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INTRODUCTION 

In 14C dating of sediment, the date of deposition is associated with its 
14C age. Most sediments are complex mixtures containing little organic 
material frequently derived from several sources. The most conspicuous 
sources of error result from 1) the incorporation of "fossil" carbon (eg, 
graphite, lignite, etc) into a more recent sediment. This is particularly 
important in low carbon sediments (Olsson, 1972); 2) the incorporation of 
older, `reworked' sedimentary material, eg, from terrigenous sources into a 
lacustrine environment (Schoute, Mook & Streuerman,1983); 3) the dating 
of mainly autochthonous material which has metabolized carbon from dis- 
solved bicarbonate carbonates originating from dissolution of fossil. 

To provide more information for the 14( ages of components of a sedi- 
ment, we have used the small sample capability (ie, > = 1 mg carbon) of the 
Oxford Radiocarbon Accelerator to date specific fractions. Within the limi- 
tations of the `conventional' method, different fractions in soils have been 
the subject of two investigations (Scharpenseel, 1979; Sheppard, Syed & 
Mehringer, 1979). In general the results show that a measurement on 
undifferentiated sediment may lead to serious errors in the 14C date, that 
specific fractions do not guarantee a better date for deposition, but nearly 
always provide valuable information on the particular history of the individ- 
ual sediment in relation to its specific context. It is usually possible to esti- 
mate the occurrence of the first two sources of error listed above, but more 
difficult to quantify the extent of terrestrial input and "hard water" error. 

SEDIMENT ORGANIC CHEMISTRY 

Table 1 shows the typical distribution of sediments. 
The preparation scheme for various components of sedimentary 

organic matter used in this study is given in Table 2. 
In many ways lipids would seem to offer the most promise for dating, 

because of their greater specificity (both in terms of chemical characteriza- 
tion and source assignment, see below) and because of their comparative 
lack of mobility. 

Analyses of sedimentary lipids (of 14C age) give the distribution shown 
in Table 3. 

Unfortunately, polar lipids, which are relatively unspecific in origin, 
comprise the bulk of the lipid fraction in most cases. This puts inconve- 
niently stringent requirements on small sample dating capability. 

Further analysis of the lipid molecular classes is possible by gas liquid 
chromatography, and allows the detection of specific "marker" com- 
pounds indicating higher plant or alga) origin. Some examples are shown in 
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TABLE 1 

Approximate composition of sedimentary organic matter 

Molecular type % Dry weight 

Humic and fulvic acids 30-60 
Cellulose 5-20 
Lipids 1 

Amino acids <1 
Other 10-50 

Table 4. Only in exceptional circumstances, however, would a sufficient 
quantity of such a marker compound be available for 14C dating. Thus, 
information derived from lipid analysis in conjunction with measured ages 
of sedimentary fractions helps estimate the reliability of the ages in relation 
to the possible date of sedimentation, and to identify possible sources of 
error that have long been cited but rarely demonstrated. 

RESULTS 

Evidence for Fossil Age Carbon 

The inclusion of carbon of this type is mainly a source of uncertainty in 
the measured ages of samples from newly deglaciated terrain. The most 
dramatic evidence for this was obtained from a sample of Late Glacial clay 
from the Llyn Gwernan site (Fig 1) and from the Vuolconjavvi, Finland, site 
(Fig 2). The chlorite-treated sample, namely that which contains no organic 
matter except any residual cellulose and no acid-soluble carbonate, is 
shown to be much older than any of the other components for both sam- 
ples. The only major source of carbon remaining in these samples must be 
graphite, coal, and/or carbon-bearing rock flour. The presence of "dead" 
fossil carbon becomes more important in those sediments containing very 
low total carbon. Such sediments are more likely to be submitted for dating 
with the increase in small sample dating facilities. 

Evidence for Terrestrial Inwash 
14C dating of sediments cannot generally identify terrestrial inwash to a 

lake unless a sudden and major change in the amount of terrestrial input 
occurs, the most common example being the mobilization of top soil during 
forest clearance, which manifests itself as an inversion in the dating of a 
lake core. Lipid analysis may indicate a major higher plant input, suggesting 
a significant contribution to the sedimentation from terrestrial sources. 
However, samples from a highly productive lake in central Mexico (Lake 
Zacapu, Fig 3) illustrate a change in input by comparison of the measured 
ages of the `conventional preparation' and the first crude lipid extract. The 
sample at 870 to 880cm depth from the top of the core is strikingly diver- 
gent from the roughly parallel trend of the two measured ages. Hard water 
(see below) is proposed as the reason for the age differences down the sedi- 
mentary column, and superimposed on top of that is a changing amount of 
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TABLE 3 

Approximate % of lipid molecular classes found in sediments 

Molecular class % 

Polar lipids 83 

Sterols 1 

Pigments 3 
Alcohols 2 
Fatty acids 5 
other 5 

terrestrial inwash. The 870 to 880cm sample has a much higher algal com- 
ponent (found by gas-chromatographic analysis of extracted lipids (Ta- 
ble 4)) in the lipid samples analyzed than the sediment samples above it. 
Since the lake has always been highly productive (the sediment is diatom- 
aceous), this is interpreted not as a change in lake primary productivity but 

26000 

24000 

22000 

a 20000 
m 

d 18000 
a, 

-, 16000 

Q 
14000 

12000 

10000 

} LG16 

T T T T T T 
LG11 

T 
CP HA TCL1 TCL2 Chi HF MF 

Dating sample 
Fig 1. Dates for the various components from different stratigraphic levels of sediment 

from Llyn Gwernan 
CP-conventional preparation 
HA-humic acid 
TCL1-total crude lipid extract 
TCL2-extract of bound crude lipid 
CH 1-"cellulose" extract from treatment with sodium chlorite 
HF-extract after treatment with HF/CH 1 

MF-macrofossils after chlorite treatment 
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TABLE 4 
Marker molecules used with values for approximate % composition 

Marker Source 
molecule Algae (higher plants) Bacteria Reference 

N-alkanes Carbon chain length 
-17,19 

1% total 
crude lipid 5% of n-alkanes 

N-fatty acids 5% -12,14,16,18 

2% total 
crude lipid 40% of n-fatty aci ds 

Branched 
fatty acids 

1% total 
crude lipid 

Age 
years B.P 

14500 

14000 

13500 

13000 

-27,29,31,33,35 Cranwell (1973) 

30% of n-alkanes Brooks et al 
(1976) 

-22,24,26,28,30 Cranwell (1974) 

40% of n-fatty Boon, de Leeuw 
acids & Schenck 

Iso and anteiso 
(1975) 

15,16,1 7,18 Brooks et al 

10% of 
branched fatty 
acids 

(1977) 

I 24,400±600 

f' 

J' 

2700 

2600 

2500 

2400 

VU1 

SVW4 

LLRPI 

C P HA TC L Chi 

Fig 2. Dates for the various components from one sample each from sediment from 
Vuolconjavvi (Finland), Svinavatu (Iceland), and Loch Lomond (Scotland). Labels for each 
component as for Figure 1. 
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Fig 3. A comparison of dates from the conventional preparation and from the first lipid 
extract from a series of sediment samples from Lake Zacapu 

as a decrease in terrestrial input, presumably due to a drier period with less 
precipitation and run-off. 

Evidence for Hard-Water Error 
Hard-water error tends to make the measured ages too old, eg, the 

lipid results for Lake Zacapu (Fig 3), due to the incorporation of carbon 
from dissolved carbonate not in equilibrium with the atmosphere and 
derived from dissolution of fossil soil carbonate at the time of deposition. 
Lake Zacapu is an alkaline lake and carbonate deposits have been found in 
the sediments. 

The second lipid extract of the Shewalton Moss peat sample SM3 also 
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12000 Shewalton Moss 

SM2 

11000 

SM1 

9000 

SM3 

8000 

447 

CP HA TCL1 PL1 TCL2 AA Chl MHA MChL 

Dating sample 

Fig 4. Dates for the various components from different stratigraphic levels of peat sedi- 
ment from Shewalton Moss. Labels for each component as for Figure 1, and 
AA-amino acids 
MCH I -macrofossils after chlorite treatment 
MHA-macrofossil humic acid 

illustrates a significantly displaced age from the main data set (Fig 4) which 
is consistent with the mainly algal content of the lipid classes analyzed. 

Another example is the first lipid extract of the Svinavatu West site in 

Iceland, SVW4 (Fig 2). Again, there is a major algal contribution to the 
sample as determined by lipid analysis. Where identifiable macrofossils are 
recovered and their ecologic status determined, comparison of the 14C date 
can confirm the presence or absence of hard-water effects. (In the case of 
Llyn Gwernan, the dated macrofossils were from Chara, an aquatic plant of 
calcareous environments, and agreed with the algae-derived lipid dates.) 

CONCLUSIONS 

This preliminary survey on a variety of sediments has resulted in the 
following strategy for the assessment of sediment samples on a routine basis 
to maximize the useful information return. 
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Strategy 

It is proposed that, in terms of laboratory time, expense and economy 
of information, a maximum of five measurements should be made on vari- 
ous sediment preparations: 

1) conventional preparation 
2) humic acid 
3) total crude lipid I 
4) macro-fossil cellulose 
5) chlorite preparation 
Users often require most of their sediment for other analyses, so that 

the measurement of a conventional preparation on ca 500mg dry weight 
sediment would suffice, the "date" interpreted in the light of other en- 
vironmental data (assessments of possible effects of hard-water and terres- 
trial inwash). 

Whether a `date' is accepted or not by the user, the decision should 
always be based on sound supporting evidence. More often than not, the 
measurement made by a 14C laboratory will represent the sample submit- 
ted. If the date is rejected, it implies the 14C age is wrong, but this is mislead- 
ing. The calculated age will be correct, based on laboratory measurement. 
What is wrong is the assumption that the measurement can always be 
expressed as an age. As the results presented here show, components of a 
sample may have widely differing ages or be quite close in age, depending 
on the individual sample and its environment. Whether any of the ages 
relate to the date of deposition must be assessed using other analytical 
information. 

Routine Procedure 

There are several parameters to consider when making the choice as 
how best to treat a sediment for 14C analysis. The following questions 
should be answered before starting: 

1) How much sample (wet weight) does the user have? 
2) What is the % organic carbon content of the sample (CHN analy- 

sis)? 
3) What is the water content? 
4) Are the results likely to be influenced by hard-water error, terres- 

trial inwash, mineral carbon? 
5) What is the expected sedimentation rate? 
6) What is the accuracy required of the measurement? 
Depending on the answers to the above, the user has the option to do 

one or both of the following: 
a) Make one measurement on the total sediment less carbonate on ca 

500mg dry weight, depending primarily on the organic carbon content; 
b) Compare different components of the sedimentary organic matter 

(conventional preparation, humic acid, total crude lipid I, macrofossil cel- 
lulose and chlorite preparation) and perform a lipid analysis. 

If the answer to 1 is not limiting the user to option (a), continue. If the 
answer to 2 is >2% organic carbon, the user has up to I0cm x 4cm material 
deposited over 100 yr or so (ie, quickly), and an accuracy of ±200 yr will 
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TABLE 5 

Causes of possible errors in 14C dates selected, with other analytical methods, for 
the best estimate of the time of deposition 

Causes of possible errors 

Modern 
microbiological 

activity 
(low organic Redeposition 

Hard Mineral carbon content of mobile Old soil 
Radiocarbon sample water carbon samples) humic acid inwash 

Conventional preparation 
(f)r comparison with 
conventional measure- 
ments of other laborato- 
ries) 

Humic acid x x 
Total crude lipid 1 x x 
Chlorite preparation x x x 
Macrofossil cellulose x x x 

x = absent for this sample; = present for this sample 

suffice, go to (b). A 5% organic carbon content and water of content of 75% 
will allow the attainment of (b) for a dry sediment mass of 60g. This may 
have to be obtained by bulking samples from several cores. Obviously, the 
higher the percent organic carbon and the lower the water content, the less 
wet weight sediment is required. If the answer to 2 is <2%, go to (a). The 
answers to 2 and 3 will allow the calculation of the approximate mass of 
sample required for a single total sediment 14C measurement. 

Any macrofossils should be removed from the sample and treated sep- 
arately. They should also be submitted for species analysis before prepara- 
tion. If the results are likely to be affected by hard water, etc, this should be 
remembered when interpreting the results, and every effort made to supply 
a sample of associated terrestrial macrofossils (though it is possible that the 
macrofossils may not be contemporary with the event of sedimentation due 
to old soil inwash). Just before processing the sediment sample, the outer 
0.5cm should be removed and discarded. Subsequent procedures are as 
described in the text. Table 5 summarizes the results obtainable from the 
chosen 14(: measurement samples. 
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