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Compact ion and Other S o u r c e s of Error in Obtaining 
Sea-Level Data : Some Results and C o n s e q u e n c e s 

O R S O N V A N D E P L A S S C H E * ) 

C-14-dating, sea level, data processing, peat, compaction, contamination, section, Pleistocene 
North Sea, Netherlands (Hillegersberg, Rijkswegdonk) 

A b s t r a c t : This paper describes observations and results of radiocarbon assays relating 
to the effect of several sources o f error on the time/depth position of data-points. It is shown (a.o.), 
that the comparability of compaction-free, time/depth data-points from the base of peat beds, 
representing the onset of peat growth at different levels, can be negatively influenced by compac
tion of the sampled peat, root contamination, and contamination by older material. 

[ K o m p a k t i o n u n d a n d e r e F e h l e r q u e l l e n b e i d e r G e w i n n u n g v o n S e e s p i e g e l d a t e n : 
e i n i g e E r g e b n i s s e u n d F o l g e r u n g e n ] 

K u r z f a s s u n g : Diese Arbeit beschreibt Beobachtungen und Ergebnisse zu Radiocarbon-
Altersbestimmungen, die mit der Auswirkung verschiedener Fehlerquellen auf die Zeit/Tiefen
position von Datenpunkten zusammenhängen. Es wird (u. a.) gezeigt, daß die Vergleichbarkeit 
setzungsfreier Zeit/Tiefen-Datenpunkte von der Unterfläche von Torflagen, die das Einsetzen von 
Moorwachstum in verschiedenen Höhenlagen anzeigen, durch Setzung des beprobten Torfes, durch 
Wurzelkontamination und durch Kontamination mit älterem Material negativ beeinflußt werden 
kann. 

1 . Introduction 

As a contr ibut ion to P r o j e c t 6 1 o f the I . G . C . P . , a large number o f new t ime/depth 
data-points have been ob ta ined from the mid-wes tern Dutch coas ta l plain. O f the to ta l 
o f 8 5 samples, all but one f rom peat beds, 4 0 der ive from 2 ea r ly -ho locene r iver dunes 
(so-cal led donken) near R o t t e r d a m : the d o n k o f Hil legersberg a n d the R i j k s w e g d o n k ; 
1 9 f rom the base o f the L o w e r Peat on the Mid-Nether lands P l a t e a u between Ut rech t 
and T h e H a g u e ; and 2 6 , including 1 sample o f b iva lved shells, f rom the coastal ba r r ie r 
area be tween T h e Hague and the former es tuary o f the Older R h i n e ( V A N D E P L A S S C H E 
1 9 7 9 b ) . T h e posit ion of the sampling areas is ind ica ted in figure 1 . 

T h e u l t imate aim of the invest igat ion has been to establish a representat ive re la t ive 
sea-level cu rve for the (mid-)western N e t h e r l a n d s . In order to refine and/or to p rov ide 
an exp lana t ion for differences between a n d wi th existing sea- level graphs ( B E N N E M A 
1 9 5 4 ; V A N S T R A A T E N 1 9 5 4 ; J E L G E R S M A 1 9 6 1 , 1 9 6 6 ; L O U W E K O O I J M A N S 1 9 7 4 , 1 9 7 6 ; 

R O E L E V E L D 1 9 7 4 ) much a t t en t ion has been pa id to the accuracy and re l iabi l i ty o f the 
da ta ; e i ther b y avoiding or reducing as much as possible the effect o f several sources o f 
error, or, in cer tain cases, b y codat ing suspected or contamina ted samples to ob ta in an 
idea o f the order o f magni tude of the e r ro r involved. S o m e o f the observat ions and 
results m a d e and obtained in this respect a re the subject of this paper . 

*) Address of the author: Drs. O. v a n d e P l a s s c h e , Instituut voor Aardwetenschappen, 
Vrije Universiteit, De Boelelaan 1085, 1081 H V Amsterdam, Netherlands. 
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Fig. 1 : Map showing the position of the sampling areas mentioned in the text, in relation to their 
general geological/geomorphological context. [Based on maps from HAGEMAN ( 1 9 6 9 ) , JELGERSMA 

et al. ( 1 9 7 0 ) , PONS & BENNEMA ( 1 9 5 8 ) , and VERBRAECK ( 1 9 7 4 ) ] . 
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2. Sources of error 

O f the many possible causes for obtaining an inaccura te or unre l iab le value for the 
a l t i tude and, in par t icu la r , for the age o f a sample , on ly the fo l lowing will be discussed: 

1. Diachronous boundar ies 
2. C o m p a c t i o n of the sampled peat 
3. R o o t con tamina t ion 
4 . C o n t a m i n a t i o n by o lde r mater ia l 
5. C o m p a c t i o n of under ly ing deposits 

2 . 1 . D i a c h r o n o u s b o u n d a r i e s 

I n sea-level studies it is no t uncommon to m a k e use o f r ad ioca rbon dates, which 
o r ig ina l ly have been obtained for s t ra t igraphica l purposes only. F o r ins tance, the age o f 
a sample from the base o f a peat bed that has been lowered by c o m p a c t i o n of underlying 
deposits , can be connec ted to the a l t i tude of the bed where it is found to rest on non — 
or much less compac t ab l e sediments. Inherent in this procedure is the assumption tha t the 
base o f the peat bed is isochronous. As is ind ica ted be low, this assumption, if not sup
por t ed by evidence, m a y lead to considerable er rors . 

F o r example : pea t growth fo l lowing a per iod o f sediment deposi t ion can begin (much) 
la te r on re la t ive ly high and wel l aera ted features such as natural levees when compared 
to nea rby backswamps; when the deposit ion o f a c l a y bed around a d o n k is fol lowed b y 
a t empora ry lower ing of the ( loca l ) wa te r level , p e a t format ion is mos t l ike ly to begin a t 
some distance from the dune where compac t ion o f the (thicker) under ly ing deposits can 
be expec ted to reach the highest values. A c c u m u l a t i o n o f peat on the dune slope does not 
occu r until the w a t e r level has risen again. T h i s sequence of events has been depicted 
sd iemat ica l ly in figure 2 . A final example may be g iven . T h e base o f an ol igotrophic peat 
l ayer , embedded in a body of eu- /mesotrophic pea t (fig. 3 ) , has been dated 4 4 0 0 ± 6 0 B P 

Fig. 2 : Schematic representation of events resulting in a diachronic lower boundary of a peat layer 
(for explanation see taxt) . 

( G r N 8 9 2 4 ) . I t reaches the donk surface at an e x t r a p o l a t e d height o f — 1 . 8 ± 0 . 1 m N A P 
(Dutch O r d n a n c e D a t u m ) . A sample from the under ly ing Phragmites-Carex peat, t aken 
a t the peat /dunesand interface at a depth o f — 3 . 1 0 m N A P , gave an age of 4 3 9 0 ± 5 0 B P 
( G r N 7 8 3 2 ) . These datings p rove the base o f the o l igo t roph ic peat to be diachronous. T h e 
e r ror for the a l t i tude of the t ime/depth da ta -po in t , had the age o f 4 4 0 0 B P been coupled 
to the value o f — 1 . 8 ± 0 . 1 m N A P , would h a v e been 1.3 ± 0 . 1 m ( t o o high) , and would 
also have led to an erroneous computa t ion of t h e lower ing of the base o f the o l igot rophic 
peat bed, and from it the degree o f compac t ion o f the underlying co lumn of peat and 
c l a y . 
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Fig. 3 : Section perpendicular to the southern slope of the donk of Hillegersberg, showing the 
diachronous character of the lower boundary of the oligotrophic peat layer. 

T h e s imultaneous growth o f eu- /mesot rophic vegetat ion at and close to the donk , and 
o f a surrounding girdle o f o l igo t roph ic plants (Er icaceae , Eriophorum sp.), will h a v e to 
be taken in to considerat ion when evaluat ing the height re la t ionship o f the level o f pea t 
growth (i .e. the ground-water level ) at the donk to the wa te r level in the wide r sur
rounding. T h e ol igotrophic vege ta t ion , when in an advanced s ta te o f development , wi l l 
have formed a slightly raised dome, and in be tween the dune a n d this low cushion the 
ground-water level may well h a v e been raised a l i t t le re la t ive to the water level outs ide 
the o l igot rophic peat body. 

2 .2 . C o m p a c t i o n o f p e a t , s a m p l e p o s i t i o n a n d t h i c k n e s s 

T h e pea t on the donk o f Hi l legersberg and be low a depth o f c a 8 m below surface 
on the R i jk swegdonk , has been subject to cons iderable compac t ion due to the we igh t o f 
the over ly ing deposits and ar t i f icial drainage o f the surroundings. Th i s is apparen t f rom 
the dry and compac t nature o f the peat and the difficulty o f pene t ra t ing it with a po in t ed 
open tube borer . 

In order to determine the re juvenat ing effect o f compac t ion on the age of a sample 
in relat ion to its thickness, a sample pair f rom the base o f the pea t (see core 1 in fig. 4 ) 
has been dated . F r o m the ve ry insignificant age difference be tween sample 1.1 a n d 1.2 it 
is concluded that the age-reducing effect o f abou t 88 °/o c o m p a c t i o n (see be low) o n the 
age o f a sample 1.1 + 1.2 wou ld have been en t i r e ly negligible. T h e explanat ion for this, 
ra ther surprising, result is not to be found in a misdat ing of one o f the two peat samples , 
but, as wil l be argued be low, in the high ra te o f peat accumula t ion that occurred a t the 
t ime/depth in terval concerned. 
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In 3 cores f rom the donken (no . 2 , 3, and 4 in fig. 4) the t rans i t ion from the pea t , v i a 
(ve ry ) sandy pea t and (ve ry ) p e a t y sand, to sand, was too gradual to ignore the possi
b i l i ty that the v e r y pea ty sand in fac t represented the event we wished to date, n a m e l y 
the onset o f pea t growth on the or iginal dune slope at that spot. I n view o f the high 
degree o f c o m p a c t i o n of the pea t , the very p e a t y sand may o r ig ina l ly have been v e r y 
sandy peat, in which case one wou ld sample too high if the b o u n d a r y between the v e r y 
p e a t y sand and the very sandy pea t in the core is taken to represent the former dune 
surface. W h i l e this would not seriously effect the al t i tude of the da ta -po in t , it might have 
a not iceable influence on the age o f it. In each o f these three cases, therefore , two samples , 
immedia te ly a b o v e each other (or ve ry near ly so ) , have been rad iomet r i ca l ly dated . T h e 
results o f the age determinat ions a re given in figure 4 . 

T h e age differences for the sample pairs o f core 2, 3, and 4 are 1 6 0 , 170 , a n d 1 7 5 
rad iocarbon years respect ively. Al though these age differences a re n o t significant a t the 
9 9 . 7 °/o confidence level, the r e m a r k a b l e in te rna l consistency, toge ther with the l ow 
1-sigma values for the very p e a t y sand samples ( indicat ing high c a r b o n content ) , suggest 
the age difference between the samples o f each pa i r to be quite meaningful . Thus , in case 
o f a high degree o f compac t ion a n d a t rans i t ional peat-sand bounda ry , the effect o f the 
compac t ion should be fully t aken in to account when determining the vert ical pos i t ion o f 
the sample and the width o f the sample in terval . In case o f doubt , it is advisable to h a v e 
a pair o f samples dated. 

Combin ing the dating results o f core 1 and core 2 , which have been taken o n l y 1 m 
apar t , the fo l lowing reconst ruct ion can be made . G iven the same age for the samples 2 .2 
a n d 1.2, and assuming a ( sub- )hor izonta l surface o f the peat a round the donk o f H i l l e 
gersberg at tha t t ime, the present ( " c o m p a c t e d " ) t ime/depth posi t ion o f the samples (see 
fig. 5) can be exp la ined by a reduct ion of the pea t to about l / 8 t h o f its original thickness 
( c a 8 8 ° / » c o m p a c t i o n ) . In figure 5 this value has been applied in reconstruct ing the o r i 
ginal al t i tude o f the top of the samples. A curve connect ing the four t ime/depth boxes 
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Fig. 5: Time/depth graph showing a distinct increase in the rate of the water level rise (at Hi 
legersberg). The increase represents the beginning of a Calais I I -B transgression sub-phase. 

shows that be tween 5 4 7 5 and 5 4 0 0 B P the wa te r level rose much fas ter than in the pe r iod 
between 5 6 0 0 and 5 4 7 5 B P . T h i s sudden increase in the rate o f the wate r level rise re
presents the onset o f a Ca la i s I I - B transgression sub-phase. T h e rapid rise in w a t e r 
level has been accompanied b y a high rate o f pea t accumula t ion , and this explains w h y , 
despite the high degree o f c o m p a c t i o n (possible because o f the high po re space and w a t e r 
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c o n t e n t ) , the age difference be tween sample 1.1 and 1.2 is so small . W h i l e it is evident 
tha t in the case o f a h igh ly compac ted , but r ap id ly accumula ted pea t the width of the 
sample interval has l i t t le effect on the age, it does h a v e a re la t ive ly s t rong effect on the 
height range of the da ta -po in t . 

2 . 3 . R o o t c o n t a m i n a t i o n 

I n fo l lowing the f rac t iona t ion exper iment b y S R E I F ( 1 9 7 1 ) , all Hi l legersberg samples 
have been careful ly seperated in to a root - a n d a res t f rac t ion wi th the he lp o f a b inocular 
mic roscope . As it p roved to be very t ime-consuming to remove al l r ecognizab le root lets , 
it was decided to subject most o f the other samples to a s l ight ly less r igorous pre t rea tment . 
F r o m these, wi thout using the b inocular mic roscope , loose bits o f wood , all or all larger 
w o o d y roots and root le ts , Phragmites rh izomes, and ( sub- )ver t ica l ly pos i t ioned roots and 
stems h a v e been r emoved . T h e impor tance o f this m i c r o - or macroscop ic pre t rea tment , 
pa r t i cu l a r ly when deal ing wi th s lowly accumula t ed pea t , has been stressed by the author 
( V A N D E P L A S S C H E 1 9 7 9 a ) , and is well i l lustrated in the fo l lowing example . 

M o s t o f the samples in the coas ta l barr ier sampl ing area have been col lec ted close to 
the fo rmer estuary o f the O l d e r R h i n e (i .e. in the no r the rn par t o f the beach-plains) , as 
there the levels o f sedimenta t ion and pea t g rowth wi l l have been mos t d i rect ly deter
mined b y the water levels in the estuary i tself . T o examine the effect o f the fac tor 
d i s t a n c e t o e s t u a r y on the level o f pea t fo rma t ion in a beach-pla in , samples 
have been col lected a long the slope o f a dune r idge 5 k m to the south-west o f the nor 
thern t ip o f the easternmost beachplain (fig. 6 a, b ) . T h e uppermost sample , the posi t ion 
of which is indicated in figure 6 b , appeared to be heav i ly penet ra ted b y roots f rom the 
ove r ly ing few decimeters o f humified peat . A l l roots a n d rootlets , r ecognizab le under the 
b inocu la r microscope, have been removed f rom the sample. N o l iv ing rootlets were 
observed. In order to de termine the re juvenat ing effect o f this roo t con tamina t ion , a 
second sample, taken at the same depth and 10 cm to the side o f the o ther sample, has 
been da ted without hav ing been pret reated m a n u a l l y . A check on the presence o f l iving 
root le ts also was negat ive . T h e results o f the dat ings a re presented in figure 6 c, together 
wi th an est imate (based on da ta to be publ ished) o f the level o f pea t g rowth at around 
3 8 5 0 and 3 3 5 0 B P in the nor thern tip o f the beach-pla in . F r o m the t ime/depth posi t ion 
of the data-points it is appa ren t that , at least be tween 3 9 0 0 and 3 8 0 0 B P , the surface o f 
the p e a t in the beach-plain must have possessed a gent le slope towards the estuary. This 
phenomenon , which can be expla ined as the result o f a hampered d ra inage in the centra l 
parts o f the beach-plain ( f r ic t ion caused b y the p e a t ) , would have been left unnot iced 
had the sample ( G r N 8 8 6 5 ) not been carefu l ly c leared from all r ecogn izab le roots and 
root le ts . 

A s imilar slope o f the surface o f the pea t wil l have existed towards the estuary o f the 
rivers R h i n e and Meuse in the south. O n the ( infer red) drainage d iv ide o f the beach-
pla in pea t , about 2 k m south-west o f the sampl ing site (fig. 6 a ) , remains o f Sphagnum 
and Eriophorum have been encoutered in the upper p a r t o f the peat . T h i s agrees wi th 
the decrease in nutr ient supply to be expected there . 

2 .4 . C o n t a m i n a t i o n b y o l d e r m a t e r i a l 

In qui te a number o f borings the L o w e r P e a t appeared to be seperated f rom the 
(podzol ised) sand be low b y a thin layer ( 1 — 4 c m ) o f b lack, greasy- l ike , o rganic mater ia l . 
As the origin o f this ma te r i a l predates the onset o f cont inuous peat accumula t ion — it 
has p r o b a b l y been fo rmed in an envi ronment o f a l t e rna t ing wet and d ry condi t ions — it 
would be interesting to k n o w the age difference be tween a sample o f this black, structur
eless, o rganic deposit and a sample from the base o f the over ly ing peat . 

12 Eiszeitalter u. Gegenwart 
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Fig. 6 : 6a: Geological map of the coastal barrier complex immediately north and south of The 
Hague; black: coastal barriers covered by Older Dunes; white: beach-plain peat; vertical hatching: 
clay of Dunkirk deposits (after JELGERSMA et al. 1970), O : Locality where remains of oligotrophic 
plants have been encountered in the upper part of the peat; arrows: indicate the direction of the 

palaeo slope of the beach-plain peat surface. 

6b and 6c : Position and time/depth plot of a sample pair of beach-plain peat (fractionized versus 
non-fractionized). Crosses in the time/depth diagram represent estimated levels of peat growth 

in the northern tip of the easternmost beach-plain. 
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Fig. 7: Time/depth plot of a sample pair, taken in the vicinity of Linschoten, from the base of 
the Lower Peat and a thin layer of black, structureless, organic material, seperating the Lower 

Peat from the podzolised sand below. 

F igure 7 shows the position o f such a sample pa i r in a core f rom the v ic in i ty of L i n 
schoten (for locat ion see L in fig. 1 ) . T h e sample o f the black organic l ayer first had to be 
ca re fu l ly cleared f rom the many roo ts and rootlets t h a t decended f rom the peat above . 
A comple te e l iminat ion o f the smallest root lets could, however , not be achieved. 

F r o m the significant age difference between the t w o samples, a difference that would 
even h a v e been la rger i f all younger root le t s could h a v e been removed , it is apparent tha t 
the age o f a sample f r o m the base o f t he L o w e r Pea t w i l l be too old i f the sample contains 
(pa r t of) the black o rgan ic mater ia l . 

2 . 5 . C o m p a c t i o n o f d e e p e r l y i n g s e d i m e n t s 

In the coastal ba r r i e r sampling a rea , the presence o f lagoonal c l a y and peat be low 
the ( t w o ) easternmost barr ier(s) , and o f c lay(ey) beds in terca la ted a t va ry ing depths in 
the sha l low marine sands ( V A N S T R A A T E N 1 9 6 5 ; pers. observa t ions) , requires that borings, 
to de termine the presence or absence o f compac tab le layers at po ten t ia l sampling sites, 
reach t o sufficient depth . ( In this respect the sui tabi l i ty o f the hand-bor ing equipment to 
pene t ra te sandy deposits and the a v a i l a b l e m a n p o w e r are impor tan t l imit ing factors . ) 
T h e fo l lowing example m a y serve t o i l lus t ra te the po in t . 

A 4 m deep bor ing through the t o p o f a small , pea t -covered , dune in the centre o f the 
(nor the rn par t o f the) easternmost beach-plain , showed the sediments t o consist on ly o f 
(shel l -bear ing) sand. T h e site was a c c e p t e d for sampl ing , until further , less deep borings 
in the surrounding revea led the presence o f a thin b a n d o f c lay , the va r i a t ion in heigh o f 
which s t rongly suggested the dune to h a v e been lowered (fig. 8 ) , appa ren t ly by c o m p a c 
t ion o f deeper occur r ing sediments. A bor ing to a dep th o f 6 m p roved tha t from 3 . 7 5 m 
o n w a r d the sediment is made up o f c l a y e y sand, v e r y sandy c lay , and m a n y em's thick 
c l ay beds. T h e amount o f lowering o f the dune top has been est imated to be at least 0 . 6 m. 
T h i s loca l i ty has been rejected for t a k i n g samples. 
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Fig. 8: Section across the northern slope of a small dune in the centre of the (northern part of the) 
easternmost beach-plain. The dune and its surroundings have been lowered by compaction of 

deeper lying sediments. 
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