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4 4 
14CC WIGGLE-MATCH DATING OF PEAT DEPOSITS, A 
PROBLEMATICC CORE AND SOME PRACTICAL GUIDELINES 
MaartenMaarten Blaauw 

Abstract t 

l4CC wiggle-match dating (WMD) of peat deposits uses the non-linear relationship between 14C age 
andd calendar age to match the shape of a sequence of closely spaced peat ,4C dates with the 14C 
calibrationn curve. Some practical issues have to be considered before and while applying WMD. 
Thee WMD chronology of peat core Eng-XVI appeared to be rather problematic because it 
encompassedd a 'too quiet' part of the ,4C calibration curve and because the resolution of  14C dates 
wass not high enough. Based on the study of this core, practical guidelines for obtaining successful 
andd cost- and time-effective WMD chronologies are given. 

4.11 Introduction 

Withh l4C wiggle-match dating (van Geel and Mook, 1989; Pilcher et al, 1995), high-precision 
chronologiess can be obtained from cores of raised bog deposits (Kilian et al., 1995, 2000; Mauquoy 
etet al, 2002a [chapter 6], 2002b; Speranza et al, 2000; chapters 2, 3). In this paper, a WMD study 
wil ll  be presented which turned out to be less successful. By assessing this core and cores that were 
,4CC wiggle-match dated previously, guidelines are proposed for optimizing WMD chronologies. 
WMDD of organic deposits (van Geel and Mook, 1989) is based on the phenomenon that plants (e.g., 
treess and plants living on raised bogs), while assimilating C02, all record the same fluctuations in 
atmosphericc 14C02 concentration. Past changes in atmospheric l4C02 content during the Holocene 
havee been recorded as fluctuations of  14C ages of tree-ring sequences of exactly known age (,4C 
calibrationn curve INTCAL98; Stuiver et al., 1998). A high-resolution sequence of  I4C dates from 
plantt remains extracted from a peat core should show the same wiggles as the l4C calibration curve. 
Whenn the wiggles of both sequences are matched to each other, a high-precision calendar age 
chronologyy can be obtained for the peat core. 
Precisionn obtainable with WMD depends on, among others, the shape of the relevant part of the 
calibrationn curve. The I4C calibration curve shows periods with substantial excursions, whereas at 
otherr times the excursions on the calibration curve are less pronounced. The ,4C calibration curve 
showss marked excursions at, e.g., the beginning and end of the Hallstatt plateau at ca. 850-350 cal 
BC,, and during the 'Littl e Ice Age' from ca 1300 to 1800 cal AD. These parts of the l4C calibration 
curvee have been used successfully for obtaining high-resolution WMD chronologies of peat cores 
(Kiliann et al, 1995, 2000; Mauquoy et al, 2002a [chapter 6], 2002b; Speranza et al, 2000; chapters 
2,, 3). The major changes in the l4C calibration curve reflect large fluctuations in atmospheric ,4C 
content,, which were probably caused by variations in solar activity and related changes in cosmic 
rayy intensity (e.g., Stuiver and Braziunas, 1993, 1998; Beer, 2000; Beer et al, 2002). Wet-shifts in 
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peatt cores are often coeval with large increases in atmospheric 14C content (Kilian et al., 1995, 
2000;; Mauquoy et ai, 2002a [chapter 6], 2002b; Speranza et al., 2002; chapter 5) and are therefore 
consideredd as evidence for solar forcing of climate change. 
Alsoo from ca. 4500 to 2500 cal BC, the ,4C calibration curve shows pronounced excursions 
comparablee to those mentioned above. These excursions in the 14C calibration curve would possibly 
alloww a successful wiggle-match of peat cores, and moreover would allow us to see whether during 
thiss period increases in atmospheric 14C content (attributed to decreases in solar activity) also co-
occurredd with climate getting wetter and/or cooler (wet-shifts in peat cores). Core Eng-XV was ,4C 
wiggle-matchh dated at high precision (chapters 2, 3), but that core did not include the period of 
45000 to 2500 cal BC. Therefore, the aim of this study was to extend the palaeoclimate record to 
includee this period. 
AA few decades ago, core Eng-I was investigated (van Geel, 1978), a peat core analysed at high 
resolutionn and encompassing the period from ca. 5300 cal BC to ca. 300 cal AD. At the time of 
publicationn it was common practice to 14C date a few levels only, and as AMS 14C dating was not 
yett available, bulk samples were l4C dated conventionally (thereby introducing possible age errors; 
Kiliann et al, 1995, 2000). Between the l4C dated levels of ca. 5200 cal BC and ca. 2300 cal BC, so 
withinn a period with pronounced excursions in the 14C calibration curve, there were some intriguing 
stratigraphicc changes in core Eng-I (Fig. 4.1). Scheuchzeria palustris and Eriophorum vaginatum 
repeatedlyy alternated in dominance {Eriophorum often occurring together with Ericaceae), and at 
onee horizon Molinia coerulea was dominant. As the start of a Scheuchzeria phase indicates a 
changee to wetter conditions, it was tried to resample these levels of the peat deposit in order to get a 
high-precisionn chronology of these wet-shifts. 
Thee l4C dates showed that core Eng-XVI was much older than expected from a stratigraphic 
comparisonn with core Eng-I (see below). Therefore core Eng-XVI did not provide an archive of 
changess in local peat vegetation composition during the period aimed for (4500 to 2500 cal BC). 
Thesee unexpected results were obtained after spending a considerable amount of time and l4C 
datingg budget. It was realized that some guidelines could be useful for future WMD studies. 

4.22 Material and Methods 

Fromm Engbertsdijksvenen, the raised bog deposit where core Eng-I was collected (van Geel, 1978), 
coree Eng-XVI was sampled. The coring site of Eng-XVI was situated ca. 400 m. from core Eng-I 
andd within a few meters distance from core Eng-XV (chapters 2, 3, 5). Based on a stratigraphic 
comparisonn in the field, the layers of the peat deposit below those of core Eng-XV were sampled. 
Thee 150 cm long core was collected by pushing three metal boxes of 50 x 15 x 10 cm in the vertical 
peatt face of a pit dug in the bog. The boxes were wrapped in plastic foil, and stored at a temperature 
of4°C. . 
Coree Eng-XVI was cut into contiguous slices of 1 cm, taking care to follow the orientation of any 
visiblee layering. For macrofossil analysis samples of 2.5 cm2 diameter were taken from the slices, 
andd these were boiled in 5% KOH (samples were kept at boiling point for ca. 10 minutes, while 
stirringg every few minutes so that the slices fell apart into individual plant remains). The 
macroremainss were filtered over a 100 um stainless steel sieve and washed with demineralised 
waterr until the effluent was no longer visibly stained. The samples were split in manageable 
subsampless that were analysed in demineralised water in a petri-dish, using a Wild M8 binocular 

56 6 



ChapterChapter 4 - Guidelines for l4C wiggle-match dating 

identification,, slides of macroremains (e.g., epidermis, Sphagnum leaves) were analysed using a 
Leitzz SM-LUX microscope with 100-1000x magnification. Identification was based on literature 
(Grosse-Brauckmann,, 1972, 1974; Grosse-Brauckmann and Streitz, 1992) and on a reference 
collection.. Abundances of plant remains were recorded as estimated volume percentage (e.g., 
mosses),, number (e.g., seeds), or absence/presence. Samples were stored at 4°C in demineralised 
waterr in sealed plastic bags, with some droplets of 5% HC1 added. 
Eighteenn samples of aboveground plant remains (such as branches, leaves and seeds) were collected 
forr AMS l4C dating. Much care was taken to date identifiable above-ground plant remains only, as 
itt was assumed that the above-ground parts of the plants had been at equilibrium with atmospheric 
14CC concentrations when growing. 
Sampless for l4C dating were collected and pre-treated as follows: from a petri-dish containing 
demineralisedd water and a manageable sub-sample of macrofossils (which had already been boiled 
inn 5% KOH for macrofossil analysis), suitable macroremains were collected. They were put in 
separatee clean containers and thoroughly cleaned of any visible contamination such as fungal 
hyphaee or rootlets, using a binocular microscope with 6-50x magnification, forceps and purified 
(milli-Q)) water. If possible, macrofossils were split open to check for internal fungal contamination. 
Inn case visible contamination of a macrofossil could not be removed entirely, the macrofossil was 
nott added to the l4C sample. After a first phase of selection and cleaning, samples were further 
cleaned,, and this procedure was repeated until the samples showed no visible contamination. 
Sampless were stored at 4°C in cleaned glass vials with milli- Q water containing some droplets of 
5%% HC1. 
Thee samples were put in glass-ware containing milli-Q water with 5% HC1, and covered with lids. 
Afterr one night the samples were neutralised by rinsing with milli- Q water through a sieve 
constructedd of cleaned scrynel plankton cambric with mesh size 100 urn (HD, Plato, Diemen, the 
Netherlands),, after which any remaining acid was allowed to dissolve out of the samples by 
submergingg the samples in milli- Q water until the pH of the water was neutral (all rinsing etc. was 
donee working in a fume cupboard). After removal of contamination under the binocular microscope 
(nearlyy always, some contamination had entered during the acidification and neutralisation 
procedure),, the samples were put in pre-weighted tin capsules (pressed, standard weight, size 8 x5 
mm,, Elemental Microanalysis Limited). The capsules containing the samples were put in 100 ml 
glasss beakers. The beakers were covered partly with lids (watch-glasses), in order to prevent 
contaminationn such as dust entering the sample, while still enabling moisture to evaporate from the 
samples.. The samples were dried for 2 nights at 80*C in an oven. Subsequently, the tin capsules 
weree closed, weighed and sent to the Groningen AMS l4C laboratory for dating (van der Plicht et 
al,al, 2000; Aerts-Bijma et aly 2001). 
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4.33 Results 

Macrofossill  analysis at 1 cm resolution of core Eng-XVI shows alternations in dominance of 
ScheuchzeriaScheuchzeria palustris and Eriophorum vaginatum, comparable with the stratigraphy of nearby core 
Eng-I.. Moreover, in both cores the first layers of Eriophorum started ca. 10-20 cm above the top of 
thee underlying mineral soil, and a horizon with Molinia coerulea occurs at comparable levels (van 
Geel,, 1978; van Geel and Dallmeijer, 1986). Possible stratigraphic correlation is shown with dotted 
liness in Fig. 4.1. There are alternative possibilities to correlate the two cores. With the illustrated 
correlation,, core Eng-I would have accumulated about 1.5 times faster than core Eng-XVI (such 
differencess in apparent accumulation rate could have been caused by secondary compaction due to 
e.g.,, drainage of the raised bog deposit. Core Eng-XVI was sampled 27 years after core Eng-I was 
sampled). . 
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1000 100 100 100 100 30 400 
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Fig.Fig. 4.1 Comparison of the most important species in the macrofossil-diagrams of peat cores 
Eng-IEng-I (van Geel, 1978) and Eng-XVI (this study). Dashed lines give possible corresponding levels. 
BulkBulk 4C dates and approximate calibrated calendar ages of core Eng-I are given. For UC dates of 
corecore Eng-XVI, see Table 4.1. Units are in volume percentage, except Rhynchospora alba (no. of 
seeds).seeds). Dots indicate occurrence at amounts < 1%. 
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Radiocarbonn wiggle-match dating showed that core Eng-XVI was much older than estimated trom 
thee stratigraphic comparison with the less-precisely dated core Eng-I (Table 4.1, Figures 4.1, 4.2). 
Eng-XVII  showed a long-lasting hiatus from c. 4200 to 2500 cal BC. Van Geel and Dallmeijer 
(1986)) noted hiatuses in Eng-I and other cores from Engbertsdijksvenen at similar levels and 
attributedd these to a large bog fire followed by invasion of Molinia coerulea. However, in these 
coress the presumed bog fire removed a few centuries of archive at most. As the aim was to analyse 
vegetationn changes in the peat bog during a period of major atmospheric ,4C fluctuations, viz from 
c.. 4500 to 2500 cal BC, and as this part was missing in core Eng-XVI, it was decided not to proceed 
withh higher-resolution WMD of core Eng-XVI. An alternative core was sampled instead, and that 
corecore was found to have accumulated during the period of interest (core MSB-2K; chapters 3, 5). 

TableTable 4.1 Radiocarbon AMS dating results of core Eng-XVI. Depths are from the middle level 
ofof each sample. All samples were taken from 1 cm slices, and consist of AAA pre-treated, 
thoroughlythoroughly cleaned above-ground plant remains (see text). Radiocarbon dates are given in BP 
(before(before 1950) with 1 a confidence intervals. 

Depthh (cm) 
53.5 5 
54.5 5 
54.5 5 
57.5 5 
59.5 5 
65.5 5 
82.5 5 
82.5 5 
85.5 5 
90.5 5 
91.5 5 
91.5 5 
98.5 5 
98.5 5 
112.5 5 
118.5 5 
118.5 5 
137.5 5 

Composition n 
Sphagnum Sphagnum 
Sphagnum Sphagnum 
Andromeda Andromeda 
Sphagnum Sphagnum 
Sphagnum Sphagnum 
Sphagnum Sphagnum 
Calluna Calluna 
R.R. alba 
R.R. alba 
Sphagnum Sphagnum 
R.R. alba 
Sphagnum Sphagnum 
Oxycoccus Oxycoccus 
Sphagnum Sphagnum 
Sphagnum Sphagnum 
Scheuchzeria Scheuchzeria 
Betula Betula 
Sphagnum Sphagnum 

M ) ) 
37900  40 
37900  40 
37800  40 
38800  60 
38500  40 
39000  40 
52600  40 
52300  50 
55800 0 
56100 0 
56600  50 
56200 0 
57400  50 
57600  60 
58300  60 
60500  50 
61800 0 
63600  50 

8"CC (%.) 
-27.10 0 
-28.59 9 
-28.78 8 
-27.11 1 
-33.33 3 
-33.14 4 
-29.43 3 
-25.29 9 
-26.44 4 
-27.81 1 
-25.55 5 
-28.36 6 
-29.54 4 
-23.77 7 
-29.74 4 
-24.33 3 
-27.96 6 
-25.21 1 

CC content (%) 
44.0 0 
44.9 9 
49.5 5 
44.1 1 
41.4 4 
41.7 7 
58.2 2 
46.5 5 
49.7 7 
47.7 7 
46.7 7 
47.8 8 
51.8 8 
48.0 0 
44.9 9 
56.9 9 
57.4 4 
47.3 3 

GrAn n 
16702 2 
12865 5 
16707 7 
12873 3 
16703 3 
16705 5 
12867 7 
12869 9 
12870 0 
12872 2 
12874 4 
12876 6 
16706 6 
12877 7 
12878 8 
12880 0 
12881 1 
16724 4 
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Fig.Fig. 4.2 Core Eng-XVI was divided into two subsets (the lower subset runs until the start of 
thethe occurrence of Molinia coerulea; the upper subset includes the part during and after the M. 
coeruleacoerulea peak), and the '4C dates (diamonds with J a error bars) of the two subsets were wiggle-
matchedmatched individually to the C calibration curve (the two curves give the 1 a error envelope). A 
long-lastinglong-lasting hiatus is apparent before the occurrence ofM. coerulea. Secondary decomposition 
belowbelow the Molinia-horizon probably caused the fact that the pair of '4C dates just below the 
Molinia-horizonMolinia-horizon was placed at the shown position on the calendar axis (the assumption of linear 
accumulationaccumulation was invalid). Horizontal lines: Eriophorum vaginatum, 'tiles': Scheuchzeria 
palustris,palustris, black: Molinia coerulea. 

Thee match between the 14C dates from the peat deposit and the 14C calibration curve given in Fig. 
4.22 is only one of several possible solutions. For WMD, the density of  MC dated levels was in fact 
tooo low in core Eng-XVI, and, moreover, the atmospheric '4C fluctuations during this period were 
tooo small. WMD studies with higher resolution of  l4C dates show that stratigraphic changes often 
resultedd in changed accumulation rates (Kilian et al., 1995, 2000; Speranza et al., 2000; Mauquoy 
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etet al., 2000a [chapter 6], 2002b; chapters 2, 3). Considering the high number of large changes in 
stratigraphyy in core Eng-XVI and the relatively low amount of  l4C dated levels, it cannot be inferred 
iff  and where hiatuses or accumulation rate changes have occurred (except the long-lasting hiatus as 
shownn in Fig. 4.2). Therefore, calculation of WMD confidence intervals (chapter 3) was not 
consideredd worthwhile. 
Al ll  l4C dates of the upper subset of core Eng-XVI fall in a relatively 'quiet', 'non-wiggly' part of 
thee MC calibration curve (ca. 2400 to 2200 cal BC). Almost all  ,4C ages of the sequence fall within 
thee same 1 sd error limit. At some levels with more pronounced wiggles, extra ,4C dates would have 
beenn welcome to provide a more convincing WMD, but sufficient dateable material could not be 
collectedd at these levels (often due to a high degree of decompositon). Moreover, as said before the 
coree appeared to be too old for the purpose of this study, and thus no additional levels were ,4C 
dated. . 

4.44 Discussion 

Thee ,4C dates from core Eng-XVI show that the core had a long-lasting hiatus during the period of 
interest.. Therefore, it was decided that it would not be worthwhile to proceed with higher resolution 
WMDD studies of this core. 
Furthermore,, it can be doubted whether the core could have formed a suitable archive of climate 
changes,, as during the accumulation of the lower part of core Eng-XVI the bog possibly was not 
trulyy ombrotrophic. Proper raised bog deposits consist mainly of peat mosses (Sphagnum species), 
andd are entirely dependent on precipitation for water and nutrients (ombrotrophic). It can be 
doubtedd whether this was the case for core Eng-XVI. From the macrofossil-diagram (Fig. 4.2) it can 
bee seen that Betula and Pinus were present locally on the bog. Moreover, the alternations of 
ScheuchzeriaScheuchzeria palustris and Eriophorum vaginatum were situated only some decimeters above the 
minerall  subsoil (even when post-depositional compression is taken into account). Possibly at this 
stagee the bog surface was still influenced by groundwater, and therefore probably was not yet 
ombrotrophicc and thus not yet highly responsive to climatic change. 
Thee unexpected results that were found with obtaining a reliable chronology of core Eng-XVI 
stimulatedd thoughts about practical aspects of the use of  l4C WMD. Since many peat cores have 
beenn l4C wiggle-match dated during the past ten years, quite some knowledge has accumulated on 
thiss dating strategy. Therefore, for those colleagues who are planning to use WMD, this paper 
concludess by supplying a list of guidelines that could be useful for obtaining successful WMD 
chronologies. . 

4.55 Conclusions: guidelines for WMD 

-AA peat core should contain enough material for reliable l4C dating. Although raised bog peat 
consistss nearly entirely of organic material, one should use above-ground and identifiable material 
onlyy (no bulk dates). In peat with a high degree of decomposition, there is only littl e of such above-
groundd material left. As sample sizes are too small for conventional dating, AMS dating has to be 
used. . 
-Greatt care should be taken to clean the samples as well as possible. Several studies report 
problematicc l4C ages, many of which can be attributed to contamination (Wohlfarth et al., 1998; 
Speranzaa et al., 2000; Kilian et al., 2001; Nilsson et al., 2001). There are several stages in the 
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preparationn of  l4C samples where contamination can enter, and even small amounts of 
contaminationn could result in erroneous 14C ages (e.g., Kilian et al., 1995, 2000). If examined 
carefully,, macrofossil remains can show unexpectedly high degrees of (fossil) fungal 
contamination.. When samples consisted of above-ground plant remains only and were carefully 
cleanedd of contamination, WMD placed the l4C ages of almost all samples investigated in our 
studiess within the 1 a error envelope of the 14C calibration curve. Moreover, duplicate l4C samples 
off  different species of macrofossils from the same levels showed no systematic, species-specific ,4C 
agee differences (chapter 3). This means that no indications were found for systematic, species-
specificc errors in ,4C age of carefully cleaned above-ground parts of peat-forming plants. 
-Sometimess a sequence of  l4C dates appears to have a constant UC error, e.g., caused by a constant 
contaminationn of bulk dates (Kilian et ai, 1995,2000), or by a hard-water effect in lakes (Kilian et 
ai,ai, 2001). Calibration of individual  ,4C dates does not make much sense in this case. With WMD 
however,, such an effect can be recognized and corrected for, at least during periods with major 
wiggless in the l4C calibration curve. 
-Seedss (e.g., of Rhynchospora alba, Scheuchzeria palustris, or Andromeda polifolia) are very useful 
forr I4C dating. They are easy to collect, can readily be checked for purity and cleaned if necessary, 
andd already a few seeds provide a dry weight sufficient for AMS dating (see below). Seeds can be 
severelyy contaminated however, e.g., the interior of/?, alba seeds regularly contains large amounts 
off  black matter resembling fungal remains. 
-Sphagnum-Sphagnum stems, branches and capitula are also easy to collect although they also can be 
contaminatedd considerably. Stems of Sphagnum can appear clean on the outside, but when opened 
byy forceps they can contain large amounts of fungal hyphae. Close examination of Sphagnum 
leavess often reveals considerable visible contamination with fungal hyphae. Sphagnum stems and 
leavess are often penetrated by ericaceous rootlets, and great care should be taken to remove all such 
contaminationn (Kilian et ai, 1995,2000). 
-Flowerss of Ericaceae are often abundant in peat cores, but they easily collect large amounts of 
Ericaceaee rootlets and fungal hyphae. Removal of such contamination takes much time and effort, 
andd often large parts of the flowers have to be discarded due to too much contamination. Stems and 
leavess of Ericaceae generally are easier to collect, although also here contamination can be 
considerablee and difficult to remove. On the other hand, two duplicate samples of Calluna vulgaris 
leavedd stems from the same level of core Eng-XV (chapters 2, 3) gave similar l4C ages (difference 
off  11 y, well within 1 a error bars), even though one of the samples was not cleaned of its abundant 
fungall  contamination. 
-Leavess and bud-scales of Betula spec. (Tomlinson, 1985) are very easy to collect, although 
contaminationn can be considerable and difficult to remove. It is noted that the one Betula sample in 
thiss study appeared to have a l4C age which was too old (compare Table 4.1 and Fig. 4.2). 
-Hydathodess of Scheuchzeria palustris are useful for 14C dating. They can at times be abundant and 
aree easy to collect and to clean (fungal contamination can be considerable). 
-Sampless should have a dry weight of at least 0.1 mg (better is > 1 mg). Often there is only a low 
amountt of dateable material in a sample. Initially "C samples were dried in glass-ware, after which 
thee material was scraped from the glass with a spatula, and collected in a tin capsule. As mis step 
couldd introduce contamination and as it often results in significant loss of material (samples become 
irreversiblyy attached to the glass surface, broken up by scraping, or lost during transport from 
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glasswaree to tin capsule, e.g., by 'jumping' away caused by static electricity), the procedure was 
changedd and small samples were put in tin cups already before the drying procedure. 
-Methodss used for the preparation of  ,4C AMS dates are described in detail in § 4.2, Material and 
Methods. . 
-Iff  a researcher prepares 14C samples before submitting (see § 4.2), the amount of analytical work 
neededd at the AMS laboratory will be reduced considerably. As analytical work often is the limiting 
factorr in AMS laboratories, this will significantly speed up waiting times and possibly reduce prices 
forr ,4C dating. 
-Whilee slicing up a core, collect some (e.g., 4-10) samples for 'range-finder' ,4C dates throughout 
thee core at regular intervals and/or relevant levels, and submit these samples to the AMS laboratory 
inn an early stage of the project. 
-Whenn the range finder set of  14C AMS samples has been submitted, note for every level of the core 
whetherr it contains sufficient above-ground remains for AMS ,4C dating, and if so, which remains 
wouldd be best to use. 
-Uponn receiving the range finder AMS 14C dates, a preliminary wiggle-match analysis can be 
performed.. Levels where more dates are needed can be identified. Here one should aim that the 
sequencee of  14C dates follow the wiggles in the calibration curve (if any), as well as aim to date 
relevantt depths (e.g., depths where important changes in lithology occur). Some 'educated 
guessing'' is required. Often there is a compromise between precision of chronology desired, and 
timee and budget available. 
-Nearlyy always a third set of  l4C dates will be necessary for 'zooming in' into the most satisfactory 
l4CC wiggle-match chronology. 
-Forr WMD, information about the accumulation history (possible accumulation rate changes or 
hiatuses)) of a peat core is needed. In order to reconstruct the accumulation history of a peat core, 
informationn about, e.g., pollen concentration, bulk density, local vegetation composition 
(macrofossils),, or occurrence of charcoal layers is important. 
-Thee accumulation rate of a peat core should have been fast enough (and degree of compaction 
smalll  enough) for a l4C sequence to follow wiggles in the ,4C calibration curve. Along the same line 
off  reasoning, the density of  l4C dates should be high enough to be able to reconstruct the wiggles. A 
sequencee of  l4C dates should not merely touch the wiggles of the calibration curve, as for example 
iss the case with Pilcher et al. (1995), with core Eng-XVI (Fig. 4.2), and even with some parts of the 
high-resolutionn WMD chronologies of Mauquoy et al. (2002a [chapter 6], 2002b). 
-Forr WMD, l4C dates are most valuable when they fit in periods of pronounced wiggles in the 
calibrationn curve. It does not make much sense to have a large number of '4C dates in a plateau. 
Also,, periods with less pronounced fluctuations in the l4C calibration curve result in less precise 
WMDD chronologies (chapter 3). In such cases, possibly a limited number of calibrated l4C dates 
wouldd be sufficient, and the WMD strategy would probably only be a waste of time and finances. 
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