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FIELD PROBLEMS OF RADIOCARBON DATING IN TASMANIA 

by Eric A. Calhoun 
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Radiocarbon dating of Late Quaternary deposits has shown that erosion of old organic materials and their 
redeposition in younger sediments may give ages that are too old. Also, the humid climate and leaching pedogenic 
environment of much of Tasmania permits translocation of young humic acids down profile through porous sediments. 
The humic acids may then be perched by impermeable clay horizons or may be adsorbed/ absorbed by older clay and 
organic materials to give ages that are too young. These problems are illustrated by examples. 
Key Words: radiocarbon, redeposition, translocation, humic acids. 

INTRODUCTION 

During the last thirty years radiocarbon 
dating has proved to be the most reliable method of 
dating sequences of Late Quaternary deposits in 
Tasmania. Errors in radiocarbon dating can be 
divided into: those related to laboratory processing 
and the technical limitations of the method, and 
those related to the judgement of the field scientist 
and the environmental conditions of the region or 
site from which the samples have been collected. 

Since no radiocarbon dating facilities exist in 
Tasmania, field scientists depend on mainland 
Australian laboratories (Mackintosh Centre for 
Quaternary Dating, University of Sydney; and 
Radiocarbon Laboratory, Research School of 
Pacific Studies, Australian National University) or 
on overseas laboratories for analyses of organic 
samples. However, the field scientist must have a 
good understanding of the environmental con
ditions that have affected the sample before, during 
and after its deposition until the time of its 
collection and submission for analysis. 

Experience in Tasmania has shown that there 
are a number of problems, related mainly to 
climate and environment of deposition, that occur 
frequently enough to make it worthwhile alerting 
those likely to use the method in the future. The 
problems will be illustrated with examples listed in 
Radiocarbon Dates for Tasmania, 1956-1984 
(Colhoun 1985a). Although the discussion will 
demonstrate the need for caution in field sampling 
and in interpreting the results of radiocarbon 
dating, it does not invalidate the usefulness of the 
technique. Radiocarbon dating is likely to remain 
the most significant method for assessing the age of 

organic deposits back to 40 000 yr BP in archaeo
logical (see Stockton 1981 ), geomorphological and 
palynological research for some decades. The 
discussion will not qualify all dates in the list, the 
details of which are either indicated in the publi
cations or available from the authorities cited. 

DISCUSSION 

The problems encountered in analysing field 
sections that contain organic deposits result from 
the inclusion of older organic materials in younger 
deposits, and from the contamination of older 
organic materials by younger organic carbon. In 
the prevailing cool humid and per humid climate of 
western Tasmania (Gentilli 1972) the first problem 
is mainly a physical one caused largely by erosion 
of old deposits and soil profiles from the landscape 
and their partial inclusion in young deposits. The 
second problem is mainly chemical and biochemi
cal. It is related to the partial decay of organic 
materials, the leaching of humates through in
organic materials, the adsorption of h umic acids by 
clays, and the adsorption/ absorption of humic 
acids by old organic materials. 

The problem of inclusion of old materials in 
young deposits has occurred for marine shells, 
wood, charcoal and soil organic matter. The 
problem with marine shells was first suspected 
when shells from beach sand underlying a dune at 
The Jam near Smithton (fig. I) were submitted by 
N. Stephens to Gakushuin University Radiocarbon
Laboratory and assayed at 22 700 ± I 100 yr BP
(Gak 652) (Kigoshi & Kobayashi 1966). The assay
was considered to indicate that the shells were
probably of interglacial age and that the age was
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FIG.] Locality map.
near the limit of dating carbonate material at the
time (Stephens, pers. comm.). Observations of the
marine plains and shallow offshore banks west of
Smithton van de Geer (1.981) showed that the
Holocene transgression eroded interglacial marine
deposits and redeposited them. Thus, shells derived
from the interglacial deposits would be included
with Holocene age shells in mixed-age assemblages.
Samples of shell from the base of Holocene marine
sequences on gently shelving coasts could, there
fore, produce age assays that may not indicate
whether the deposits are of interglacial or Holocene
age.

Drilling and sampling of the Holocene Nine
Mile Beach barrier system north of Swansea. in
eastern Tasmania by Thorn et al. (1981, pp.19-20)
has mainly given conventional 14C ages of between
8 130 ± 110 yr BP (SUA 1 296) and 10900 130 yr
BP (SU A 1 293) for shell hash samples. These
assays on samples that occur between =1 and -2 m
from m.s.l. cannot be taken as the ages of marine
sedimentation by the Holocene sea, which tojudge
from the envelope of relative sea levels for eastern
Australia (Thorn & Roy 1983) had maximum
altitudes of between -8 and -45 m during this time.
Only one assay of 5310 ±90 yr BP (S UA 1 291) falls
within the expected time range of 7 000 yr BP for
deposits within 3 m of modern m.s.l. This sample
was nearest the seaward margin of the barrier. It
seems clear that shells of interglacial age have been
incorporated within the samples, a problem that
has been encountered in the dating of shelly marine

deposits elsewhere in southeastern Australia
(Donner & Jungner 1981).

At Ooze Lake in southern Tasmania a 14C
age of 17 700 400 yr BP (S UA 1 359) has been
obtained from charcoal and divided organic
material in a core of lake clay between 6.40 and 6.65
m depth (table 1). This age is by far the oldest date
in Tasmania for the apparent deglaciation of high
altitude (900-1 100 m) cirque basins that were
occupied by ice during the last glaciation. Dates
obtained from the basal sediments or from the
lowest organic sediments in other cirque and rock
basins in central and western Tasmania are between
13 000 and 9 000 yr BP. At lower altitudes a basal
date of 13 400 ± 600 yr BP (S UA 2 188) has been
obtained from lake sediments behind the end
moraine at Dublin Bog (600 m) in the Mersey
Valley. These dates compare with the date of 12590
±230 yr BP (SUA 1943) from 5.50 to 5.70 m depth
at Ooze Lake (Macphail & Colhoun 1985, Colhoun
1985a, Macphail & Peterson 1975). The question of
whether or not the basal date of 17 700 yr BP really
represents very early deglaciation in eastern
Tasmania cannot yet be fully answered. The date,
however, seems extremely early since there is
evidence for ice being near its last glacia tion limit in
western Tasmania at Dante Rivulet at 18 800 ±
500 yr BP (ANU 2 533) (Kiernan 1983, Colhoun
1985b), and in the Mersey Valley slightly before
13 400 yr BP as indicated. The possibility that the
date 17 700 yr BP does not represent the age of
deglaciation must be considered.

Most Tasmanian Late Pleistocene-Holocene
lake core sequences consist largely of inorganic
grey silts and clays overlain by organic detritus and
muds. The former generally represent erosion of an
alpine or poorly vegetated environment and are
usually deposited quite rapidly (c.r 3-4 mm! yr- I at
Dublin Bog; 1.4-3.6 mm! yr- I at Ooze Lake) where
as the organic detritus! mud generally represents
deposition in a well vegetated, shrub or forest
environment and is quite slow (c.f. 0.3-0.6 mm! yr- I

at Dublin Bog). However, deposition rates can be
quite variable for short periods in any core due to
local conditions. The rate of 0.2 mm! yr- I between
12.6 and 17.7 ka, at Ooze Lake in extremely low for
Late Pleistocene lake clays which usually exceed 1
mm! yr- I .

An abundance of pollen of Lagarostrobos
franklinii and significant pollen of N othofagus
cunninghamii and Phyllocladus aspleniifolius occur
during the earlier part of this time period and could
suggest forest conditions likely to give low yields of
sediment to lakes. However, the pollen seems
mainly to have been transported from adjacent
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TABLE 1

Age and Sedimentation Rates of Two Post-glacial Sequences in Tasmania

Ooze Lake, altitude 880 m Dublin altitude 600 m

Depth Sedimentation Depth Sedimentation
rate rate

(m) (ka) (mm/yr-1) (m) (ka) (mm/yr-1)

0-1.1 5.4 0.2 0-2.2 4.4 0.5
1.1-2.1 8.9 0.3 2.2-3.2 7.3 0.3
2.1-3.1 10.4 0.7 3.2-4.2 8.9 0.6
3.1-4.1 10.7 3.6 4.2-5.2 10.7 0.6
4.1-4.9 12. I 0.6 5.2-6.3 11.7 1.1
4.9-5.6 12.6 1.4 6.3-6.8 12.9 0.4
5.6-6.6 17.7 0.2 7.5-8.5 13.4 4.0

lowland sources (Macphail & Colhoun 1985). In
the later part of the period pollen indicates that
grasses, composites and sclerophyll shrubs were
locally important, with Casuarina and chenopod
pollen being transported to the site from external
sources. The local vegetation appears to have been
alpine heath which is unlikely to have reduced
erosion to very low rates.

Counts of charcoal particles of >20 Jlm
diameter indicate that are two to three times
more abundant below 5.8 m in the Ooze Lake core
than above that depth. It is hard to envisage how so
much charcoal could occur in this situation unless
there was either abundant burning or relatively
rapid erosion of a soil surface that contained
significant quantities of charcoal. If abundant
burning occurred it is likely that sedimentation
rates would have been high which is not consistent
with the data. If erosion of soil material bearing
stored charcoal from the adjacent slopes into a

newly available site for deposition had occurred on
deglaciation, the basal date obtained from the core
could precede the age of deglaciation. Though it is
impossible to conclude with certainty that this
happened in the manner stated, nevertheless, dis
tinct charcoal-rich horizons occur in the basal parts
of many Late Pleistocene-Holocene cores and the
likelihood of such horizons containing old charcoal
is high.

The problem of sediments containing old
charcoal is kl'\own elsewhere. It is well illustrated in
the MacDonald River of New South Wales where
the modern flotation load of charcoal has been
shown to vary in age between about 650 and 1 550
yr BP depending on particle size (Blong & Gillespie
1978). The particles are younger and the
smaller particles are older. This is an expected
result of gradual refinement of size during transport
and deposition.

TABLE 2

Radiocarbon-dated Sediments at Tullabardine Dam, Tasmania.

Depth (m) Material Age (yr BP) Lab. No.

0.60-0.65 Wood 440 ± 60 SUA2279
1.20 Peat 8 030 ± 110 SUA 2 185
1.35 Peat 11 060 ± 210 SUA2186
1.60 Wood 11 660 ± 150 SUA 1 044
1.90-2.10 Organic soil 21 250 ± 270 SUA 1 045
2.50 Trace organic carbon 10 730 ± 660 ANU 4816
3.05-3.10 Wood 31500 ± 900 SUA 1 046
2.80 Wood >43 800 SUA 1 047
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tha t would also be of and
recleD'OSJltlnlg the shell materials. The shells found
within the muds showed no evidence of abrasion,
which seemed to indicate that once they
remained there while the estuarine clays accumu
lated at average rates of 8-12 m
sediment; 5-8 m per ka. This indicate's
that the younger radiocarbon dates obtained from
the shells the age of It also
to the colloidal humate in the muds
along with abundant charcoal~.1..... ;-,~~~...,~~ ... >J~

rna terials in local catchments
"<.->1.<.->.'... ", ...... was burnt by after
6000 to 5 000 yr BP (Calhoun & Moon 1984). The
second cause of error in radiocarbon dates
arises from the contamination of old
material young carbon, as humic
acids which drain porous sediments but
accumulate if the are impermeable.

to remove
contaminant humic acid. However, with small
samples of divided organic matter pretreat
ment may sometimes not be practical. In such cases
the presence of humic acids may result in a date

obtained that is considerably younger than
the age of the sample. In the wet IPt:lr>nlln 0 pe(]O~~enlC

environments of southern, central and western
Tasmania, are known to have been con-
taminated (a) the of young humic acid
at the base of a core by impermeable materials, (b)
the of young humic acid within a section
by an horizon, (c) the ab-

of young humic acid by charcoal,
the of young humic acid by

I-< """"rY'.nl,::>. of these are discussed below.
A 1.9 m core of peat and deposits,

extracted from a small lake that overlies till and is
to Ifartz Lake at 950 m altitude in

southeastern Tasmania, gave an age sequence of
2930 100 yr BP (SUA 1 357),4 100 ± 200 yr BP
(SU A 1 and modern (SU A 1 945) for depths of
0.5-0.59 m, 0.71-0.9 m, and 1.6-1.89 m rpc'npr>f"luPllu

(Calhoun 1985a).
Pollen of the core shows that the

sediment commenced accumulating during the
Late Pleistocene and that deposition was probably
continuous during the Holocene. However, the
radiocarbon assays show that the basal sample was
contaminated by modern humic acids that were
perched by the subjacent till and adsorbed/ ab
sorbed on the clays/ finely divided charcoal near
the base of the core. The implications of the
......~ "'''.I..I..I..L.I..I."", of humic acids through the sediments is

samples from higher levels may also
contain some young humic acid that will

The erosion of old wood and their
within younger sediments is known

in western Tasmania where a
a former small lake-basin shows

r1t:>'..... n."l?"C' n.'{7orl'{Tlrlo and with

clays that rest on till (see 2 in Colhoun
The radiocarbon dates on mud and

wood from the centre of the lake basin an
acceptable way-up sequence of ages from >34 600
yr BP (Gak to <23 640 ± 1 030 yr BP (Gak
5597) for the However, where the
...... O'..... ~"lT" were interstratified with the
near the of the lake radiocarbon assays
on wood were with a
dated to 23 860 + 890 yr 5 594) nnf"1prll,\TlrllT

aelJO~)1ts with a dated to >34 190 yr BP
(Gak 6

The inversion of ages can be lnfprr,rp"tpl1

r""C'lllf"ln n from destruction of a soil profile
wood The surface debris and youngest
wood would be eroded and the
more buried older wood. In the humid

of western Tasmania, a cf"t:lnf11Inn rn.'""ITC"'-'",r"V

of truncata at 0.5 m in peat at
Hogsback has an age of 750 ± 60 yr BP (SUA
2 110), and partly buried Athrotaxis wood at
Mount McCall has an age of 2 740 ±60 yr BP (S UA
2 108) (F. pers. comm., see Colhoun
1985a). It seems that derived of
older wood will be encountered in numerous

The of young sediments
t:lr\"n':ll~pnf"l"u old radiocarbon ages is illustrated not
only by derived shell, charcoal and wood but also
by erosion of matter from the A horizons
of soils. of estuarine sediments at Bowen

on the Derwent River showed that the Late
Holocene (4 500-0 yr BP) clays were extremely rich
in colloidal matter These clays

aelJO~)1tea by salt-water flocculation of sus
river sediments. The clays include sparse

lamellibranchs their 26 m thickness.
Radiocarbon dating showed a lack of correlation
between assays made on of shell and
organic mud. from the same horizon
(-29.5 m below sea level) differed by as much as
2930 yr (shell 4440 ± 150 yr BP, SUA 1964;
organic mud 7 370 ± 140 yr BP, SUA 1 and a
sample of mud from -19 m
1 020 yr BP older than a shell sample
(mud 3 080 ±80 yr BP, SU A 1 962;
yr BP, SUA 1 963).

Although currents on the bed
might have been for erosion and re-
deposition of the muds, it is to be expected
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netisation
pollen
to an
1985b).

In an attempt to ascertain how the wood was
contaminated, the I3CI 12C values were determined

PDB as standard. The whole-wood gave a
ol3C value of -1 00 and the a-cellulose values of
-20 to -220100. Both values are more positive than
the a 13C values for wood of -25 to -34°100,
and -22 to 00 for a-cellulose (Smith &
1972, Head, pers. comm.). The shift in the
a-cellulose fraction is so small that it cannot be
regarded as However, the shift
for the whole-wood is large and lies within
the -11 to -16°1 00 range for monocotyledons
such as Gramineae and Cyperaceae. Why the
apparent age of the a-cellulose fraction should be
younger than the other age determinations is not
known. The strong shift of the Ol3C value

the whole-wood sample strongly suggests
contamination by younger humic acids derived
from a monocotyledonous acidic vegetation type.
Pollen data indicate that during the last glaciation
much of the area was grassland, heathland and
sedgeland for considerable periods.

The above exarnples demonstrate that in the
humid environments of Tasmania, with their acid
'l1P>'rl'P>Tr:lT1A1"'\ communities and leached soil profiles,
young humic acids may contaminate old samples
of organic matter, charcoal and wood, and that 14C
assays cannot necessarily be accepted as indicating
ages without knowing the detailed stratigraphy of
the site and the methods of sample pretreatment.
The examples also indicate that it is unwise to

Here, till and sandy "·~·-rrTla-tr-g]tn1algJlaCJLgenlc 1l1\.~1/1/."'"1 ....

overlie an ancient soil with tree stumps
that include Phyllocladus. An early 14C date of
26 480 800 yr BP (W (Gill 1956) determined
on a of wood derived from the soil but bedded
within the deposits that this
re!Jresell1ted the age of the last maximum.
An unpublished date of >40 000 yr BP (R 488) on
wood from a stump in the soil (M.R.
Banks, pers. comm.) cast doubt on the younger
result and a contamination problem. In
an attempt to resolve the problem, both a whole
wood and its -cellulose fraction (the sup-

most stable were dated at 27 800 ±
700 yr BP (ANU 2 480A) and 23 100 ± 600 yr BP
(ANU 2 and the apparent con
tamination problem remained. Further dating of
large from the has
an assay of >48 500 yr BP (ANU 3 but the

the reversed mag-
of associated lake clays, and

in the buried soil all pointed
or older age (Colhoun

assays less than the age of the sediments.
In the natural temperate rainforest environ

ment at Tullabardine Dam in western Tasmania a
sequence of 4 m of peat and lake sediments gave a
dated sequence that is consistent with
pected ages for an interstadial, maximum last
glaciation and Holocene (table
2), except for the assay of 10 730 660 yr BP at 2.5
m (Colhoun & van de Geer, unpublished). Only
very small amounts carbon were obtained
from this sample. The result suggests contamination
by young humic acids that were probably
by the silty clays and adsorbedl absorbed by the
clay and finely divided matter. -

the other should appear to give
reasonable age estimates and this sample appear to
be strongly contaminated is not clear. It may be
related to the ratio of contaminant humic acid
being high in the small whereas the same
amounts would have much less effect in the
samples, even the dates would
younger than real ages. However, the age difference
could also wholly or have been caused by
young humic acids translocated through the peat,
buried soil and mineral horizons being perched
the impermeable silty Perching within se
quences by impermeable beds seems as as
basal concentration by underlying materials.

In addition to the of humic acids
near the base or within sediment sequences, humic
acids may be directly adsorbed onto or absorbed
into organic matter and may not be removed
completely pretreatment, if
hydrochloric acid is used.

At Remarkable Cave in southeastern Tas
mania charcoal fragments from the base of 17 m of
slope, gully-fill and cliff-fall deposits overlying an
interglacial beach were assayed at 29 000 ±2000 yr
BP (S U A 154). In an attempt to date higher levels
in the deposits, five samples of wood and peaty
organic materials were assayed and all were found
to have ages greater than 37 000 yr BP. The higher
samples all received acid-alkali-acid pretreatment
which largely removed the humic acids from the
wood and peaty materials but the first sample
(SUA 154) did not receive alkali pretreatment
before assay. The charcoal had been contaminated

younger humic acids (Colhoun 1977). The
results indicate that if the charcoal sample alone
had been assayed after acid pretreatment, the
interpreted age of the deposits would not have been
correct.

A similar, though more complex, problem
was encountered with attempting to date the classic
glacial site in the Linda Valley of western Tasmania.
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conclude the age from the assay of a
It seems necessary to 0 btain,

wherever several samples from different
levels in clearly defined successions
and if consistent age sequences are not obtained
from whole-wood or extract samples then chemical-
ly fractionated should be dated.
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