with use
of probabilistic methods (Baker ef al, 1993; Smart and
Richards, 1992; Srdoc et al., 1983; Hercman, 2000).
Frequency distributions of dates may be compared with
results obtained by other methods, like changes of
temperature and precipitation in the past, reconstructed
from pollen analyses of peat-bog profiles and lake sedi-
ments of non-glaciated areas, and with palaeoclimatic
records from deep sea cores (Guiot et al., 1989;
Schackleton, 1967).

2. INVESTIGATED SITES IN POLAND AND IN INDIA

The radiocarbon time scale record of 6"*C and 3O
from sites situated in the Cracow-Wielun Upland
(Ractawka, Rzerzu$nia, Trzebienice; southern Poland)
and the Holy Cross Mountains (Sieradowice; south-
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eastern Poland) and their palaeoclimatic interpretation was
given by Pazdur et al. (1988b). In this paper the results
are used for comparison of those from Krzywice-1 and
Rudka-2 (Lublin Upland, eastern Poland; Dobrowolski
et al., 1996) with Mundapathar, Kudipasa and Sulagan
(Orissa, eastern India). Dobrowolski ef al. (1999 and
2002), presenting 6"*C and 80 record in time related to
Holocene stratigraphical division, but without detailed ra-
diocarbon time scale. Das and Mohanti (1997) and Pazdur
et al. (2002) described results of radiocarbon dating, 8C
and &0 measurements, and sedimentological descrip-
tion for sites in India.

Poland
Sedimentological and isotopic studies were made for
profiles from the following geographical regions:

e Cracow-Wielun Upland (southern Poland): 27 samples
of calcareous tufa of biogenic origin (autochthonous
calcareous muds, stromatolites, oncoids, and moss
travertines; Pazdur ef al., 1988a) from three sites
(Ractawka, Rzerzu$nia and Trzebienice). The sites
represent different hydrodynamic conditions of tufa
sedimentation. They are situated in small valleys en-
trenched in carbonate rocks of Lower Carboniferous
(Ractawka), Jurassic and Cretaceous (Trzebienice and
Rzerzu$nia).

e Holy Cross Mountains (south-eastern Poland): 11
samples of fine-grained calcareous muds, rich in or-
ganic matter, precipitated in shallow stagnant water
basin (Pazdur ef al., 1988a). The Sieradowice profile
is situated in a small valley cut in Devonian carbonate
rocks.

e Lublin Upland (eastern Poland): both sediment pro-
files, Krzywice-1 and Rudka-2, consist of calcareous
muds rich in organic matter precipitated, like tufa from
Sieradowice, in low-energy water conditions. They are
situated on Upper Cretaceous rocks (Dobrowolski et
al., 1999 and 2002).

Radiocarbon chronology of sedimentation was made
on the basis of 8 organic and the same number of carbon-
ate *C dates for Krzywice-1, and 6 organic and 9 carbon-
ate *C dates for Rudka-2 profiles (Dobrowolski et al.,
2002). Sixty three carbonate samples for stable isotope
BC and 80 analyses were taken (37 from Krzywice-1 and
26 from Rudka-2 profile) and radiocarbon time scale for
o8C and &80 time record was reconstructed (Pazdur et
al., 2002). The construction of similar time scale for other
profiles from Poland and India was based on dependence
between reservoir age and &C values in tufa samples. The
methodology and details of the reconstruction are given
by Pazdur (1988) and Pazdur et al. (2002).

India (Orissa)

Detailed description of profiles and classification of
tufa samples is given by Pazdur et al. (2002). Sedimento-
logical and isotopic studies are based on:

o Mundapathar: 13 tufa samples from one profile, in-
cluding stromatolic tufa, moss (phytohermal) tufa,
phytoclastic tufa, pisoid and sinter. The deposit of
about 7 m in thickness is situated at a small waterfall
formed on charnockite under high-energy conditions.

e Kudipasa: 8 tufa samples from one profile, including
stromatolic tufa, moss tufa, phytoclastic tufa and sin-
ter. The deposit measuring about 6 m in vertical thick-
ness is located on a hill slope. Streams depositing the
tufa drain basic lava, tuff and quartzite under moder-
ate hydrodynamic conditions.

e Sulagan: 7 tufa samples including stromatolic tufa and
moss tufa. The deposit is about 6 m in vertical thick-
ness. It is located at a small waterfall formed on
charnockite under high-energy conditions.

e Single tufa samples from various sites (regional
samples). Miticoli and Mundapathar represent high-
energy conditions, Madhapur and Bhaliadal represent
moderate energy conditions, Takara and Banigochha
represent low hydrodynamic conditions.

Fig. 2. Stromatolitic crusts draping
over moss-rich pockets on the lower
part (close to the hammer). Upper
part shows stromatolitic crusts
alternating with phytohermal (moss-
rich) deposits. Central region of the
photograph shows speleothemic
crusts. Locality: Mundapathar.
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Radiocarbon time scale of sedimentation of the tufa
profiles was made on the basis of 11 carbonate and 2
organic *C dates for Mundapathar, 6 carbonate and 2
organic *C dates for Kudipasa, and 4 carbonate and 2
organic “C dates for Sulagan. Radiocarbon dating of the
regional samples was made for the carbonate fractions.
Thirty three carbonate samples were taken for stable *C
and 'O analysis from all sites together (Pazdur et al.,
2002).

3. PRESENT CLIMATIC BACKGROUND

Sites from Poland
Sedimentation of biogenic calcareous tufa occurs
mostly during spring months. In the southern and south-
eastern Poland, the temperature of spring water at this
time is equal to mean annual air temperature; therefore,

ijlljriﬂliqriq!lulll

FRET REANE

- R SRR P | 9
'u||h|||I||rrr|'rr.:1‘]11|||||||||c.'u|||||||r.'1|||||r-r!i|||||tl:ull:m

100

Fig. 3. Phytohermal tufa (calcified
moss) showing several stages of
growth and high porosity.

The unidirectional orientation of the
moss indicate hydrodynamic control
on phytoherms. Sample from
Mundapathar. Each division of the
scale is 1 cm.

Fpllrpplrr]r
"‘_‘ Fig. 4. Stromatolitic crusts showing
ll 0 |l alternate dark and light laminae. The
llII|II|I llII|HII darker laminae are thicker at the lower
parts and appear convex due to
growth over small bushy mosses.

Sample from Bhaliadal.

the mean annual temperature of meteoric water coincides
with temperature of tufa sedimentation. Climatic data
from the Cracow Upland show that the mean annual tem-
perature varies from 7 to 8°C and mean temperature of
springs from 7 to 9°C (after Pazdur et al., 1988b). The tem-
perature of streams fluctuates between 7 and 12°C.
Studied tufas from the Cracow Upland were sampled
with a thickness less than 5 cm. It means that each sample
covers 10- to 20-yr time interval according to determined
sedimentation rate (several mm/yr). This intervals are
insignificant when compared to errors of the age deter-
mination. Sampling of Krzywice-1 and Rudka-2 sites was
made across profiles, with small (ca 30 mg) amounts of
carbonate. The results of %0 analysis present mean val-
ues in a shorter period of time than in the case of samples
from the Cracow Upland profiles, even though the sedi-
mentation rate is about several or more mm per year.
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Sites from India (Orissa)

The warm and humid tropical climate of Orissa is
characterised by seasonal southwest monsoon rainfall.
The annual mean precipitation is ca 150-200 mm. Major
part of the rainfall is concentrated in the monsoon sea-
son (Mid-June to Mid-October, with an average of ca 200-
350 mm of rainfall).

The ranges of air temperature change are as follows:
in winter 8-12°C minimum and 25-28°C maximum and in
summer 25-28°C and 36-42°C, respectively. Water tem-
peratures when tufa precipitates are influenced by gen-
eral thermal conditions. Water temperatures are as fol-
lows: 19-20.5°C in winter (December-January) and 27.5-
29°C in summer (April-May).

The deposition of tufas takes place mostly during
spring (February-March) and summer (April-May) peri-
ods. Presently, summer deposition is negligible — possibly
due to the groundwater table fall and limited or missing
surface flow. The sparitic and micritic laminae in stroma-
tolitic tufa indicate seasonal deposition (spring-summer
and rainy-winter periods). Thickness of laminae couplets
suggests a depositional rate of 1 mm to a little more than
1 cm per year.

Stream waters depositing the tufa show a pH value of
8.0 to 8.6. Concentrations of Ca**, Mg** and HCO', vary
within the range of 30-80 mg/l, 9-28 mg/l and 200-
310 mg/l respectively (Das and Mohanti, 2001).

4. TIME RECORD OF §"C

The enrichment of carbonate in heavy carbon isotope,
in comparison to water solution, may be induced by par-
tial disequilibrium between HCO', in water and atmo-
spheric CO, during precipitation. This is attributed to
kinetic effects during CaCO, precipitation from highly
supersaturated solution in which the rate of carbonate
precipitation is faster than equilibrium fractionation with
the respect to the stable isotopes (Usdowski et al., 1979;
Dandurand et al., 1982; Turi, 1986; Chafetz et al., 1991).
In natural environments, the exchange of CO, can only
lead to equilibrium if sufficient residence time is avail-
able, which can be attained in standing water bodies like
lakes. The geomorphic setting of our tufa deposits indi-
cates a very low residence time and great water turbulence.
This situation favours the idea of partial disequilibrium
precipitation.

We believe that dominant part of the carbon has been
derived from biogenic sources and may be partly from the
atmosphere. The range of 8*C values indicates relative
enrichment of tufa in heavy isotopes. The enrichment in
heavy isotopes may be determined by photosynthesis of
plants, which preferentially use lighter carbon (**C) leav-
ing the remaining HCO-, enriched in PC (Pentecost and
Spiro, 1990; Merz, 1992; Casanova and Hillaire-Marcel,
1993; Guo et al., 1996). But the photosynthetical removal
of CO, requires relatively longer residence time. Tufas in
the Orissa State originate in discharge basins with low
residence time of water. Even though profuse amount of
cyanobacteria, diatoms and mosses are involved, the rate
of photosynthetic removal of CO, by these plants is small
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in comparison to the rate of physical degasation due to
turbulence of water. Photosynthesis may be locally sig-
nificant, depending on the amount of biomass, especially
where cyanobacteria or algae and moss thrive together.

The range of 3"*C of tufa from Poland sites is ca from
-10.5 %o to -6 %o for the last 10,600 years (Pazdur, 1988).
The significantly higher values are observed for the
Krzywice-1 site, with the longest time record, in the time
of 11,800-10,800 BP (Fig. 5). The 8"*C values from the
Orissa sites receive ca -2.5 to -11.7 %o in the whole inves-
tigated period between 13,500 BP and the present time.
The range of 3"*C values of tufa from the Polish and Orissa
sites is in accordance with a deposition from freshwater
and suggest the presence of isotopically lighter organic
carbon.

As there is no marine limestone and/or dolomite in
the studied area of Orissa, we believe that the carbonates
have originated mostly from organic matter. Ca** ions are
derived from weathering of silicates, mostly plagioclase
and pyroxene. Kalsotra and Prasad (1979) and Pawar et
al. (1988) have reported tufa deposits from sandstones and
shales and basaltic areas in India. Augustithis (1982) also
noted the formation of carbonate nodules from disinte-
gration of olivine basalts in Duncan, south of Addis-
Ababa.

Tufas are depleted in heavy isotope 8O in all Polish
and Indian sites (see Fig. 7), when compared to 830 val-
ues expected for equilibrium sedimentary processes. The
low and negative 8'®0 values suggest a low rate of evapo-
ration.

Individual &C values of tufa samples shown in Fig. 5
as time records reveal short-time fluctuations and in-
crease/decrease trends, different in detail from a profile
to profile. The co-variation of oxygen isotope data with
the carbon isotope ones (Fig. 6) indicate similar trend of
changes in disequilibrium condition for all the India sam-
ples; correlation coefficient is equal to r = 0.73 (22 pairs
of *C and &'80). For all Polish samples, the dependence
between both delta values is positive (r = 0.20), if we re-
move 6 extreme points with 8°C > -4 %o and 8'°0 >-6 %o
(Krzywice-1 profile) from period older than 10,000 BP.
It means high confidence level and confirm disequilibrium
sedimentary conditions and presence of isotopic kinetic
fractionation effect. The relations indicate, that organic
consumption of CO, may be significant because of the
presence of chemo- and heterotrophic bacteria (Pazdur
et al., 1988b) observed for tufa sites in the southern
Poland. Enrichment of tufas in the heavier carbon isotope
(®C) during the warmer periods may be connected to
some extent with activation of plant consumption.

5. TIME RECORD OF 6"0 AND TUFA SEDIMENTATION
TEMPERATURE

&40 of tufa in palaeoclimatic studies
Isotopic investigations of tufa from Poland deals with
sites of spring tufa deposition in variable conditions of
river water energy (southern Poland; Pazdur et al., 1988a)
and semi-limnic conditions (south-eastern Poland; Pazdur
et al., 1988a; Dobrowolski et al., 1999). The palacotem-
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perature curve was constructed (Pazdur et al., 1988b) on
the basis of the time scale reconstruction using radiocar-
bon dating and interpretation of stable isotope carbon and
oxygen composition in sedimentary processes. The curve
describes the annual mean temperature changes for the
southern Poland in the period of 2000-9600 BP, i.e., in
which sedimentation of tufa took place in Ractawka,
Rzerzus$nia, Trzebienice and Sieradowice (see Figs 5
and 7). Thirty eight results of “C dating and stable iso-
tope analysis were used for palaeoclimatic reconstruction.
Dobrowolski et al., (1999) carried out isotopic investiga-
tions on two eastern Polish sites, Krzywice-1 and Rudka-
2. Radiocarbon time scale of tufa sedimentation was con-
structed for those sites (Pazdur ef al., 2002) and palaeo-
climatic interpretation of 61 new results of stable isotope
analyses can be done together with the previous results.
Time record of "0 measurements in individual and all
tufa sites from Poland and India is shown in Fig. 7.

The variation in 8"O values indicates differences in
isotopic composition of tufa depositing waters controlled
by water temperature. The temperature of cold spring
waters in continental conditions is influenced by rainfall
and atmospheric temperature, i.e., climate controls the
tufa deposition.

Temperature precipitation of tufaceous sediments in
Poland and India

Despite difficulties caused by disequilibrium precipi-
tation of CaCO,, it may be expected that the isotopic com-
position of oxygen of Holocene tufa might be useful for
the reconstruction of the approximate thermal condition
of sedimentation, or strictly speaking, the temperature of
water, from which carbonate precipitated. Reconstruction
of palaeotemperature changes for a given geographical
region may be based on known seasonal dependence of
080 in meteoric water upon temperature (Van der
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Straaten and Mook, 1983). Any attempt to estimate tem-
peratures of sedimentation from measured values of 8'°0
in calcareous tufa requires several simplifying assump-
tions, which are based on the results of investigation of
recent tufas (Pazdur ef al., 1988b). One of this is that the
temperature gradient of 'O is not changed in the pro-
cess of deposition, i.e., the temperature gradient of 3'*0O
in the sediment is the same as in precipitation and stream
water, and second — kinetic fractionation effect of oxygen
isotopes is independent on sedimentation temperature.
To reconstruct temperature record for the Late Glacial
and Holocene, the constant values of temperature oxy-
gen gradient and kinetic effect in the whole period must
be assumed (Pazdur ef al., 1988b). It means that in this
whole time period the circulation of air mass was the same
(Rozanski, 1985). The temperature t of tufa sedimenta-
tion may be estimated on the basis of simple equation
(Pazdur et al., 1988b):

where A means extrapolated &8O value of water in
0 °C, equal to -13.0x0.4 %o (Pazdur et al., 1988b) and A
— the value of kinetic fractionation effect for oxygen iso-
topes in sedimentary processes of carbonates, i.e., the dif-
ference between the &8O value in carbonate (vs. PDB)
and the same value in water solution, from which the sedi-
ment was deposited (vs. SMOW).

The global temperature gradient for coastal region in
meteoric water is equal to 0.72 (Van der Straaten and
Mook, 1983) and 0.37 %o /°C for continental climatic area
(Pazdur et al., 1988b). The estimation A (Pazdur et al.,
1988b) receive values between -1.7 and -2.5 %o for recent
tufa from the southern England (Thorpe et al., 1980) and
change from +0.26 to -0.04 %o for Germany, Central
Europe (Usdowski et al., 1979).

To estimate the temperature time record in Poland,
the mean 500-year &30 values were used for calculations
of t, on the basis of Eq. (5.1); the maximal and minimal
values of A like for Germany were applied. Such values
of A give correct value of present water spring tempera-
ture in the southern Poland (ca 8 °C) if the measured value

d"™O
(6"0)¢ = d6_0) t+A+A, .1
dt
W
T 70F]
& 11 Coatdalen ol e T =L TR
nz 22
* L
* * * toe * il
* - *
. :'.'.—'-i"l-lﬂ.-;_-.p : *
. -
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*

* Fig. 6. Dependence between &°C and 0'°0

* for all tufa profiles of India and Poland.

Correlation between both delta values is

0, FOE;
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negative for Polish samples and positive for
samples from India.
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of "0 in contemporaneous spring water (ca 10 %o) is
taken into account. It confirms assumed way of tempera-
ture reconstruction in the past.

The estimation of temperature time record for India
is more problematic, as the dependence between '*0 and
temperature of precipitation and spring water is unknown.
If we assume the gradient temperature of 4'®0 the same
as in Poland and A values characteristic for the southern
England (-1.7 and -2.5 %eo), the precipitation tempera-
ture at present, estimated on the basis of 8'*0 in modern
tufa sample, would be ca 22°C. This value is too low in
comparison with 28-29°C of water in streams, if deposi-
tion of tufa took place in summer time mainly, when bio-
genic processes are intensive. The other combinations of
model parameters (grad 6'®0O and A values) give lower
temperature values in every case.

A5 % PDA|

The reconstructed temperature curves in ca 500-12,000
for Poland and 0-13,400 BP for India are shown in Fig. 8.
The width of both curves is bordered by temperature val-
ues calculated for maximum and minimum A values.

6. WARM/DRY AND WET/HUMID PHASES IN THE
HOLOCENE OF POLAND AND INDIA

The time records of 6'*0 and estimated temperature
cover 500-12,000 BP for Poland and 0-13,500 BP for
Orissa (India). Periods of carbonate sedimentation started
in different times in the southern and south-eastern
Poland, i.e. at 9600 BP in Cracow and at 11,800 BP in the
Lublin Upland. This difference is determined by environ-
ment of sedimentation, which determined the type of tu-
fas: high-energy water tufas in the Cracow Upland
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(Ractawka, Rzerzu$nia and Trzebienice) and low-energy
water in the Lublin Upland (Krzywice-1, Rudka-2 and
Sieradowice). The longest time records of 6'*0O and "*C
are observed for Krzywice-1 (Figs. 5 and 7) depending
also on possibility of more detailed sampling of semi-
limnic sediments. The processes of tufa deposition have
been still observed both in Poland and in Orissa, although
no isotope analysis of Polish sites for the last 500 years
has been made.

The changes of oxygen isotope composition as the
function of the age can be transformed on temperature
time record. The frequency distribution of tufa samples,
in division on time ranges, should be connected with in-
tense precipitation and, because of this, with humid cli-
matic phases. Warm and humid phases are especially
favourable environmental conditions for tufa deposition.

Both climatic curves for Poland and India (Figs 7 and
8) indicate trends of temperature changes. They are op-
posite — increasing for Poland and decreasing for India in
the whole period of 12,000 years. Numerous warmer and
cooler fluctuations are visible on curves. The confidence
level of fluctuations for Poland is higher owing to a greater
number of experimental points (99) than for India (24).

The shape of both temperature curves at their begin-
ning is completely different. The Holocene warming is
visible before 10,000 years BP on the Polish curve, im-
mediate decrease of temperature to this time is clear on
the Indian curve. The similar directions of changes of 5*O
(and temperature) for both curves are shown in time pe-
riods:

e Lower values, indicating cooler climatic conditions, are
observed at ca 9600-9400, 8000-7500, 5800-5200, 4500-
4200, and 2500-1800 BP;

e Higher values, dependant on warmer periods, are vis-
ible at ca 9200-8200, 6200-4500 (with several relatively
high fluctuations on both curves), and 1800-500 BP.
After ca 1000 BP until present, the temperature de-
creased to final 23 in India and 9°C in Poland.

It may be noticed that frequency of samples in warmer
periods are the highest, which means humid climatic con-
ditions. Because of difference in geographical position of
India and Poland, we can assume, that indicated warm and
cool periods have global character.

7. CONCLUSIONS

380 time records, based on the radiocarbon time scale,
in calcareous tufa provide information on temperature
changes during the last ca 12,000 years in the south-east-
ern Poland and 13,500 years in India (Orissa). Recon-
structed temperature values are realistic and reflect mean
annual temperature of air in Poland and mean annual
temperature of water in streams for Orissa. The mean
annual water temperature is several degrees lower than
the mean annual air temperature. The general trends of
temperature changes in both countries are opposite;
starting at ca 13,500 BP the mean annual temperature is
decreasing in Orissa until present. In the range of 12,000-
11,000 BP the temperature decreased, and after this time
increased again in Poland. Observed temperature fluctua-
tions, with different amplitudes, have been correlated in
time. Some warmer and cooler phases of the same age
ranges occurred in Poland and India, indicating their glo-
bal character.
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1. INTRODUCTION

The mire is composed of four parts: vegetation, wa-
ter, acrotelm and peat deposit. Decomposition of plant
remains in mire differs in the relation to above and un-
derground parts of plants. In contrast to the complete
decomposition and mineralization of the aboveground
parts, resulting in the production of humus, decay pro-
cesses of underground, submerged plant remains produce
undecomposed peat fibre. Transformation of plant
matter into peat takes place in the acrotelm layer, where
aerobes, actinomycetales and fungi transform biomass
into humus in periodical aerate conditions. Structural
plant remains together with humus reach lower, highly hy-
drated deposit layer. Here, in anaerobic conditions, mi-
nor changes occur; peat is exposed to anaerobic bacteria
activity that leads only to weak mineralization process, not
to peat humification.

The ratio of undecomposed remains to humus in peat
depends on different water conditions. In wide valley
flooded by stagnating water for a long time medium and
highly decomposed, plastic, often silt-covered reed fen
peat is deposited. Under conditions of short-time flood-
ing and constant inflow of ground water medium decom-
posed, rather fibrous tall sedge peat is accumulated. When

Abstract: Radiocarbon dating of mire sediments is useful tool for reconstruction of time scale
of wet and dry phases during the Late Glacial and Holocene. The method is applied here to
determine palaeohydrological conditions of some Polish regions. On the basis of “C dating of
sediment profiles from North Podlasie Lowland and southern piedmont of Holy Cross Mts.,
duration of wet (1100-1400, 2100-2600, 4700-5000, 7300-7500, 8000-8400, 8800-9200 and
10,500-10,850 BP) and dry (1700-2200, 2600-2800, 3400-3700, ca 4000 and 4500, 5100-5700,
ca 6400, 6900-7100, 9200-9300, ca 10,100 and 10,900 BP) periods is suggested.

shorter flooding with longer ground water presence oc-
cur, accumulation of highly decomposed, granulous-amor-
phous forest peat is observed as well. Regular and con-
stant ground-water inflow, often ascending, and absence
of flooding lead to accumulation of slightly decomposed
sedge-moss peat with fibrous-spongy structure. Gradual
reduction of ground-water flow creates transition bogs,
and, when supplied with rainfall, raised bogs. Whole year’s
superiority of rainfall over evaporation, and its corollary
- presence of ground water in the surface level of mires
leads to sedimentation of slightly decomposed sphagnum
peat, whereas its periodic subsidence results in accumu-
lation of medium and highly decomposed cotton-grass
peat material. Presence of wood and tree trunks in raised
bog peat testifies to the reduction of water level and mire
afforestation, what can result from climatical change (dry
phase) or other, local changes (e.g. erosion of the dome
and drainage of its slopes). As a consequence, cessation
or considerable reduction of the raised bog peat produc-
tion follows. When wetter period comes and ground-wa-
ter table rises slightly humified raised bog grass peat is
accumulated again. Persisting lowering of ground-water
table in fen bogs causes high peat humification and its
gradual mucking. Thus climate, through changes of hu-
midity and temperature, controls development of valley
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fen bog, transition bog and raised bog in watershed zone.
The control is realised by supplying of concave landforms
i.e. various depressions and valleys, where the peat for-
mation process is located, with water.

Initial stage of mire formation in the territory of Po-
land is dated back to the late Vistulian (Zurek 1990, 1993).
During warm periods of the Late Glacial more than ten-
centimetre strata of the moss-fenn were deposited in shal-
low depressions. Melting of dead or ground ice resulted
in greater depth of hollows and in their flooding, what is
reflected by the presence of gyttja superimposed over the
peat. During the cold oscillations, dunes often encroached
onto wetlands, and so blown sands covered the peat.

The dominant feature of the early Holocene landscape
represented lakes, with moss fen mires on the shores. At
first deep, these concave landforms were subjected to
paludification because of the ground-water table was few
metres beneath its present state; bottom of the depres-
sions were often supplied by waters of head from deeper
water-bearing horizon. In isolated depressions, moss fenn
peat accumulated. Initial process of peat formation did
not cease generally but was rather reduced to peat pro-
duction in dry periods. While at the beginning of
Mezoholocene water level raised, during the second half
of the period it dropped. At that time a lot of shallower
lakes that were subjected to the process of peat accumu-
lation disappeared. On the other hand, rise of water level,
resulting from permanently increasing accumulation,
caused swamping of hitherto dry depressions and higher
altitude areas within the local relief. A variety of mires
characterised with a particular peat type appeared dur-
ing the period: apart from moss fen mire, forest fen, reed
fen and transitional bog are to be encountered. Further,
intensification of mire development occurred at the be-
ginning of Subboreal and Subatlantic periods. In valleys
dominated supreme mires supplied with surface and
ground water such as sedge fen and alder swamp; for
watershed area transition and raised bogs are to be men-
tioned.

Reflection of human activity can be traced in the Pol-
ish peat deposits through the past thousand years. Vari-
ous form and intensity of deforestation has contributed
to transformation of forest communities into open moss-
sedge mires and sedge fens, clearance of vegetation on
slopes in valleys and depressions has triggered process of
covering the valley mires by alluvial or deluvial silts. How-
ever, substantial cause of the mire development variations
is still the natural water regime. The evidence of environ-
mental humidity represent gyttja, chalk lake insertions in
peat, decrease of peat decomposition degree,
paludification of hitherto dry depressions, fen spring de-
velopment, forest and shrubs retreat for the benefit of
open associations like rushes, moss-sedge mires or rushes
entering into transitional or moss-sedge mires. Con-
versely, increase of peat decomposition degree, affores-
tation of mires, lake terrestrialization, appearance of open
communities with ferns, shrubs and sedge Carex paradoxa
testify to dry climatic phase, drainage and lowering of
ground-water level.
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2. MATERIAL FOR "C ANALYSIS

Profiles of sediments from North Podlasie Lowland

The Biatostocka Plateau that belongs to the North
Podlasie Lowland (Fig. 1) is apparently distinguished from
other early glacial marainic plateaux. Numerous outflow
depressions with fossil lakes, narrowing and widening river
valleys, lofty kame hills, morainic and outwash plains re-
semble the last glaciation landscape. It differs only in ab-
sence of lakes and outflowless depressions. Two of the
kettle holes, covered by forest vegetation and protected
within natural reservations “Stare Biele* and “Jesionowe
Gory“ with mire Machnacz, have been meticulously ex-
plored from the point of genesis of the peat deposits
(Zurek, 1992, 1996a and 2000). Stare Biele mire is an out-
flow depression with numerous bays, of elliptic shape with
4 km and 1.5 km long axes. Position plan and cross sec-
tion of the mire can be found in the article of S. Zurek
and A. Pazdur (1999). Marginal zone of this carr mire
includes fragments of transition and raised bogs. Sondage
that was to bring the evidence on strata succession in few
sections demonstrated that the thickness of peat, super-
imposed over thin gyttja layers, varied from 1.5 to 2 metres
for most of the sampled spots (Table 1). Sedge-moss
schwingmoore spread throughout the lakes, which, con-
sequently, suffered from rapid afforestation with alder
communities dominating for a long period. In places,
within the upper part of the strata succession, alder peat
is covered by sedge-moss fen peat. At the bottom of alder
peat, in depth of some 1-1.3 m, occurs dark, highly humi-
fied, clammy layer indicating the period of the deposit’s
drainage. This layer was sampled for dating at three dif-
ferent places within the mire. Far away from the centre,
in south-western bay, two highly humified layers were
found in the peat that overlies a fossil upper terrace. Drill-
ing (up to 10 m) in a deep kettle hole with a diameter little
more than 10 m situated in northern bay showed that peat
deposits, which are underlain with fine detrital gyttja (see
Table 1) reach depth of 4.25 m.

Profiles of sediments from Biale £ugi, Holy Cross Mts.

Mire Biale Lugi, (southern piedmont of Holy Cross
Mts., Fig. 1) occupies 1 km wide and few km long fossil
valley between Belnianka (Nida tributary) and Czarna
Staszowska (Vistula tributary). The valley is filled by raised
peat over transitional and fen peat. There is also carr peat
located on the both valley banks, where small rivers
Trupien and Czarna are being formed. In 1994-199§, ten
stratigraphical cross-sections of deposits were made and
a macro-remain analysis of 18 bores was carried out
(Zurek, 2001); the stratigraphical section and the geologi-
cal profiles can be found in Zurek and Pazdur (1999). Roof
part of the succession (up to 0.8-1.0 m depth) is built by
slightly decomposed raised sphagnum peat over highly
decomposed cotton-grass raised peat. Beneath the latter
slightly and medium decomposed sedge-moss transition
peatis present, and in the bottom part of the profile sedge-
moss fen peat and brown-moss peat are encountered. In
the sediments of the Biate Lugi mire two 5-15 cm thick
strata of highly decomposed black peat were distin-
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guished. The upper one occurs at the depth of 0.8 to 1-
1.2 m, on the border between deposits of transition and
raised peat. Within the black peat stratum, under it or over
a dozen centimetres above fine 2-3 cm thick fire indicat-
ing layers of charcoal are incorporated. These represent
probably an evidence of dry stage, when large fire may
likely have occurred. The second, lower stratum of highly
humified deposit, richer in wood remains, is located at
the bottom part of the whole succession, on the border
between transition bog and fen peat.

3. METHODS AND RESULTS OF “C DATING

Samples that were submitted for radiocarbon dating
consisted of solely organic sediments. According to low
portion of carbon in the samples, the pre-treatment of 4%
HCI washing was chosen. After pre-treatment and
carbonisation the samples were combusted, and CO, was
purified by standard method used in Gliwice Radiocar-
bon Laboratory (Pazdur and Pazdur, 1986). Finally, C
activity measurements were carried out by gas propor-
tional counting techniques (Pazdur et al,, 2000). Results
of C dating from Gliwice Radiocarbon Laboratory are
listed in Table 1, marked with laboratory code Gd. Apart
from these, determinations measured in other radiocar-
bon laboratories are to be found here, namely, dates with
lab codes SRR-NERC (Scotland), Hv (Hannover, Ger-
many), TA (Tartu, Estonia), Lod (£.6dz, Poland) and those
from Leningrad, now Petersburg, laboratory (Russia).

The values of *C age listed in Table 1 represent con-
ventional radiocarbon age determinations calculated ac-
cording to the procedure of Stuiver and Polach (1977).

4. “C EVIDENCE OF PALAEOHYDROLOGIC EVENTS

Long-term hydrologic changes have specific conse-
quences for the environment of mires. Climate desicca-
tion causes lowering of ground-water table, what effect
changes of physical and chemical properties of upper peat
layer. At first, increase of the peat decomposition degree
should be mentioned. Highly humified peat layers of dark
colour (when fresh) thick from 5 up to 20-30 cm have been
identified in course of stratigraphic studies of various fen
and bog deposits (Zurek, 1995). Sometimes in higher
decomposed peat (carr, reed fen, high-sedge fen, cotton-
grass) black and clammy layers are observed. These tes-
tify to the dry period of longer duration, when peat pro-
duction was drastically limited or stopped. Instead of or-
ganic matter accumulation, decomposition process and
its mineralization began, proceeding from top towards the
bottom levels. Nowadays, in artificially drained peatlands,
this process, called mucking, leads to high decomposition
and further to granulization of upper peat layers
(Okruszko, 1960).

In the peat profiles from Biebrza basin or Biatostocka
Plateau, dated by “C, drainage led only to the increase of
decomposition degree (to 60-80%) without indices of
muck granules. Clamminess of highly decomposed peat
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111



TIME RECORD OF PALAEOHYDROLOGIC CHANGES IN THE DEVELOPMENT OF MIRES DURING ...

Table 1. “C dating results of peat samples from different sites of Poland. All dated samples came from NE Poland except Biafe tugi site
(Central Poland). The symbols and numbers after slash in the column “Name of samples” indicate profile. Roman numbers (I, Il, Ill)for

Wizna mean different sites. Depth = conventional depth in profile.

No. Name of sample Depth Lab. no. 4G Age Material Altitude References

[cm] [BP] [m asl]
1 Biale tugi 1/13 315-320 (Gd-9498 10880250 sedge-moss fen p. 256,3 Zurek, Pazdur, 1999
2 Biafe tugi 2/21 95-100 Gd-11211 348080 cotton-grass p. 256,5 Zurek 1996b
3 Biate tugi 3/21 175-185 Gd-10320 10170120 sedge-sphag. p. 256,5 Zurek, Pazdur, 1999
4 Biafe tugi 4/14 405-408 (d-9508 6940750 humus with sand 256,3 Zurek, Pazdur, 1999
5 Biate tugi 13/21 100-105 Gd-15137 2630+90 Eriophorum p. 256 not published
6 Biate tugi 14/21 110-115 Gd-12266 6470+80 Sphagnum-Carex p. 256 not published
7 Biate tugi 15/21 180-185 Gd-15135 8890140 Carex p. 256 not published
8 Biafe tugi 16/21 190-195 Gd-15131 8750150 Carex p. 256 not published
9 Biate tugi 17/14 90-95 Gd-15129 1830100 Carex-Sphagnum p. 256 not published
10 Biate tugi 18/14 100-105 Gd-15127 245090 Carex-Sphagnum p. 256 not published
5 Biebrza Dolna 1/ Stojka (tawki) 112-118 Gd-7825 281060 osier peat 104,1 Zurek, Pazdur, 1999
6 Biebrza Dolna 2/ Stojka (tawki) 125-130 Gd-7826 5110+60 osier peat 104,1 Zurek, Pazdur, 1999
7 Biebrza Dolna 3/ Stojka (tawki) 270-280 Gd-10491 8450100 brown-moss peat 104,1 Zurek, Pazdur, 1999
8 Gorbacz 1 254-267 Gd-4487 8000170 detrital gyttja Wicik, 1989
9 Gorbacz 2 180-200 Gd-6172 1460+90 bog peat Wicik, 1989
10 Klimaszewnica /27 145-152 Gd-10492 7150+80 reed-sedge peat 107,0 Zurek, Pazdur, 1999
11 Kuwasy 1/EO 95-100 Gd-7827 365050 alder peat 114,6 Zurek, Pazdur, 1999
12 Kuwasy 2/EQ 186-191 Gd-10497 10850150 brown-moss peat 114,6 Zurek, Pazdur, 1999
13 Laskowiec 18-23 Gd-2301 830+80 peaty formation 103,5 Zurek1987
14 Machnacz 1/ 6 405-415 (Gd-5683 > 40800 sedge-moss peat 152,0 Zurek 1992
15 Machnacz 1/18 150-160 Gd-10494 7300130 reed-sedge peat 150,5 Zurek, Pazdur, 1999
16 Machnacz 2/ 6 425-435 (Gd-5864 > 43500 sedge-moss peat 152,0 Zurek 1992
17 Machnacz 2/18 372-382 Gd-10495 11690+150 brown-moss peat 150,5 Zurek, Pazdur, 1999
18 Machnacz 3/14 368-375 Gd-10499 29470+180 detrital gyttja 1511 Zurek, Pazdur, 1999
19 Machnacz/ 14 138-148 SRR-3176 404050 cotton-grass p. 1511 Haslam 1987
20 Machnacz/ 14 72-82 SRR-3175 112050 cotton-grass p. 151,1 Haslam 1987
21 Machnacz/ lll 14 380-390 Gd-4959 11100140 brown-moss peat 151,1 Kupryjan.1994
22 Machnacz/ lll 14 330-340 (d-6818 10370+100 detrital gyttja 151,1 Kupryjan.1994
23 Machnacz/ lll 14 280-290 Gd-6819 8570100 sedge-moss peat 1511 Kupryjan.1994
24 Machnacz/ Ill 14 165-175 (Gd-6824 7470+100 cotton-grass p. 1511 Kupryjan.1994
25 Machnacz/ lll 14 130-140 Gd-6820 3430+80 cotton-grass p. 1511 Kupryjan.1994
26 Machnacz/ Ill 14 50-60 (d-4966 1720+60 cotton-grass p. 1511 Kupryjan.1994
27 Maliszewo I/la 477-481 Hv-5527 11460+210 peaty formation 1041 Zurek 1978
28 Maliszewo II/Ib 186-191 TA-1077 5170+100 detrital gyttja 104,1 Zurek 1986
29 Maliszewo I/l 370-380 TA-1078 8940120 sedge peat 104,5 Zurek 1986
30 Maliszewo IV/II 125-135 TA-1076 2350100 reed peat 104,5 Zurek 1986
31 Maliszewo V/lc 205-212 Gd-10490 5720+110 detrital gyttja 104,1 Zurek, Pazdur, 1999
32 Mocarze la 27-32 Gd-2302 1460100 mud 102,5 Zurek1987
33 Narew/ Narew-Strabla 160-170 Leningrad 3800+70 wood of alder 121,5 Czeczuga1979
34 Narew/Narew-Strabla 50 Leningrad 147050 wood of oak 1215 Czeczuga1979
35 Niewodowo 200-230 Lod-27 1420+130 o0ak trunk 98,0 Musiat, Strasz.,1988
36 Sienkiewicze 2 33-38 Gd-2306 940+100 muddy-alluvium f. 119,0 Zurek1987
37 Sienkiewicze 3 13-18 Gd-2303 670+90 peaty-muddy f. 119,0 Zurek1987
38 Stare Biele 1/1 115-120 Gd-9506 1700210 alder swamp peat 143,0 Zurek, Pazdur, 1999
39 Stare Biele 2/I 180-190 Gd-11212 2690=+70 alder peat 143,0 Zurek, Pazdur, 1999
40 Stare Biele 3/I 245-255 Gd-10321 4000120 alder peat 143,0 Zurek, Pazdur, 1999
41 Stare Biele 4/ 995-1005 Gd-9503 13900+310 fine-detrital gyttja 143,0 Zurek, Pazdur, 1999
42 Stare Biele 5/I1 94-100 Gd-9497 2190130 alder peat 143,0 Zurek 1996b
43 Stare Biele 6/VII 120-130 Gd-10337 5310+100 alder peat 143,0 Zurek, Pazdur, 1999
44 Stare Biele 7/24 170-180 Gd-7748 642060 alder peat 146,0 Zurek, Pazdur, 1999
45 Stare Biele 8/29 110-118 Gd-10388 4480+130 alder peat 143,0 Zurek, Pazdur, 1999
46 Stare Biele 9/63 150-163 Gd-10493 9010120 moss p. + wood 143,0 Zurek, Pazdur, 1999
47 Wieczorki 20-25 Gd-1820 152070 peaty formation 105,0 Zurek1987
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48 Wizna 1/1 525-535 Gd-2017 12610+190 sedge-moss peat 104,5 Zurek 1986
49 Wizna 10/1 535-542 Gd-2084 12710240 detr.-clayey g. 104,5 Zurek 1986
50 Wizna 11/85/ Maliszewo | 467-473 Gd-2562 11730450 peaty formation 1041 Balw.Zur.1989
51 Wizna 11/Géra Strekowa 145-155 Gd-1726 2210+70 sedge peat 101,5 Zurek1987
52 Wizna 12/Géra Strekowa 110-120 Gd-1727 1430+60 sedge peat 101,5 Zurek1987
53 Wizna 13/85/ Maliszewo | 362-367 (Gd-2563 9400+500 calcareous gyttja 1041 Balw.Zur.1989
54  Wizna 14/ Maliszewo | 240-245 Gd-2504 7960180 calc. gyttja, wood. 104,1 Balw.Zur.1989
55 Wizna 15/ Maliszewo | 165-170 Gd-4020 3340120 detrital g. + peat 104,1 Balw.Zur.1987
56 Wizna 16/ Maliszewo | 47-52 Gd-4021 1600100 detr.-calc. gyttja 1041 Balw.Zur.1989
57 Wizna 18/ Maliszewo | 140-145 Gd-4334 4820100 detrital gyttja 1041 Balwierz1986
58 Wizna 19/ Maliszewo | 70-78 Gd-4299 277090 calcareous gyttja 104,1 Balwierz1986
59 Wizna 2/I 425-435 Gd-2010 9270+120 sedge peat 104,5 Zurek 1986
60 Wizna 20/ Maliszewo | 35-40 (Gd-2869 1770100 detrital gyttja 104,1 Balwierz1986
61 Wizna 4/Il 310-320 Gd-1530 945090 osier peat 106,0 Zurek 1986
62 Wizna 5/1ll 130-142 Gd-1534 4270+70 sedge peat 102,0 Zurek 1986
63 Wizna 6/II 65-75 Gd-1595 205040 alder-swamp peat 106,0 Zurek 1986
64 Wizna 7/Ill 50-60 Gd-1596 115040 reed-sedge peat 102,0 Zurek 1986
65 Wizna 8/ Maliszewo |l 200-210 Gd-2086 7440+150 sedge peat 104,5 Zurek 1986
66 Wizna 9/I 518-525 Gd-2085 12430170 sedge-moss peat 104,5 Zurek 1986

did not resulted from silting but from partly mineraliza-
tion of organic matter, since the ash content in the dis-
cussed layers is little higher than in underlying and over-
lying strata. Hard granules found now and then are small
fragments of charcoal coming from thin, black, fire-indi-
cating layers. Highly decomposed layers (ca. 40-50 %)
occur also within slightly humified sedge-moss fen peat.
Besides sedge and brown-moss, remains of shrubs, ferns
and some tall-sedge growing in mires with lowered water
e.g. Carex paradoxa appear here as well.

Beginnings of biogenic accumulation

Postglacial accumulation of biogenic formation was
initiated by climatic change. In warmer Lateglacial peri-
ods brown-moss peat or peaty formation were deposited,
representing thus first stage of periglacial tundra
paludification. Covering of biogenic deposits by gyttja
testifies to the beginning of thermokarst process, which
in Maliszewskie Lake (Fig. 1), as results of peaty forma-
tions dating (Gd-2562: 11,730+450 BP, Hv-5527:
11,460+210 BP) manifest it, took place during Allerdd
(Zurek, 1978; Balwierz and Zurek, 1987 and 1989).
Melting of permafrost in the Machnacz mire (Bialostocka
Plateau) began probably earlier, in Boélling (Kupryja-
nowicz, 1991) and was intensified in Allerdd, as backed
by one date for brown-moss peat (Gd-10495: 11,690%+150
BP). However, the opinion based on palynological analy-
sis of brown-moss peat at the bottom of the Machnacz
I profile about its Bolling origins has not found support
in the radiocarbon dates. First result for the brown-moss
peat brought value 11,100=170 BP (Gd-4959), second de-
termination for sample from the bottom part of gyttja was
as early as 29,470+170 BP (Gd-10499). The beginning of
under-gyttja peat accumulation in mire Kuwasy was pa-
lynologically dated to the second part of Alleréd (Zurek,
1970), in Lower Biebrza basin (Stdjka) to the Late Gla-
cial (Oswit, 1973). These results are supplied with the ra-
diocarbon dates from the Biebrza basin area, where was
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sampled a bottom of brown-moss peat, which developed
inisolated depressions and was not covered by gyttja. The
dates for the bottom layers of brown-moss peat in Kuwasy
and Lower Biebrza are 10,850+150 BP (Gd-10497) and
8450+150 BP (Gd-10491), respectively; localisation of
Kuwasy profile EO and the section was published by
Zurek and Dzigczkowski (1971). It cannot be excluded
that the beginning of peat accumulation in Lower Biebrza
is not connected with ground ice melting in substratum
but with rise of ground-water table or lake-water level in
the neighbourhood, since in the nearby situated profile
Stojka 14a (Oswit, 1973) Late Glacial brown-moss peat
is covered by gyttja. Gyttja from the deep thermokarst
depression of Stare Biele, dated to 13,900+310 BP (Gd-
9503), is probably of later origin, since the pollen analysis
(Kupryjanowicz 1998 and 2000) point to the Older Dryas
period. Accordingly, the beginnings of mire formation in
the North-East of Poland varied, and ranged from Bolling
to Allerdd. It cannot be determined whether this initial
stage of peat formation is connected only with the melt-
ing processes and when it came to an end. Current state
of knowledge does not allow to choose any of alternatives
(Nowaczyk, 1994) represented by the Late Glacial
(Kozarski, 1963) and early Holocene periods (Stasiak,
1971; Seibutis, 1963).

Dry phases in mires

Approaching from the point of stratigraphy and
changes of peat decomposition degree, humidity changes
in Polish mires have not been dated in detail. Two recur-
rent surfaces in raised bog Bor nad Czerwonym (Podhale
Basin) were observed in Subboreal Period (Obidowicz,
1978). One highly decomposed layer connected with
Subboreal period was also found in a fen in the Biebrza
basin (Oswit, 1973; Zurek, 1970). Recently, 2-3 highly
decomposed layers situated one above the other have
been identified in the mires Stare Biele (Knyszyfiska
Wilderness: Zurek, 1996a) and Biate Fugi in southern
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piedmont of the Holy Cross Mts (Zurek, 1996b). These
enable to undertake a test dating of dry periods and
humidity fluctuations recorded in peat.

In the shallow profile 21 in Biale Lugi mire (see
Table 1) both of two highly decomposed layers were dated,
resulting in the determinations 3480=80 BP (Gd-11211)
for the upper (in the depth of 95-100 cm) and 10,170+120
BP (Gd-10320) for the lower (depth 175-185cm) one.
In the profile 13, located some 100 m away from the
former one, the bottom layer in the depth of 315-320 cm
was dated to 10,880+250 BP (Gd-9498). Considering the
situation in the profile 14, initially, the age of the lower-
most part of the 4m deep succession could not be deter-
mined by the “C. The dating of organic layers (humus with
sand) under the peat gave result 6940+750 BP (Gd-9508)
and surprisingly, the age of the bottom part of peat over
humus has been stated as 12,900=360 BP (Gd-14015).
In the profile 6A (Zurek, 2001a, not included in Table 1)
of this mire 2 cm thick organic layer from the depth of
212-214 cm, under the peat, was dated to 18,300=600 BP
(Gd-14020). Hypsometric differences between position of
bottom highly humified layers in the profiles 21 and 13
(ca. 1.5 m, Table 1) can be viewed as indicating subsid-
ence of the central part of the deposit in a Younger Dryas
as a consequence of the permafrost extinction.

The date 13,900+310 BP (Gd-9503, see Table 1) for
the bottom sample of detrital gyttja from the kettle hole
in northern bay of Stare Biele mire seems to be too early
when compared to the palynological investigations setting
the sample towards the end of Older Dryas (Kupry-
janowicz, 2000). In the 4m deep succession of forest and
sedge-moss peat deposit, three strata of highly humified
peat (with the decomposition degree of 60-70%) were
observed, the dating of which brought following results.
The lower layer of highly humified dark forest peat from
the depth of 170-180 cm located in north-western bay,
representing the earliest Atlantic drainage period, was
dated to 6420=60 BP (Gd-7748). The second drainage
period, reflected by highly humified clammy alder peat
in the central part of the mire (profile 7, Table 1), depos-
ited 120-130 cm under present surface, is set to 5310100
BP (Gd-10377); it is the period, when terrrestrialization
of lakes and afforestation of the central part of the mire
took place. Profile 29 situated in western bay brought the
evidence of highly humified layer in the depth of 1.1-1.18
m, which was dated to 4480130 BP (Gd-10388). In north-
western bay, within a small area of transition bog (sedge
moss coniferous forest Carici chordorrhizae — Pinetum)
10 m deep kettle hole was discovered. Here, where the
accumulation rate was three times higher in comparison
to alder swamp peat in the rest of the mire, three highly
humified forest peat layers originated in Neoholocene
were identified at 1.15-1.20, 1.8-1,9 and 2.45-2.55 m
below present surface. According to *C dating, two ear-
lier dry stages took place around 4000+120 BP (Gd-
10321) and 2690+70 BP (Gd-11212), respectively; the
latest is dated back to 1700+210 BP (Gd-9506). Regard-
ing the palynological evidence, the earliest layer suffered
from the lack of material and therefore it can be only
stated that it is situated over Early Subboreal phase of
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Pinus-Quercus (Kupryjanowicz, 2000), the second dry
period corresponds to Pinus-Carpinus-Betula phase; the
BP date of the latest dry phase seems to be a bit younger
than palynology would suggest. With the latest dry phase
corresponds value Gd-9497: 2190+130 BP, measured on
sample of highly decomposed deposit located in the depth
0f 0.94-1.00 m within the profile 2, situated in the distance
of 130m from the kettle hole. Subatlantic period recorded
within the mighty succession of the kettle hole probably
began with moisten, sedge-moss fen associations sup-
planted alder carr. Dry conditions of the latest period
opened the area for alder-birch forest.

In the cotton-grass bog peat of mire Machnacz an evi-
dence of distinct dry period is represented by layer in the
depth of 138-148 cm, dated to 404050 BP (SRR-3176,
Table 1); in the layer hummock sphagnum and pine
needles dominate (Haslam, 1987). Given the higher de-
composition of peat and distinct increase of the humus
content observed, Haslam showed that dry phases occur
also at the levels of 136 cm, 107 cm and 96 cm under
present surface.

In Biebrza basin, highly humified layers were dated at
three sites. Profile Stojka 14a in the East of lower Biebrza
Basin (not included in Table 1) incorporated, at the depth
0f95-105 cm, a layer of osier peat that was connected with
Subboreal period in the early seventies (Oswit, 1973). In
the vicinity a profile with rather mighty, highly humified
layer situated a little deeper (112-130 cm) has been
sampled. Two radiocarbon dates, Gd-7826: 5110+60 BP
and Gd-7825: 2810x60 BP, obtained for the bottom and
the top of this layer show that in Subboreal period peat
accumulation process was interrupted or was very slow
indeed, and later, for the final phase of Subboreal, just
decomposition is indicated.

Another evidence of dry phase represents highly hu-
mified dark layer, found in the depth of 150-160 cm, in
deep sedge-moss fen peat of Klimaszewica. Entering of
hummock sedge Carex paradoxa and reed communities
to Caricetum diandre community attest to drainage. The
dating of decomposed peat at 145-152 cm giving the re-
sult of 7150+80 BP (Gd-10492) brought evidence of the
earliest Atlantic dry phase in this region.

Regarding situation of highly decomposed layer and
its thickness, the Kuwasy profile is essentially the same as
the profile 21 from Biale Lugi, what is shown also by date
Gd-7827:3650+50 BP, measured on sample coming from
the bottom of forest peat at the level of 95-100 cm. While
drainage in the Biebrza area caused afforestation with
alder, in Biale Fugi it was cotton-grass raised bog com-
munity that entered into moss-sedge association of the
transition bog.

As for the sample collection is concerned it should be
stated that, unless highly decomposed layer was not thick
some 5-10 cm, it was sampled as a whole and in this case
an average age was received, without an opportunity of
determining the length of period when peat formation was
hibernated. Exceptionally, the discussed type of layer was
outstandingly mighty, namely in sediments of Lower
Biebrza mire, where 18 cm thick, highly humified stratum
enabled to take samples from its top and the bottom;
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radiocarbon dating of these samples showed that there
had been a large hiatus of some 2300 years in the local
peat accumulation. Furthermore, more detailed informa-
tion on rate of peat accumulation processes were received
when dates for peat under and over highly decomposed
layer were determined. In the vicinity of the profile 21 in
Biate Lugi mire, highly decomposed layers of which were
dated to 348080 and 10,170+120 BP (see Table 1), re-
spectively, almost no interruption occurred (8890+140
and 8750=150 BP), or, during later development, its du-
ration could have been as long as 3840 years, from
647080 to 2630+90 BP. In the profile 14 representing
the deepest spot of this mire, indices for some 620
BP-years long interruption were gathered (245090,
1830=100 BP). So long stagnation in the accumulation
of peat as shown by dates for the profile 21 (approx. 6000
years) from the shore part of Biale Lugi mire is even more
difficult to explain, when we consider that some 300 m
away it lasted only some 600 years. It is possible, that
Subboreal peat layer was burnt as a consequence of mire’s
fire.

Peat formation of Maliszewskie Lake

From the shore of Maliszewskie Lake (Wizna mire,
see Fig. 1), a sample of detrital gyttja indicating a drain-
age phase and lowering of the water table (connected with
the local peat formation; Zurek, 1978 and 1986) was sub-
mitted for dating. The first result of the gyttja dating (Gd-
4020: 3340+120 BP) from this reference site of north-
eastern Poland is questionable, because of probable con-
tamination and rejuvenation of the deposit (Balwierz and
Zurek, 1987). In the synthetic study on the palaeo-
hydrology of Polish lakes and mires (Ralska-Jasiewiczowa
and Latalowa, 1996) a hiatus spanned between 3500 and
7000 years BP was suggested for this profile. Dating of
dark, detrital gyttja, located approximately 10 cm lower
than in other profiles (205-212 cm), gave result 5720110
BP (Gd-10490) connecting thus the local drainage period
towards the end of Atlantic period, what has already been
shown by measurement TA-10077: 5170+100 BP (Zurek,
1986). It seems that hiatus in so long period of time is
absent - derital-calcareous gyttja from level 140-145 cm
was dated to 4820100 BP (Gd-4334). Temporary results
of pollen analysis of the detrital gyttja sediment (205-
212 cm) also point to the boundary of Atlantis and Subbo-
real periods (Balwierz, personal communication).

Wet phases in mires

Principal indicators of rise of the ground-water table
are decrease of peat decomposition degree, retreat of
trees and shrubs, increase of reeds and sedges populations,
and finally, submerging of the peat deposit.

The latest phase of increase of moisture appeared in
the vicinity of Géra Strekowa. Peat from the old riverbed
exposed by lateral erosion of the channel was covered by
sandy alluvial loam dated to 1430+60 BP (Gd-1727;
Zurek, 1987). Climatic change leading to more humid con-
ditions caused avulsion of the river channel. Oaks found
in the river deposit of upper Narwia at Strabla (Czeczuga,
1969) and at Niewod6w near Lomza (Musiat and
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Straszewska, 1988) were felled at this time (1470+50 and
1420+130 BP). In the channel zone of Moczarze area
(Lower Biebrza basin), erosions and flows caused that
around 1460+100 BP (Gd-2302) mud formations started
to accumulate over sand-muddy sediments. Wet phase
began little earlier, because from around 1520+70 BP
(Gd-1820) peaty accumulations were formed in the shore
zone of shallow raised bog in the environs of Wieczorki
village (neighbourhood area of Maliszewskie Lake). Wet
phase marked by increase of hollow sphagnums (Sphag-
num cuspidatum, Sphagnum recurvum) at raised bog in
Machnacz was dated to 1120=50 BP (SRR-3175; Haslam,
1987). Haslam's study (1987) that dealt with 18 sites of
mires from western Ireland to north-eastern Poland al-
lowed to establish the pattern of climatic change during
Subboreal and Atlantic periods (Barber, 1993). From
works on wet phases recorded abroad we would like to
mention here article of Blackford and Chambers (1991)
pointing to distinct decrease of peat decomposition de-
gree in the blanket mires of Ireland and Great Britain
in1400-1300 BP.

After 281060 BP (Gd-7825) the evidence of profile
Stojka in Lower Biebrza region shows increasing amount
of reed contemporarily with the birch decrease down to
25%, and peat decomposition degree going almost up to
50%. Similar situation was noted in the profile Stare Biele
1 (Zurek, 2000). Here, after 2690+70 BP alder forest re-
treated and bryales appeared, with birch and reed remains,
i.e. sedge-moss shrub fen with constant and abundant
water supply developed.

In the shore profile of Maliszewskie Lake, over dark
detrital gyttja dated to 5170=110 BP (TA-1077; Zurek,
1986) grey-brown detrital-calcareous gyttja was accumu-
lated, and in the upper whitish calcareous gyttja, indicat-
ing rapid rise of the lake water table, was present. Detri-
tal-calcareous gyttja from the depth of 140-145 cm was
dated to 4820=100 BP (Gd-4334), so wet phase began
around 5000 BP and could have lasted until around 4700-
4500 BP when in the profiles 1 and 29 of Stare Biele (see
Table 1) dry phases occurred. Similarly to Stare Biele, in
the kettle hole at Machnacz mire (Biatostocka Plateau)
after phase of moss-fen mire, with moss and low sedge,
supplied with constant, moderate ground-water inflow,
tall-sedge fen phase with dominating reed and tall sedge
began to develop (Zurek, 1992). Surface water, connected
with increased precipitation, and water inflow from little
catchments supplied the mire. This moist phase lasted
around 7300+130 BP (Gd-10494), what is in agreement
with gyttja of Maliszewskie Lake, appearing over the
sedge-moss fen peat dated to 7440+150 BP (Gd-2086).

The earlier wet period is related to the beginnings of
Boreal period (Zurek, 1986). Planting mires of central
Wizna with shrubs and lowering of water level were dated
to 9270120 BP (Gd-2100). Later rise of water level,
decrease of peat decomposition degree and spread of low
sedge Carex lasiocarpa resulted from abundant ground-
water inflow. In the profile 9 of Stare Biele, the layer of
gyttja covering the sedge-moss fen peat dated to
9010+120 BP (Gd-10493) testifies to increasing of water
level as well. Uplift of water level during the initial
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Younger Dryas can be reflected by presence of peat with
gyttja over highly decomposed layer dated to 10,880+250
BP (Gd-9498) in the profile 13 of Biate Lugi mire and by
accumulation of brown-moss peat in Kuwasy profile,
which began around 10,850+250 BP (Gd-10497). It is to
be added that the presence of peat with gyttja was stated
only according to macroscopically observations and
should be confirmed by the pollen analysis.

5. PALAEOHYDROLOGIC CHANGES IN NORTH
PODLASIE LOWLAND AND THE HOLY CROSS
MOUNTAINS IN LATE GLACIAL AND HOLOCENE

It seems that certain phenomena observed in the
stratigraphy of mires, particularly changes of peat decom-
position degree and botanical taxa spectrum, can be used
to determine hydrologic conditions in the past and to re-

construct succession of dry and wet phases. As for chro-
nology, radiocarbon dating of peat layers should be con-
firmed by pollen analysis. It may happen, however, that
14C dates are in a strong disagreement with results of pa-
lynological investigation, being earlier or later than dat-
ing suggested by pollen spectra. Such case of major dif-
ference represent set of radiocarbon determinations for
samples from profile Machnacz I1I (Kupryjanowicz, 1994).
M. Kupryjanowicz suggested that the situation could be
explained by contamination caused by using a small-di-
ameter corer. According to him, sampling with a help of
corer with bigger diameter decrease probability of con-
tamination during sampling distinctively.

The radiocarbon dating of highly decomposed peat
layers has enabled to state approximate duration of dry
phases (Fig. 2A, after Zurek and Pazdur, 1999, changed),
namely: in Subatlantic period 1700-2200 BP; in Subboreal

Fig. 2. Correlation between
wet and dry phases in mires
of Eastern Poland and other
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changes of climatic features
during Late Glacial and
Holocene in Poland, Finland
and France.
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period 2600-2800 BP, 3400-3700 BP, ca. 4000 BP and
4500 BP, in Atlantic period 5100-5700 BP, ca. 6400 BP and
6900-7100 BP; at the end of Preboreal 9200-9300 BP; at
the beginning and at the end of Younger Dryas ca. 10,100
and 10,900 BP. On the other hand, wet phases can be ap-
proximately marked, according to the presented evidence,
as follows: the middle (1100-1400 BP) and the beginning
(2100-2600 BP) of Subatlantic period, the beginning
of Subboreal period (4700-5000 BP), in Atlantic period
7300-7500 BP, the end (8000-8400 BP) and the beginning
of Boreal period (8800-9200 BP). In Younger Dryas
water table was raised during its earlier stage (10,500-
10,850 BP).

Moisture changes plot for north-eastern Poland is in
good agreement with the results for lakes and mires in
Poland plotted in Figure 2B, elaborated by Ralska-
Jasiewiczowa (1989; Starkel, 1990; Ralska-Jasiewiczowa
and Latatowa, 1996).

Good agreement is apparent also for the moist phases
up to 3 ka BP as recorded in the sites of north-eastern
Poland and raised bog Pasansuo (Fig. 2C) in south-west-
ern Finland (Ikonen, 1993). Dry and wet phases were dis-
tinguished here according to presence of rhizopod
Amphitrema flavium, and 6 m long profile was dated by
means of radiocarbon in the way that every 5 cm of suc-
cession was sampled (120 dates). The divergence refers
periods 3400-3700 BP, 4700-5000 BP and 5200-5700 BP.

Similar agreement refers to high and low water level
noted in GoSciaz Lake (Fig. 2D; Pazdur ez al., 1994; Pazdur
et al., 1995), Biskupinskie Lake (Niewiarowski, 1995;
Starkel et al., 1996) and Koérnik-Zaniemys$l Lakes
(Wojciechowski, 1999) sediments. High water levels in
both regions are connected with the beginning of
Subboreal and beginning of Subatlantic periods. Low
water levels occurred at the end of Preboreal period, in
the beginning and at the end of Atlantic period and in
Subboreal period. Relatively good coincidence of high and
low water-level stands with Polish and French Jura lakes
(Fig. 2E; Magny and Ruffaldi, 1995) was shown in Fig. 2.

CONCLUSIONS

It should be noted that changes stated in mires sedi-
ments, especially changes in peat decomposition degree
and botanical composition exploited to determine hydro-
logic changes in the past, especially to reconstruct of dry
and moist phases in the Late Glacial and Holocene. Com-
parison of wet and dry phases reconstructed on basis of
mires sediments from Eastern Poland are generally in
good agreement with periods of high and low water level
stands observed for Polish lakes, especially Goscigz Lake
and lakes from Northern Poland. The disagreement be-
tween wet and dry periods pattern recorded in the Polish
mires and the one reflected by the sediments of raised bog
Pesédnsuo in Finnland is observed for the time horizon
prior 3 ka BP.

To conclude, authors‘ forthcoming research in the field
of reconstruction of time scale for wet and dry periods
pattern during the Holocene on the basis of radiocarbon
dating is to be focused on exploiting of statistical
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methods for analysis of large sets of '“C dates for peat and
gyttja from various geographical regions.

ACKNOWLEDGEMENTS

The interpretation of radiocarbon results for sedi-
ments of Polish mires have been sponsored by the grant
from Scientific Research Committee No 6 PO4E 007 17
and is continuation of earlier formulated problem in the
frame grant No 6 PO4E 026 10.

REFERENCES

Balwierz Z. and Zurek S., 1987: The Late Glacial and Holocene
vegetational history and palaeohydrological changes at the
Wizna Site (Podlasie Lowland). Acta Palaeobotanica 27 (1):
121-136.

Balwierz Z. and Zurek S., 1989: Type Region P-n: Masovia and
Podlasie Lowlands, NE Part: Podlasie Lowland. Acta Palaco-
botanica 29 (2): 65-68.

Barber K.E., 1993: Peatlands as scientific archives of past
biodiversity. Biodiversity and Conservation 2: 474-489.

Blackford J.J. and Chambers F.M., 1991: Proxy records of climate
from blanket mires: evidence for a Dark Age (1400 BP) climatic
deterioration in the British Isles. The Holocene 1(1): 63-67.

Czeczuga B., 1969: A few comments on the History of the valley of
the River Narew. Schweizerische Zeit Hydrologie 31: 157-161.

Haslam C.J., 1987: Late Holocene peat stratigraphy and climatic
change — a macrofossil investigation from the raised mires of
north-western Europe. Ph.D thesis, University of Southampton
(msc).

Ikonen L., 1993: Holocene development and peat growth of the
raised bog Pesdnsuo in southwestern Finland. Geological Sur-
vey of Finland, Bull. 370: 1-79.

Kozarski S., 1963: O pdznoglacjalnym zaniku martwego lodu w
Wielkopolsce zachodniej (About Late Glacial decay of dead
ice in western Great Poland). Badania Fizjograficzne nad Polskq
Zachodnig 11: 51-60.

Kupryjanowicz M., 1991: Eemian, early and late Vistulian and
Holocene vegetation in the region of Machnacz peat-bog near
Bialystok (NE Poland). Acta Palaeobotanica 31(1-2): 215-225.

Kupryjanowicz M., 1994: Zmiany roslinnosci w rejonie torfowisk
Machnacz w Puszczy Knyszynskiej w czasie interglacjatu
eemskiego, Vistulianu i holocenu (Changes of vegetation in
environs of peat-bog Machnacz in Knyszyfiska Wilderness in
eem interglacial, Vistulian and Holocene). Ph. D. thesis, UW,
Bialystok: 1-135 (msc).

Kupryjanowicz M., 1998: Wyniki ekspertyzy palinologicznej osadow
torfowiska Stare Biele (Results of palinological analysis of sedi-
ments from Stare Biele mire). UW Bialystok (msc).

Kupryjanowicz M., 2000: P6Znoglacjalne i holocefiskie zmiany
roslinnoSci okolic Uroczyska (Late Glacial and Holocene veg-
etation changes in Mire changes). In: Przemiany siedlisk i
roslinnoS$ci torfowisk uroczyska Stare Biele w Puszczy
Knyszyniskiej (Changes of site and vegetation of Stare Biele mire
in Knyszyniska Wilderness). Rozprawy Naukowe Politechniki
Bialostockiej 70. Bialystok: 78-97.

Magny M. and Ruffaldi P., 1995: Younger Dryas and early Holocene
lake-level fluctuations in the Jura mountains, France. Boreas
24: 155-172.

Musial A. and Straszewska K., 1988: Geneza doliny Narwi miedzy
Pniewem a Nowogrodem (Narew Valley origin between Pniew
and Nowogrod). PWN Editions, Warszawa: 1-70.



TIME RECORD OF PALAEOHYDROLOGIC CHANGES IN THE DEVELOPMENT OF MIRES DURING ...

Niewiarowski W., 1995: Wahania poziomu wody w Jeziorze
Biskupinskim i ich przyczyny (Fluktuations of water level in the
Biskupinskie Lake and its reasons). In: Niewiarowski W., ed.,
Zarys zmian Srodowiska geograficznego okolic Biskupina pod
wplywem czynnikow naturalnych i antropogenicznych w péznym
glacjale i holocenie. Oficyna Wydawnicza ,, Turpress”, Torun:
215-234. (Outline of changes of the gegraphical environment
in the Biskupin surroundings under influence of natural and
anthropogenic factors during the Lateglacial and Holocene)

Nowaczyk B., 1994: Wiek jezior i problemy zaniku bryt
pogrzebanego lodu na przyktadzie sandru Brdy w okolicy
Charzykowy (Lakes age and problems of dead ice decay for
instance Brda sandur of Charzykowy environ) . Acta
Uniwersitatis Nicolai Copernici, Geografia 27: 97-110.

Obidowicz A., 1978: Genese und Stratigraphie des Moores ,,Bor
na Czerwonym” in Orawa-Nowy Targ-Mulde. Fragmenta
Floristica et Geobotanica 24(3): 447-466.

Okruszko H., 1960: Gleby murszowe torfowisk dolinowych i ich
chemiczne oraz fizyczne wiasciwosci (Mursz soils of valley mires
and their chemical and physical properties). Roczniki Nauk
Rolniczych 74 (F-1): 5-89.

Oswit J., 1973: Warunki rozwoju torfowisk w dolinie dolnej Biebrzy
na tle stosunkéw wodnych (Conditions of mires development
in lower Biebrza Valley versus hydrological conditions).
Roczniki Nauk Rolniczych, Ser. D Monografie 143: 1-80.

Pazdur A., 1996: Sprawozdanie nr 19/96 i 57/96 z wykonania
oznaczen wieku metoda C-14 (Reports No. 19/96 and 57/96
from radiocarbon dating). Politechnika Slaska. Gliwice (msc).

Pazdur A., Fontugne M.R., Goslar T. and Pazdur M.F., 1995:
Lateglacial and Holocene water-level changes of the Gosciaz
Lake, Central Poland, derived from carbon isotopes studies of
laminated sediments. Quaternary Science Reviews 14: 125-135.

Pazdur A., Michczyhski A., Pawlyta J. and Spahiu P, 2000: Com-
parison of the radiocarbon dating methods used in the Gliwice
Radiocarbon Laboratory. Geochronometria 18: 9-14.

Pazdur A. and Pazdur M.F., 1986: Aparatura pomiarowa
Laboratorium “C w Gliwicach. Do$wiadczenia konstrukcyjne
i eksploatacyjne (The measuring equipment of the Gliwice
Radiocarbon Laboratory. Experience gathered in the construc-
tion and exploatation). Zeszyty Naukowe Politechniki Slgskiej
Seria Matematyka-Fizyka, Z. 46, Geochronometria 1: 55-69.

Pazdur A., Pazdur M.F,, Goslar T., Wicik B. and Arnold M., 1994:
Radiocarbon chronology of Late Glacial and Holocene sedi-
mentation and water-level changes in the GoSciaz Lake basin
and its surroundings. Radiocarbon 36(2): 187-202.

Ralska-Jasiewiczowa M., 1987: Poland: vegetational, hydrological
and climatic changes inferred from IGCP 158 B studies.
Lundqua Report 27: 35-38.

Ralska-Jasiewiczowa M., 1989: Environmental changes recorded
in lakes and mires of Poland during the last 13,000 years. Acta
Palaeobotanica 29: 1-120.

Ralska-Jasiewiczowa M. and Latatowa M., 1996: Poland. In:
Berglund B.E., Birks H.J.B., Ralska-Jasiewiczowa M. and
Wright H.E., eds, Palaeoecological events during the last 15,000
years. Wiley and Sons: 403-472.

Seibutis A., 1963: Borealinio ledo luistu tirpimo pedsakai pelkiu
sluoksnyne. Lietuvos TSR Geografine Draugija, Geografinis
Metrasis VI-VIL: 317-324.

Starkel L., 1990: Hydrological and palaeogeographical changes
within the Vistula catchment against the background of Cen-
tral Europe. In: Starkel L., ed., Geographical Studies, Special
Issue 5: 189-198.

Starkel L., Pazdur A., Pazdur M.F., Wicik B. and Wieckowski K.,
1996: Lake-level and groundwater-level changes in the Lake
Godciaz area, Poland: palaeoclimatic implications. The Ho-
locene 6(2): 213-224.

118

Stasiak J., 1971: Holocen Polski péinocno-wschodniej (The Ho-
locene of North-Eastern Poland). Rozprawy Uniwersytetu
Warszawskiego 47: 1-110.

Stuiver M. and Polach H.A., 1977: Reporting of “C data. Radio-
carbon 19: 355-363.

Wojciechowski A., 1999: Late Glacial and Holocene lake-level fluc-
tuations in the Kornik-Zaniemy§l lakes area, Great Poland
Lowland. Quaternary Studies in Poland 16: 81-101.

Zurek S., 1970: Geneza torfowiska Rolniczego Zakladu Badaw-
czego Biebrza na tle paleogeografii Srodowiska (Mire origin of
Agriculture Research Biebrza Department versus palacography
environment). Biblioteczka Wiadomosci IMUZ 33: 225-243.

Zurek S., 1978: Development of the fossil Holocene lakes in the
Biebrza ice-marginal valley against the background of the
Maliszewskie Lake sediments. Polskie Archiwum Hydrobiologii
25 (1-2): 491-498.

Zurek S., 1986: Szybkos¢ akumulacji torfu i gytii w profilach
torfowisk i jezior Polski (na podstawie danych “C) (Accumula-
tion rate of peat and gyttja in profile of peatlands and lakes
of Poland (as based of '*C data)). Przeglgd Geograficzny 58(3):
459-471.

Zurek S., 1987: Zloza torfowe Polski na tle stref torfowych Europy
(The peat deposits of Poland against the peat zones of Europe).
Dokumentacja Geograficzna 4: 1-85.

Zurek S., 1990: Zwiazek procesu zatorfienia z elementami
Srodowiska przyrodniczego wschodniej Polski (Interrelation
between the peat-forming process and the elements of natural
environment eastern Poland). Roczniki Nauk Rolniczych, Seria
D, Monografie 220: 1-174.

Zurek S., 1992: Stratygrafia, rozwdj i kierunki sukcesyjne torfowisk
strefy wododzialowej w Puszczy Knyszyniskiej (Stratigraphy,
development and succession of watershed mires in Knyszyfiska
Wilderness). Zeszyty Naukowe Politechniki Bialostockiej,
Inzynieria Srodowiska 5: 253-317.

Zurek S., 1993: Zmiany paleohydrologiczne w mokradtach (Palae-
ohydrological changes in the wetlands). Przeglgd Geograficzny
64 (1-2): 75-95.

Zurek S.,1995: Rozwoj torfowisk a problem horyzontu granicznego
(Developing of mires against border horizon). Materialy Semi-
naryjne IMUZ 34: 109-120.

Zurek S., 1996a: Stratygrafia i geneza ztoza torfowego ,,Stare Biele”
w Puszczy Knyszynskiej (Stratygraphy and origin of peat de-
posit ,,Stare Biele” in Knyszyfiska Wilderness). Wyzsza Szkola
Pedagogiczna, Kielce (msc).

Zurek S., 1996b: Wiek torfowisk i jezior w $wietle datowan radio-
weglowych (Age of mires and lakes in the light of radiocarbon
dating). Zeszyty Naukowe Politechniki Slgskiej, Geochronometria
14: 59-77.

Zurek S., 2000: Stratygrafia, geneza i wiek torfowiska (Stratigra-
phy, origin and age of peat-bog). In: Przemiany siedlisk i rosli-
nnosci torfowisk uroczyska Stare Biele w Puszczy Knyszyniskiej
(Habitat of peatbog vegetation changes in the Stare Biele mire
range in Knyszyn Forest). Rozprawy Naukowe Politechniki
Biatostockiej 70: 40-69.

Zurek S., ed., 2001: Rezerwat torfowiskowy Biate Fugi (Mire re-
serve Biafe fugi). Homini, Poznan-Bydgoszcz (in print).

Zurek S. and Dzieczkowski A., 1971: Préba rekonstrukcji rozwoju
jezior kopalnych na torfowisku ,,Biebrza” (Trial of reconstruc-
tion of fossil lakes development on ,,Biebrza” mire). Przeglgd
Geograficzny 43(3): 403-425.

Zurek S. and Pazdur A., 1999: Zapis zmian paleohydrologicznych
w rozwoju torfowisk Polski (Record of palaeohydrological
changes in development of mires in Poland). In: Pazdur A.,
Bluszcez A., Stankowski W. and Starkel L. eds, Geochronologia
gornego czwartorzedu Polski w swietle datowania radioweglowego
i luminescencyjnego: 215-228.



WISLOK RIVER VALLEY,
RADIOCARBON DATING,

GEOCHRONOMETRIA Vol. 21, pp 119-128, 2002 — Journal on Methods and Applications of Absolute Chronology

CHRONOSTRATIGRAPHY OF LATE PLEISTOCENE
FLUVIAL DEPOSITS IN THE WISELOK RIVER VALLEY
BETWEEN RZESZOW AND LANCUT,

SOUTH POLAND

PIOTR GEBICA!, ANDRZE]J BLUSZCZ? ANNA PAZDUR?* and KAZIMIERZ SZCZEPANEK?®

Unstitute of Geography and Spatial Organisation, Polish Academy of Sciences,
Sw. Jana 22, 31-018 Cracow, Poland
2Silesian University of Technology, Institute of Physics, Department of Radioisotopes,
Krzywoustego 2, 44-100 Gliwice, Poland (e-mail: pazdur@zeus.polsl.gliwice.pl)
3Institute of Botany, Jagiellonian University, Lubicz 46, 31-512 Cracow, Poland

Abstract: This paper presents results of absolute dating of alluvial sedimentary series form-
ing a rendzina terrace (higher floodplain) 7-8 m high above the Wislok River channel and
a sandy terrace 8-10 m high in the Subcarpathian Pradolina section of the Wislok River valley.
The organic mud infilling fossil depressions (palaeochannels?) in the lower part of the rendzina

Key words:
ALLUVIAL SEDIMENTS,

LUMINESCENCE terrace have been dated by the radiocarbon method to more than 38,500 BP. The organic
DATING, series occurring within the sandy terrace yielded three ages >36,000 BP. Results of palyno-
QUATERNARY logical analyses carried out on both sites indicate tundra or forest-tundra environments with

water-filled depressions at the time of organic sediments deposition. The top of the 8-10 m
high sandy terrace is built of fluvial sands and eolian cover sands with dunes in the upper-
most part. Their age has been established by means of the OSL method to 11.2+0.9 ka BP.
The younger alluvial inset fill is formed of sands and silts with involutions occurring under
Holocene muds. They were deposited by a braided river during the Upper Plenivistulian as
indicated by two other OSL dates of 22.2+2.2 ka BP and 14.0%+1.5 ka BP. Within the rendzina
terrace the youngest series of Vistulian age is built with peats and silts, infilling the wide

1. INTRODUCTION

The geological survey of the Wistok River valley
started at the beginning of the 20th century when
Friedberg (1903) elaborated Rzeszoéw and Lancut sheets
of the Geological Atlas of the former Austrian Galicia.
Friedberg (1903) described grey-blue clays underlying
glacial gravels in the lower part of rendzina terrace in
Terliczka and Lukawiec. He assigned them to the Young
Pleistocene or early Holocene period. Klimaszewski
assigned the middle terrace (up to 20 meters above the
river bed) loess-covered to the Middle Polish (Saalian)
Glaciation, and the lower-lying terrace (up to 10 meters)
with overbank loams in the top to the Last Glaciation. The
structure and age of the Wislok terraces in Rzeszoéw were
studied by Jahn (1957), Laskowska-Wysoczafiska (1971)
and Starkel (1972 and 1980) who dated the higher terrace
sediments bearing a cover of loess or dunes to the North
Polish (Vistulian) Glaciation. According to Jahn (1957)

depression at the foots of sandy hillocks, dated to about 11,800 BP.

and Starkel (1960) the 6-8 m high rendzina terrace is ap-
parently inserted in the loess-covered terrace. Starkel
(1960) provided evidence for the Holocene age of the
rendzina terrace in Rzeszéw, which comprise alluvial in-
set fills of different age. It also hides remnants of older
alluvia as, for example, documented by the profile in
Brzeznica in the neighbouring Wistoka River valley, where
paleochannel deposits have been dated to between 46 and
36 ky BP (Mamakowa and Starkel, 1974). Starkel (1980)
cited a date of 43.9+2.1 ky for peat sample taken by him-
self in L.ukawiec and obtained by M. Geyh in 1975.
Several years ago, in the frame of the Detailed Geologic
Map of Poland 1:50,000 project, geological mapping of
the Rzeszow, Lancut and Jarostaw sheets has been un-
dertaken. Results of geological mapping have been pub-
lished in the form of several notes and presented during
the VI Conference on Stratigraphy of Pleistocene in
Poland, Czudec 1999 (Wojcik et al., 1999; Zimnal, 1999).
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During spring freshets of the year 2000, with the high-
est water level reaching 5 m above the river bed, Wistok
River made numerous undercuts in banks in the section
behind tagka where the river runs within the Subcar-
pathian Pradolina. When floodwaters subsided, P. Gebica
found in several new exposures in the lower part of the
rendzina terrace a cohesive layer of silty clay and organic
mud, truncated in the upper part and covered with
younger alluvial series. A similar organic series and silts
were found nearby in Czarna-Podbor, in the open sand
pit located on the higher 8-10 m terrace.

Undertaken researches aimed at finding an age of dif-
ferent sequences of Vistulian fluvial sediments. Geomor-
phological mapping of the Wistok River valley bottom
between Rzeszow and Lancut was performed by P. Gebica.
On the same occasion a number of accessible exposures,
presenting different stratigraphical units was profiled.
Information related to the range and thickness of terrace
sequences have been supplemented with data obtained
through geological drillings and taken from rich archive
documentation on earlier boring projects. The fieldwork
was also an occasion for taking samples for palynological
and granulometric analyses, and for radiometric dating.
Radiocarbon dating was performed on samples of peat
and organic silt sediments while OSL (optically stimulated

luminescence) dating was made on samples of mineral
sediments.

2. GEOMORPHOLOGICAL
AND GEOLOGICAL SETTING

The Wislok River beyond Rzeszow flows within an
erosional depression of the Subcarpathian Pradolina. The
pradolina is distinctively bordered from the south and the
north (Fig. 1). To the south an edge of the Kanczucka
Plateau (220-280 m a.s.l.) rises, which is covered with a
sequence of alluvial and glacial sediments, frequently
overlain by loess, deposited on a Miocene clays
(Laskowska-Wysoczafiska, 1971; Zimnal, 1999). The edge
of the Kolbuszowski Plateau constitutes the north border.
It is built with Miocene clays, covered with preglacial
alluvial sediments, fluvioglacial sands, and glacial till from
the Sanian 2 (Elsterian) Glaciation. In the Subcarpathian
Pradolina near Jasionka at the elevation of 210-213 m a.s.l.
fluvioglacial deposits and washed glacial till cover an in-
terstadial organic series from the Sanian 2 Glaciation
(Laskowska-Wysoczanska, 1971). The bottom of the
Wislok River valley is terraced and filled with alluvia of
the thickness up to 20 m. Between RzeszOw and
Trzebownisko, a slightly inclined terrace plain ranges at
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Fig. 1. Geomorphological map of the Wisfok River valley between Rzeszow and tarncut:

1 — PeriCarpathian Loess Plateau, 2 — Kolbuszowski Plateau, 3 — fluvioglacial level from the Sanian 2 Glaciation, 4 — alluvial terrace
from the Middle Polish Glaciation?, 5 — loess-covered terrace plain from the Vistulian Glaciation, 6 — sandy terrace 8-10 m high, 7 —
alluvial fan of the Vistulian age, 8 — dune ridges, 9 — higher floodplain (rendzina terrace) 7-10 m high, 10 — flatbottomed depressions
(floodbasins), 11 — lower floodplain 3-5 m high, 12 — alluvial fan of Holocene age, 13 — paleochannel system, 14 — traces of braided
river (Late Vistulian age), 15 — peatbogs, 16 — erosional edges below 10 m, 17 — erosional edges above 10 m, 18 — geological transect
with borehole numbers, 19 — excavations, 20 — roads, 21 — railway.
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the elevation about 20 m above the Wistok River level.
Its upper part consists of dozen-metre-thick loess, and its
lower part contains alluvial sands with organic mud in-
sets and gravels lying on the Miocene clays. These depos-
its are 20 m thick and they date to the Vistulian Glacia-
tion (Jahn, 1957). Along the left border of the valley, at
the height of 8-13 m above the Wistok River channel,
a sandy terrace stretches, 0.5 to 1.5 km wide, with a wind-
blown sands on the top. In places, undercut by
paleomeanders, it is separated from the rendzina terrace
by a 1-2 m high edge. Circular, wet depressions
(thermokarstic?) and natural levees with wind-blown
sands on the top have been profiled on the terrace sur-
face. The contemporary bottom of the Wistok River val-
ley, 4-6 km wide, is occupied by a Holocene rendzina ter-
race, which is cut 10 m deep in the vicinity of Rzeszow
and 7-8 m deep near Lancut (Fig. 1). It forms a higher
level of a floodplain that currently is not flooded even
during the highest freshets. It forms an alluvial fan be-
yond Rzeszow, with several abandoned (due to avulsion
processes) palacomeander systems of the Wistok River
and its tributary Czarna River. The best known is a nar-
row and sinuous paleochannel system called Stary Wistok
abandoned after one of catastrophic floods in the half of
the 18th century (Strzelecka, 1958). The rendzina terrace
is built of gravels with sands in the lower part, and sands
with alluvial loams and 2-4 m thick clays in the upper part.
In the L.aka locality a Pleistocene sandy terrace occurs in
isolated patches and it rises 1-3 meters above the flood-
plain (Fig. 1). This is probably a fragment of an alluvial
fan formed by the Wistok River during the Vistulian time,
which is indicated by an archaeological findings of
Mesolithic settlements (Czopek and Podgorska-Czopek,
1995). The lower level of the floodplain makes narrow
bench of swampy meadow terrace at the elevation of
3-5 meters above the river channel, being several tens to
500 m wide. It is covered with meadows and brush and it
is flooded almost every year during higher freshets. It is
mainly built of sandy loams overlying sands with gravel.
It has probably been formed during the last 150-200 years,
similarly like the swampy meadow terrace of the San River
(Szumanski, 1986). The channel of the Wistok River un-
derwent partial regulation in the beginning of the 20th
century, but it is not embanked. The present width of the
river is about 25-35 m.

3. SITE DESCRIPTIONS

Lukawiec-1

A very interesting profile, exposing two series of allu-
vial deposits (Figs 1 and 2), was found during the geomor-
phological mapping of the 7 m high terrace on the right
bank of the Wistok river. The lower series consisted of
fine sands covered with alternately stratified silt and yel-
low-olive sand. In the upper part of the sequence sand
distinctively graded into blue silty clays which in turn
gradually graded into organic silts and peaty mud of 0.6
metre thickness. At the contact between the organogenic
layer and the underlying silts and sands numerous sedi-
mentary involutions and cryogenic fissure structure filled
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with organic material, had developed. The top of orga-
nogenic series has been truncated and covered with the
younger series of alluvial sediments of 5 m thickness. This
younger series consists mainly of sands with coarse gravel
(channel deposits) and sets of cross-bedded sands with
sandy silt insets (meander point bar deposits) and of over-
bank alluvial loams in the top. The peaty mud sample taken
at the elevation of 2 m above the present water level in the
river channel yielded the radiocarbon age >38,500 BP
(Gd-15157). Pollen analyses made on eight samples taken
from peaty mud organic silts in the profile Lukawiec-1
(Fig. 3) revealed large amounts of herbaceous plants
(NAP), particularly Cyperaceae and grasses (Poaceae).
Tree pollen percentage reaches almost 25% of the total
pollen count only in the top sample; in other samples it
varies between 9.8% and 20.2%. The taxonomic compo-
sition of samples is not much diversified. Among the trees
only pollen of common pine (Pinus silvestris) and of stone
pine (Pinus cembra) are abundant in all samples. Among
the bushes relatively high scores have been recorded for
dwarf birch (Betula nana). A few pollen grains of willow
(Salix), sporadic pollen grains of alder (Alnus viridis) and
abundant colonies of Pediastrum algae have been found.
They indicate the presence of shallow water depressions,
at least periodic. The results enable stating that the most
characteristic feature of the landscape of the area sur-
rounding this site was a prevailing number of open com-
munities of herbaceous plants. Most of all they were com-
munities of wet and waterlogged habitats. There were
probably some other types of plant communities, besides
grass-sedge ones, where dwarf birch shrubberies, alder,
willow and brown moss grew together with other plants
of dry non-forest steppe-tundra sites (Artemisia, Chenopo-
diaceae and Helianthemum). Trees could by found, if any,
sparsely in small assemblages or in the Wisiok River val-
ley. Palynological data and results of radiocarbon dating
suggest that sediments were deposited in cool climatic
conditions during the older part of Pleniglacial of the
Vistulian glaciation. Fukawiec yielded yet another radio-
carbon date made on peat sampled by L. Starkel from the
layer forming rapids in the Wistok River bed, exposed on
the right edge of the terrace (Starkel, 1980). It is difficult
now to point the place from which the dated sample de-
rived. The age of peat, as obtained in 1975 by M. Geyh
and equal to 43.9x2.1 ky BP (Hv-6388), is indicative of
the interstadial series (interpleniglacial) of the last gla-
ciation (Gradowski and Nalepka, 1985; Starkel, 1980).

Czarna-Podbor

At the distance of some 0.5 km NNE of Lukawiec pro-
file, at the border of Czarna-Podbor hamlet, there are
several open sand pits. Sand pits are located on the ter-
race plain elevated about 8-9 m above the river bed and
up to 1.5 km wide. It is bordered on the floodplain by
a distinct edge of the old paleochannel up to 2 m high (Figs
1 and 2A). The terrace surface is slightly undulated with
flat swellings and depressions not higher, or deeper, than
2 m. Dune ridges, 5-10 m high, occur at higher elevations
and low levees occur in places closer to the edge of the
terrace. To the west of the biggest sand pit the terrace is
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Fig. 2. Radiocarbon dating results and the cross-section through the sandy terrace (8-10 m) in Czarna-Podbdr and the right bank

terrace (7 m) in tukawiec site:

1 - Miocene, 2 — sand with gravel, 3 — sands, 4 — stratified sands with fine gravels (eolian cover sands), 5 — sandy silts, 6 — muds
and clays, 7 — stratified muds and sands disturbed by periglacial structures, 8 — peaty muds, 9 — organic silts, 10 — alluvial loams,

11 — fossil soil, 12 — Holocene soil 13 —

cut down by a valley of a small stream, the bottom of which
is covered with flood muds. In the biggest sand pit belong-
ing to Mr. Kazimierz Jeziorek from Medynia Fancucka
the layer of silt with organic matter was found at the depth
of 5 m below the terrace surface. The structure of the ter-
race was documented by 23 archival drillings made on the
sand pit area of 0.25 km?. Sampling was made by three
additional geological drillings using “Geomeres” derrick
and samples for palynological and radiocarbon analyses
were taken.

Four basic members of deposits have been recognised
in the terrace structure (Fig. 2A). At the depth of 10-13 m
a sandy gravel cover, 2-5 m thick, lies on Miocene clays.
Above that there is a member of silty and sandy clays
bedded with organic silts and peaty mud, 1.5 to 2 m thick,
filling fossil depressions (paleochannels?) cut in the chan-
nel alluvia. The top of the terrace consists of dusty sands
truncated by coarse sands with an admixture of gravel,
1-3 cm size, with a pavement in the bottom. The thickness
of the upper members of the deposits is 3-4.5 m. Samples
for dating have been taken from two selected drilling sites.
A drilling core sample coming from an upper layer of
peaty mud lying at the height of 4 m above the river bed
in the Czarna-Podbor 3 profile, yielded an indefinite age
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involutions (drop soils) and frost wedges.

>36.6 ka BP (Gd-15148), and the second sample of peaty
mud from a layer lying 1 m below gave also an indefinite
age >36.2 ky BP (Gd-15155). Another peaty mud sample
taken from the Czarna-Podbér 1 drill core, 3.7-3.9 m
above the Wislok river bed was dated to >36.4 ka BP
(Gd-15154). The age of the sampled deposits corresponds,
probably, to the older part of the Middle Plenivistulian,
similarly to the profile in BrzeZnica upon Wistoka River
(Mamakowa and Starkel, 1974; Mamakowa et al., 1997)
or is much older.

Wola Mala

The site Wola Mata near Lancut, on the right bank of
a big southward bent meander of the Wistok River, re-
veals an interesting sequence of sediments (Figs 1 and 2B).
Below the overbank alluvial loams of Holocene age, sand
and silt layers are exposed, part of it being disturbed.
Holocene overbank deposits are represented by massive
clays interbedded with silts of the total thickness of 3.5 m.
A vertical profile exposes two sequences of deposits
below the alluvial loams. The lowermost part of the pro-
file, shows mixed sands with single gravels and silty sands
with involutions (overbank deposits). The top of these
sediments is cut and covered with another layer of cross-
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Fig. 3. Pollen diagram from the tukawiec-1 profile.
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Fig. 4. Schematic cross-section of the northern margin of the Wistok River valley floor near Czarna and tukawiec:

1 — sands with gravels, 2 — fluvial sands, 3 — stratified fluvial sands with eolian cover sands in the top of the terrace, 4 — silty sands
5 — unstratified eolian sands, 6 — stratified sands and silts disturbed by involutions, 7 — laminated muds and sands, 8 — clays and
muds, 9 — alluvial loams, 10 — peaty muds, 11 — organic silts, 12 — involutions and frost figures.
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bedded sands with fine gravels and laminated silts (flood-
plain deposits). Layers of sands and silts in the top part
are inclined and subjected to sliding.

Single sand wedge being up to 0.5 m long and trun-
cated at the top, frost fissure and small faults caused prob-
ably by ground subsiding, were observed in the dusty
sands. Abundant involutions, described as drop soils were
found at the border between silts and sands. This type of
structures usually develops as a result of differences in
sediment density and processes of gravitational liquida-
tion of plastic masses of water-saturated sediment and
probably takes place during permafrost degradation
(French, 1996; Eissmann, 1997). Two samples taken from
this profile have been dated by the single aliquot optical
dating (SAR OSL) method. The sample WM-1 taken
from an undisturbed sands lying at the height of 2 m above
the water level in the Wistok River channel, and below
the previously described involution structures, gave an age
of 22.2+2.1 ka BP (GdTL-627). The second sample
WM-2, taken from laminated silt lying directly below
Holocene alluvial loams, 4 m above the river water level,
was dated to 14.0+1.5 ka BP (GdTL-628). Thus, the dated
alluvial series corresponds to the Upper Plenivistulian
and it is younger than sediments described in Fukawiec
and Czarna localities.

Daqbrowki

On the left bank of the Wislok River, in the village of
Dabrowki, there is a small, sandy hillock developed on
a sandy plain. Its relative height is 3.5-4 metres and 13.5
meters above the Wisiok River bed (Fig. 1). To the north
of this hillock, and slightly higher, there are dune ridges
up to 20 meters high. Due to exploitation of sands, the
western part of the hillock and the top part of the terrace
plain have been exposed, enabling insight into the struc-
ture of both forms down to the depth of 7 m (Fig. 2B).
The lower part of the terrace is built of sands, gravels and
silts, while the upper one consists mainly horizontally lami-
nated silty sands. The hillock consists mostly of somewhat
coarser material, mainly fine- and medium-grained sands,
alternately laminated with thin layers of coarse-grained
sand and gravel up to 0.5 cm diameter. The lamination
ceases towards the top of the hillock and sands become
better sorted, with a Holocene soil developed in the top.
The small size of the hillock and alternating layers of sand
grains makes it similar to hillocks made of eolian cover
sands found on the Polish Lowlands (Nowaczyk, 1976).
Structures described above have been recorded in eolian
sands of contemporaneously developing dunes (Fryberger
etal., 1992) as well as in Pleistocene cover sands (Schwan,
1986; Gozdzik, 1998). The sample of sand taken from the
bottom layer of the hillock, about 10 m above the Wistok
River level, has been dated by SAR OSL method to
11.2+0.9 ka BP (GdTL-626). This result points the Late
Vistulian (Younger Dryas ?) when eolian processes inten-
sified and sand was reworked by strong winds. These date
correlates well with numerous eolian series of dune and
cover sands dated in Poland (Nowaczyk, 1986).
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On the rendzina terrace, to the south of the present
Wislok River bed, several boreholes gave insight into the
structure of the flat-bottomed depression surrounding the
sandy patches of Pleistocene terrace near Y.aka (Figs 1
and 2B). The structure of the wide depression consists of
peat, lying on sands with silts, clays, and alluvial loams in
the top. The radiocarbon dating of a sample from the
taka-4 borehole (sample from the bottom of the peat
layer at the depth 3.25-3.30 m) gave the result
11,820%250 BP (Gd-15146). This means that the infilling
of the depression started in Allerdd, and peat, probably,
covers a fragment of a Late Vistulian alluvial plain of a
braiding river.

4. DISCUSSION OF “C DATING RESULTS

The measurements of “C concentration have been
performed in the Gliwice Radiocarbon Laboratory by the
gas proportional counting method (except for the Hv-6388
result which was obtained in the Hannover Radiocarbon
Laboratory). Conventional radiocarbon age of each sample
has been normalised to 6"*C = -25%o, following the
Stuiver and Polach’s procedure (1977). One definite *C
date (sample t.aka-4, Gd-15146) was calibrated using the
Gliwice Calibration Program GdCALIB (Pazdur and
Michczynska, 1989) and the calibration curve of Stuiver
at al. (1998). Table 1 contains the results of radiocarbon
dating as conventional radiocarbon ages (*C Age, BP)
and results of the calibration procedure in the form of the
narrowest 68% confidence intervals (Cal. Age, BP).

The results of radiocarbon dating fell at or behind
the limit of the applied method, except for £.aka-4 sample,
which yielded a definite age. Considering the stratigra-
phical division of the Vistulian glaciation (Kozarski, 1991),
radiocarbon dates obtained for Lukawiec and Czarna-
Podbor profiles (older than 38.5 ka BP and older than
36.0 ka BP, respectively) mean that the respective organic
sediments from the two sites were deposited during the
older part of the Middle Plenivistulian (interpleniglacial).
The probable candidate is the Hengelo interstadial
(warm) period and an immediately earlier stadial period.
Palynological data suggest that studied sediments were
deposited under relatively stable conditions, during
a period without significant climate fluctuations. The low
percentage of tree pollen, reaching 25% at the best, to-
gether with the domination of open sets of herbaceous
plants may be interpreted as a result of relatively stable
climatic conditions of the colder period (stadial) imme-
diately preceding the Hengelo interstadial. Numerous
involutions and small frost wedges found at the contact
between organic deposits and underlying layers developed
under periglacial conditions are the other proofs support-
ing this hypothesis. It is also congruent with results of other
studies of Middle Plenivistulian fluvial series in the south-
ern part of Poland (Jersak and Sendobry, 1991; Superson,
1996) and in eastern part of Germany (Eissman, 1997,
Mol, 1997).
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Table 1. Description of the samples and their radiocarbon and luminescence ages. Calibrated age range (Gd-15146) has been

determined at 68% confidence level using GACALIB program.

Sample name 14C Age [BP] OSL Age

type of sediment Stratigraphy Lab. No. Cal. Age [BP] [BP]
tukawiec-1 top layer of peaty mud,

peaty mud 2 m above channel water level Gd-15157 > 38,500

tukawiec Peat from a bank 43.900 2100

peaty mud forming a riverbed bar Hv-6388 T 1650

Czarna Podbor-3 top layer of peaty mud,

peaty mud 5 m above channel water level Gd-15148 > 36,600

Czarna Podbor-3 Layer lying 4 m

peaty mud above channel water level Gd-15155 > 36,200

Czarna Podbor-1 Layer lying 4 m

peaty mud above channel water level Gd-15154 > 36,400

Wola Mata WM-1 Layer lying 2 m

sand above channel water level GdTL-627 22,200 = 2100
Wola Mata WM-2 Layer lying 4 m

laminated mud above channel water level GdTL-628 14,000 = 1500
Dabrowka Layer lying 10 m

sand above channel water level GdTL-626 11,200 = 900
taka-4/3.25-3.30 m 11,820 + 250

peat lower layer of peat (Gd-15146 [14,050 + 13,530]

5. DISCUSSION OF RESULTS OF OSL DATING

Luminescence dating of three sediment samples has
been made in the Luminescence Dating Unit of the De-
partment of Radioisotopes, Institute of Physics, Silesian
University of Technology, Gliwice, Poland. The OSL
measurements have been done on coarse quartz extracts
(125-200 p) applying a single aliquot regenerative dose
protocol (SAR) to obtain values of paleodoses absorbed
by grains. The respective dose-rate values have been cal-
culated from radioactivity of the sediment samples mea-
sured by means of high-resolution gamma spectrometry,
making appropriate corrections for sediment water con-
tents, etching of quartz grains in concentrated hydrofluo-
ric acid, and taking into account the cosmic dose-rate.

OSL of quartz aliquots have been measured with Day-
break 1150 automated reader equipped with a green light
source (halogen lamp based) and a beta source for “in-
place” irradiations. Irradiations, preheating and OSL
measurements were executed automatically in a one con-
tinuous run. A typical SAR measurement protocol was
employed with the following parameters:

aliquot mass: ca 3 mg;

test dose: 1.9 Gy;

preheat after test dose: 0 s at 160° C;
regenerative doses: 9.6, 19.1, 38.3 Gy;

Preheat after regenerative dose: 10 s at 220° C;

® OSL taken at 125° C during 1 s of green light
(514=17 nm wavelength) excitation followed by 58 s long
bleaching and then 1 s excitation for recording a back-
ground signal (a total of 60 s of green light exposure)

Equivalent dose (ED) values have been calculated by
interpolation of the non-linear saturated exponential fit
to the laboratory growth points. Results of the laboratory
measurements and OSL dating are presented in Tables 2
and 3.

The single aliquot method is usually applied to a num-
ber of aliquots making it possible to investigate the dis-
tribution of luminescence ages of quartz grains within the
sediment. In this case aliquots consisted of many indi-
vidual grains so the interpretation of the distribution is
less straightforward. Nevertheless, it was shown that only
a few grains give actually rise to luminescence observed
from an aliquot, so the distribution should have similar

Table 2. Depth, water content, radioactivity and effective dose-rate for three samples.

Sample Depth Water content Activity [Bq/kg] Dose rate
[cm] (assumed) [%] 238 232Th 0K [Gy/ka]
Wola Mafa WM-1 600 12+3 5.18+0.86 3.76+0.29 249.2+4.3 0.99 = 0.08
Wola Mata WM-2 400 12+3 18.12+1.48 15.10+0.58 4209+7.4 193 £ 0.14
Dabrowki D-1 400 12+3 5.38+0.77 3.32+0.26 182.1+4.1 0.90 = 0.03

Table 3. Equivalent dose (ED) and OSL age values obtained for the dated samples.

Sample Number of aliquots EDOSL OSL Age
[Gy] [ka]

Wola Mata WM-1 10 22 +1 222+22

Wola Mafa WM-2 10 272 140+15

Dabrowki D-1 40 101 = 0.7 112 +09
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features as the individual grain distribution but broader
and with larger “background”. Figs 5 to 7 show the re-
sults for individual aliquots transformed in such a way that
each point represents a single date. The abscissa of
a point is inversely proportional to the dating error AT,
and its ordinate is proportional to the age value T, less an
arbitrary value (usually chosen to be an average of ob-
tained ages) and inversely proportional to dating error.
This transformation leads to that points representing same

°
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Fig. 5. Results of the SAR method dating of the sample WM-1.
The plot presenting single dates is constructed in such way that
“equal age” points lie on the ray coming out of the point (0, 0).

The distance along the horizontal axis is equal to L while the
T,-T AT;
~——. The ray shows an age

distance along the vertical axis is

of 22.2 ka.
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i
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Fig. 6. Results of the SAR method dating of the sample WM-2.
The ray shows an age of 14 ka.
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age lie on a straight line going through the point of origin
(0,0) and the larger the distance from the origin, the more
accurate the date is. This type of plot helps better judg-
ment of dominant features of the age distribution and its
interpretation.

Samples WM-1 and WM-2 have relatively simple
distributions meaning that deposition of the sediment took
place after a moderately long exposure to light. The
sample D-1, on the contrary, shows a quite complex
distribution (being the reason why we decided to repeat
dating for 40 aliquots). The most probable reason for this
is that in the history of this sediment several episodes of
reworking and re-deposition occurred. The OSL date
stated for this sample cannot be interpreted as the age of
the whole form. It is rather the last episode of more
intense reworking. This site will be a subject of further
investigations, including OSL dating of more samples with
an aim to shed more light on the origin and age of the
form.

6. CONCLUSIONS

Radiocarbon and luminescence dating (OSL) confirm
complexity of alluvial series of deposits of Middle to
Upper Plenivistulian age, occurring in the Subcarpathian
pradolina section of the Wistok River valley bottom
between faka and Laficut. A schematic section shows
locations of dated alluvial series and their probable spa-
tial extension along the bottom of the valley (Fig. 4). The
distinguished Vistulian series of sediments occupies
mainly the northern zone of the Wistok River valley. The
contemporary channel of the Wistok River cuts into this
series.

The thick series of InterpleniVistulian sediments form-
ing a sandy terrace, 8-10 m high, has been dated to be older

-20 T I T I T I
0.0 1.0 2.0 3.0

Fig. 7. Results of the SAR method dating of the sample D-1. The
three rays show ages of 11.2 ka, 18 ka and 29 ka.
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than 36 ka BP. The oldest links of this series occurring in
the floor of the 7 m terrace have been dated to be older
than 38 ka BP. The problem that needs further research
are the genesis and age of the sandy formations covering
the InterpleniVistulian series. Undoubtedly, a part of the
uppermost formations of the sandy terrace is of eolian
origin; besides dunes, low hillocks are found, that are built
of eolian cover sands. A single OSL date obtained for
these sands points to the end of the Late Vistulian.

The alluvial series, built of sediments dated back to
22-14 ka BP is covered with Holocene alluvial loams.
Further to the south of the contemporary Wistok River
bed fragments of the Late Vistulian alluvial plain are
found side by side with younger alluvial fills of fluvial sedi-
ments connected with abandoned paleochannel system of
the Wistok River. This feature may be related to migra-
tion of the river bed towards the left edge of the valley
bottom.
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1. INTRODUCTION

Wood debris is usually a subordinate component in
alluvial sediments and it usually widely varies in size. Large
buried logs and other coarse wood fragments (branches,
roots) usually focus the attention of researchers. Less vi-
sible is fine debris (leaves, bark, fruits and seeds) and this
is usually omitted in descriptions of alluvial sediments.
Dating of wood debris of all size provides an important
insight into the age of alluvium and the evolution of river
terraces. The most common methods used to date wood
debris are radiocarbon (**C ) dating and dendrochro-
nology.

Wood debris in alluvium of the Carpathian rivers
occurs mainly in depositional covers of Holocene terraces.
These are better preserved in foothill sections of valleys,
not so common in the mountain zone. They are most com-
mon immediately below the outlets of the valleys from
the Carpathians, e.g. in the valleys of the Wistoka, Wistok
and San rivers ( Starkel, 1960 and 1996; Klimek, 1974;
Kalicki and Krapiec, 1991; Krapiec, 1992; Kalicki, 1997;
Nogaj-Chachaj et al., 1999). Their presence is commonly
considered as indication of climate fluctuations and oc-
currence of floods in the Carpathians or lateral migration

Abstract: Tree logs and smaller fragments of wood debris occur in floodplain alluvium
(1-3 m above the river level) of the San river in the Bieszczady Mountains (Polish East
Carpathians). The greatest accumulations of wood debris occur in the lower part of the allu-
vium, beneath a layer of sandy muds. The wood debris in these accumulations was dated by
radiocarbon method. The dates fall within the time interval 3270+70 BP to 103.7+1.1 pMC,
but most of them are from 17% to 19" century. The abundance of the wood debris in the allu-
vium is the result of its intense supply to the river channel, caused by deforestation and large
floods. The age of the wood accumulations corresponds to the phase of settlement in the upper
San valley in the 16" to 17* centuries. The older wood debris could be redeposited to the
young alluvium from older alluvial terraces.

of fluvial channels (grodoﬁ, 1952; Alexandrowicz et al.,
1981; Starkel, 1996 and 1999; Kalicki and Krapiec 1991,
Kalicki, 1991).

Geological studies in the Bieszczady Wysokie Moun-
tains (Polish East Carpathians) have revealed the presence
of abundant wood debris also in the mountane section of
the San river (Haczewski et al., 1998 and 2001). This is
accumulated only in floodplain sediments of the San river
and its tributaries, far upstream from the margin of the
Carpathians. They form a continuous horizon in flood-
plain sediments, on the top of older gravels and at the base
of the younger sandy mud (Kukulak, 2000). The accumu-
lation of this wood debris seems to be not exclusively
caused by a climatic factor.

This paper presents a description of wood debris in
Upper San river floodplain alluvium and presents the
results of its dating by the *C method. An attempt at
explaining the causes of rich supply of wood debris to the
river channel is also presented. The dated wood was col-
lected from its rich accumulations in the alluvium in the
headwater section (about 20 km long) of the San river,
between its source at the Uzhok Pass (863 m a.s.l.) and
the junction with the Muczny Stream (upstream from the
Kiczera Dydiowska).
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2. CHARACTERISTICS OF THE STUDY AREA

This part of the San river watershed has mountane
relief near the water divide (long and steep slopes of the
Pasmo Polonin Range) and foothill relief in the valley part
(low altitude differences and gentle gradients). Most of
the watershed is wooded (ca. 85%), only the highest parts
of the Pasmo Potonin Range and the bottom of the San

river valley (especially the Dzwiniacz Depression) are not
forested. The dominant species of trees are beech (ca 46%
in the Tarnawa forestry area), less abundant are spruce
(ca 27%) and fir (ca 20%; Krygowski, 1975). The high
percentage of forests in the slope areas retards the sur-
face runoff from the abundant precipitation (ca 1100 mm
peryear) and reduces flood waves in the streams. The sedi-
ment load in the streams is now small during high water

D}'d“:l'i'f_'l
140k 55 BP

| Lok
15460 1P

Taravwa iz |

I B0 AP I
C12MeTy pP

E'ﬁ..'l'l
L. 1 . 1

[+3 m terrace

m—
[y
L

"'----In.,h_I

stade vnduary

vy |
| E _ | Hites with I -dmad wood remaing

extent of foresls in the middle of 19 cennery

I5e 120 BE |7

-

MODERM

T

s 103 T LM

t, s TEen

- T T !
1S — - i

Lehgr PIES

Fig. 1. Extent of the lower fluvial terrace along the San river and its tributaries.

130



J. Kukulak et al.

states, as intense farming has ceased in the Polish part
of the San river watershed (ca 80% of the total) half
a century ago.

The floodplain is the lowermost level of alluvial depo-
sition in a valley, older terraces lie higher and are arranged
in steps. The height of the floodplain above the river level
gradually increases downstream, from 0.5 m to 2 m,
locally even to 3 m. At places it consists of two horizons
(1.5-3 m, 0.5-1.5 m). The width of the terrace is greatest
(50 m) in the Dzwiniacz Depression, where the vertical
gradient of the river is lower than 0.5 % and the channel
is meandering. The floodplain extends along the San river
from its very source, and penetrates into valleys of bigger
tributaries (Niedzwiedz, Sychtowaty, Halicz, Litmirz and
Muczny streams). The sedimentary cover of the terrace
differs from the older covers in its finer-grained sediments
and a large content of wood debris. Fossil wood is only
sporadically found in the sediments of the older terraces.
The main horizon with wood debris has a constant strati-
graphic position in the floodplain sections. It extends in
the lower part of the alluvial cover, at the boundary be-
tween the lower gravels and the overlying sandy muds. The
wood debris lies in layers or lenses of a few centimetres
to 0.5 m thick. Meso-scale fragments of wood debris usu-
ally form one thick layer; the finer debris lies in two to
five thin, laterally extensive layers. The higher, fine-
grained part of the alluvial cover contains much less and
finer wood debris. Only locally it fills erosional channels
at different levels in the vertical sections or is dispersed
in mineral deposits.

3. MATERIAL AND METHODS

Accumulation of plant debris in exposures of flood-
plain deposits have been studied and documented in years
1996-2000. Determined were forms of the accumulations,
their state of preservation; the remains have been identi-
fied in selected sections of the terrace (Haczewski et al.,
1998). Wood from several debris accumulations was col-
lected for radiocarbon dating (Sianki, Beniowa, Bukowiec,
Tarnawa Nizna, L.okie¢ and Dydiowa). One or two samples
were taken from each of the selected accumulations, all
from the lower part of the vertical sequence (boundary
between gravel and sandy mud).

All datings were done in years 1997-2000; most of them
in the Gliwice (A. Pazdur), a part in the Cracow Radio-
carbon Laboratories (T. Kuc). *C concentration in the
samples was measured in the Gliwice Radiocarbon Labo-
ratory by gas proportional counting and in the Cracow
Radiocarbon Laboratory by liquid scintillation counting.
0*C was determined in mass spectrometer, thus conven-
tional radiocarbon age was normalised to &°C = -25%eo,
according to the Stuiver and Polach’s procedure (1977).
14C dates were calibrated by use of the Gliwice calibra-
tion Program GdCALIB (Pazdur and Michczyfiska, 1989),
except for some dates of radiocarbon age less than 300 BP,
which were calibrated by OxCAL (Ramsey, 1995). In both
cases the calibration curve of Stuiver ez al. (1998) was used.
Table 1 shows the results of radiocarbon dating as
conventional radiocarbon ages (*C Age, BP) and after
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calibration procedure, as the intervals of the highest prob-
ability at confidence level 68% (Cal. Age, AD/BC).

Geological, archaeological and historical data have
been compiled for the period indicated by the radiocar-
bon dates, including results of palaeobotanical analyses
of local peat-bogs (Palczyniski, 1962; Marek and Patczynski
1962; Zarzycki, 1963; Ralska-Jasiewiczowa, 1969, 1980
and 1989). These mainly record changes in a vegetation
cover of the Bieszczady Mountains during the Holocene,
thus indirectly they reflect the phase of a climatic change
and early human activity. Archaeological findings are few
in the studied area and they suggest rather migrations
than settlement in pre-historic times (Reyman, 1958;
Parczewski, 1991). Historical data on the San river valley
have been collected from archival maps, cadasters,
chronicles and published studies (Kummerer, 1855; Akta,
1868; Stadnicki, 1848; Fastnacht, 1962). History of forests
and their management during the last five centuries are
well documented in the above sources.

4. RESULTS

Meso-scale components of fossil wood in the flood-
plain sediments are logs and their fragments, branches,
roots and sporadic polypores. The accumulation of fine
debris consist mainly of leaves, bark, fruits and seeds.
Noteworthy is the large proportion of bark, branches and
tree tops. The wood debris is accompanied by fragments
of peat, herbaceous plants and their fruits and seeds, fun-
gal sclerotia and insect remains. Microscope studies of the
fine alluvium reveal a significant admixture of microscopic
plant detritus in all size fractions. Coarse logs are usually
found in shallow erosional troughs dissecting gravels
(Beniowa) or in channel sediments at palaeochannel
bends (Tarnawa Nizna). They are buried in sand and fine
gravel, some logs are completely buried in gravel
(Bukowiec and Tarnawa Nizna). The finer wood debris
occurs only in the sandy mud, in sections of flat ancient
river bottom.

Most logs are well preserved. They lack large frag-
ments of bark, but all have cambium preserved. Stumps
complete with roots and branches are rare. Locally rot-
ten logs with still visible internal structure also occur.
A few logs at Beniowa and Bukowiec bear traces of work-
ing with tools (wedge-shaped axe-made incisions and saw-
made cuts). A wooden board, symmetrically cut on both
sides and perforated, apparently a household object, is
exposed at the bottom of the mud layer at Sianki. Many
finer wood fragments at Sianki and Tarnawa Nizna are
partly impregnated or coated with iron oxides, which
makes them more resistant to decay. Some of the wood
fragments are charred or scorched (Kukulak, 2000).

Each of the wood debris accumulations is a separate
assemblage of size classes, usually composed of several
similar classes. The accumulations of coarse wood debris
usually lack finer detritus or have only a small proportion
of it. The areally more extensive wood debris accumula-
tions display a lateral trend in grain size, depending on
the form of accumulation. Besides size sorting (layers of
leaves or branches), weight sorting also occurs (e.g. fruits,
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bark). These features are better visible in the accumula-
tions of plant detritus in low-gradient segments of the
valleys (Beniowa and Y.okie¢). Wood in each of the eight
radiocarbon-dated samples, has a different conventional
radiocarbon age (Table 1). The obtained dates cover
a wide time interval: from 3270+70 BP (Tarnawa Nizna I)
to modern - 103.7=1.1 pMC (Sianki). Half of the dated sam-
ples represent wood that died at modern times (18"-19%
centuries). The dates of wood from Beniowa (122+60 BP),
wattle made from thin stems and twigs at L.okie¢ (150 £60
BP) and a layer of beech leaves at Dydiowa (140+60 BP)
fall within a very narrow time interval. The other half of
the samples consisted of much older wood, and the diffe-
rences in their ages attain 500-700 years. Only at Tarnawa
Nizna, wood from a thick log (I) and fir cones (II) buried
in the same horizon, have similar ages (terminal part of
the Subboreal Epoch of the Holocene).

Dating of the studied wood debris indicate that wood
debris of various age has been buried in the floodplain
alluvium. Very young is the debris that fills an erosional
channel at Sianki, older are artificial wattle reinforce-
ments at L.okie¢. The logs buried in the basal gravels at
Bukowiec are from the beginning of the Common Era,
and those at Tarnawa Nizna are as old as Subboreal. The
presence and predominance in the alluvium of wood de-
bris dated at the last three centuries, proves that most of
the debris was accumulated at times close to, or only
slightly later than, its radiocarbon dates. It could occur in
the 18" or 19" century. The dates of these samples do not
determine the age of the main wood debris horizon over
the whole length of the San valley. Also the presence of
the oldest wood in this horizon (Tarnawa Nizna) may be
the result of its redeposition from older terraces.

S. DISCUSSION AND CONCLUSIONS

The times of plant death indicated by the radiocarbon
dates of wood are related to events of both climatic (the
older dates) and anthropogenic (the younger dates) na-
ture in the natural environment of the Bieszczady Moun-
tains. The age of the buried logs at Tarnawa Nizna corre-
sponds to the phase of frequent floods in the watershed
of the upper Vistula River towards the end of the
Subboreal time (Starkel, 1977 and 1994). Also the age of
the logs at Bukowiec is isochronous with floods in the
Carpathian rivers in Roman times, and the fragments from
Beniowa — with floods in early Mediaeval times (Fig. 2).
The flood sediments of the upper Vistula river laid down
at those periods include numerous buried logs (Awsiuk
et al., 1980; Kalicki and Krapiec, 1991 and 1996; Krapiec,
1992). The older dates from the studied wood debris fit
well within the phases of the San river floods and may be
related to climatic conditions. The number of older dates
is, however, too small to exclude that the coincidence is
only accidental.

The accumulations of the younger wood debris have
been also laid down during floods, but the cause of their
deposition seems to be mainly anthropogenic. It is related
to the phase of settlement and onset of farming in the part
of the Bieszczady Mountains during late Mediaeval and
early Modern times. Many permanent settlements of
farmers and wood workers have been founded here on
inhabited grounds during the second half of the 16" and
at the beginning of 17" century. These have evolved later
into agricultural villages (Fastnacht, 1962). The settle-
ments were located in areas that were already partly
deforested as pasture grounds at valley bottoms (Ternowe

Table 1. Description (name, depth, material) and conventional and calibrated ages of the samples. Calibrated age range has been
determined with confidence level 68% using the GACALIB programme, developed in the Gliwice Radiocarbon Laboratory and Oxford

programme OxCal for very young samples.

Sample name/depth Lab. No. 4G Age [BP] Range of Cal. Age
Dating material [AD/BC]
Sianki/0.95-1.05 m

Twigs, cones Gd-15166 103.71.1pMC (*) MODERN
Beniowa 1/0.7 m

Charcoal KR-168 122+60 [1800, 1950] AD
Beniowa I1/1.45-1.55 m

Leafs, twigs, bark Gd-11555 1380+50 [636, 686] AD
Bukowiec/2.6-2.8 m

Wood Gd-7860 194050 [21,91] AD
Tarnawa Nizna I/1.1-1.2 m

Wood Gd-12136 3270+70 [1621, 1491] BC
Tarnawa Nizna 1l/1.60-1.65 m

Twigs, cones Gd- 15194 268070 [1002, 762] BC
tokie¢/2.5 m

Wood KR-167 15060 [1720, 1820] AD
Dydiowa/0.7 m

Leaves, twigs KR-172 140+60 [1800, 1890] AD

Cal. Age = calibrated age, Lab. No.= laboratory number, Gd- = Lab. No. of ™C dates from Gliwice Radiocarbon Laboratory, KR- = Lab. No. of ™C dates from
Laboratory of the University of Mining and Metallurgy, Cracow , (*) = pMC-percent of modern carbon.
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Pole, Beniowe Pole and Pole Bukowiec). The glades were
mainly the work of the Valachian herders who were com-
ing here seasonally from the 14" to 16™ century, with their
herds of cattle and sheep (Kubijowicz, 1926; Parczewski,
1991).

The first villages were located in the DZwiniacz Depre-
ssion: Dzwiniacz Gorny (before 1529), Tarnawa Nizna and
Tarnawa Wyzna (1537). The expansion of settlements
reached the Uzhok Pass in the end of the 16" century:
Bukowiec (1580), Beniowa (1580) and Sianki (1580). The
economy of these villages was based on cattle herding and
grain growing, activities that required wide expansion of
farmland. Clear cutting of forests began on great scale,
providing areas for arable fields and meadows. The clear-
cuts were not limited to the areas around villages but also
included widening of natural mountain meadows on the
mountain crests (so called poloninas). Tax registers from
the 16" and 17" centuries (Spisy, 1787), land cadasters
from the 18". (Akta, 1868) and old maps from the 18%-19t
centuries (Liesganig, 1824; Kummerer, 1855) prove a
nearly complete deforestation of the valley bottom, a large
reduction in the forest area on slopes and lowered tim-
berline around the poloninas.

The clearing of forest was done mainly by fire clear-
ance. Initially, this was the easiest way to gain farmland,
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then also to fertilise it (Kubijowicz, 1926; Broda, 1952;
Patczyniski, 1962). The settlers usually did not perform
complete clearcutting and did not clear the area of
branches, tree tops and bark. This wood debris was burnt
in place or thrown away to stream channels (Szwab, 1956).
The rapid re-growing of woods in non-cultivated ground
and repeated cutting in the same places favoured accu-
mulation of large amounts of wood debris in nearby
stream channels. The initial phase of settlement in the San
river valley had to be the most productive in wood litter.

The increased runoff due to deforestation of slopes
resulted in more violent flooding of the streams and en-
abled transport of the wood debris to the San river chan-
nel. This supply had to be rich, as the debris formed thick
accumulations in the channel sediments and erosional
troughs on terraces. The deposition of wood debris was
accompanied by increased load of slope-derived sedi-
ments in flood waters. This increased supply of clay from
arable fields resulted in a tendency to alluvial aggrada-
tion in the San river channel. The alluvial aggradation
was the fastest along reaches with low vertical gradient
(below 0.5%). It was also at those places where the great-
est amount of wood debris was laid down. The burnt and
charred wood found in this debris may be the product of
fire clearance. The radiocarbon dates from the burnt wood
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at Beniowa correspond to the period of the greatest ac-
tivity of local wood-burning industries (potash-making
facilities, blacksmithery and steam-powered sawmills).
A large part of the buried logs may have come from un-
dercutting of river banks, as conditions for lateral chan-
nel migration existed during the greater floods.

All the wood debris, dated at various periods of the
late Holocene, is now buried in the alluvial cover of the
same terrace. The interpretation of time of their deposi-
tion in the alluvium is thus not unequivocal. One may
assume that the floodplain consists of fragments of dif-
ferent age, so that older wood is buried in the older frag-
ments, and younger wood in the younger ones. The divi-
sion of the terrace into fragments of different age is,
however, expressed in its stratification (gravels at bottom,
mud above) rather than in the presence of laterally adja-
cent segments of different age (due to lateral aggrada-
tion). Only a part of the fine-grained alluvium (the upper
part of the cover) includes fills of linear erosional troughs.
The main horizon of wood debris forms a layer in the ter-
race and it seems to be isochronous. It is thus more likely
that the older wood debris was redeposited to the young
alluvium from the older terraces of the San.
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Key words: Abstract: Stratigraphy of the Vistulian glacial events in the southern part of the Lower Vistula
NORTH POLAND, region in the north Poland is presented. Lithostratigraphic units and TL dating of Vistulian
VISTULIAN deposits exposing along the Vistula valley between Torun and the Chelmno Lakeland are
GLACIATION, described in detail. The obtained results indicate that the Vistulian sequences in the Lower

TL DATING Vistula region were deposited during five palaecogeographical episodes. Three glacial events

1. INTRODUCTION

The studies of the Vistulian Glaciation stratigraphy
in the southern part of the Lower Vistula (Fig. 1) region
have been carried out for several recent years (Wysota,
2002; Wysota et al., 1996 and 2000). Thick and not de-
formed Vistulian stratigraphic sequences exposed along
the scarp of the Vistula Valley between Torufi and
Chelmno have been the subject of detailed examinations.

Lithostratigraphical and sedimentological researches
have been carried out at seven key sites: Rzgczkowo,
Y.azyn, Unistaw, Kielp, Starogrod 1, Starogrod 2 and
Chetmno (Fig. 1). They included: (1) identification and
lithofacial analysis of sedimentary units, (2) analysis of
directional elements (palaeocurrents, till fabric and ki-
nematic indicators), (3) lithologic and petrographic in-
vestigations (grain size composition, carbonate content,
quartz grain roundness, pethrographic composition of
gravels and heavy mineral composition), (4) TL dating
of deposits, and (5) spatial analysis of stratigraphic units.
Some results of the studies conducted at Rzgczkowo and
Yazyn sites have already been published (Wysota et al.,
1996 and 2000).

were distinguished: the first at the beginning of the Middle Vistulian (~65-70 ka) and two
younger ones during the Late Vistulian. The Middle and Late Vistulian glacial events were
separated by a long ice-free period, between 65 and 30 ka.

The paper presents the synthesis of the Vistulian Gla-
ciation stratigraphy in the southern part of the Lower
Vistula region. The new ideas of chronology and
palaeogeography of the Vistulian glacial events have been
also put forward.

2. STRATIGRAPHIC UNITS

The lower limit of Vistulian deposits has not been sat-
isfactorily recognized yet. It is supposed that upper flu-
vial series of the Lower Vistula formation, which so far
has been connected entirely with the Eemian (Makowska,
1979 and 1980), represents preglacial period of the Early
Vistulian (Fig. 2).

The sequence of Middle and Late Vistulian deposits,
that overlies the Early Vistulian fluvial sediments, has the
thickness of 25-70 m here. Three main stratigraphic units
have been distinguished: Chetmno clays formation,
Rzgczkowo formation and Starogrod formation (Fig. 2).

Chetmno clays occur at the bottom of the Middle
Vistulian succession. They comprise varved clays and silts
up to 20m in thickness, which fill the upper part of the
Eemian/Early Vistulian palaeovalley. Overlying it,
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Rzeczkowo formation is 15-25 m thick, and composed
mostly of fluvial sands. Lithofacies of planar cross-bed-
ded sands, parallel laminated sands and ripple-laminated
sands are predominant.

Starogrod formation occurs at the top of the Vistulian
sequences. Two separate till units have been distinguished:
the lower till member — Y.azyn till and the upper till mem-
ber — Starogrod Zamek till. £3zyn till is 1.5-10m thick
and combines sandy and clay-rich massive and stratified
diamictons. It comprises three genetic types of subglacial
facies: deformation till, melt-out and decoupling till and
melt-out till. Till fabric shows NE and NNE ice movement
directions. Unistaw clays, 2-6 m thick, of glaciolacustrine
origin and lying underneath L.azyn till can be found in
places. Glaciolacustrine sediments of up to 18-m thick-
ness (Kielp clays) overlie the lower till member. Glacio-
fluvial series occur below and above them locally.

Starogrod Zamek till constitutes the highest unit of
Starogrdd formation. It consists of massive brownish clay-
rich diamicton up to 8~10m thick. The diamicton usually
comprises two facies: lodgement till and melt-out till. Till
fabric shows N and NNE ice movement directions.

3. RESULTS OF TL DATING

Two sets of samples were dated by TL method. The
first one consisted of four samples related to Kietp clays:
R-4, R-5, St1-1 and St1-2. The other seven samples: K-2,
K-3, Ch-1, Ch-2, R-6, Sa2-1 and Sa2-2 were related to
Rzeczkowo formation.

The material taken for TL analysis was cleaned and
afterwards the quartz grains of specified size were sepa-
rated and then etched, appropriate to the procedure de-
scribed earlier (Przegigtka, 1999; Oczkowski et al., 2000a).
The bleaching of natural TL signal was performed in a
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specially designed chamber with sunlight simulator
(Oczkowski and Przegietka, 1998a). The bleached samples
were used for equivalent dose estimation by the regen-
erative method. The plateau test was applied to choose
the best temperature region. The additive method was
also applied for the majority of the samples. The Risg
System comprising the calibrated *Sr source (Oczkowski
and Przegictka, 2000) was used for beta dose irradiation
and TL measurements. Details of equivalent dose deter-
mination procedures were presented earlier (Oczkowski
and Przegi¢tka, 1998a; Przegigtka, 1999; Wysota et al.,
2000). The annual dose rates were determined on the basis
of high-resolution gamma spectrum measured with HP
germanium detector and Canberra MCA-100 analyser.
Details of measurement and computational procedures
were published previously (Oczkowski and Przegigtka,
1998b; Oczkowski et al., 2000b). Results are presented in
the Table 1.

Previously four samples related to Rzgczkowo forma-
tion were dated (Wysota et al., 2000). Those dates were
analysed together with seven new ones. The mean age
value T= 42.9 ka with standard uncertainty ¢ = =1.7 ka
were obtained by the weighted averaging method. The
histogram showing the distribution of the eleven TL dates
is presented in Fig. 3.

Apparently these dates represent rather a continuous
process stretched over a certain period of time than a
single event (Fig. 4). Hence the mean age value is not suit-
able parameter for describing such a process. We assumed
that the set of eleven investigated samples was good
enough for the representation of Rzeczkowo formation.
The shape of the histogram (Fig. 4) may suggest that the
deposition lasted for the period of ca. 35 ky. Hence, we
concluded that sedimentation of Rzgczkowo formation
deposits started ca. 65 and ended about 30 ka ago.



W. Wysota et al.

Table 1. TL dates of deposits from southern part of the Lower Vistula region.

No Section Stratratigraphic Sample Lab. No. Material Age Equivalent Dose Rate
Unit Name [ka] Dose [Gy] [Gy/ka]
1. Rzgczkowo  Kielp clays R-4 TOR-35 Glaciolacustrine silts 19+ 3 35+ 6 1.863
Kietp clays R-5 TOR-36 Glaciolacustrine silts 20+ 2 36+ 4 1.805
Rzeczkowo Fm. R-6 TOR-37 Fluvial sands 33+ 3 34+ 3 1.023
Rzeczkowo Fm. R-2* TOR-25 Fluvial sands 49+ 6 51+ 6 1.045
2. tazyn Rzgczkowo Fm. L-3* TOR-28 Fluvial silts 50+ 8 104 = 17 2.078
Rzeczkowo Fm. L-2* TOR-27 Fluvial sands 63 = 20 126 + 40 2.000
Rzeczkowo Fm. L-1* TOR-29 Fluvial sands 65 + 20 130 + 40 2.000
3. Kietp Rzeczkowo Fm. K-2 TOR-31 Fluvial sands 39+ 6 61+ 9 1.564
Rzeczkowo Fm. K-3 TOR-32 Fluvial sands 57+ 7 57+ 7 1.008
4. Starogrod 1 Kietp clays St1-2 TOR-41 Glaciofluvial sands 21+ 3 41+ 5 1.931
Kietp clays St1-1 TOR-40 Glaciofluvial sands 27+ 5 36+ 6 1.329
5. Starogréd 2 Rzeczkowo Fm. Sa2-1 TOR-38 Fluvial sands 47+ 7 62+ 9 1.325
Rzgczkowo Fm. Sa2-2 TOR-39 Fluvial sands 49+ 5 60 + 6 1.221
6. Chetmno Rzeczkowo Fm. Ch-1 TOR-33 Fluvial silts 45+ 5 7%+ 8 1.685
Rzeczkowo Fm. Ch-2 TOR-34 Fluvial sands 46+ 5 47+ 5 1.028

*) The data obtained prior to the present project and published in Wysota et al. (2000).
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Fig. 2. Synthetic section and
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Lower Vistula region. The numbers
column means TL dates in ka.
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4. PALAEOGEOGRAPHIC EPISODES

The Vistulian deposits in the Lower Vistula region
were deposited during five palacogeographical episodes
(Fig. 2). During the preglacial period of the Early
Vistulian Upper fluvial series of the Lower Vistula For-
mation was accumulated. Deposition of deposits was
developed in a braided river environment.

During the next stage Chelmno clays were formed.
Sedimentary processes took place in a glaciolacustrine
environment. The environment was formed as a result of
the first ice sheet advance in the Lower Vistula region at
the beginning of the Middle Vistulian (~65-70 ka). It is
supposed that the ice sheet reached the Grudziadz Basin.
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As the ice sheet was retreating, depositional processes
were gradually changing their character from glacio-
lacustrine sedimentation to fluvial deposition. Rzgczkowo
formation was deposited in the environment of a sand-
bed braided river (Wysota et al., 1996 and Wysota, 2002).
The obtained TL dating suggests that the deposition of
Rzeczkowo formation developed during a long ice-free
period of the Middle Vistulian, between 65 and 30 ka.

Glacial, glaciolacustrine and glaciofluvial sedimenta-
tion characterised the succeeding depositional episodes.
They were connected with two ice sheet advances, which
covered the studied area during the Late Vistulian. The
older glacial event was related to the first Late Vistulian
maximum, ca 22-20 ka (the Leszno Phase). The younger
one represented ice sheet readvance connected with the
second Late Vistulian maximum, ca 19-18 ka (the Poznan
Phase).

S. CONCLUSIONS

The obtained results of the studies indicate that there
was no glacial event in the southern part of the Lower
Vistula region during the Early Vistulian as it had previo-
usly been assumed (Makowska 1980, 1992 and 1994).
Pelaecogeographical and especially palacoclimalological
conditions recently recognized in the Polish Lowland, also
deny ice sheet existence on the Lower Vistula at that time
(Mojski, 1999).

The first glacial advance in this area occurred as late
as at the beginning of the Middle Vistulian. This advance
corresponds to the Toruf glacial horizon distinguished
earlier by Makowska (1979, 1980, 1992 and 1994) in the
Lower Vistula region. The collected lithostratigraphic
data have not confirmed that the ice sheet reached Torun,
as she presumed. The Middle Vistulian ice sheet anvanced
to the northern, and probably to the middle part of the
Lower Vistula region. Only proglacial deposits (Chetmno
clays) are related to this advance in the southern part of
the Lower Vistula region.

The obtained TL dates substantiated higher chrono-
stratigraphic position of the younger Vistulian units than
it had previously been stated (Makowska 1980, 1992 and
1994; Wysota et al., 1996). It is presumed that Rzeczkowo
Formation linked before to the Gniew Interstadial of the
Early/Middle Vistulian period, represents a younger warm
unit — the Grudziadz Interstadial of the Middle Vistulian.
Overlying it, the lower glacial horizon of Starogrod for-
mation (Lazyn till), which formerly has been interpreted
as the Middle Vistulian glacial episode unit (the Swiecie
stadial), is related to the first Late Vistulian maximum (ca.
22-20 ka). The ice sheet readvance connected with the
second Late Vistulian maximum (ca. 19-18 ka) has not
been recognized in the Lower Vistula region yet.
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Key words: Abstract: This research is focused on the chronological investigations of ancient nomads
NOMADS, belonging to the Scythian cultures which occupied the steppe and forest-steppe zones of Eurasia
SCYTHIAN TIME, during the 9™-3 centuries BC. The “C dates for the pre-scythian and early scythian time in
EURASIA, both Europe and Asia are presented and compared to their chronological position based on
RADIOCARBON archaeological evidence. The first 1“C dates have been produced for the Scythian time monu-
DATES ments located in the Lower Volga River basin, Urals and Transurals regions. Their chrono-

logical positions are compared with the position of the monuments of Southern Siberia and
Central Asia. It was shown that the nomadic cultures belonging to the Scythian culture began
to exist over the wide territory of Eurasia from the 9*-8" centuries cal BC and there are some
monuments which may be synchronous to the Arzhan royal barrow (the oldest monument

1. INTRODUCTION

The chronology of the nomadic tribes, which occupied
the steppe and forest-steppe zones of Eurasia during the
1** millennium BC is very important. The tribes are tradi-
tionally connected with the Scythian cultures which have
different names in different regions of Eurasia: the
Scythians in Europe, the Suoromathian in the Lower
Volga River Basin and Southern Ural regions, the Tasmola
in the Transural regions and the different mosaic cultures
in Altai, Southern Ural and Central Asia. The majority
of sites associated with these cultures are located between
~ 40 °-55°N and 30°-110°E. The connections between
European and Asian Scythian cultures, and their interac-
tion is testified by the similarities between both European
and Asian Scythian artefacts, the dynamics of these
interactions can be solved on the basis of chronological
research.

known). A list of new “C dates and a map of the monuments are presented.

For a long time, the chronology of the Eurasian
Scythian cultures was based on a variety of different ar-
chaeological approaches due to a lack of *C dates for the
European monuments. Recently the first radiocarbon
dates for these monuments have been produced by AMS
dating.

It is necessary to note that about 20 years ago,
M.P.Gryasnov picked out 11 geographical zones in the
history of Early Scythian cultures (9-7 centuries BC):
1) Northern Black Sea region, 2) the Northern Caucasus
region, 3) the Aral Sea region, 4) Central and Northern
Kazakhstan, 5) Semirech’e, Tien Shan and the Pamirs,
6) steppe and forest-steppe zones to the North and West
from Altai Mountains, 7) Altai Mountains, 8) South Si-
beria, 9) Tuva, 10) Mongolia, 11) Ordos (Gryasnov, 1983).

It was found that these local zones contained features
of later chronological periods, but it was necessary to add
two additional geographical zones — the Lower Volga and
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Southern Urals regions — to the list of zones. These latter
additions may be considered as distinctive intermediate
points for cultural and ethnic pulses between the two main
macro-regions of the Scythian World — Western and
Eastern.

One should also not forget that the Lower Volga no-
mads have close relations with European Scythians to the
west, on one hand, and that Southern Urals barrows have
many similar features with the Aral Sea region,
Kazakhstan, and Southern Siberia materials to the east,
on the other hand (Ochir-Gorayeva, 1988).

Such conclusions have been drawn on the basis of ar-
chaeological evidence. Now we have produced the first
14C dates for the monuments in these regions and can
compare the radiocarbon chronology of the key Scythian
monuments for Eurasia focusing special attention on de-
termining the first appearance of the Scythian culture.

2. RESULTS

In total, samples for dating have been collected from
about 40 Eurasian Scythian monuments, many of them
having not been previously dated. As well, additional *C
dates were produced for some well-known Scythian monu-
ments: Oguz, Solokha, and Chertomlyk, the Pazyryk group
barrows, Arzhan, Dogee-Baary-2 and others. The map of
monuments dated is presented in Fig. 1. The “C dates
produced during the last two years and dates which were
not published previously now are presented in Table 1.
Earlier there was a broad sweep of territory in which the
Scythian monuments had not been dated including

the Lower Volga River basin and the Southern Ural
regions. Now this gap has begun to be filled. There have
also been a considerable number of samples collected for
Scythian time monuments in Southern Siberia. It is
important to note that before the end of 1990»s, only the
elite barrow Arzhan, Dogee-Baary-2 and Kopto barrows
had been "“C dated (Alekseev et al., 2001). Now there are
about 10 Scythian-time monuments in this region dated
by “C. Discussion of the interpretation of these results
now follows.

3. DISCUSSION

Steppe and Forest-steppe regions of Europe

For the prescythian time of European Scythia, the
monuments of the so-called Chernogorovka culture dated
by archaeological finds to pre-scythian time play the most
important role. Until recently there were no #C dates for
this culture. In 1971 the Vysokaja Mogila barrow (graves
number 2 and 5) was excavated in the Lower Dnieper
River basin (steppe area). At first this monument was
dated by archaeological materials. Grave number 5 dates
to the late Chernogorovka period (900-750 BC accord-
ing to Terenozhkin, 1976) and grave number 2 to the
younger Novocherkassk period (750-650 BC). There are
contradictory opinions on the absolute chronology of
these two monuments: for example, 25 years ago
A.LTerenozhkin dated them both to ca middle 8" century
BC, but S.A.Skory together with other archaeologists now
date Vysokaja Mogila, grave 2 from the late 8" to the early
7" centuries BC (Skory, 1999). #C dates of both graves
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dated by C.
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produced recently are very close and give earlier results:
grave 5, Ki —8425, 2765=50 BP (calibrated 1007-815 cal
BC,20), and grave 2, Ki-8424,2740+50 BP (calibrated 997-
805 cal BC, 20). This evidence would suggest that the mod-
ern archaeological “short” chronology is not quite correct.

Another important monument for European Scythia
also dated to the early period is barrow 15 of the Steblev
group located in the forest-steppe area. This was esta-
blished as the oldest Scythian grave and dated by archae-
ologists to the late 8" century BC (Klochko and Skory,
1993). The "“C dates produced for this barrow (2620-2580
BP) testify to the earlier Scythian association (the late 8
century cal BC).

For a long time, the oldest monument for all Eurasia
was the royal barrow Arzhan (Central Asia and Tuva
Republic). About 30 *C dates were produced which lay
in the interval from 2800-2666 BP, testifying that this
monument was erected during the 9 century cal BC
(Zaitseva et al, 1998). Now there is the possibility to com-
pare the radiocarbon chronology of the Arzhan barrow
and European prescythian time monuments (Vysokaja
Mogila and Steblev, grave 15). One can unter the same
time intervals for their existence (Table 1).

Very interesting results have been obtained for the
classical Scythian royal tomb Solokha, one of the four
greatest Scythian barrows in the northern Black Sea re-
gion. Because the construction of any tomb occurred over
a rather short time, it was very important to obtain a pre-
cisely calibrated calendar interval for *C dates and to com-
pare the archaeological data and radiocarbon chronology.
According to archaeological data, this barrow can be dated
to 400-375 BC (Alekseev, 1992). Eleven “C dates for this
famous barrow have been produced. Taking into account
the complicated character of the calibration curve, which
has a wide plateau for the intervals 2600-2400 BP, and
impossibility of using in this case the wiggle matching
method to establish the more precise calendar time of this
tomb construction, we used the combine dates obtained
by the OxCal calibration program. The combined *C date
from the eleven individual dates is 2333+ 15 BP which cor-
responds to 400-395 cal BC (10) and to 403-390 cal BC
(20) (Fig. 2). These results are generally in good agree-
ment with the archaeological dates.

The Lower Volga River basin

The Lower Volga nomads have close relations with
European Scythians to the West. They also have many
similarities with the nomads of the Aral Sea region,
Kazakhstan and Southern Siberia to the East. Now we
present the first *C dates for the monuments in these
regions (Table 1).

There are numerous nomadic graves of the Scythian
era in the Lower Volga River region belonging to the so-
called “Sauromatian” culture and one of them is the
Aksenovski burial ground discovered in 1966 by V.P. Shilov
(Shilov, 1997). According to archaeological data, the dates
of all Aksenovski barrows and graves lie in the range of
ca 450 - 375 BC.

Barrow number 10 (grave number 1, where two women
were buried) also dates back to this time. Two bronze
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Fig. 2. Combined '*C date for the Solokha barrow and its
position on the calibration curve.

mirrors were found, however, which according to archaeo-
logical data belong to an earlier time — the 7"-6™ centu-
ries BC and what is more, one of these mirrors belongs to
a special group of so-called “indicators” of the Early
Scythian culture (Alekseev, 1992).

A sample for AMS radiocarbon dating was taken
from wooden fragments of one of the mirror-cases. One
of the C dates (Ua-16869) gave us the general chrono-
logical period from the 9" to 5" centuries cal BC (20).
In more detail, the calibration intervals are the follow-
ing: 9™-6" century cal BC, early 5™ century cal BC, or sec-
ond half of the 5" century cal BC. Each of these intervals
is in a good agreement with the known archaeological
date. A second “C date (GrA-16832) is earlier — from the
9™ to the beginning of the 8" century cal BC. It is impor-
tant to note that combined date (2640+41 BP) gives also
the same range. One explanation is that the samples per-
haps came from the central part of the trunk. In any case,
results of radiocarbon dating show that terminus ante quem
of the construction of this wooden artifact is the late 5
century BC.

Southern Urals and Southern Transurals regions

The ancient nomadic culture in the Southern Urals was
located in the centre of the “steppe belt” of the Scythian
cultures and it was subjected to a certain influence from
the nomads from the West (the Pontic Sea area) and from
the East (Central Asia, Altai and Southern Siberia).
The most important and famous barrow for the late pre-
scythian and early Scythian periods is the Great Guma-
rovo barrow (grave number 3) excavated in 1980 by
R. Ismagilov (Ismagilov, 1988). This monument can be
archaeologically dated on the late 8™ to the early 7 cen-
turies BC. Samples for “C analyses (AMS) were taken
from four leather fragments and one wooden fragment
from the quiver.

The agreement between archaeological and “C dates
is good, except sample Ua-16867, 275075 BP, which gave
an earlier chronological age — from the late 12™ to the
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Table 1. The C dates produced for the Scythian time monuments of Eurasia.

No No Lab. index “C Age Monument Material C alibrated age [BC]
on the [BP]
Map 1 [ 2
Ukraine
Pre-Scythian time (Chernogorovskaya culture)
1 60 Ki-8424 2740+50 | Visoka mogila Wood 910-826 990-806
2 60 Ki-8425 2765+50 | Visoka mogila Wood 978-834 1000-814
Earlier Scythian time
3 Ki-7740 2490+50 | Steblev, barrow 15 Animal bone 766-528 782-412
4 9 Ki-7741 266050 | Steblev, barrow 15 Animal bone 892-794 906-778
5 9 Ki-8426 2620+60 | Steblev, barrow 15 Wood 892-562 908-532
6 9 Ki-8427 2530+60 | Steblev, barrow 15 Wood 794-534 804-414
7 9 Ki-8428 2580+60 | Steblev, barrow 15 Wood 810-550 836-420
Scythian time
8 63 Ki-8454 218060 \!!Ii'gggesva Mogila, barrow 11, Organic remains 360-122 374-60
9 63 Ki-8454 2230+60 \g/irgcgega Mogila, barrow 11, Leather 368-202 396-120
10 63 Ki-8455 221060 \éi:hgega Mogila, barrow 11, Wood 364-192 392-106
rav
1 63 Ki-8456 217070 \g/irgcgesva Mogila, barrow 11, Leather from shoes 358-110 382-44
12 63 Ki-8457 2250+70 Vi:hga/a Mogila, barrow 11, Leather 384-202 406-106
rav
13 6 GrA-T0763 | 2170+40 gguz, grave 9 Grass, 354-118 364-66
14 6 Ki-7717 2230+50 | Oguz Skeleton bone 366-202 392-176
15 6 Ki-7718 2190+50 | Oguz Grass 360-178 380-100
16 7 GrA-10764 2330+50 | Pastak, barrow 10 Wood from sword 476-214 750-202
17 10 GrA-10059 2180+40 | Cherfomlyk Wood from arrows 356-166 368-106
18 10 GrA-10203 | 2320+50 | Cherfomlyk Wood from arrows 408-210 516-200
19 10 GrA-10204 2350+50 | Chertomlyk Wood from arrows 514-368 756-208
20 10 Ki-7720 2290+50 | Chertomlyk, embanment Horse bone 398-210 404-200
21 10 Ki-7721 2170+80 | Chertomlyk, embanment Sheep bone 360-108 388-8
22 10 Ki-7722 2335+80 | Chertomlyk, northern grave Animal bone 520-206 762-192
23 10 Ki-7723 2130+70 | Chertomlyk, northern grave Sheep bone 348-44 366BC-10AD
24 10 Ki-7724 2210+70 | Cherfomlyk, northern grave Horse bone 368-190 394-66
25 10 Ki-7725 2170+60 | Chertomlyk Woof from clothes 358-112 370-54
26 10 Ki-7726 2310+55 | Chertomlyk Skeleton bone 406-208 512-196
27 8 GrA-10060 2325+40 | Solokha, Wood from sword 406-264 484-206
28 8 GrA-10759 | 2970+50 | Solokha Wood from sword 390-208 398-200
29 8 GrA-10760 | 2350+50 | Solokha Wood from sword 514-368 756-208
30 8 Ki-7742 2370+55 | Solokha Wood from sword 746-380 762-254
31 8 Ki-7743 2295+55 | Solokha Wood from sword 400-208 474-192
32 8 Ki-7744 2310+55 | Solokha Wood from sword 406-208 512-196
33 8 Ki-7745 2350+55 | Solokha Wood from artefact 516-266 758-204
34 8 Ki-7746 2320+55 | Solokha Wood from artefact 410-208 522-198
35 8 Ki-7747 2380+55 | Solokha Grass rope 750-386 762-266
36 8 Ki-7748 2425+60 | Solokha Leather 756-402 764-394
37 8 Ki-7749 2300+55 | Solokha Wood from artefact 402-208 482-192
Northern Caucasus, Russia
38 17 Ki-7769 251050 | Uashkhitu, barrow 1 Wood 780-530 796-416
39 1 Ki-7770 2570+50 | Uashkhitu, barrow 1 Wood 806-554 816-526
Lower Volga River Basin
40 14. Ua-16869 2595+75 | Aksenovski Wood from mirror 826-546 902-418
41 14 GrA-16832 | 2660+50 | Aksenovski Wood from mirror 892-794 906-778
Southern Ural and Transural regions (Orenburg, Chelyabinsk oblasts, Bashkartostan)
42 15 GrA-T5862 | 2320+50 | Fllippovka Wood from the gold deer 408-270 576-200
43 15 GrA-15860 | 2940+50 | Filippovka Wood from the gold deer 1250-1046 1304-994
44 17 Ua-16866 2430+70 | Gumarovo Leather 758-402 766-394
45 17 Ua-16867 2750+75 | Gumarovo Organic 982-876 1112-796
46 17 GrA-12895 | 2500+70 | Gumarovo Organic 774-524 792-412
47 17 GrA-16829 | 2500+50 | Gumarovo Leather 770-530 792-414
48 17 AA-40434 2623+44 | Gumarovo Wood from arrow bow case 822-780 898-554
49 18 Ua-16870 2590+85 | Solonchanka Wood of shaft 830-536 900-414
50 64 AA-40432 2454+58 | Small Klimovski Wood from shaft 760-410 766-404
51 21 GrA-16831 2950+50 | Temir Wood 378-206 392-194
52 21 Ua-16868 2950+75 | Temir Bark-birch 386-202 408-64
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Altai
53 35 Le-5788 220040 | Bashadar dendro- sampl, Wood, 1-10 tree-rings 358-192 378-126
80 tree-rings
54 35 Le-5789 2200+20 | Bashadar dendro- sampl, Wood, 11-20 tree-rings 355-195 359-191
80 tree-rings
55 35 Le-5790 2175+20 | Bashadar dendro- sampl, Wood, 21-30 tree-rings 345-182 356-130
80 tree-rings
56 35 Le-5791 9145+25 | Bashadar dendro- sampl, Wood, 37-40 tree-rings 194-118 342-64
80 tree-rings
57 35 Le-5792 2160+50 | Bashadar dendro- sampl, Wood, 41-50 free-rings 354-10 364-50
80 tree-rings
58 35 Le-5793 2152+25 | Bashadar dendro- sampl, Wood, 57-60 tree-rings 198-118 350-68
80 tree-rings
59 35 Le-5794 2170+20 | Bashadar dendro- sampl, Wood, 67-70 tree-rings 343-176 354-120
80 tree-rings
60 35 Le-5795 2190+40 | Bashadar dendro- sampl, Wood, 77-80 tree-rings 358-184 372-116
80 tree-rings
61 36 GU-8355 2340+60 | Pazyryk-2 Wood, all tree rings 516-254 758-200
62 36 GU-8356 2360+50 | Pazyryk-2 Wood, all tree rings 516-376 760-270
Southern Siberia
63 40 L[e-5838 2780+30 | Tiger-Taidzhen, barrowT Wood 980-848 992-838
64 43 Le-5646 2640+120 | Kazanovka-3, barrow 2A, grave 2 | Bone of skeleton 920-530 1030-400
65 45 Le-5669 9570+30 | 1aplaya, barrow T, grave 2 Charcoal 802-610 806-552
66 46 Le-5679 9370+20 | Cheremshino, barrow, grave T, Wood 406-397 473-390
log, 4 layer from the centre
67 46 Le-5678 2400+20 | Cheremshino, barrow, grave T, Wood 484-401 516-399
log, 3 layer from the centre
68 46 Le-5677 9540+40 | Cheremshino, barrow, grave T, Wood 794-552 802-526
log, 2 layer from the centre
70 46 Le-5676 2710+60 | Cheremshino, barrow, grave T, Wood 900-812 990-796
log, 1 layer from the centre
71 46 Le-5680 2435+25 | Cheremshino, barrow 1, grave T, | Wood 746-410 756-404
outside rings
72 46 Le-5670 2470+30 | Cheremshino, barrow T, grave 3 | Wood 762-420 764-412
73 46 Le-5668 2530+25 | Cheremshino, barrow T, grave 2 Wood 786-554 792-542
74 46 Le-5671 2610+50 | Cheremshino, barrow 1, grave 3 | Wood 828-606 894-540
75 46 Le-5672 2660+60 | Cheremshino, barrow T, grave T, | Wood 898-792 980-556
outside rings
76 46 Le-5675 2700+50 | Cheremshino, barrow 1, grave T, | Wood 898-808 926-796
central rings
77 47 Le-5651 2480+50 | Pechische, barrow 3, grave 3 Bone of skeleton 764-518 770-412
78 48 Le-5652 2490+80 | Sarala, barrow 2, grave 1 Bone of skeleton 770-516 790-410
Central Asia (Tuva)
79 49 Le-5848 2440+30 | Aldy-Bel,branch grave Wood 752-410 760-402
| 80 49 GU-9781 2470+50 | Aldy-Bel,branch grave Wood 762-418 766-412
81 50 Le-5446 2880+120 | Arzhan Horse teeth 1210-970 1380-820
82 50 Le-5645 2750+35 | Arzhan Wood, fragment 908-842 982-876
of upper log, 22 tree-rings
83 51 GU-8351 2310+60 | Arzhan-Tarlag Wood, fragment 406-208 520-192
of upper log, 20 tree-rings
84 51 GU-8354 2360+50 | Arzhan-Tarlag Wood, fragment 516-376 760-270
of upper log, 20 tree-rings
85 51 GU-8352 2410+70 | Arzhan-Tarlag Wood, fragment 758-396 768-384
of upper log, 20 tree-rings
86 51 GU-8353 2470+60 | Arzhan-Tarlag Wood, fragment of upper Tog 762-418 768-408
87 51 Le-5450 2455+25 | Arzhan-Tarlag Wood, fragment of upper log 756-416 762-408
88 52 Ua-12968 2495+45 | Dogee-Baary-2, barrow 10 Leather 752-404 762-396
89 52 Ua-12969 2435+45 | Dogee-Baary-2, barrow 3 Textile 754-408 762-400
90 52 Ua-12970 2490+45 | Dogee-Baary-2, barrow T Textile 764-528 782-414
97 52 Ua-12971 2420+45 | Dogee-Baary-2, barrow 6 Textlle 752-402 762-394
92 52 Ua-12972 2450+45 | Dogee-Baary-2, barrow 15 Texiile 758-410 764-404
93 54 Le-5603 2800+200| Suglug-Khem-T, part of artefact Wood 1260-790 1430-410
94 55 Le-5566 2300+50 | Saryg-Bulun, barrow T, grave 5 Wood 402-270 408-200
95 56 Ua-15270 2190+70 | Ust-Khadynnyg-1- barrow 37 Bone 366-162 384-58
96 56 Ua-15229 2635+70 | Ust-Khadynnyg-T, Wood from arrow 902-606 926-528
barrow 4, grave 3
97 56 Ua-15228 2805+70 | Ust-Khadynnyg-T, Leather from quiver 1016-844 1154-870
barrow 4, grave 3
98 57 Ua-12973 2360+45 | Chinge-2, barrow 22, grave 2 Texiile 570-380 756-256
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early 8" century cal BC, but it turns out that all the dates
result in very wide calibrated intervals and so do not
allow a more accurate age definition. The combined date
(2562=25 BP) gives a “narrower” calibrated range: 798-
766 cal BC (10), 802-760, 676-662, 632-590 and 584-554
cal BC (20), and there is evidence that the quiver can be
attributed to the period ca 800-750 BC or to the period
from the 7" to the first half of the 6" century BC.

As one of the most famous monuments of this period
we can identify the so-called Filippovka “royal” burial
ground which was excavated in 1986-1989 by
A. Pshenichniuk (2000). The most important site is bar-
row number 1 which is of 7 m height. Different weapons,
horse bridles, golden plaques on wooden vessels, several
gold and silver Iran vessels and 26 large, extraordinary
wooden sculptures of deer which were covered by gold
and silver were found. The majority of these objects are
unique but at the same time, they demonstrate stylistic
similarity with objects from other regions of the Scythian
world — South Siberia, Altai Mountains, Central Asia, and
Northern Caucasus (Korolkova, 2000). According to the
archaeological data there are two similar dates proposed
for the Filippovka burial ground — the 5" century BC
(Korolkova (Chezhina), 1992) and the early 4" century
BC (Pshenichniuk, 2000). Samples for “C analyses (AMS)
were taken from wooden fragments from inside the base
of the deer sculptures.

Radiocarbon dates give different chronological ranges
(GrA-15860, 2940+50 BP; GrA-15862, 2320+50 BP).
GrA-15862 date is in perfect correlation with archaeologi-
cal evidence. The combined “C date 263035 BP, cali-
brated to 832 - 774 cal BC (20) is earlier than the archaeo-
logical dating.

The comparison of the radiocarbon age for the
Scythian time monuments of the Lower Volga River ba-
sin and the Southern Ural regions with the monuments
of the Sayan-Altai (the Arzhan and Pazyryk group) pre-
sented in Table 1 shows, that the radiocarbon age of these
monuments is significantly younger than the Arzhan bar-
row but closer to the Pazyryk group barrows.

Southern Siberia and Central Asia (Tuva)

As mentioned above the oldest monument for all
Eurasia is the royal barrow Arzhan (Central Asia and Tuva
Republic). In 2000 the first radiocarbon dates were pro-
duced for other monuments belonging to the prescythian
and early Scythian time.

The most interesting new date has been produced for
the monument Tigir-Taidzhen, barrow 1: 278030 BP (Le-
5838). It is very important that, according to this date and
to the archaeological finds, this barrow is synchronous with
the Arzhan barrow and can be dated to the 9™ cal BC.

Another interesting monument of the Tagar culture
in the Southern Siberia (Minusinsk valley) is the
Cheremshino barrow. According to the archaeological
classification, this monument dates to the early stage of
the Tagar culture. Now the first radiocarbon dates have
been produced for this monument from the wooden bar-
row construction and have been used in the “wiggle match-
ing” method to produce a precise determination of the
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calendar interval. According to these data this barrow can
be dated to the beginning of the 8% cal BC.

The so-called “aldy-bel” culture (Grach, 1983) existed
in Central Asia (Tuva). One should note that the earliest
Scythian barrow Arzhan is located in Tuva too. For a long
time only this monument was dated by “C. Now “C dates
have been produced for the Ust’-Khadynnyg-1 barrow.
Dates 2635+70 BP, wood from arrow (Ua-15229) and
2805+70 BP, leather from quiver (Ua-15228) for barrow
4, grave 3 excavated by A.D. Grach in 1980 (Grach, 1983)
can be correlated with the dates for the Arzhan barrow.

The key monument of the late stage of Scythian time,
the so-called the uyuk-saglynsk culture, is the Dogee-
Baary-2 barrow. A long series of *C dates have been pro-
duced for this monument and the “wiggle matching”
method has been used to determine its position on the
calendar scale (Alekseev et al., 2001). The results con-
firmed the archaeological ideas about the existence of this
monument during the 5%-4" centuries BC. *C dates for
the Arzhan-Tarlag (Gu-8351-8354) and the Chinge (Ua-
12973) barrows testify to their synchronicity. The Aldy-
Bel’ burial mound according to the *C dates produced
from the wooden barrow construction (Le-5848, and GU-
9181) can be related to this time.

The first *C dates produced for the monuments be-
longing to the pre-scythian and early scythian time of
Southern Siberia and Central Asia testify that some monu-
ments existed in this territory at the same time as the
Arzhan barrow.

4. CONCLUSIONS

Since the 9"-8th centuries BC the Scythian cultures
began to appear on the wide territory of the steppe and
forest-steppe zones of Eurasia. Now there are some monu-
ments, which, according to the radiocarbon dates, can be
demonstrated to be synchronous to the Arzhan royal bar-
row. The ages of monuments located in the Lower Volga
River basin, the Urals and Transurals regions are more
synchronous to the Pazyryk group barrows.
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1. INTRODUCTION

The Palpa Archaeological Project of the German In-
stitute of Archaeology and the Swiss-Liechtenstein Foun-
dation for Archaeological Research Abroad investigates
the relationship between the famous Nasca lines and an-
cient settlements in the Palpa region, in the desert of the
south coast of Peru (Reindel, 1997; Reindel and Cuadra-
do, 1998 and 2000; Reindel ef al., 1998a,b). The Nasca
culture is known mainly from undocumented museum
materials excavated by grave looters. There have been few
excavations which produced well documented archaeo-
logical contexts. The Palpa project aims to enlarge the
archaeological data base concerning the cultural history
of the Nasca region with emphasis on settlement studies,
large scale excavations and stratigraphic investigations.
Chronology will be fixed in absolute terms by radiocar-
bon dating. Field work includes a detailed photogrammet-
ric and terrestrial mapping of the geoglyphs of the pam-
pas, their associated archaeological features, an exhaus-
tive survey of archaeological sites, test excavations and
large scale excavations in several settlements. More than
500 archaeological sites have been recorded in the valleys

Abstract: The Palpa Archaeological Project PAP investigates the relationship between
the famous Nasca lines and ancient settlements in the Palpa region, in the desert of the south
coast of Peru. Chronology will be fixed in absolute terms by radiocarbon dating of sites of
Los Molinos and La Muna. As a first approximation we get for the Nasca 3 culture 60-280 cal
AD and for Nasca 4/5 and 5 culture 320-430 cal AD. That means the transition from Early
to Middle Nasca is in the range between 280-320 cal AD.

of Rio Grande, Rio Palpa and Rio Viscas (Figs 1 and 2),
dating from Middle Formative (600 BC) to Inca times
(1530 AD). The archaeological evidence indicates that the
geoglyphs originated from petroglyphs at about 400 BC
and reached their apogee in Nasca times (200 BC — 600
AD). No later geoglyphs were identified (Fig.3).

The sites of Los Molinos and La Muna functioned as
administrative centres in the early and the middle Nasca
period (0—400 AD). This chronological assessment could
be confirmed by several radiocarbon dates, which we
present. Settlement patterns, architecture, burial prac-
tices, the ceramic findings as well as botanical and fau-
nistic remains show that the Nasca society was well
organised and stratified. Religious specialists must have
been in charge of the rituals concerning the nearby
geoglyphs. Small shrines directly associated with the
geoglyphs, where offerings of crop fruits, textiles and con-
siderable amounts of Spondylus shells were found, dem-
onstrate that water and fertility rites were practised in
a sacred landscape which was constantly modified by the
modelling of new geoglyphs. Our aim is to show the ra-
diocarbon dating results in the frame of archaeological
context.
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Fig. 1. The Nasca region at the south/
west coast of Peru.
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Fig. 2. Map of the investigation area with PAP numbers of the archaeological sites.
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2. METHODS time stability of the electronics were required in order

The bigger samples were dated in the Berlin Labora-
tory (Bln). Chemical pretreatment of samples was done
by AAA treatment (Mook and Streurman, 1983). The dat-
ing was performed with gas proportional counters of the
Houtermans-Oeschger type, using methane at 133.3 kPa
pressure as filling gas. Measurement control and data
processing were done using computer controlled system
(Gorsdort, 1990; Gorsdorf and Bojadziev, 1996). A modern
electronics is used. The preamplifier, pulse amplifier,
comparator, pulse shaper and anti-coincidence unit are
located in a box (19cm x 10cm x Scm), which is directly
connected to the counter. The detection of variation of
the environmental radiation and the inspection of the long
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to reach the measurement accuracy (Gorsdorf, 2000).
The 6"*C-measurements were done at the Leibniz-Labor,
University of Kiel, Germany and are reported in permil
relative to PDB-standard.

The smaller samples were dated in the Accelerator
Mass Spectrometry Laboratory in Erlangen (Erl).

3. RESULTS

The results with sample numbers, site names and da-
ting materials are shown in Table 1. The datings are cor-
rected for isotopic fractionation using the measured &"C
values. The “C ages are calibrated using the program Ox
Cal v.3.5 (Ramsey, 1995, 1998 and 2000) and employing
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the decadal calibration curve (Stuiver et al., 1998) as a first

4. COMMENTS AND CONCLUSIONS

approximation for all samples. A Southern Hemispheric

offset of 24 +3 “Cyr was taken into consideration (Stuiver
et al., 1998). The calibration intervals were presented for
a confidence of 68.2 % and are rounded off to 10 years.
Fig. 4 shows the calibration results of the datings in chro-

nological order.

The calibration results of the radiocarbon datings
agree with the general chronological table of the Palpa area
(based on Menzel, 1977), which is shown in Table 2. Only
the dating results of the samples BIn-5239 seems to be
too young. No explanation was found for that up to now.

Table 1. Radiocarbon samples of the Palpa Archaeological Project and dating results.

H
g Site (éj (E: g % E Context s? Material Weight Lab. No. 3hC 1C Age Calibrated Ages
e 57| & g g g (68,2%)
] g e g] (%4 [BP] [cal AD]
c z
E.
1 |LaMuia C |2 ]|RN C | Hearth 5 | Charcoal 120 BIn-5234 -250 [1711£30 290 - 420
2 |LaMuna C|2]|RS A | Hearth 5 | Charcoal 160 FErl-3090 -280 [1816+43 150 - 270
3 |La Muna B |5]|R2 C | Hearth 5 | Charcoal 105
4 | LaMuna B |5|R1 E |Tomb 5 | Wood 350 Erl-3091 -26.0 [1685+39 340 - 440
5 |La Muna B |5]|R1 C | Hearth 5 | Charcoal 80 Bln-5235 -26.1 1691 + 27 350 - 430
6 |LosMolinos |A |1 |T1 D | Tomb 4? | Cane 90
7 |LosMolinos |A | 2 |T1 B | Tomb 3 | Wood 575 BIn-5236 -244 177425 250 - 340
8 |LosMolinos |A | 2 |T1 B |Tomb 3 | Cane 175 FErl-3092 -25.0 (1999 +40 |20 cal BC - 80 cal AD
9 |LosMolinos |A | 2 |Tl B | Tomb 3 | Charcoal 95
10 |Los Molinos |A | 2 [R1 C | Hearth 4/5 | Charcoal 100 Bin-5237 -259 (1694 +27 350 - 430
11 |Los Molinos |[A | 2 |R 1A J | Arch. Fill 3 | Bean 10 FErl-3093 -24.8 [1858 £38 130 - 240
12 |Los Molinos [A | 2 |Pass. H | Arch. Fill 3 |Bean 10 FErl-3094 -24.6 1934 + 39 50 - 140
13 |Los Molinos |A | 3 |LT6 A | Tomb 4/5 | Wood 345 Bin-5238 -234 [1727+30 270 - 390
14 |Los Molinos [A | 3 |AU4 F | Floor 4? | Cane and Wood 60
15 |Los Molinos |A | 3 |AU4 I | Arch.Fll [ 3/4 | Maniok 140
16 |Los Molinos |A | 3 |AU2 B | Refuse 3 | Seed of Huarango-tree 10
17 |Los Molinos [A | 3 |AUl D |Layer 4? | Seeds 10
18 |Los Molinos |B | 1 |AU2 C-D | Post 3 | Wood 275 BIn-5239 -23.5 [1634+30 400 - 490
19 |Los Molinos |B | 1 |AU2 D | Hearth 3 | Charcoal 100 Erl-3095 -264  [1836+39 150 - 250
20 |Los Molinos |A | 4 E | Arch. Fill 8 | Bean 10
21 |Los Molinos |A | 4 D | Arch. Fill 8 | Bean 10 Frl-3096 -29.2 [1482+35 570 - 650
22 |[SitioPAP-11 |A | 1 [TI C [Tomb Oc8 | Wood 25
R. =Room, AU =Architectural Unit, T =Tomb, LT =Looted Tomb, Pass. =Passage.
Table 2. Chronological Table of the Palpa area (based on Menzel, 1977).
Ahsolute Chronology Ica-Valley [:hlronohilgv
Dates : Palpa-Valle
Periods Cultures P v
1532 AD LATE HORIZON INKA Inka
1B A0 INTEFL'-I\A/lTEEDlATE Poroma
PERIOD ICA Carrizal
1000 AD
MIDDLE WARI Chakipampa
HORIZON Loro (Nasca 8)
600 AD Late Nasca 6/7
EARLY
INTERMEDIATE NASCA Middle Nasca 4/5
PERIOD
Early Nasca 2/3
BC 0 AD TRANSICIONAL Initial Nasca Ocucaje 10/Nasca 1
200 BC Late Ocucaje 8/9
EARLY ; i
i Ocucaje 3
800 BC Middle |
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La Muna and Los Molinos
RS o
Phase Nasca 3
Frl-3092 1999+40BP sl
Frl-3094 1934-39BP |
Frl-3093 1858438BP
Frl-3095 1836:39BP H__ul
BIn-5236 1}774ﬁ5}BP} LN
| BIn-5239 1634:50BP (]
r Phase Nasca 4/5 andS |
BIn-5238 1727-30BP 1] o
BIn-5237 1694-27BP (o
Frl-3090 1816243BP (]
BIn-5234 1711-30BP o
Bln-5235 1‘6917ﬁ7‘BP‘ B -
| Eil-3091 1685i39BP 1
r Phase Nasca8 |
' Ed-3096 1482435BP (]
| | | ;OOCalBé | | CE‘lIBC/CalA‘D | ;OOCalA]; |
Calibrated date

Fig.

4 The calibration results of the dates from Los Molinos and La Muna sites.The confidence limit of the hatched

boxes is 68.2% and of the broader boxes 95.4%.

A recalculation of the calibration intervals, take into
account the cultural order, with the help of the Gibbs
Sampling Method (Ramsey, 1995) gives the results in
Fig. 5. The sum of calibration results date the cultures in
a first approximation. For the Nasca 3 sum (probability
of 68,2 %) we get 60-280 cal AD and for Nasca 4/5 and 5
(probability of 68,2 %) we get 320-430 cal AD. That
means the transition from Early to Middle Nasca is in the
range between 280-320 cal AD.
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m Sum Nasca 3
Erl-3092 100.0%
Erl-3094 101.2%
Erl-3093 102.2%
Erl-3095 105.3%
Bin-5236 90.3%
Sum Nasca 3

m Sum Nasca 4/5 and 5
BIn-5238 101.9%
BIn-5237 101.4%
Erl-3090 64.5%
BIn-5234 101.6%
BIn-5235 100.4%
Erl-3091 101.3%
Sum Nasca 4/5 and §
~ Phase Nasca 8
Erl-3096 100.7%

I I I I I ! I !

Sequence La Muna and Los Molinos

- Sequence La Muna and Los Molinos {A=89.5%(A'c=60.0%)}

[ -

[

+ @
SIPFILIT Lo

]

[ ]

1000CalBC 500CalBC

CalBC/CalAD

500CalAD 1000CalAD

Calibrated date

Fig. 5 The calibration of dating results with the Gibbs Sampling Methode. The confidence limit of the hatched boxes
is 68.2% and of the broader boxes 95.4%.
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1. INTRODUCTION

Dacharzéw (Sandomierz district) is situated in the
north-eastern part of the Sandomierz Upland (Fig. 1). In
1991 one barrow was discovered here, marked as site 1
(Florek, 1994). It is situated on the edge of the Opatéwka
river valley, rising 50 metres above the flat bottom of the
valley. In the years 1994-1995 archaeological excavations
were carried out on the barrow and its surroundings
(Florek and Taras, 1996). As a result, a whole complex of
graves was uncovered, dating from the Bronze Age, from
the period of the Trzciniec Culture (Florek and Taras,
1997; Florek, 1998).

Abstract: Radiocarbon dating has confirmed the division of the period when the grave com-
plex in Dacharzéw was used into two stages, between which there was a distinct gap.
In the second stage the graves appeared in cycles, after longer breaks (100 years or more).
The cemetery was used from the end of the 17 to the 10" or 10%/9* centuries BC.

In the central part of the barrow was found a stone
structure consisting of two chambers (Fig. 2). They had a
wooden rafter structure, which supported the walls, and
awooden (oak) floor; the remains of the wood have been
used in radiocarbon dating.

Inside the bigger chamber there were bone remains
of six people — four women and two children. The skel-
etons, badly-preserved, were not lying in the anatomical
order, and some of the bones in the northern part were
burnt out. In the smaller chamber there were scattered
less burnt bones of, most probably, a man. The bone ma-
terial coming from all the people buried here was radio-
carbon-dated.

ale
P
arzow.

] Y S
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Fig. 1. Dacharzdw, site 1. Location of the site (S — Sandomierz, D — Dacharzow).
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The stone graves with their immediate surroundings
were covered with an earthen mound; earth for the mound
was taken mainly from the area north of the barrow,
where, as a result, a semi-circular basin was created.

On the south-western part of the mound there was
observed a semicrescent-like ditch (Fig. 2). On the cir-
cumference of the mound, in its southern and eastern
parts, eight graves were discovered (No. 2, 5, 8-12, 14)
containing inhumation burials. The skeletons are poorly-
preserved, in some cases there are only single bones pre-
served. The bone remains from all the graves but one —
No. 14 - have been radiocarbon-dated.

2. METHODS OF RADIOCARBON DATING
OF BONE SAMPLES

In the research was used the technology developed
in Kiev Radiocarbon Laboratory. This technology makes
it possible to produce lithium carbide production from
collagen or bone without preliminary deposition of them
in a pure kind (Skripkin and Kovaljukh, 1998).
The bones for this purpose are reduced to fragments, and

after washing with trisodium phosphate solution they are
processed by 1-3% hydrofluoric acid. This acid transforms
carbonate and partly calcium phosphate into fluoride.
Calcium fluoride practically does not dissolve in weak
acids, but change of CO,? and PO,” volumetric anions
for compact F-leads to genesis of mineral matrix which is
porous and cleaned from organic-silicate complex. Col-
lagen in this case exists in semi-bound non-hydrated state.
The essential advantage of hydrofluoric acid is its ability
to dissolve silicates and humic acids as well as products
of bacteria vital activity absorbed on them. It makes it
possible to remove introduced organic substances and
carbonic carbon, to wash and dry the processed sample
easily and qualitatively. As a result of running processes
the collagen is converted into volatile organic combina-
tions and into bone coal. The addition of manganese
dioxide plays an important role. When the temperature
is above 550°C the manganese dioxide disintegrates with
active oxygen liberation all over the volume of mixture.
Oxygen liberation runs quietly, under the broad range of
temperatures (550-940°C). Fine-dispersed bone coal
therewith is oxidised till carbon oxide and dioxide,

Fig. 2. Dacharzow, site 1.
Grave complex of the Trzciniec
Culture: 1 - boundaries of the
investigated area, 2 — stones,
3 - human bones, 4 — original
circumference of the base of

the barrow, 5 — traces of
ploughing, 6 - range of the
basin created after taking earth
for erecting the mound,

7 — ditch, 8 — pits, 9 — hole left
by a post, 10 - pottery; I-V -
bones of individual people
buried in the graves; No 1-13
— features; A-G - pottery

(after Florek and Taras 1996).
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and in such a kind it is absorbed by melted metallic lithium.
An essential feature of manganese oxides is their ability
to link phosphorus and sulphur in thermal stable combi-
nations. This allows getting lithium carbide of high qua-
lity, and what is more - practically from the whole carbon
content of bone organic substances. Lithium carbide
is subjected to hydrolysis, and gassing acetylene is con-
verted into benzene on vanadium catalyst. The vacuum
system for benzene syntheses is made from materials,
which adsorb not all acetylene and benzene. Constructive
particularities mentioned above allow one reach 95-97%
benzene output to the total exclusion of the memory
effect. As a result of summation of new complex techno-
logy advantages there appears a possibility for bone
samples dating carried-out with collagen total contents
up to 250-300 mg.

Measurement of benzene is carried out into the spe-
cially developed vials with the help of “Quantulus” - low-
background spectrometer.

As a result of biological processes, which have been
going on within the system bone - soil microorganisms,
the natural relation between three main carbon isotopes
(?C, BC and "C) undergoes certain changes. In evaluat-
ing radiocarbon age the correction is being taken in ac-
count for biological isotopic fractionation. Undertaking
such an operation is possible due to well-defined relation-
ship between the deflection of 1*C isotope concentration
and the degree of “C isotope fractionation. For this aim
the determination is made on variation in concentrations
of 13C isotope in the ready benzene by mass-spectro-
metric method. This factor usually falls within the limit
-20.7<8"C <-18.5%o. Correction entering for the isoto-
pic fractionation is currently central for bone samples.

3. STATISTICAL APPROACH

For receiving reliable dates of bone material from the
Dacharzéw settlement the statistical approach of the ra-
diocarbon dating was used. Big separate bones were cut
to several parts and then all necessary procedure steps
were made quite separately. The received dates were cal-
culated for average value. Averaged dates are much more
reliable and may be used for good evaluation of the main
historical periods.

4. ARCHAEOLOGICAL DATING RESULTS

The site in question has clear, stratigraphically con-
firmed stages of use:

1. Construction and use of the stone graves and their
surroundings. The smaller chamber, situated on the then
ground level, was added to the already existing larger one,
slightly sunk in the loess.

2. Building the mound.

3. Construction and use of the ditch surrounding the
barrow from the south-west. The ditch cut into the west-
ern periphery of the basin created by digging earth for
the construction of the mound, thus pointing to the
sequence of the events.
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The area around the ditch continued to be used, how-
ever, there is no stratigraphic evidence that would point
to the chronological order of the following events:

— filling the ditch and using it for two burials,

—the appearance of further graves on the circumference
of the mound that together with the ditch formed a ring.

The only certain thing that was found was that graves
No. 11 and 12 —just like No. 2 and 5, that were uncovered
in the ditch — appeared after the mound was made be-
cause they are situated in the eastern part of the basin
created as a result of erecting the mound (Fig. 2). Since
the flat graves form a regular ring on the circumference
of the mound, the logical conclusion is that all of them
were built after the barrow was made.

It has been assumed that the ditch was filled at one
go. The claim is supported by the homogenous character
of the filling material, both in its colour and texture, and
the absence of clear pit contours as in the case of grave
No. 2, which would point to a later digging of the grave in
the filled ditch. As far as grave No. 5 is conserved, the
situation is more complex: the contour of a rectangular,
shallow pit is visible only on the level and it not possible
to see the contour. Under the circumstances, it seems that
graves No. 2 and 5 were built during the using (grave No.
5) and filling (grave No. 2) of the ditch.

The objects found in graves 1A and 1B and in their
surroundings are connected with the first stage of using
the cemetery, namely the period before the mound was
built. The identical style of their production enables one
to date them to the first half of phase II of the Bronze
Age (16" — 16"/15™ centuries BC) and also suggests that
the period in which they were being deposited in the graves
did not last too long.

The second stage in the use of the cemetery is con-
nected with material coming from the graves built after
the erection of the mound, on its circumference. The
material consists of the equipment from graves No. 2, 5
and 11. The formal features of the pottery found in these
graves are typical of the late or terminal stage of the
Tirzciniec Culture, both in Matopolska (Goérski, 1994) and
in other regions (Taras, 1995), which are dated to the end
of phase II and phase III of the Bronze Age (14%/13% —
12 centuries BC), and in eastern Poland even longer
(Gorski, 1998; Taras, 1998).

The analysis of the objects found in individual graves
shows that between the stage of using the stone graves
and the appearance of graves on the circumference of the
mound there was a considerable time gap, possibly even
200 - 300 years.

5. RADIOCARBON DATING RESULTS

Radiocarbon dating was carried out in the Kiev Labo-
ratory. The calibrated age was obtained using three cali-
brations programs worked out in: Groningen (Van der
Plicht, 1993), Oxford (OxCal, v. 3.5) and Cologne (We-
ninger, 1986 and 1993). In the case of well-preserved ma-
terial (remains of wood from the central graves, skeletons
in good condition) between 2 and 5 samples were dated,
in other cases single dating were done. The obtained dates
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Table 1. Age of samples from Dacharzow, site 1.

Lab. Code Place of origin 4C Age Cal Age [BC] Point dating [BC] Cal Age [BC]
(material) [BP] (van der Plicht, 1993) (Weninger, 1993) (Ox Cal v.3.5)
Ki-8548 Feature 1A 3340+60 10 1685-1599 1595+73 68.2% 1690-1520
(wood) 1587-1577

20 1747-1495 95.4% 1770-1490
Ki-8106 Feature 1A 283070 10 1053-899 958+95 68.2% 1130-890
(wood) 20 1131-829 95.4% 1220-820
Ki-8610 Feature 1A 3335+45 10 1587-1581 1580+62 68.2% 1690-1580
(wood) 20 1693-1523 95.4% 1700-1510
Ki-8614 Feature 1A 335050 10 1687-1601 1599+66 68.2% 1690-1580
(wood) 1585-1583

20 1699-1521 95.4% 1750-1510
Ki-8615 Feature 1A 3450+80 10 1829-1683 1745+109 68.2% 1890-1680
(wood) 20 19451-1599 95.4% 1950-1520
Ki-8089 Feature 1A-| 3445+90 10 1833-1681 1740+120 68.2% 1890-1630
(bone) (women) 20 1957-1523 95.4% 1980-1520
Ki-8090 Feature 1A-| 3340+160 10 1775-1435 1604187 68.2% 1780-1430
(bone) (child) 20 2035-1260 95.4% 2150-1200
Ki-8091 Feature 1A-Il 280080 10 1023-891 923+90 68.2% 1050-840
(bone) (women) 20 1131-805 95.4% 1220-810
Ki-8092 Feature 1A-Il 2820+80 10 1051-895 937+100 68.2% 1080-890
(bone) (child) 20 1133-823 95.4% 1220-810
Ki-8314 Feature 1A-lll 3270=+70 10 1621-1491 1521+79 68.2% 1630-1490
(bone) 20 1689-1411 95.4% 1690-1400
Ki-8315 Feature 1A-lIl 322070 10 1527-1411 1465+75 68.2% 1530-1410
(bone) 20 1639-1375 95.4% 1690-1370
Ki-8316 Feature 1A-IIl 3310+70 10 1641-1519 156682 68.2% 1690-1510
(bone) 20 1699-1435 95.4% 1750-1430
Ki-8094 Feature 1A-IV 334070 10 1593-1525 1593+81 68.2% 1690-1520
(bone) 20 1773-1491 95.4% 1780-1440
Ki-8317 Feature 1A-IV 3415+70 10 1775-1679 1679+99 68.2% 1780-1620
(bone) 20 1833-1597 95.4% 1890-1520
Ki-8318 Feature 1A-IV 3360+70 10 1693-1599 160584 68.2% 1700-1580
(bone) 20 1777-1497 95.4% 1780-1490
Ki-8549 Feature 1B 332070 10 1643-1521 1579+81 68.2% 1690-1520
(wood) 20 1745-1437 95.4% 1750-1430
Ki-8107 Feature 1B 3390200 10 1925-1445 1674241 68.2% 1940-1440
(wood) 20 2205-1255 95.4% 2300-1100
Ki-8611 Feature 1B 3280+45 10 1621-1515 1537 +61 68.2% 1630-1500
(wood) 20 1641-1489 95.4% 1690-1440
Ki-8616 Feature 1B 330050 10 1623-1521 1554 +63 68.2% 1630-1510
(wood) 20 1689-1491 95.4% 1690-1440
Ki-8095 Feature 1B-V 3340+60 10 1587-1577 1594+73 68.2% 1690-1520
(bone) 20 1747-1495 95.4% 1770-1490
Ki-8319 Feature 1B-V 3270+70 10 1621-1491 152179 68.2% 1630-1490
(bone) 20 1689-1411 95.4% 1690-1400
Ki-8096 Feature 2 2840+60 10 1051-915 975+85 68.2% 1120-900
(bone) 20 1131-891 95.4% 1220-830
Ki-8320 Feature 2 2820+60 10 1049-897 942+80 68.2% 1050-890
(bone) 20 1127-831 95.4% 1130-830
Ki-8097 Feature 2 2790+70 10 1003-891 907+78 68.2% 1010-830
(bone 20 1127-811 95.4% 1130-800
Ki-8098 Feature 5 3270+70 10 1621-1491 1521+79 68.2% 1630-1490
(bone) 20 1689-1411 95.4% 1690-1400
Ki-8321 Feature 5 3160+70 10 1517-1387 1408+80 68.2% 1520-1380
(bone) 20 1537-1261 95.4% 1610-1250
Ki-8322 Feature 5 3180+70 10 1521-1393 1438+75 68.2% 1530-1390
(bone) 20 1617-1295 95.4% 1620-1290
Ki-8617 Feature 5 3290+60 10 1637-1515 1544+72 68.2% 1640-1510
(bone) 20 1689-1435 95.4% 1690-1430
Ki-8099 Feature 8 294070 10 1217-1043 1116107 68.2% 1260-1010
(bone) 20 1319-973 95.4% 1320-970
Ki-8100 Feature 9 6980+70 10 5913-5785 5806+83 68.2% 5920-5770
(bone) 20 5927-5727 95.4% 5930-5720
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Ki-8101 Feature 10 277080 10 977-831 89780 68.2% 1000-830
(bone) 20 1127-801 95.4% 1130-790
Ki-8102 Feature 10 298070 10 1315-1125 1175111 68.2% 1320-1110
(bone) 20 1325-1005 95.4% 1400-1000
Ki-8323 Feature 10 307070 10 1411-1259 131192 68.2% 1420-1250
(bone) 20 1463-1185 95.4% 1500-1120
Ki-8324 Feature 10 299570 10 1317-1187 1196:£112 68.2% 1320-1120
(bone) 20 1405-1041 95.4% 1410-1010
Ki-8103 Feature 11 295070 10 1261-1047 1127108 68.2% 1270-1040
(bone) 20 1321-995 95.4% 1320-970
Ki-8104 Feature 11 2595:+80 10 687-659 689132 68.2% 700-540
(bone) 20 901-513 95.4% 910-480
Ki-8325 Feature 11 280070 10 1015-893 91682 68.2% 1020-890
(bone) 20 1129-815 95.4% 1130-810
Ki-8105 Feature 12 305070 10 1405-1257 1293+98 68.2% 1410-1250
(bone) 20 1445-1123 95.4% 1450-1050

Table 2. Dacharzow, site 1. Average '*C ages and calibration results.

Lab. Code Place of origin C Age Cal Age [BC] Point dating [BC] Cal Age [BC]
[BP] (van der Plicht, 1993) (Weninger, 1993) (Ox Cal v.3.5)

Ki-8548/8610/ 8614/ 8615  Feature 1A 3370+30 10 1673-1621 163652 68,2% 1690-1610
(wood) 20 1695-1601 95,4% 1740-1600
Ki-8314-8316 Feature 1A-lll 3265+40 10 1537-1495 150056 68,2% 1610-1490
(bong) 20 1623-1437 95,4% 1640-1430
Ki-8094/8317/8318 Feature 1A-IV 3370+40 10 1693-1615 1620+62 68,2% 1700-1600
(bong) 20 1741-1599 95,4% 1750-1520
Ki-8549/8611/8616 Feature 1B 330030 10 1603-1525 155446 68,2% 1610-1520
(wood) 20 1637-1519 95,4% 1690-1510
Ki-8095/8319 Feature 1B-V 3305+30 10 1591-1525 155745 68,2% 1620-1525
(bong) 20 1637-1521 95,4% 1690-1510
Ki-8096/8320 Feature 2 2830+30 10 959-927 95944 68,2% 1050-900
(bong) 20 1049-903 95,4% 1130-890
Ki-8098/ 8321/8322/ 8617  Feature 5 3225+35 10 1477-1455 1468+34 68,2% 1520-1440
(bong) 20 1521-1437 95,4% 1540-1410
Ki-8102/8323/8324 Feature 10 3015+40 10 1243-1213 123680 68,2% 1320-1210
(bong) 20 1323-1207 95,4% 1400-1120
Ki-8103/8325 Feature 11 2875+35 10 1055-999 101761 68,2% 1130-990
(bone) 20 1129-971 95,4% 1130-920

confirm the division into an earlier period connected with
the use of the stone chambers (dates from bone and wood
samples) and a later one (graves on the circumference —
dates from bone samples) and point to a distinct gap be-
tween the two stages. They do not, however, allow one to
state clearly the order in which the individual graves on
the circumference appeared, because the dates from single
samples are not fully credible — an extreme case is here
the date obtained from the bone sample from grave No. 9
(Fig. 1), while for another grave (No. 14) no date has been
established due to the insufficient amount of bone mate-
rial. The list of dates suggests that all the graves were built
in cycles between 1450 and 950 BC. Thus, between the
burials of people from graves 1A and 1B and the burials
of those from grave No. 5 (or, to be precise, between the
death of the last person to be buried in grave No. 5) appro-
ximately 50 years passed. During that time, the mound
was erected and the ditch was dug. Between the burial in
grave No. 5 and the next ones (graves No. 10 and 12)
a maximum of 150 — 200 years passed.
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6. DISCUSSION

Radiocarbon dating confirms the dating of the first
stage of using the cemetery to the 16" century BC. The
average dates obtained are generally within the years 1630
— 1500 BC; a couple of dates based on single samples do
not fall into this period: the date obtained from the bone
sample of woman I (Fig. 2, feature 1A-I) — second half of
the 18" century BC — and that from woman and child II
(Fig. 2, feature 1A-II) — second half of the 10" century
BC. There is no justification for such dating in the stratig-
raphy of the site; the possibility of burying the bodies in
the grave at a later time has also been excluded.

Another surprise was the dates from feature No. 5
— the grave located in the ditch, which, after calculating
the average date, set the time of death of the person bur-
ied there (possibly also the time the grave was built) at
approximately 1450 BC. The average date for feature No.
2, another grave from the ditch, is much later — approxi-
mately 950 BC. In the light of the above, the ideas about
how the ditch was used and how it was filled should be
revised. It may have been filled at one go (which view is
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Age BC Allocation of the averaged dates of bones for Dacharzow
1650
1550 o NO 1BV I

No 1A-lI
1450 | No 5 l
1350
1250 - I No 10
1150 - I
1050 - I

_|_ I No 11

950 - I No 2
850 Feature

Fig, 3. Dispersion averaged radiocarbon dates of bones from Dacharzdw, site 1.

supported by the character of the filling) as late as in the
10* century and that is when grave No. 2 appeared, while
grave No. 5 (a secondary burial?) comes from the period
of using the ditch. Another possibility is that the ditch was
filled already in the 15%/14" century BC, after grave No. 5,
was built and grave No. 2 was dug in the filling of the ditch
at a later time. If so, the process of filling the grave pit
must have been carried out in such a way that the earth
dug out from the grave was not mixed with the earth from
the area surrounding the ditch. There is a third possibility:
both of the graves were dug in the previously filled ditch at
different times and in such conditions that the earth from
the graves and that of the surrounding area did not mix.

The youngest dates obtained for graves No. 2 and 11
could point to the fact that some enclaves of Trzciniec
Culture settlement (or the religious tradition connected
with the culture) survived in central and eastern Poland
for a much longer time than was suggested by the hitherto
available sources, that is even till the end of phase IV of
the Bronze Age (Ha B1).

REFERENCES

Florek M., 1994: Cmentarzyska kurhanowe i kopce na lessach
sandomiersko-opatowskich. Stan badaf. Charakterystyka.
Proba okreslenia funkcji i chronologii (Barrow cemeteries and
individual barrows on Sandomierz-Opatdw loesses). Materialy
i Sprawozdania Rzeszowskiego Osrodka Archeologicznego za rok
1993 (Materials and Reports of Rzeszow Archaeological Centre
for 1993): 251-280.

Florek M., 1998: Recepcja “mogitowych” wzorcow kulturowych
w obrzadku pogrzebowym ludnosci kultury trzcinieckiej na
przykladzie zespolu sepulkralnego w Dacharzowie i innych
wybranych stanowisk z terenu Malopolski (The reception of the
Tumulus Culture elements in the funeal rites of the Trzciniec
Culture people. An example of the sepulchral assemblage at
Dacharzéw and some other sites from the Little Poland). In:

162

Kosko A. and Czebreszuk J., eds, “Trzciniec” - system kulturowy
czy interkulturowy proces? (Trzciniec-culture system or interculture
process?). Poznan: 135-144.

Florek M. and Taras H., 1996: Sprawozdanie z badan zespotu
grobowego kultury trzcinieckiej na stanowisku 1 w Dacha-
rzowie, gm. Wilczyce, woj. tarnobrzeskie (Report from the
explorations of the sepulchral complex of the Tizciniec Culture
in Dacharzow, Wilczyce Municipality, Tarnobrzeg Voivodeship).
Archeologia Polski Srodkowowschodniej 1: 63-68.

Florek M. and Taras H., 1997: Moglichkeiten der Interpretation
von Bestattungsbrauchen und Gesellschaftlichen Fragen in der
Trzciniec-Kultur. Am Beispiel des Higelgrabs in Dacharzéw.
In: Blajer W, eds., Beitrige zur Deutung der bronzezeitlichen Hort-
und Grabfunde in Mitteleuropa. Krakow: 65-89.

Gorski J., 1994: Periodyzacja kultury trzcinieckiej na lessach pod-
krakowskich (Periodisation of the Tizciniec Culture on the loess
in the vicinity of Cracow). In: Czopek S., ed., Problemy kultury
trzcinieckiej (Problems of Tizciniec Culture). Rzeszow: 23-49.

Gorski J., 1998: The foudations of Trzciniec Culture taxonomy
in western Matopolska. In: The Tizciniec area of the early Bronze
Age civilisation: 1950-1200 BC. Baltic-Pontic Studies 6: 7-31.

Skripkin V.V. and Kovalyukh N.N., 1998: Recent Developments in
the Procedures Used at the SSCER Laboratory for the Routine
Preparation of Lithium Carbide. Radiocarbon 40(1): 211-214.

Taras H., 1995: Kultura trzciniecka w mi¢dzyrzeczu Wisty, Bugu
iSanu (The Trzciniec Culture between the Vistula and Bug and
San Rivers), Lublin (in Polish).

Taras H., 1998: The bases for taxonomy of the Trzciniec Culture in
the southern part of the area between the Vistula and Bug
rivers. In: The Tizciniec area of the early Bronze Age civilization:
1950-1200 BC. Baltic-Pontic Studies 6:32-47.

van der Plicht J., 1993: The Groningen radiocarbon calibration
program. Radiocarbon 35(1): 231-237.

Weninger B., 1986: High precession calibration of archaeological
radiocarbon dates. Acta Interdisciplinaria Archaeologica IV.
Nitra: 11-53.

Weninger B., 1993: Radiocarbon Calibration <calKN>. April 1993.
Dendro and Archaeological Wiggle Matching. Koln.



GEOCHRONOMETRIA Vol. 21, pp 163-166, 2002 — Journal on Methods and Applications of Absolute Chronology

DETERMINATION OF USAGE AND ABSOLUTE
CHRONOLOGY OF A PIT FEATURE AT THE EARLY
BRONZE I ASHKELON MARINA, ISRAEL,

ARCHAEOLOGICAL SITE

D.I. GODFREY-SMITH! and S. SHALEV?

!Department of Earth Sciences, Dalhousie University, Halifax, N.S., B3H 3J5, Canada (e-mail: DIGS @is.dal.ca)
2Institute for Maritime Studies and Department of Archaeology, University of Haifa, 31905 Haifa, Israel

OSL AND TL DATING,
BRONZE AGE,
ASHKELON

MARINA SITE

1. SITE DESCRIPTION

Abstract: A study of the luminescence properties of one of several pit features removed from
the Ashkelon Marina EB1 (Early Bronze I) archaeological site during a 1998 excavation
unequivocally determines their function in antiquity.

The features are shallow (L 50 cm) cup-shaped pits preserved in the ground. A hardened and
reddened layer of earth L 3cm thick forms the shape of each pit, and a thin layer of white
calcite is observed to lie upon the hardened earth. The pit is filled with soft buff coloured,
quartz-dominated sediments, indistinguishable from the sediments which underlie it. This
feature, and several others at the site, are suspected to be putative fire pit installations, over
which crucibles for the melting of copper had been placed. However, the lack of any direct
association of copper residues or artifacts found at the site with any of the pit features leaves
this hypothesis unproven. Previous investigations, which included X-ray diffraction, differ-
ential thermal analysis, optical mineralogy studies, and FT-IR spectral measurements, have
been unable to confirm the association of the pit features with fire. Calibrated radiocarbon
dates place the use of the site at 5500-5300 BP.

We applied optical dating and thermoluminescence (TL) dating to the hardened red layer and
the overlying fill sediments, in order to determine the last time of firing and/or exposure to sun-
light of the two components of the feature. The premise driving our investigations is the fact
that heated sediments will give the correct TL age. In contrast, unheated sediments will give an
incorrect TL age far in excess of the depositional age, but will give a correct optical dating age.
The TL analyses yielded ages of 5160 +380 years for the hardened rim and 24,600 1600
years for the fill. Optical dating of the fill yielded an age of 5260 +380 years, which is in
excellent agreement with the TL age on the rim. These results fulfil the hypothesized results
precisely. On this basis, we conclude that the pit features at the Ashkelon Marina archaeo-
logical site were fire pits used in early copper smelting technology.

holes or pits (“installations”) of hardened sediment in
the ground.

Between 1996 and 1998 a rescue excavation uncovered
an Early Bronze Age I (EB I) site at 18.5 m.a.s.l., above
the Marina Beach in Ashkelon, Israel (Fig. 1). The re-
mains of human activity included pottery shreds, animal
bones, metal objects, amorphous small metal lumps and
copper droplets, copper slag, and crucible fragments. The
scattered archaeological material represents an intensive
copper melting and refining activity and is the first metal
workshop discovered in the Levant. The material remains
clearly belong to the Early Bronze Age I cultural phase.

The major and almost the only architectural features
unearthed were several small and empty shallow conical

No metals or any residues of metal activity, as well as
no other archaeological remains nor any archaeological
debris were found within or in connection with the instal-
lations in the ground. The slag and crucible fragments
were found at a distance of at least 3 m from any of these
installations. Thus, there is no archaeological proof that
these totally clean and partially preserved installations
were a part of the copper melting process. They are, how-
ever, the only man made features that could have served
in this process.

Two AMS radiocarbon dates measured at the Instute
of Physics, University of Aarhus, Denmark place the use
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Fig. 1. Location of Ashkelon, Israel.

of the site at 5580-5330 cal BP and 5450-5300 cal BP; both
are 1 standard deviation ranges.

2. PIT FEATURES

The features are shallow (<50 cm) cup-shaped pits
preserved in the ground (Fig. 2). A hardened and red-
dened layer of earth 3 cm thick forms the shape of each
pit, and a thin layer of white calcite is observed to lie upon
the hardened earth. The pit is filled with soft, buff
coloured, quartz-dominated sediments that are indistin-
guishable from the sediments which underlie it. The instal-
lations appear in clusters; for example, three were found
in a single excavation unit during the 1999 field season.
All appear to be similar in composition. This suggests that
all may have been deliberately constructed in the same man-
ner, and/or that all served the same function.

The feature illustrated, and several others at the site,
are suspected to be fire pit installations, over which cru-
cibles for the melting of copper would have been placed.
However, the lack of any direct association of copper resi-
dues or artifacts found at the site with any of the pit fea-
tures leaves this hypothesis unproven. Previous investi-
gations on seven installations which had been removed
intact from the site included X-ray diffraction, optical
mineralogy studies, differential thermal analysis, FT-IR
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Fig. 2. The top and side outlines of pit feature INS-6,
showing the locations of the samples collected for
luminescence analyses.

spectral measurements, and phytolith analysis. These
methods, however, have been unable to confirm the
association of the pit features with fire (Palatnik, 1999).

3. MOTIVATION FOR THE ANALYSES

‘We undertook this study in an attempt to conclusively
determine the origin of the pit features at this site. The
premise driving our investigations is the fact that a heated
sediment should give the correct TL age (Aitken, 1985).
However, since the TL signal is not completely erased by
exposure to light, an unheated sediment will always give
a TL age well in excess of the depositional age. In con-
trast, the same unheated sediment should give a correct
optical dating age, provided that the rate of sedimenta-
tion was sufficiently slow to allow complete zeroing of the
optical signal (Godfrey-Smith, 1994).

We therefore applied optical dating (OSL) and ther-
moluminescence dating (TL) to quartz grains extracted
from the hardened red layer and the overlying fill sediment,
in order to determine the last time of firing and/or expo-
sure to sunlight of the two components of the feature.

In addition to the principles generalized above, we also
predicted that, if the rim sample had indeed been exposed
to a high temperature, and if the infilling was reasonably
rapid following the abandonment of the pits, as may be
expected on the highly exposed coastal plain of the eas-
tern Mediterranean Sea, then the optical age of the fill
should closely match the TL age of the rim.
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TL measurements

For each sample, six aliquots were prepared, each com-
posed of ~5 mg quartz on a 1cm Al disk. Half of these
were irradiated with a calibrated gamma dose of 10 Gy.
After a few days of rest in complete darkness, the TL of
all aliquots was measured at 3°/s to 450°C.

The TL glow curves were mass normalized. Thermally-
shifted glow curves were aligned to the rest of the data
set. For each 5° TL integral, a two-point De was computed
using the least-squares linear fit, with the data points
weighed inversely with respect to intensity. A plateau test
was constructed for each sample using the TL and De data
between the 200-375°C range.

Optical dating measurements

Single aliquot analysis on 15 aliquots of ~5mg was
performed, using restricted green light stimulation, and
detection in the near-UV region, a preheat of 230°C, held
for 60 seconds, a shine of 0.5 s at 120°C, and cumulative
radiation doses of 5,10, 20, 30, 40, 55, and 70 Gy. A post-
additive preheat correction was applied.

The past dose De was deduced on the basis of the linear
least squares fit to preheat-corrected data. The resulting
De’s were plotted against each aliquot’s mass-normalized
natural luminescence intensity.

4. DOSIMETRY

Bulk material was crushed to a fine powder using a
tungsten carbide ball mill, and allowed to rest for 1 month
prior to analyses. Th and U activities were measured on
loose powders using thick source alpha counting. The
values quoted are the averages of sealed and unsealed
counts. K, O concentrations were obtained by atomic ab-
sorption at a commercial laboratory (Bondar-Clegg of
Vancouver, BC). Water contents were assumed based on
known information on the site’s location and typical mois-
ture regimes in coastal Israel today.

Table 1. Values used to compute dose rates.

Sample Depth K20 Total a Tha

[mbs]  [%] [ks-1 cm-1] [ks-1 cm-1]
ASHK-1 Rim 0.70 0.51 0.537 £ 0.011  0.220 = 0.033
AASHK-2 Fill 0.58 0.27 0.585 + 0.011  0.241 + 0.035

Water content = 0.06+0.05.
Average grain size 120 mm, etched with concentrated HF.
b-value = 0.

5. RESULTS

Thermoluminescence

There is a clear distinction in the natural intensities
and the glow curve shapes of the two samples, shown in
Fig. 3 and 4. ASHK-1 has a peak TL intensity approxi-
mately one sixth as high as ASHK-2. ASHK-1 shows
a maximum TL peak which falls at the nominal 325°C TL
peak, and has a very low 375° C nominal TL peak, while
ASHK-2 has its TL maximum at the nominal 375° C TL peak.
Note that these peaks are shifted to 307°C and 345°C
in our data due to a lower heating rate than that used to

create reference TL curves for quartz, typically 10%/s.
These shapes are typical of fired quartz (ex. from pottery)
and unheated quartz (ex. from sediment), respectively.

The plateau tests, also shown in Figs 3 and 4, yield
mean De’s which differ by a factor 4.5 for the two samples.
The mean De for ASHK-1 = 8.0+0.4 Gy (280-330°C
plateau), while for ASHK-2 the mean De = 36.2+1.2 Gy
(280-335°C plateau).

Single Aliquot Optical Dating
The data shown in Figure 5 demonstrates that some
aliquots represent grains which were more completely
bleached by exposure to sunlight than others. The best
De quoted below is based on the aliquots that were most
completely bleached to light. Here, it is an average of the
lowest four points on the graph, or 7.6+0.4 Gy.

Table 2. Age results.

Sample Dose De Dose rate R Apparent age
[Gy] [Gy/ka] [ka]

ASHK 1 Rim TL 8.0=x04 155 +0.08 518 +0.38

ASHK 2 Fill TL 362+12 145+0.08 249 =+158

ASHK 1 Rim OSL minimum 7.2 = 0.5 145 +£0.08 4.93 =043

ASHK 2 Fill OSL best 76 +04 145 +0.08 5.26 + 0.38
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Fig. 3. Thermoluminescence glow curves and plateau test
for ASHK-1.
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6. SUMMARY

The apparent TL age of the fill is 4.5 times older than
that of the underlying rim, even though their dose rates
are nearly identical. Based on the simple natural laws of
stratigraphic succession, such a result is clearly not a rea-
sonable one if the two samples had identical thermal and
depositional histories. Thus, we must conclude that
sample ASHK-1 experienced a different thermal history
than ASHK-2. While ASHK-1 has only the radiation dose
De accrued since it was heated, sample ASHK-2, which
has not been exposed to heat also carries a large residual
dose of 28 Gy due to the unbleachable TL signal typical
of unheated sediments. Optical dating of the fill yielded
an age of 5260+380 years and is in excellent agreement
with the 5180380 years TL age of the rim, indicating that
the infilling of the pit feature rapidly followed its creation
and abandonment. These ages are also in an agreement
with the radiocarbon chronology.

These results precisely fulfill our hypotheses. We con-
clude that the pit features at the Ashkelon Marina EB1
archaeological site originated as fire pits used in early
copper smelting technology.
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