
C H A P T E R  x.: I N T R O D U C T I O N  

I . I .  AN O U T L I N E  OF T H E  D E V E L O P M E N T  OF P E A T  R E S E A R C H  

Since the beginning of scientific peat investigation in the first 
half of the last century - -  with interest initially centred in particular 
on the question of its botanical contents and the problem of its 
origin - -  innumerable publications on peat bogs and peat research 
have appeared (see, inter alia, OVERBECK I963, SAEBO I968 ). Their 
very number shows that there has been great interest in peat 
growth. The diversity of opinion among the many authors as to 
the relative importance of the various factors influencing peat 
growth (climate, mineral ground water table, vegetation processes) 
on the product formed (the peat), clearly demonstrates the complex 
character of peat growth, by which is meant the sum of the biologi- 
cal and also the chemical and mechanical processes which result in 
the accumulation of organic material. 

In his extremely readable introduction to a series of lectures on 
peat investigation, OVERBECK (I963) , drawing on his wide know- 
ledge of the very extensive peat literature, divides the history of peat 
investigation into four periods. In his first period, extending to the 
middle of the 18th century, there is, as yet, no question of scientific 
study. His second period - -  up to c. I84 o - -  is the one already 
mentioned above in the first sentence: precise observations of the 
stratigraphy of peat and its botanical composition lead to the 
classification of bogs into types and the recognition of the purely 
ombrogenous character of raised bogs. 

OVERBECK starts his third period with the work ofJ. STEENSTRUP 
(1842 ) and A. GRISEBACI-I (1846), and this could be defined roughly 
as the period during which the effect of climate on the development 
of peat bogs is recognised; peat bogs and organic sediments form 
important records, from which the development of vegetation and 
climate can be reconstructed. Other epoch-making investigators 
of this period mentioned by OVERBECK are I. GEIKIE (I866), 
A. G. NATHORST (I870), A. BLYTT (I876), G. ANDERSSON, R. 
SERNANDER and especially C. A. WEBER, whose work can be said 
to have had an important influence on the peat investigations of 
OVERBECK'S fourth period, commencing in I916 , with the rise of 
pollen analysis (L. YON POST I916 ). This technique had, however, 
already been applied long before by WEBER (I893). 

During the transition between OVERBECK'S third and fourth 
periods, there appeared in the Netherlands several publications 



which can be regarded as an inventory of the third period. MULDER 
(1911) gives a detailed report on the state of affairs in peat in- 
vestigation; VAN BAREN ( 1913) describes its history and SCHIERBEEK 
(1917) gives a good survey of the current knowledge of peat bogs. 
These publications did not, however, lead to a Dutch tradition of 
peat investigation, as e.g. in Germany (WEBER, OVERBECK) and 
Sweden (OsvALD, GRANLUND, NILSSON). 

C. A. WEBER'S well-known opinion (inter alia a-926 ) that the 
climate has a direct influence on the nature of the peat formed, has 
clearly given direction to peat investigations in OVERBECK'S fourth 
period. It was possibly because of WEBER'S great prestige that less 
attention was paid to the vegetation processes in peat bogs, in spite 
of the existing extensive knowledge of the botanical composition of 
the peat. 

In spite of the difficulties experienced by various investigators in 
correlating climatic fluctuations found or suspected by them, with 
already known fluctuations (difficulties perceptible in e.g. WEBER'S 
"Grenzhorizont" and GRANLUND'S "Recurrence surfaces" - -  con- 
tact zones between more humified and less humified Sphagnum peat) 
scarcely any doubt arose about the climate-dependent character 
of the changes observed in peat growth. 

The prevailing opinion that the development of c l imate- -  and even 
comparatively small fluctuations in temperature and precipitation 
- -  could be deduced from peat stratigraphy, therefore endured. 
NILSSON (I964 b) distinguishes nine RYs (recurrence surfaces) 
as evidence of nine temporary periods of dessication caused by 
climate between c. 2000 B.C. and 500 A.D. Actually, however, the 
large number of radiocarbon dating determinations on which 
NILSSON bases his conclusions only shows that RYs can appear in 
peat at any moment in the period stated. MITCHELL (1956) 
distinguishes four RY phases in this period, but his 24 dating 
determinations also reveal a regular appearance of humification 
levels (and not, in fact, accumulations) between c. 2000 B.C. and 
500 A.D., i.e. at average intervals of about ioo years. 

OVERBECK also divides his RYs into several groups between 
c.23oo B.C. and 600 A.D. (OvERBECK, MUNNICH', ALETSEE 
AVERDIECK 1957). AVERDIECK (I957 b) cannot correlate the RYs 
over a greater distance (Swedish peat bogs - -  Grosse Moor near 
Gifhorn). WILLt~TZKI (I962), on the other hand, does think that 
he can arrive at a long-distance correlation. HAYEN (I968) found 
a pine stump layer - -of ten  regarded as evidence of peat growth in a 
dry climate - -  in the Ipweger Moor near Oldenburg (Germany), 



which clearly cannot be seen as a synchronous level of peat growth. 
OSVALD (1923) assumes that peat formation occurs via a cyclic 
succession, which he describes as the "regeneration complex". On 
the bog surface, hollows develop into hummocks, and hummocks 
degenerate into hollows. This idea is based on SERNANDER'S 
hypothesis of the cyclic succession of the different parts of the 
vegetation mosaic of the bog surface (hummocks and hollows). In 
a way, this hypothesis more or less conflicts with the ideas of 
WEBER (Grenzhorizont)and GRANLUND (Recurrence surfaces), 
where the climate-dependent character of the type of peat formed 
is dominant. With cyclic peat formation, simultaneous growth 
of less humified and more humified Sphagnum peat in close proximity 
is encountered, while, from WEBER'S and GRANLUND'S standpoint, 
the bog surface forms peat with a uniform degree ofhumification to 
a much larger extent. This implies a much more homogeneous 
vegetation which alters clearly only under the influence of climatic 
changes. ERNST (I934) sees this regeneration complex in North- 
west German raised bogs, where hummocks degenerate into hollows 
and hollows develop into hummocks on the bog surface. Du 
RIETZ (I950) gives a very detailed description of the vegetation 
dynamics ih the Swedish Bl~ngsmossen mire, where he thinks a 
cyclic succession can be observed. OSVALD (I950) describes the 
hummocks-and-hollows surface of the Swedish bog of Komosse. 
He sees regeneration and erosion complexes as essential elements of 
a living raised bog surface. 

Many objections to peat formation via cyclic succession have been 
raised; see OVERBECK (X963) ; also MARKGRAF (I969). 

GROSSE-BRAUCKMANN (1968) argues that much less dynamism is 
present in peat-forming plant communities than is assumed by 
OSVALD. The present author has come to a similar conclusion 
(CASPARIE 1969). 

RATCLIFFE • WALKER (1958) give a detailed description of the 
vegetation of the different parts of the bog surface (river terrace, 
lagg, margin, hummock-hollow system) of the Scottish peat bogs 
of Silver Flowe. They pay a great deal of attention to the local bog 
hydrology, in particular to the arrangement of bog plants in relation 
to the water table. The mosaic of the Sphagnum-dominated hum- 
mock-hollow system, which they regard as the definitive vegetation 
type in the bogs investigated, remains stable. These authors, there- 
fore, do not regard the hummock-hollow system as forming a 
regeneration process. MORRISSON (I955, I959) , though, does see 
a direct reaction in peat formation to changes in precipitation. He 



also, however, points out the buffering action of the water supply 
and devotes attention to the water regime in relation to the mecha- 
nism of peat growth. OLAUSSON (1957) is of the opinion that there 
is no question of a direct relationship between precipitation and the 
type of peat formed, or of cyclic succession in the Swedish bog, 
Roshultsmyren. According to this author, the local bog hydrology is 
an important factor. SCHL/.JTER (I969) quotes LANGE (I967) who 
sees a gradual increase in humidity from maybe even as far back 
as c. 2500 B.C. According to SCHL~ITER, the local ombrogenous bog 
hydrology is of great significance for the raised bog communities 
and their zoning. RATCLIFFE ~Z WALKER (I958) also come to 
similar conclusions in their above-mentioned study. WALKER 
WALKER (I96i) believe, however, that even small variations in 
precipitation have an obvious influence on bog hydrology, and 
consequently on the type of peat which grows there. 

The history of peat investigation, of which only a rough, incom- 
plete outline has been given above, shows that special attention has 
been paid to the growth mechanisms of ombrogenous peat. Dis- 
cussions about peat formation, then, are also based for the greater 
part on information from ombrogenous peat, the composition of 
which is very well known (e.g. WEBER I902 ; GROSSE-BRAUCKMANN 
i962; K. M/.~ILLER I965; SCI-ILUTER I969). 

This is not to say that the composition of minerogenous peat is 
necessarily less well known (see e.g. JASNOWSKI I959; GROSSE- 
BRAUCKMANN I963; MAREK I965; KUKLA 1965 with very detailed 
information about the composition of minerogenous peat), or that 
fen and seepage peat growths are natural biological processes. 
Possibly, we must look for the cause of the slighter degree of attention 
paid to the fen peat accumulation processes in the less easy accessibi- 
lity of such peat bogs, and the impossibility of studying good 
sections. Apart from this, study of the development of the climate 
in the Holocene was an extra stimulant to the investigation of 
riased bogs (WEBER, GRANLUND, OVERBECK). Now that the growth 
processes in the peat are gradually receiving more attention (WAL- 
KER & WALKER 1961 ; Du RIETZ 1950 ; JASNOWSK! and others I968; 
WALKER 1965; GROSSE-BRAUCKMANN 1962 , 1963, I967, 1968 ) - -  a 
fifth period in peat investigation? - -  it may be expected that, in 
discussions about peat growth, the growth mechanisms of minero- 
genous peat will begin to assume a greater importance. 

In the course of the peat investigations, several peat bogs, as well 
as numerous prominent peat researchers, have become very widely 
known. Peat bogs such as Hellweger Moor, Augstumal, Grosse 
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Moor near Gifhorn, Komosse, Ager0ds Mosse, Roshultsmyren, 
Somerset Levels, may be even better known than the authors who 
worked on them. It may seem somewhat surprising that  there has 
never appeared a comprehensive publication on the stratigraphy 
and development of the Bourtanger Moor, possibly the largest 
raised bog in Europe,  with its surface area of, originally, c. 1,6oo 
square kilometres (BARKMAN • WESTIffOFF 1969). The  reason for 
the lack of such a study need not be sought in the geographical 
situation of the bog, on the Dutch-German border, due to which 
the peat investigators of the one country would have been inclined 
to have given the honour  of such an investigation to their colleagues 
in the neighbouring country. The  very early beginning of the de- 
struction of the raised bog (dating from the Middle Ages), and the 
fact that peat cutting had already continued for centuries, caused the 
disappearance of the larger part of it, even before there was any question 
of scientific peat investigation; see also 2.1 (p. I4) and 2. 3. (p. I8). 

Since the end of the 19th centry, several studies on peat deposits 
from the Bourtanger Moor have indeed appeared, but almost all 
these dealt with a very specific aspect of the bog (VAN BrMMELEN 
I895 , REINDERS 1896 and 19o2 , VAN ZEIST 1955a , VAN HEUVELN 
1958 and 1962), or followed a predominant ly pollen-analytical line 
of enquiry (FLoRSCHi)TZ and others 1932 , FLORSCHUTZ & WASSINK 
1935 and I942 , EsHuIS 1936 , WATERBOLK I954, VAN ZEIST I955a , 
1955b , I956 , 1959, WATERBOLK & VAN ZEIST 1961 , CLASON 1961 , 
BVLT 1963, VAN DER SPOV.L-WALVIUS I964, BE SMUT & KLUNGEL 
1965). A few field reports give some information in general terms 
about the stratigraphy of parts of the Bourtanger Moor (VERsLUYS 
1919, ZONDERVAN I925, TEUmSSEN 1964, I965, 1966 ). HOOGENRAAD 
(1934) analysed a few peat profiles from this bog for their rhizopod 
fauna. 

Almost all of this information comes from that part of Bourtanger 
Moor east of Emmen (in the province of Drenthe),  west of the 
Dutch-German border. VlSSCHER (1931) published a detailed study, 
based on numerous stratigraphical observations, of the stratigraphy 
and development of the peat of the region. 

In the 196os there existed for the last time the opportunity for a 
detailed study, with modern investigation techniques, of the strati- 
graphy and development of the peat in this region, since the last 
clearly decipherable peat blocks were on the point of disappearing 
(see 2.3. , p. 18). This sufficiently demonstrates the necessity for 
such an investigation, the report of which appears in the following 
chapters. 
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First of all, extensive documentation of the structure and of 
details of the stratigraphy were of importance for obtaining as 
complete a cross-section of the peat region as possible. Moreover, it 
was necessary to attempt to describe the development of the bog, 
in particular the several layers of peat, as comprehensively as was 
possible on the basis of the field information obtained. This was 
done by means of detailed investigation with several investigation 
techniques (pollen analysis, rhizopod analysis, analysis of macro- 
scopic remains, 14C-dating, dendrochronology). In the course of 
the investigation we found that a description of the development in 
terms of peat growth mechanisms (CAsPARIE I969) was the most 
suitable. Every description of a peat formation ends with a final 
section "Stratigraphy and development" in which these growth 
mechanisms are discussed. 

1.2. ACKNOWLEDGEMENTS 

This study was set up on the initiative of DR. W. VAN ZEIST, of the 
Biologisch-Archaeologisch Instituut of the Rijksuniversiteit of 
Groningen, who followed its progress throughout with great interest, 
and who helped, in every possible way, to put the investigation on 
the right track again when progress failed to materialise. Our  
numerous discussions have had a direct effect on the results of this 
investigation. PROF. DR. H. T. WATERBOLK, Director of the Bio- 
logisch-Archaeologisch Instituut, offered me ample opportunity to 
make use of the technical facilities in the Institute, as well as time 
and space to work on the material. MR. G. DELGER made an im- 
portant contribution to the fieldwork. In addition, MR. H. ROELINK, 
the late MR. J. VAN DELDEN, MR. A. MEYER, MR. K. KLAASSENS and 
MR. J. H. ZWIER have assisted in the field-work. The working out of 
the field drawings and the drawing of diagrams were done by MR. 
JAc. KLEIN, MR. H. ROELINK and MR. B. KUITERT. MISS I. VAN 
OTTERLOO (now MRS. I. WOLTERS-VAN OTTERLOO) assisted in several 
laboratory tasks. MissJ. VAN DIJKEN and Miss G. F. BOERS typed the 
several versions of the manuscript. 

MRS. B. M. VAN DER MEULEN-MELROSE B.Sc., of Roden (Drenthe), 
was willing to undertake the translation of this extensive work. I am 
very grateful to her for accepting the task and for the way in which 
she has completed the work. 

I also wish to express my gratitude to DR. J. J. BUTLER who very 



kindly gave me much valuable advice concerning the translation 
of the technical terms. 

A very large part of the area I investigated is the property of the 
N.V. Veenderij en Turfstrooiselfabriek "Klazienaveen, v . h . W . A .  
Scholten". The. permission granted by the manager of this firm, 
MR. D. G. S. LANDWEER (Haren) to enter the grounds, and also 
the pleasant contact I have had with IR. K. MEINDERS (Klaziena- 
veen), tile company engineer, and with MR. G. HEKMAN (Klaziena- 
veen), the supervisor of the firm, cannot remain without mention 
here. The owners of the other sites I visited have also always 
granted me their disinterested permission to carry out investigations 
on their peat blocks. 

Important  contributions to the investigation have been made by 
DR. A. V. MUNAUT (Louvain): dendrochronology; PROF. DR. J. C. 
VOGEL (formerly of Groningen, now of Pretoria): 14C-dating; 
DRS. M. W. TER WEE (Oosterwolde) of the Geological Survey: 
geological information. DRS. P. BULT, MRS. I. WOLTERS-VAN 
OTTERLOO (Amsterdam), DR. D. TEUNISSEN (Nijmegen) and MRS. 
DRS. H. C. M. TEUNISSEN-VAN OORSCI-IOT (Nijmegen) analysed some 
profiles. DR. B. O. VAN ZANT~N (Groningen) did the determinations 
on a number of moss remains. 

There have been discussions with many of my colleagues about 
the problems which arose during the investigation. Apart from those 
mentioned above, these included IR. B. VAN HEUVELN (Haren), 
MR. J. WIERINGA (Roden) and Mr. H. BooY (Westerbork) of the 
Soil Survey Institute, DR. W. H. ZAGWUN (Haarlem) of the 
Geological Survey of the Netherlands, MR. CHR. G. VAN LEEUWEN 
(Bilthoven) of the RIVON and MR. F. MODDERKOLK (Beilen) of the 
State Forest Administration, Nature Conservancy Department, 
DR. J. j .  BARKMAN of the Biological Station at Wijster, MR. H. 
HAYEN (Oldenburg), DR. G. GROSSE-BRAUCKMANN (Darmstadt)., 
DR. F. R. AVERDIECK (Kiel) DR. K. E. BEHRE (Wilhelmshaven), 
my Groningen colleagues DRS. J. W. BOERSMA, DRS. S. BOTTEMA, 
DR. J. J. BUTLER, DR. A. T. CLASON, DRS. O. g .  HARSEMA, DRS. 
A. E. LANTING, DRS. J. N. LANTING, DR. R. R. NEWELL, PROF. 
DR. J. D. VAN DER WAALS, and Dutch palynologists. 

During an excursion to a number of German peat bogs in Sep- 
tember, I964 , I had discussions with PROF. DR. L. ALETSEE (former- 
ly of Kiel, now of Aachen) and DR. K. MOLLER (Kiel) about 
problems concerning peat growth. 

In August, 1969, and in June, I97O , I made two working trips 
to Poland, where, with PROF. DR. M. JASNOWSKI (Szczecin), 



DR. S. MARKOWSKI (Szczecin), Doc. DR. ST. MAREK (Wroctaw), 
DR. M. J. DABROWSKI (Warszawa) and the late DR. J. NIKLEWSKI 
(Warszawa), I visited some splendid peat bogs, many still in an 
almost undamaged condition. The discussions I had with German 
and Polish colleagues were of great benefit to my investigation. 

1.3. POLLEN ANALYSIS 

Much of the material presented in this study has been investigated 
by means of pollen analysis, Modern peat investigation is well-nigh 
impossible without pollen analysis. FAEGRI ~ IVERSEN (I964) , in 
their outline of the history of the Quaternary pollen analysis, point 
out the development in peat investigation which was partly the 
cause of the rise of pollen analysis. 

The history of the regional vegetation in the north=east Nether= 
lands since the Late-glacial is comparatively well known on the 
basis of pollen analytical information. This will be gone into very 
briefly in Ch. 4 .  P. 44 ft., A survey has been given in table II which 
could be made up from information from VAN DER HAMMEN (I95I),  
WATERBOLK ( I 9 5 4 )  , VAN ZEIST (I955a , I955b , 1959) , and others. 

The pollen analytical investigation was directed especially 
towards dating particular items in the bog, drawing up correlations, 
and obtaining an understanding of the composition of the different 
types of peat. As far as the correlations drawn up are concerned, we 
have been constantly aware of their local character and of the errors 
which can easily arise from this. We have therefore made no 
correlation between developments in the bog that we investigated 
and those in other peat bogs. 

We have taken the sum of the total tree pollen as the basis of the 
calculation for pollen percentages - -  except for the Late-glacial 
diagrams. It would perhaps have been better to have excluded the 
pollen of those trees which have grown in the p e a t - - m a i n l y  Alnus, 
Betula, Salix (?), Quercus (?), and P i n u s -  from the pollen sum. This, 
however, raised the practical difficulty that, per sample, considera- 
bly more pollen grains would have had to be counted. The majority 
of the correlations concerns treeless ombrogenous peat (Sphagnum 
peat), so that the influence of "local tree-pollen production" is 
negligible. During the ombrogenous peat accumulation, trees 
appeared exclusively along the narrow edge of the bog. 

A fortunate circumstance for the work of correlation was that 
the regional pollen precipitation clearly changed during the period 
of ombrogenous peat growth. The decline in Ulmus and Corylus, the 
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increase in Fagus and Carpinus and the indicators of agriculture in 
the higher, sandy soils (in the Subboreal and the Subatlantic 
periods) are among the changes which afforded sufficient possibili- 
ties for, in our opinion, justified correlations. With the help of the 
a*C-diag ram (4.3., P. 48 and fig. 63) of VAN ZEIST (I955b) and 
some additional 14C-datings, several correlated levels could be 
assigned an absolute age. 

In addition to the types of pollen originating in the regional 
vegetation, the representatives of the local peat vegetation were, of 
course, included in the pollen diagrams (as far as this was possible 
on practical grounds). In ombrogenous peat these were mainly 
Sphagna, Ericaceae, Empetrum, Gramineae and Cyperaceae, whose 
presence in the peat, however, should not be taken as excluding 
the possibility of their presence in other places. In fen peat there is a 
considerably richer variety of types; for this, see the parts of the 
pollen diagrams concerned. 

1.4. RHIZOPOD ANALYSIS 

Alongsid~ pollen analysis, quantitative investigation of rhizopods 
occupies an important place in this study. By "rhizopods" is meant 
here the order of the testacean (i.e. with a shell) Amoeba or 
Thecamoeba, which, together with the order of the Gymnamoeba, 
constitute the subclass of the Rhizopods SENSU STRICTO. The 
Heliozoa constitute another subclass of the Sarcodina or Rhizopods 
in a broader sense (phylum Protozoa) (HooGENRAAD • DE GROOT 
I940 ). Instead of Thecamoeba or Testacea, we usually speak of 
Rhizopoda (GRosPIETSCI-I I952 ). The rhizopod fauna occurring 
in many moist to wet milieus can afford further information about 
the peat-forming milieu, among other things. 

Rhizopod shells are fairly resistant, although not to the same 
extent as pollen grains; shells can, however, be quite recognisable 
in peat sediments (especially in Sphagnum peat). HARNISCH (I925, 
quoted by GROSPIF.TSCH I952 ) was able to demonstrate that the 
peat-forming milieu (including the humidity) has a great influence 
on the numbers of rhizopods and on the variety of species, and 
that the conditions of a peat-forming milieu, particularly its humidi- 
ty, can be further determined by rhizopod analysis. He divided the 
associations found in various types of peat and in other moist 
vegetations into 5 types, according to the presence, or the absence, 
of the rhizopod species appearing there: 



I. The W a l d m o o s  type, which occurs particularly in non-peat- 
forming Sphagna and on the shores of lakes; 
2. The H y a l o s p h e n i a  type (after Hyalosphenia elegans and H. 
papilio), appearing especially in transition bogs and marginal 
areas of raised bogs; 
3. The F l a v u m  type (after Amphitremaflavum), which can be found 
widespread in raised bogs; 
4. The W r i g h t i a n u m  type (after Amphitrema wrightianum), which 
appears in oceanic raised bogs; 
5. The T y r p h o x e n e  type, which is present in marginal areas 
and "dying" bogs (characteristic species: Trigonopyxis arcula). 

HOOOENRAAD (1934) used this classification successfully in his work 
on the sphagnophilous rhizopods. HARNISCH (I 948, I949) suggested 
setting out the data in absolute numbers (instead of in percentages, 
as is customary in pollen analysis)in the diagrams, since it is not 
only the variety and the relative proportions of the species present 
which are of importance for the interpretation of the milieu, but 
also the number of individuals (shells) per unit volume of peat. 
This method has been applied by, inter alia, GROSPIETSCFI (1952 , 
I958), KUBITZKI (1960), TOLONEN (I966) and HAYEN (1969). Our 
rhizopod diagrams also give absolute numbers per species. 

In this study, only HARNISCFI'S types 3, 4 and 5 will be under 
discussion, since it has been almost exclusively ombrogenous peat 
which has been analysed. The F l a v u m  type is characterised by 
the greater or lesser abundance of Amphitrema flavum and further 
Arcella species, Assulina muscorum, A. seminulum, Hyalosphenia elegam, 
H. papilio, Heleopera sphagni; in addition to these, there are frequent- 
ly present a few specimens of species which can be considered to 
belong to the T y r p h o x e n e  type. This is possibly a result of the 
sampling technique; the I cm thick samples represent roughly 
a twenty-year period of peat growth (see also 11.48.1" p. 223); 
each sample, therefore, represents the total amount of fluctuations 
of the milieu during 2o years. 

It follows from our rhizopod-moss diagrams (for the composition 
of these diagrams, see 2.6.2, p. 26) that the F l a v u m  type is 
present in a weak form (i.e. with relatively few specimens of 
Amphitrema flavum) in the highly humified Sphagnum rubdlum peat 
particularly (for the peat types, see also the following section), and 
in a somewhat richer form in the rather less highly humified S. 
rubeUum peat, and the S. rubellum.imbricatum peat. 

The W r i g h t i a n u m  type contains the species of the F l a v u m  
type and Amphitrema wrightianum, which is often present in large 
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numbers. A. flavum is generally present in greater abundance in 
this type than in the F l a v u m  type. The W r i g h t i a n u m  type is 
found in the fresh S. cuspidatum peat, the fresh to moderately 
humified S. papillosum peat, and the fresh to moderately humified 
S. imbricatum peat. Both the F l a v u m  and the W r i g h t i a n u m  types 
are associated exclusively with Sphagnum peat. 

The T y r p h o x e n e  type contains species such as Trigonopyxis 
arcula, Phryganella, Bullinula indica and Hyalosphenia subflava. The 
Amphitremas are not present. We came across this type - -  in a weakly 
developed form - -  particularly in more highly humified peat 
growths in the fresh Sphagnum peat. We established the presence 
of the clearly developed form in peat from the neighbourhood 
of Stadskanaal (province of Groningen) (BOLT 1963). 

The demands which the various rhizopod species make on the 
milieu are generally known only incompletely. Concerning sphagno- 
philous species, we may observe that Amphitrema flavum strongly 
increases in number with increasing humidity, but that it probably 
does not feel completely at home in open water; A. wrightianum, 
on the other hand, can flourish extensively only in a very humid 
milieu, and attain maximum values in open water (bog pools) 
(HARNISCH ~925, GROSPIETSCn 1952 ). 

HARmSC~ (1949) remarks that not only increasing humidity, but 
also other trophic factors play a part in the increase of Amphitrema 
wrightianum. KUBITZm (I960) holds that the growth of A. wrightia- 
num in a profile from the bog "Esterweger Dose" (Germany) can, 
to a considerable extent, be ascribed to increasing humidity. We 
think that it may be concluded from our investigation that, in any 
case, the milieu must be very humid for A. wrightianum, but also, 
in addition, strongly oligotrophic and very acid. A combination of 
such factors has very probably not been present in the highly 
humified Sphagnum rubellum peat in the area we investigated. 

The appearance of tyrphoxene species in rhizopod samples is an 
indication of serious disturbances in the peat growth (GRosPIETSCH 
1952 , KUmTZm 1960 ). "Serious disturbances in the peat growth" 
cannot be easily defined. Roughly, it amounts to the milieu 
becoming drier, less acid, and eutrophic to a greater or lesser extent, 
due to which the conditions for optimum ombrogenous Sphagnum 
peat growth disappear. GROSPmTSCH (1952) calls the tyrphoxene 
species "moorfremde" species. In our investigation, the presence 
of more than a minimum number of inviduals of the tyrphoxene 
species in the peat indicates the occurrence in the peat-forming 
milieu of a reversal, or at least a change, of a different type than 
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that  usually observed during the development of hummocks and 
holes in Sphagnum peat. TOLONEN (I966) arrives at somewhat 
different conclusions; in his opinion, the tyrphoxene type is, in 
particular, a sign of the peat becoming drier. 

1.5. INVESTIGATION OF PEAT TYPES 

For investigation of the genesis of a particular type of peat or of 
a layer of several types of peat, as much about the composition of the 
peat concerned as is possible should be known. Our  investigation 
is directed especially towards the obtaining of sufficient relevant 
information on the stratigraphy of the peat so that  a comparatively 
detailed picture of its development can be drawn. Even at the field- 
work stage, as much information as possible about the composition 
of the layers of peat was recorded during the measuring and drawing 
of the vertical peat faces (see also 3. 1.4., P. 35 ft.). The  identification 
of wood remains (Alnus, Betula, Pinus, Quercus) posed no problems, 
nor did the identification of Ericaceae remains (particularly Calluna), 
Scheuchzeria palustris, Eriophorum vaginatum, Menyanthes trifoliata, 
Phragmites communis. Many Carex remains are found in the minero- 
genous layers (fen peat, seepage peat); with a few exceptions, these 
have not been identified. Consequently, the share of Carices in the 
stratigraphy of the peat layers has been only occasionally discussed 
in this study. The  composition of only a small number  of the peat 
samples brought back to the laboratory has been further investigat- 
ed. The  highly decomposed fen peat layers afforded so few identi- 
fiable remains that  further macroscopic investigation - -  apart  from 
pollen analysis - -  did not appear to be very promising. MAREK 
(I965) , during his investigation of alder brook bogs in Poland, 
developed a procedure which yielded very much and very detailed 
information about the structure and composition of minerogenous 
peat layers. In our opinion, this procedure, possibly slightly adapted 
here and there, could have been very successful for the somewhat 
less decomposed fen and fen-wood peat in the area that  we investi- 
gated. Since this procedure came to our knowledge too late, we have 
been unable to include it. 

We have not ventured upon an identification of moss remains in 
the field. Some material from the Late-glacial Hypnaceae peat 
(Braunmoostorf, 6.4. , p. 57 iT.) has been further identified. We have 
not investigated the mosses from the ferruginous seepage peat (also 
Hypnaceae peat, see 9 .3 ,  P. 85 ft.) any further. A detailed picture 
of the development of the seepage peat deposits therefore, cannot 
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be given. We have paid more attention to the composition of 
Sphagnum peat (Ch. I i., p. I38 ). The circumstance that the 
ombrogenous part of the peat was particularly clearly exposed in 
many vertical (peat) faces, was, as it were, an invitation to detailed 
observations. Moreover, the structure and development of ombro- 
genous peat have many times already been the subjects of thorough 
investigations (e.g. GRANLUND I932; GROSSE-BRAUCKMANN i962; 
HAYEN I966; KUBITZKt I960; NILSSON I964; OLAUSSON I957; 
OSVALD I923; OVERBECK I950; I952 ; OVERBECK, MIJNNICH, 
ALETSEE ~: AVERDIECK I957; SCHNEEKLOTH x963 a, I963b, I965, 
x968; SCrrNEIDER I957; SCHNEIDER & STECKnAN I963; TOLONEN 
I966; WALKER & WALKER 196I ; WEBER I9IO, I930 ), whereas, 
as has already been stated in I.I, p. 5, hardly a single study, 
based on modern methods of investigation, exists of the Sphagnum 
peat of the peat region east of Emmen (VAN ZEIST I955a ). 

According to the degree of its humification, ombrogenous peat can 
be roughly divided into fresh and highly humified peat, with a 
whole range from less humified to more humified in between. 

A different classification is also possible, viz. according to the 
most conspicuous of the Sphagnum species in the composition: 
Sph. rubellum peat, Sph. cuspidatum peat, Sph. imbricatum peat, etc. 
and according to easily identifiable remains of Anthophyta in the 
ombrogenous peat: Eriophorum vaginatum peat, Scheuchzeria peat, 
Calluna peat etc. The objection to this classification is that it cannot 
always be established in the field, and that the type of peat concern- 
ed nearly always contains remains of more plant species than the 
one or two mentioned. Thus, Sph. cuspidatum peat will, in many 
cases, contain Rhynchospora alba too, while Carex limosa will undoubt- 
edly also be present in Scheuchzeria peat. Yet we have frequently 
made use of the latter classification, since it was very satisfactory in 
our investigation. Generally a relationship exists, in the peat we 
investigated, between the contributing plant species and the degree 
of humification of the peat (given here in VON PosT's scale, 
HI - -HIo ) .  Highly humified Sphagnum peat (H7--9) is mainly 
Sph. rubellum peat; fresh Sphagnum peat (HI--3) is almost invariably 
Sph. papillosum peat, Sph. imbricatum peat and Sph. magellanicum 
peat (which we did not find); if Sph. rubellum peat contains Sph. 
imbricatum, it is mostly somewhat less humified, roughly speaking: 
moderately humified (H4--6); Sph. imbricatum peat and Sph. 
papillosum peat can also be present in a moderately humified form. 
Sph. cuspidatum peat is normallyfresh; thepresence of Sph. cuspidatum 
in the highly humified Sph. rubellum peat is rare. 
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Peat in which Calluna and Eriophorum are abundant  is mostly 
highly humified, (H6--9).  The  degree of humification of Scheuch- 
zeria peat is somewhat more difficult to determine; this is possibly 
a consequence of the fact that  the nature of this type of peat is 
frequently not purely ombrogenous in the region we investigated. 

See the preceding section for the rhizopod necrocoenose present 
in the various types of peat. 

In spite of the limited botanical information we obtained 
per peat-type (see, in contrast to this, GROSSE-BRAUCKMANN i962 , 
I963, i968 , i969; MAREK I965) , we still think that  we can draw 

justifiable conclusions from our data about the development of 
the bog, and, in particular, about the growth mechanisms in 
ombrogenous peat. 

CHAPTER 2.: T H E  P E A T  REGION 

2. I.  GEOGRAPHICAL POSITION 

The peat region in which we made our observations, and whose 
structure and development will be discussed in this report, 
is part of the "Bourtanger Moor"  (see fig. i), a raised bog which 
has now largely vanished as a result of intensive peat-digging. 
Situated between the river dunes of the Ems to the east, and the 
"Hondsrug"  to the west, this vast raised bog formerly constituted, 
for a distance of about 5 ~ km, the natural border between the 
north-east of the Netherlands and part of north-west Germany. 

The "Hondsrug"  forms the steep western slope of an ice-margi- 
nal valley, the Hunze depression, in which the western, Dutch 
branch of the raised bog developed. On the higher sandy soils 
(cover sand, boulder clay) west of the raised bog, (the "Drenthe  
Plateau"),  are situated a few villages such as Emmerschans, Barger 
Oosterveld and Nieuw Dordrecht,  in the Gemeente of Emmen  
(province of Drenthe) close to the former margin of the bog. These 
villages came into existence partly through colonisation from 
villages somewhat further west, e.g. Emmen and Barge, and partly 
through immigration from, among other places, the provinces of 
North and South Holland. 

Small groups of peat diggers settled in the Hunze depression 
itself, especially since the last century; originally on the bog surface, 
later on the peat-reclamatlon soils which remained after the peat 
digging. This resulted in villages such as Emmererfscheidenveen, on 
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the north side of the investigation area, Barger Compascuum to 
the east, and Klazienaveen to the south. These villages are not, in 
general, limited to sand ridges in the mineral sub-soil; though this 
is the case with the hamlet of Berkenrode, near the former bog 
rivulet, the Runde  (see fig. I), roughly in the middle of the investi- 
gation area. There is, in fact, nothing left in the investigation area 
of this formerly, on occasion, not inconsiderable rivulet. Many, 
especially younger, inhabitants of the neighbouring villages do not 
even know the position of the former river bed. As a result of 
renewed reclamation of the area, the aspect of this region is still 
changing constantly. 

2.2. T~E GEOLOGY OF THE AREA 

The Drenthe Plateau is built up of sands and gravels carried by 
the rivers Ems, Weser and Elbe, which deflected to the west on the 
approach of the land-ice sheet of the Riss Glaciation (Saalian) from 
the north (proglacial sand, HOL I948; " E m m e n  formation",  
MAARLEVELD 1956 ). TER WEE (1962) distinguishes 5 glaciation 
phases in the Saalian Glaciation in the Netherlands; the phases 
a, b, and c already distinguished by MAARLEVELD ( I958  , 196i), 
TI-IOM~. (1959) and ZAGWlJN (personal communication),  when the 
ice sheet invaded the Netherlands from the north (a: material 
from the Oslo area; b: material from Central and South Sweden; 
c: material from the Baltic area, deposited as glacial drift); and 
phases d and e, in which ice from the northeast is thought  to have 
advanced (Gulf of' Bothnia). The  depositing of boulder clay on the 
Drenthe Plateau is thought  to have occurred during phase d 
particularly. Part of this boulder clay:-iS thought  to be material from 
phase c, pushed forward further. Phase e reached only the extreme 
north-east of the Netherlands, about 20--50 km north of the 
investigation area. This phase brought no glacial drift here, it only 
pushed forward the boulder clay of phase d. TER WEE assumes that 
the Hunze depression came into existence as an "ice-marginal 
valley" during this last expansion of the inland-ice, i.e. late in the 
Saalian Glaciation. The  Drenthe Plateau in the north-east Nether- 
lands, about 7 ~ m high, was eroded by this to a depth of 50--60 m 
on its east side. The  eastern erosion border of the plateau,the 
"Hondsrug" ,  is well known, and can be traced over a distance of 
more than 8o km. It runs almost rectilinearly in a north-west 
direction (see fig. I). 

It is probable that the ice-marginal valley was already partly 
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filled up with fluvioglacial and fluvial deposits at the end of the 
Saalian Glaciation. Marine sediments were deposited in the Eemian 
in the northern half  of the valley, peat formation occurred in the 
southern half. Probably even before the Wfirm Glaciation the 
organic filling was replaced by a filling in which mainly fluvial 
material (sand aiad fine gravels) was deposited. This mineral sedi- 
mentat ion presumably came to an end with the depositing of a 
fluvial loam sheet at the beginning of the Wt~rm Glaciation. At 
the end of the Wfirm Age, the remaining depth of the valley was 
only IO--i  5 m, out of an original depth of 5o--6o m. 

During the W~rm Glaciation many cover-sand ridges were form- 
ed in the Hunze depression, which are mostly situated almost 
perpendicular to the erosion border (the "Hondsrug") .  Such a 
ridge can be found in the investigation area (see fig. 3) near the 
village of Nieuw Dordrecht.  The  age of the ridge is not known. 
During the Wi~rm Glaciation too, possibly towards the end of it, a 
drainage zone formed at the foot of the "Hondsrug"  (i.e. at the 
extreme western side of the depression) which was the source of 
the present river, the Hunze. Part of its water originated in the 
"Hondsrug" ;  the valleys thus eroded are visible on the border 
of the "Hon.dsrug" as side valleys of the Hunze. 

The  fluvial loam sheet in the western part  of the depression, and 
part of the fluvial sands under  it, disappeared in this drainage phase, 
with the result that  the western side of the Hunze depression is now 
the deeper, see the contour map,  fig. 4. During the Late-glacial, 
organic sedimentation occurred in this drainage zone, a beginning 
of the organic filling up of the Hunze valley, which ended with the 
artificial drainage of Bourtanger Moor at the end of the Middle Ages. 

We have assigned different names, according to geomorphologi- 
cal criteria, to the various parts of the Hunze depression in the area of 
our investigation, see fig. 3- We have called the whole ice-marginal 
valley the Hunze depression; that  part of the depression where the 
fluvial loam sheet and part of the fluvial sands have disappeared is 
called the Hunze valley (the western, deeper part  of the depression), 
which has a steep western and a gradual eastern slope. The  side 
valleys run into this Hunze valley, the beginning of the Hunze. 
There is a low spot in the cover sand ridge east of Nieuw Dordrecht  
which we have called the spillway, since, via this low spot, the 
southern part  of the Hunze depression (the whole area south of 
this cover sand ridge) drained into the Hunze valley. We have 
identified the area to the north of the cover sand ridge, east of the 
spillway, as the central basin of the bog. 
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The contour map, fig. 4, has been drawn from data personally 
collected, information available in the Biologisch-Archaeologisch 
Instituut in Groningen, and on the basis of bog maps. 

2.  3 . D E S C R I P T I O N  OF T H E  P E A T  R E G I O N  

Even in prehistoric and early historic times, man has tried to 
make use of the bog, by, among other things, building wooden 
track-ways (see I 1.53, P. 235) and possibly also by reclaiming the 
bog surface (I 1.5o. , I 1.5I. , p. 229 ft.). Peat was already being dug 
in the Middle Ages, especially along the margin of the bog. These 
operations probably had no more than a local effect. Peat growth, 
by which should be understood the accumulation of organic 
material especially, came to a standstill mainly, if not exclusively, 
due to the large-scale drainage in the interest of peat-digging from 
the north (the town of Groningen) at the end of the I5th century 
and later. 

These drainage and peat-digging activities reached the peat 
area east of Emmen in the latter half of the 19th century. 

Since the ombrogenous peat here did not so much drain in a 
north-westerly direction via the Hunze and the bog canals directed 
towards Groningen, as via the as yet but little affected rivulet, 
the Runde, the bog complexes east of Emmen were kept in a clearly 
more humid condition than further north-west. 

After c. 187o , however, the bog vegetation was seriously 
affected by the burning of the bog surface in the interest of buck- 
wheat cultivation. Peat has been systematically dug in this area 
since shortly after the turn of the century, originally entirely by 
hand, l a t e r -  till about 1965 - -  partly mechanically: the digging 
was still done by hand; machines were used for making the peat- 
blocks. The drag-line was introduced as a peat-digging tool be- 
tween 1962 and 1965; now peat-digging by hand has become rare. 

The larger part of the bog had already disappeared by this time; 
narrow peat-blocks still remained with, in favourable cases, a 
length of more than I km, and with a flat, easily decipherable face. 
Most of our observations have been made on such peat-faces. A 
thickness of IO m of peat - -  in an undrained condition - -  was no 
exception in this area; now thicknesses of 3 metres, at the most 4, 
are still found. About I m of peat was lost due to the burning of the 
surface for buckwheat growing; for the rest, the decrease of the 
peat can be ascribed especially to shrinkage as a result of drainage. 

Since the western marginal parts of the bog disappeared at an 
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early stage, the western extent of the bog could not be established 
with any certainty; it did seem from old maps (including topo- 
graphical maps, scale I :25,ooo, 19o2 edition) that this limit lay 
to the east of Emmen, at about 2o metres above NAP. For this 
reason, the 2o metre contour has been taken on our maps of the 
investigation area as the extreme limit of westerly expansion of the 
bog. 

Not one of the settlements on the bog surface which came into 
existence towards the end of the [9th and the beginning of the 
2oth century (e.g. "Maneschijn" situated on our peat-face H) has 
survived. The only reminders of the generally very impoverished 
existence of the peat-diggers have been preserved in a tangible 
form, more or less true to life, in two museums: the open-air 
museum, "De Zeven Marken" in Schoonoord on the Drenthe 
Plateau, and the peat museum village, '" t  Oale Compas" near 
Barger Compascuum. 

Great social, cultural and political changes have also taken place 
here, simultaneous with - -  and partly parallel to - -  these great 
changes in the peat landscape east of Emmen. These will not be 
discussed in this study. 
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2.4. METEOROLOGICAL INFORMATION 

The north-eastern part of the Netherlands has an annual precipi- 
tation of 7oo--75 ~ mm (Bos & NIERMEYER I955, Atlas der gehele 
aarde). Precipitation measurements at Uithuizen, 75 km to the 
north of the area studied, give an annual average, between the 
years I93I--X96o , of 738.o• mm. In the "summer period" 
(from April to September) the average precipitation is 38o.i mm. 
The driest months are March and April, with an average of 4o.3 
and 4o.6 respectively; the wettest months are July and August, 
with an average of 82. I and 83. 7 mm resp. A mean annual tempe- 
rature of 9.o ~ has been recorded at Eelde, 5 ~ km to the north- 
west of the area studied, in the period 1947--1965 . The coldest 
months are January (average temperature o. 9 ~ and February 
(average temperature 1.3 ~ In the "summer period" the monthly 
averages are: April, 7.5 ~ May, I I. 5 ~ June ,I4. 5 ~ July and 
August, both I6. 3 ~ and September, i3. 7 ~ the average number 
of "summer days" Itemperature above 25 ~ in June, 5; in July 
and August, each 6--7; total, 2o--25 "summer days". The first 
"frost day" falls, on average, between 15 October and i November; 
the last "frost day" between I and 15 May. The average length of 
the frost-free period is 15o--I75 days; the average number of 
"frost days" is 8o--9o. Between the years I93I--I96O , the average 
number of "frost days" per winter were: in October, 2; November, 
7; December, I4; January, I8; February, 16; March, I4; April, 5; 
the average total, 77. The average numbei" of "ice-days" {the 
temperature not rising above freezing-point): December, 3; Janu- 
ary, 7 and February, 6; average total, i6 - - i  7. These data have 
been taken from the Atlas van Nederland (Topografische Dienst, 
Delft, 1963--i969). 

K. MULLER (1965) records the following figures concerning 
precipitation and average temperatures at Sch6ninghsdorf, only a 
few kilometres from the area studied, in the period 1891--193o; 
mean annual precipitation, 738 mm, 392 mm of which in the 
"summer period". Mean annual air temperature, 8.o ~ Mean 
summer temperature (April--September), 12.9 ~ OVERBF CK ( 195 o) 
supplies a detailed table of meteorological data; he distinguishes 
a number of "Klimakreise" on the basis of the mean air tempera- 
ture, precipitation, "frost days", mist, etc. Bourtanger Moor lies in 
OVERBECK'S "northern Emskreis", which is characterised by a 
rather pronounced, but not extreme, oceanic climate. 
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2. 5 �9 ARCHAEOLOGICAL INFORMATION 

The area east of Emmen,  i.e. that part  of the Drenthe Plateau 
which borders directly on the peat area studied (see fig. I), has 
long been known for its many prehistoric finds. In  the section 
"Kroniek van opgra'vingen en vondsten in I96i"  (N.D.V. 8I) 
(Chronicle of excavations and finds in I96I), under  the heading 
"Voortgezet onderzoek in het uitbreidingsplan Angelsloo, gem. Emmen" 
(Continued excavations in the new housing development at Angels- 
loo, in the municipality of Emmen),  VAN DER W ~ L S  (I963) could 
announce,  concerning this area (in the triangle Angelsloo--Emmer-  
schans--Nieuw Dordrecht,  see fig. 2) : "Numerous finds were made, 
spread over the terrain, which included artifacts from almost every 
period from the Late Palaeolithic Age to the Carolingian Period". 
A discussion of the prehistoric and early historic finds and traces of 
human  settlement lies outside the scope of this investigation. We 
shall confine ourselves to a summing up of a number  of the most 
important  of such traces and finds from this area, without attempt- 
ing to be comprehensive. 

A few Middle Palaeolithic finds are known from the surroundings 
of Emmen.  Younger Palaeolithic (Hamburg and Tjonger group) 
and Mesolithic finds appear, scattered over large parts of the area; 
these finds have not yielded a picture of the nature of the habitation, 
a circumstance which can be largely ascribed both to Late-glacial 
sand drifts (cover-sand deposits) and to later aeolian sand move- 
ments in the Subboreal and Subatlantic periods. 

In the Neolithic, the area was inhabited by people of the Funnel  
Beaker Culture (passage graves--Dutch:  hunebedden--flat-graves,  
arable land?) and by people of the Protruding Foot Beaker (PFB) 
culture (burial mounds, flat-graves, settlement remains, arable 
land). In the Early, Middle and Late Bronze Age, a village 
developed in this triangle, with large farms, accompanying arable 
land and burial mounds. A very large complex of "celtic fields" 
(enclosing the greater part of the village and triangle mentioned) 
and Urnfields are indications of intensive habitation in the Late 
Bronze and Iron Ages. Traces of habitation are also known from 
the Migration Period, as also from the Middle Ages (J. D. VAN 
DER WAALS r 0 .  H. HARSEMA, verbal communication).  The  pollen 
diagrams from this area (including VAN ZEIST I955a , I955b , 1959) 
yield similar information. It  may be assumed that  the area concern- 
ed has been in continuous habitation since the Neolithic, i.e. since 
the time of the Funnel  Beaker culture. The  boulder clay comes in 
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this region almost to the surface, so that the soil here, in spite of its 
relatively high position, allowed for well-watered and comparatively 
fertile arable land, thanks to which an attractive settlement area 
could develop. 

In the Hunze depression itself, on the east-west orientated cover- 
sand ridge east of Nieuw Dordrecht (see fig. 3), traces of Mesolithic 
occupation (hearths and microliths) have been found. 

Prehistoric finds have also been made in the bog (see fig. 18); the 
wooden track-ways have already been mentioned (p. I8, see also 
I 1.5., P- I43 and I 1.53., P- 235). We have at our disposal informa- 
tion concerning the presence of a few more wooden track-ways. 

b 
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Fig. 3. The  names we used for parts  of the Hunze  depression east of E m m e n ;  at  
the bo t tom of the figure: simplified cross-section of the Hunze  depression along 
the line a - - b .  I = slope o f " H o n d s r u g "  wi th  side valleys (B) ; 2 = steep western 
slope of the Hunze  valley; 3 = the Hunze  valley ( =  dra inage  gulley) ; 4 = gra- 
dual  eastern slope of the Hunze  valley; 5 = central  bog area or central  basin of  
the bog; 6 = eastern par t  of the Hunze  depression 7 = southern  par t  of the 
Hunze  depression; 8 ~ Dren the  Plateau;  9 = east-west or ienta ted cover-sand 

ridge; A:  the spillway. 
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VAN DER WAALS (I964) described a number of Neolithic wooden 
disc wheels, a few of which come from this region. The remains of 
a Bronze Age wooden sanctuary surrounded by a circle of stones 
have been found close to Barger Oosterveld (VAN ZEIST & WATER- 
BOLK I96o; WATERBOLK & VAN ZEIST 1961 ). 

GLASBERGEN (I956) describes a bronze dagger which was found 
in the bog; BUTLER'S three Bronze Age hoards from Barger 
Oosterveld (I96O) are, however, finds from the sandy soils. A peat 
body was found in I936 in the Emmererfscheiden bog, in the 
extreme north of the area studied. In 1952 , a leather purse with 
silver coins dated to c. I9O A.D., was found near Barger Compas- 
c u u m  (GLASBERGEN I956; VAN ZEIST 1956 ). The place of discovery 
was in the extreme south-east corner of the investigation area. 
Many stone axes and bronze objects have come to light in the bog. 
Many of these objects are now in the Provincial Museum of Drenthe 
at Assen. W. H. ZIMMERMANN has catalogued and worked on finds 
from bogs in many parts of Germany and the Netherlands. His 
catalogue (which is now in press) is held to be the most comprehen- 
sive concerning bog finds. 

2.6. METI-IODS OF INVESTIGATION 

The following methods of investigation were employed in order 
to obtain the necessary information: 

2.6. i. Field investigation 

I. Survey; selection of the vertical peat-faces 

Between 1959 and I963, all the vertical peat-faces which were 
still present in that part of the Hunze depression which lies to the 
east of Emmen were inspected; attention was paid to their state of 
preservation, to the thickness of the peat deposits, to the variety in 
the types of peat and to differences in the various peat deposits. 
In order to obtain as complete a picture of the stratigraphy of the 
bog in this area as possible, a number of vertical peat-faces was 
selected, whose stratigraphy was fairly accurately established. 

2. Measuring and drawing the vertical peat-faces 

After the face had been levelled, the thickness of various peat 
deposits was measured in places which were suitable for this. The 
distances between the points examined (the pits) vary rather 
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widely; on the one hand, the peat-face had to be sufficiently un- 
damaged at that spot, on the other hand, marked changes in the 
stratigraphy of the peat-face over a comparatively short horizontal 
distance sometimes made it necessary to choose pits which were 
close together. All the pits have been dug down into the mineral 
subsoil. The places measured have been plotted mainly as peat 
monoliths (scale I : 2o), and afterwards the corresponding points 
(mostly transitions in peat types and/or degrees of humification) 
were connected with each other by straight lines. Practical conside- 
rations dictated the use of a horizontal scale of I �9 I ooo here, which 
thus makes a vertical exaggeration of 5 ~ times. 

A total of i7 vertical peat-faces were measured and drawn (see 
fig. 2); peat-face A in September 1959; the faces C, D and E in 
September 1961 ; the rest of the faces in the months of M a y - -  
September 1963 . The different types of peat which were distinguish- 
ed and the stratigraphy of the faces are given in Ch. 3. (PP. 29--  
43). The total length of the faces is more than 9.6 km; there are 
almost 5oo pits; see figs. 2o--33. 

3. Drawing of sections and profiles 

Parts of vertical peat-faces, bog surfaces which have been dug off, 
groups of stumps found in the bog, etc., have often been the subject 
of further investigation in the years 1962 _ 1965 . For this, the section 
of the vertical peat-face or the horizontal level concerned was 
drawn in detail, often using a grid with Io •  IO cm squares, or 
5 o •  cm squares, ("grid sections", "sections", "profiles", "le- 
vels"). Measurements were carried out on a few groups of stumps 
("sections"). The position of these sections and profiles (EMMEN I, 
EMMEN 2, etc.) has been indicated on the vertical peat-face drawings, 
with the exception of the sections EMMEN 32, EMMEN 33 and 
EMMEN 34, which do not come from one of the 17 vertical peat-faces 
drawn. For the position of these three sections see 3.1.5., P. 43, and 
figs. 2 and IO. 

4, Sampling 

Material for examination in the laboratory was collected in the 
following ways: 

a. monoliths for pollen analysis and for rhizopod analysis 
Samples were taken exclusively from vertical peat-faces. For this 

purpose, iron tins (length 3 ~ cm, cross section 2. 5 •  cm.) were 
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struck vertically into the peat-face, then cut out, and afterwards 
wrapped in polythene. As many stratigraphical observations as 
possible were recorded on the tins. No core samples were taken. 

b. material for macroscopic examination 

Pieces from a few types of peat were cut out and packed in 
polythene bags. The size of these samples is recorded in the discus- 
sion of the peat type concerned. 
Peat for macroscopic examination was also collected in tins. 

c. samples for dendrochronological examination 

For a few series of Pinus stumps, a slice of the lowest part of the 
trunk of the stumps was sampled, using a power saw. The thickness 
of the slices was c. io cm. 

d. samples for radio-carbon dating 

Some Pinus stumps were collected in order to date the layer in 
which they were found. Peat samples for radio-carbon dating were 
obtained by digging out a block of peat, usually approx. 25 • 25 cm and 
approx, xocm thick, after which a 2--3 mm thick layerwas prepared. 
These datings have been given in table I, p. 28. 

e. samples for other types of examination 

Samples of various types of peat, peat minerals (including 
dopplerite and siderite), sand, fluvial loam, etc. were brought back, 
generally in polythene bags, for laboratory examination. These 
samples were usually cut out with a knife. 

5. Measuring on stumps 

With the use of a measuring-rule, the diameter of the trunk, 
including the bark, of a large number of Pinus stumps was measured 
immediately above the roots. In another group of stumps, the cone- 
shaped top was sawn off, after which it was determined on which 
side of the tree most wood growth had occurred. 

6. Excavations of track-ways 

Large parts of the four wooden track-ways still present in the 
investigation area were doomed to disappear as a result of the 
advancing peat reclamation. We were able to excavate compar- 
atively large sections of these track-ways: 
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hurdle track-way XIV (Bou)1) in September--October 1962 
and in June--July i963. 
northern wooden path XVI (Bou) in September i96i , June - -  
August 1963 and May x967. 
southern wooden path XVII  (Bou) in March i96i , June - -  
August i963 and May 1967. 
Neolithic track-way XXI (Bou) in March--April I964. 

7. Borings in the mineral subsoil 

In April x966 , the Geological Survey of the Netherlands made a 
bore-investigation of the stratigraphy of the Hunze ice-marginal 
valley (supervised by Drs. M. W. TER WEE); the field data have 
been put at our disposal by Drs. TER WEE. 

8. Geological mapping; determining the area to be studied 

Locating the spread of various types of peat and of the characte- 
ristic features in the peat deposits was done in two ways: 

a. by surveying the vertical peat-faces and the mineral subsoil, 
b. by questioning the local population, in particular by interview- 
ing the peat diggers. 

The area studied was originally defined as "the peat region east 
of Emmen". The investigation area indicated in fig. 2 can be 
regarded as that part of the peat region concerned about which, 
in our opinion, a sufficiently clear picture of the stratigraphy and 
development of the peat deposits could be obtained by examination 
and enquiry. In a few cases, information about a considerably larger 
area was obtained; this has been indicated in fig. I by different 
rectangles (a: the investigation area proper, b and c: larger areas). 

2.6.2. Laboratory examination 

I. Pollen analysis and the compiling of pollen diagrams 

I cm thick slices were cut from the monoliths sampled.These 
samples were prepared by boiling in IO % KOH, filtration, 
acetolysis, dyeing with saffranin, after which they were preserved 
in glycerine (the ERDTMAN method, modified by FAy.am & IVERSEN 
1964). Sandy and loamy samples were boiled in 5 ~ % HF before 
acetolysis. Also, material from rhizopod samples which had already 

1) Bou is the abbreviation for Bourtanger Moor; numbering according to the 
system developed by HAYEN (I957) , see also on p. 35 under VIII  d. code for 
trackway numbering. 
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been counted was used for pollen analysis. In this case, the K O H  
treatment was omitted during the preparation. 

The tree pollen sum - -  the basis of the calculation of percentages 
for most of the diagrams - -  is usually more than 5oo. So-called 
Iversen-diagrams were prepared from a few Late-glacial profiles; 
the Cyperaceae .were. here excluded from the pollen sum, because 
they formed an important component of the local vegetation. 

For practical reasons, not all the pollen types met with in the 
spectra have been set out in the diagrams. In general, we have 
reported only those pollen types which appeared in not too limited 
numbers, and which could yield information about dating, bog 
development, etc. 

2. Rhizopod analysis and the compiling of rhizopod diagrams 

i cm thick samples (principally of ombrogenous peat) were 
prepared by boiling in water to which a drop of K O H  had been 
added. The material was then sieved and preserved in glycerine. 
Contrary to the usual procedure in pollen analysis, absolute num- 
bers, and not percentages, are set out in the rhizopod diagrams, 
(see also 1.4. , p. 9, where the principles of rhizopod analysis have 
been discussed). 

Instead of counting 5 microscopic slides per sample (see, e.g. 
GROSPIETSC~ I958 , p. 76), we generally counted I, although 
sometimes 2�89 per sample. In the diagrams we have always given 
the numbers per slide. 

3. Determination of mosses and compilation of moss diagrams 

For the preparation of rhizopod samples, a sieve was used with 
mesh of such a diameter, that the residue contained still recognisable 
remains of Sphagna and other mosses, if these were present in the 
starting material. The frequency with which these moss remains, 
mainly leaves, occurred was estimated during the rhizopod count. 
The frequencies obtained have been given in a scale with 5 divisions 
(I = rare, very few; 2 = few; to 5 = very many). The moss 
diagrams have been put next to the rhizopod diagrams, on the 
right, in those profiles for which both rhizopod and moss remains 
were determined. 

4. Determination of (other) macroscopic remains. 

The samples for macroscopic investigation were left immersed 
for a few days in 5 % HNOn, after which the material was washed 
through a fine sieve. The residue on the sieve was then examined 
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for its seed, fruit, leaf, twig and  flower content .  T h e  results have  
been set out  in tables;  the results have  been given in d i a g r a m  form 
in one case (i 7B-macr ,  see fig. 87). 

Wood  remains,  i f  the type could not  be identified in the field, 
were de t e rmined  using microscopic  sections. 

5. Dendroch rono logy  

T h e  s tumps  collected for this purpose  were  examined  by  Dr.  
A. V. MUNAUT, of  Louvain .  For  the me thod  of  examina t i on  and  
the results, see VOOEL, CASPARIE & MUNAUT I969 and  MUNAUT & 
CASPARm (1971). This  is fur ther  discussed in IO.5,  p. I22. 

6. 14C-dating 

PROF. DR. J .  C. VOOF.L da ted  the wooden  t rack-ways  found in the 
a rea  s tudied and  a n u m b e r  of  wood  and  pea t  samples;  these dat ings 
are  repor ted  in the table  below ( table  1). A c o m p a r a t i v e l y  large 

TABLE I 
14C-dates for peat investigation 

No. section or 
GrN- object profile date discussed in: 

xo87 trackway XXI (Bou) EMMEN 33 
2986 trackway XXI (Bou) EMMEN 33 
4149 trackway XVII (Bou) EMMEN I6 
4342 trackway XVII (Bou) EMMEN 16 
4622 trackway XVI (Bou) EMMEN X 5 
4147 trackway XIV (Bou) EMMEN 7, X2 

4X46 upper x/3 cm of highly EMMEN X I 
humified Sphagnum peat 

4148 lowermost I/3 cm of EMMEN X I 
fresh Sphagnum peat 

4624 base of hummock EMMEN I 7 
4623 top of hummock EMMEN I7 
4804 base of Menyanthes- EMMEN 3 I 

Betula peat 
48o3 middle of Menyanthes- EMMEN 3 X 

Betula peat 
4626 top of Menyanthes- EMMEN 3 I 

Betula peat 
48oi tree rings 50--60 EMMEN 29 

of Pinus stump 
4625 tree rings 20--30 EMMEN 19 

of Pinus stump 
4802 dopplerite on top EMMEN X 9 

of seepage peat 

213o4-55BC II.5.,P. I43 
215o4-55BC Ix.5.,p. x43 
t i7o4-5oBe xi.29.,p, x84 
IX954-55 BC 11.29, p. 184 
53o• oBC xi.28.,p, t84 
17o+5 oBC tt.24.,p. 172 

and I z.25, p. 172 
18154-4o BC I 1.3. , p. 141 

I8OO4-5 oBC II.3. ,p.  14I 

x89o+6oBC xi.26.,p, z74 
54o4-6oBC II.26.,p. x74 

229oi6oBC II.X7.,p. I57 

23504-55 BC II.I7. , p. I57 

x92oi6oBC II . t7 . ,p .  I57 

24IO+55BC xo.7.,p. I3O 

249o4-7 ~ BC x 1.4t., p. 209 

26504-90 BC Ix.4x., p. 209 
(minimum age: treated with 
acid only) 
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number  of datings was made of the material examined dendrochro- 
nologically; see table VI I I .  B.C. dates are given in this study. All 
the peat formed since the beginning of the Christian era has been 
lost by the burning off of the bog surface for duckwheat  cultivation, 
and because of this we have not used the term A.D. in the investi- 
gation. 

C H A P T E R  3." T H E  V E R T I C A L  P E A T - F A C E S  

3"I" DESCRIPTION OF THE VERTICAL PEAT-FACES WHICH HAVE BEEN 

DRAWN 

3. i . i .  The terminology and symbols used 

Originally, we used mainly descriptive field names in the draw- 
ings, for which easily established characteristics such as colour, de- 
gree of humification and wood content were used. 

In the course of the investigation, however, many names have 
been replaced by names which indicated the nature of the peat 
layer concerned or its origin. Examples of this are the loess layer, 
which was originally taken to be a loamy gyttja, and a greasy, 
highly humified, charcoal-rich peat layer, which is present in 
many peat-faces and which we called the "Early Atlantic desicca- 
tion layer". 

A great number  of characteristics were distinguished during 
the field investigation. Later it turned out not to be necessary to 
use a number  of these, which could be, for convenience, defined as 
local variations in the peat deposits. These characteristics were not, 
in our opinion, of essential significance, or they were more suitably 
placed in section drawings (grid sections, profiles). 

Not all the types of peat distinguished in the investigation could 
be translated into symbols. On the one hand, a proliferation of 
symbols would not enhance the legibility of the peat-face drawings 
(this holds good to a considerable extent for the "intermediate 
deposits", see below, in this section); on the other hand, an incor- 
rect impression of the peat type concerned might be gained by the 
vertical scale exaggeration used (this holds good for, among other 
things, the siderite lenses, the drying cracks and the erosion gullies, 
see below in this section). 
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The symbols have been divided into groups (fig. 19) which 
correspond as closely as possible with the peat types, as they will 
be discussed in the following chapters (5.--I I., pp.. 52--251 ). The 
composition of the types of peat will be under discussion in these 
chapters. Nevertheless, we shall go into the subject of this composi- 
tion to some extent in the explanation of the symbols following 
below. 

3.I.2. Description of the symbols of fig. 19 

I. Mineral subsoil 

I a. sand 
fluvial, white to light yellow sands, occasionally somewhat 
loamy, at several places with gravel. 

I b. podsolised sand 
that part of the mineral subsoil which is in the highest 
position, i.e. the slope of the "Hondsrug", is podsolised. 

I c. fluvial loam 
very finely grained to almost sandy, fluvial (Pediastrum!) 
loam, often somewhat humic; in some places rich in 
siderite, and lumpy; usually xo--25 cm thick, placed 
on fluvial sand. 

II. Late-glacial deposits 

II a. "Braunmoostorf" (moss peat) 
generally but little decomposed Hypnaceae (moss) peat, 
orange on first appearance, oxidising very quickly to 
black; with many remains of monocotylous plants, nearly 
always somewhat sandy, at the base occasionally somewhat 
browner and, if so, more decomposed. 

I Ib .  brown gyttja 
comparatively fine, somewhat sandy, brown gyttja, with 
numerous Phragmites rhizoms. 

II c. loess layer 
the thin layer of eolian loam (16ss) on II b; very finely 
grained, here and there sandy, sometimes rather humic; 
often with a very thin layer of charcoal at the top. 

I I d .  layer of twigs 
thin, dark brown peat deposit, composed largely of thin, 
flattened twigs or trunks of (considering the pollen content) 
Betula. 
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III.  Boreal gyttja 

I I I a .  orange gyttja 
very fine, in general but little sandy gyttja, composed 
largely of pollen; orange on first appearance, oxidising 
rather quickly, to dark brown. 

III  b. grey gyttja 
highly sandy, often somewhat humic gyttja, and, for this 
reason, sometimes difficult to distinguish from humic 
fluvial loam. 

IV. Non-ferruginous fen peat 

IV a. fen peat 
generally highly humified, often sedge peat, rather com- 
pact; Menyanthes seeds visible here and there when broken 
open; dark orange colour. 

IV b. fen-wood peat 
mostly far less decomposed than the fen peat, considerably 
looser, usually with remarkably many wood-remains, 
especially Alnus, to a lesser extent also Betula; the latter 
often yisible as fine, white bark layers; numerous Menyan- 
thes seeds in the peat; somewhat lighter orange than the 
fen peat. 

IV c. wood layers 
present especially in fen-wood peat, although, to a smaller 
extent, also in fen peat, and in the ferruginous Hypnaceae 
peat (see V b); composed of remains of trunks and/or 
roots of, especially, Alnus and Betula; could also be called 
wood peat. 

IV d. charcoal layers 
black layers, often composed of greasy peat with bits of 
charcoal. 

IV e. Boreal charcoal layer 
as above, occurring in face A; with very fine charcoal 
particles. 

IV f. Early Atlantic desiccation layer 
as IV d; sometimes double; in that case, with a very thin 
layer of very highly decomposed fen peat in-between. 

V. Seepage peat 

V a. ferruginous Hypnaceae peat 
in general, sedge-rich Hypnaceae fen peat ("seepage 
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peat"), mostly not highly decomposed; fairly compact, 
with desiccation cracks. Usually strongly ferruginous (red 
ash on burning!), often layered. 

V b. ferruginous fen peat 
sedge peat, sometimes containing some wood, mostly with 
Hypnaceae, which produces red ash on burning. Can be 
distinguished from non-ferruginous fen peat by the greater 
degree of humification, the pitch black colour in the 
peat-face, and the clearly different breaking pattern on 
drying out. 

V c. siderite lenses 
accumulations of siderite (a ferrous carbonate complex) 
appearing in the iron-rich Hypnaceae peat(Va), off-white 
when fresh, greasy (resembles clay or loam), changes to a 
red colourin c. 3 weeks, becomes hard and lumpy and can 
then be easily powdered. Sometimes thin layers ofvivianite 
are also present in theselenses (a ferrous phosphate complex), 
and this is also off-white at first, changing to blue in a few 
days. 

V d. seepage peat dopplerite layer 
the topmost I - -  4 cm of the ferruginous Hypnaceae peat, 
which is filled with amorphous, to some extent resilient, 
slightly glossy dopplerite. Dopplerite becomes very hard 
on drying out, and disintegrates very easily. There is also 
a dopplerite filling in the drying cracks in seepage peat. 

VI. Pine stump layers 
VIa .  pine stumps (layer) 

a layer composed largely or entirely of well-preserved 
stumps, roots, and sometimes parts of the trunks of Pinus 
sylvestris. The pine stump layer present on top of the non- 
ferruginous fen and fen-wood peat is from the "Middle 
Atlantic pine forest"; stumps from the "Late Atlantic pine 
forest" are on top of the iron-rich Hypnaceae peat. 

VI b. Scheuchzeria peat 
highly layered peat, composed largely of Scheuchzeria 
palustris remains, with, only rarely, a few pine stumps. 

VI c. Pinus-Scheuchzeria peat 
highly layered peat, composed mainly of Scheuchzeria and 
Pinus remains. 

VI d. Polytrichum peat 
peat with many remains of Polytrichum spec., black, often 
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slightly shiny when dry; small quantities of this peat found 
especially in VI a, and, to a certain extent, also in VI c; 
there, however, not mentioned separately as such. 

VII. Ombrogenous" peat 

VII  a. Menyanthes-Betula peat 
a peat resembling fen-wood peat, in which abundant 
remains of Menyanthes (especially the leaves which are 
white on drying out) and Betula (including white bark 
layers) are visible; light brown colour when dry. Not 
regarded as fen-wood peat (IV), due to its origin. 

VII  b. Menyanthes remains 
Menyanthes leaf remains which dry out white; not proper 
Menyanthes peat. 

VII  c. highly humified Sphagnum peat 
Sphagnum peat, humification H 6--9, with Eriophorum 
vaginatum and Calluna vulgaris remains. Especially S. 
rubellum, here and there S. cuspidatum. Subdivided in the 
area studied into: 
a. b r o w n - b l a c k  h i g h l y  h u m i f i e d  S p h a g n u m  pea t  

(peat-faces B---E and the western part of J); 
b. b lue -b lack  h i g h l y  h u m i f i e d  S p h a g n u m  pea t  

(faces F--I ,  eastern part of J, and K--P);  this distinc- 
tion is not given in the peat-face drawings. 

VII  d. intermediate deposits 
Sphagnum peat; the deposit with highly humified hummocks, 
hollows with fresh peat, fresh Sphagnum cuspidatum layers, 
with layers of moderately humified peat, lying on VII c. 
A moderately humified layer (H 5--6) in the highly 
humified peat of face C has been indicated with the same 
symbol. 
Highly humified peat: predominantly S. rubellum peat with 
Eriophorum vaginatum and Calluna; moderately humified 
peat: predominantly S. imbricatum and S. rubellum; fresh 
peat: apart from S. cuspidatum, chiefly S. papillosum and 
S. imbricatum. 

VII e. fresh Sphagnum peat 
Sphagnum peat, humification H I--3, composition: see 
VII d. Thin layers of more humified Sphagnum peat also 
in this deposit; generally but little Eriophorum vaginatum and 
Calluna. 
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VII  f. Calluna-rich peat 
predominantly highly humified Sphagnum peat (H 8--9) 
with very many remains of Calluna vulgaris. The dried peat 
is "sharp" to the touch because of the numerous Calluna 
stems ("sharp peat"). 

VII  g. Eriophorum vaginatum peat 
highly humified peat (H8--9)  , weith very many leaf- 
sheath remains of Eriophorum vaginatum. 
Eriophorum vaginatum is generally present in the moderately 
and highly humified peat ("flock"); the so-called "flock- 
brushes" (cotton-grass tussocks) have not been indicated 
as Eriophorum peat. 

VII  h. Sphagnum peat dopplerite layer 
thin desiccation layer in the highly humified Sphagnum 
peat of the faces H and I, on which level dopplerite has 
been deposited. 

VII  i. wooden trackway 
VI I j .  anthropogenous layer 

a. the charcoal-rich, highly decomposed layer in peat-face 
B, above pits 33--4 ~, in the intermediate deposit; 
probably an overgrown agricultural layer. 

b. the "buckwheat layer", created by burning the upper- 
most layer of deliberately dried peat for the sake of 
buckwheat growing. This layer has been found in most 
of the peat-faces; it has been drawn into face B only, 
above pits 5o--5 I 

VII  k. secondarily weathered layer 
uppermost layer of Sphagnum peat, with a high root content; 
this layer, mainly containing Calluna vulgaris and Molinia 
caerulea, has not been recorded in the description of the 
vertical peat-faces, with the exception of face B. The 
buck-wheat layer can still be recognised at the bottom in 
many places. 

VIII .  Miscellaneous symbols 

VII I  a. points examined 
those places, called pits, where the vertical peat-face was 
measured and drawn. In general, observations have also 
been made between these points. 

VII I  b. contact points between 2 peat-faces 
the last pit of a vertical peat-face was, if possible, also 
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V I I I  c. 

V I I I  d. 

utilized as a pit of the peat-face situated at a right angle to 
the former. 
sampling places 
indication of the place where a profile, level or section for 
laboratory analysis was sampled, or was drawn in greater 
detail. 
code for wooden trackway numbering 
the wooden trackways in this bog were numbered accord- 
ing to the system developed by I~AYEN (I957): 
the serial number  of the wooden trackway is written in 
Roman  numerals in front of the abbreviation for the name 
of the bog (in this case "Bou" for Bourtanger Bog). 

3.1.3. The position of  the vertical peat-faces 

The position of the vertical peat-faces in the area studied which 
were drawn is given in fig. 2. The  faces with northern exposure have 
been drawn as faces with southern exposure; the faces with western 
exposure as faces with eastern exposure. We drew mirror-image 
reproductions of the peat-faces concerned (part of A, part  of D, 
J,  P and Q ,  resp., G, H and N) to increase the uniformity of the 
peat-face drawings. 

The  description of the peat-faces is followed by a short description 
of a few sections and profiles which have been sampled from peat- 
faces which have not been drawn. The position of such sections is 
given in fig. 2, with the exception of the section EMMEN 34, whose 
position is indicated in fig. I o. 

3. i .4. The vertical peat-faces 

The vertical peat-faces were all composed of deposits of very 
well-drained, hardset peat; consequently, the thickness of the depo- 
sits was formerly considerably greater; moreover, measurements were 
made a few times at a place where the peat-face had subsided even 
more, e.g. face I (fig. 28), pit 286. The  types of peat per face are 
named from the bottom to the top, al though this has not always 
been mentioned. 

Vertical peat-face A (fig. 2o), length 35 ~ m 
pits 1--29, east-west face; pits 1--23: northern 
24--29: southern exposure. 

exposure, pits 
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Subsoil: sand (Ia), in pits i--IO with peat podsol (I b). Braun- 
moostorf (moss peat) (II a) on sand in the lower part (pits 17--29). 
A loess layer (II c) on the Braunmoostorf, containing charcoal 
particles in the upper part. In pits I7--2I:  sand layer tailing off 
into loess. On the sand layer and the loess layer between pits 
i7--26 , two charcoal-rich peat layers (IV e and IV f); between 
pits 27--29 one charcoal-rich layer (IV f). On the topmost charcoal 
level: fen-wood peat (IV b) gradually changing into a very thick 
Pinus-Scheuchzeria deposit (VIc). Right at the top, above pits 
24--29, highly humified Sphagnum peat (VII c). 

Vertical peat-face B (fig. 21), length 45 ~ m 
pits 3o--5I, east-west face, southern exposure 

Subsoil: sand (I a), changing in pits 30--31 and 34--36 via a 
charcoal layer (IV d) into fen-wood peat (IV b). In pits 37--5 I, 
Braunmoostorf (II a), on top of which the loess layer (II c) with 
charcoal particles at many places. On the loess layer the twig 
layer (IId);  above this, fen peat (IV a) and the Early Atlantic 
desiccation layer (IV f), which consists in most pits of two charcoal 
bands, separated by a thin layer of fen peat. Above the Early Atlantic 
desiccation layer, fen peat (IV b) with, above pits 38, 46--48 and 
49--5 o, ferruginous fen peat (V b). On the fen-wood peat, the 
Middle Atlantic pine stump layer, with much Scheuchzeria (VI c), 
with, in places, several wood levels. In the highly humified Sphagnum 
peat (VII c) above pits 3o--3 I, 37--38, and 4 I, a few pine stump 
layers (VIa); above pits 49--5 I, Calluna-rich peat (VII f). On 
top of the highly humified Sphagnum peat above pits 3o--37, a thick 
deposit of Pinus-Scheuchzeria peat (VI c) and above pits 37--44, 
Scheuchzeria peat (VI b). Over the whole length, the intermediate 
deposit (VII d), which contains a weathered soil layer (VII j) 
above pits 33--41. Above pits 34--51: fresh peat (VII e), on the 
upper side secondarily weathered (VII k) with the buck-wheat 
layer (VII j) here and there (including pits 5o--51). Above pit 49, 
a trackway ("the hurdle trackway") in the fresh Sphagnum peat. 

Vertical peat-face C (fig. 22), length 112o m 
pits 52--98 , north-south face, eastern exposure 

Subsoil: sand (I a) with some gravel. Braunmoostorf (II a) over 
the whole length, on top of which the loess layer (II c) with 
charcoal particles and in pits 55--98 the layer of twigs (II d). In 
the fen peat (IV a), which is not present in pits 53--54 and 56, 
some charcoal layers (IV d). On the Early Atlantic desiccation 
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layer (IV f) fen-wood peat (IV d), with the exception of pits 
64--7o , where the fen peat clearly contains less wood. 

In the fen-wood peat, a pine stump layer (VI a) above pits 
76--81. Above the fenwood peat between pits 84--94, some 
ferruginous fen peat (V b) and above pits 88--9i , Polytrichum 
peat (VI d); this peat, in pit 94, is also present in the Pinus-Scheuch- 
zeria layer (VI c). On top of the fen peat in pits 65--69, a deposit of 
ferruginous Hypnaceae peat (V a) with siderite (V c). 

Over the fen peat and the ferruginous Hypnaceae peat, the pine 
stump layer (VI a) consisting in many places of Pinus-Scheuchzeria 
peat. In the highly humified Sphagnum peat (VII c) above pits 
52--54, a Pinus-Scheuchzeria layer, above pit 57 a pine stump layer, 
and between pits 62--66 and 68--7 o, a moderately humified 
Sphagnum layer (VII d). In the lower part of the intermediate 
deposit (VII d), Scheuchzeria peat (VI b) in some places. In the fresh 
Sphagnum peat (VII e), a wooden trackway between pits 67--68 , 
the hurdle trackway. 

Vertical peat-face D (fig. 23), length I IOO m 
pits 99--I49, east-west face; pits 99--141: southern exposure, pits 
I42--I49 (including pit 52 from face G): northern exposure. 

Subsoil: sand (I a), in pits 99--IO8 with peat podsol (I b). In 
pits I2I--I36 and i4 i - - i43  , a predominantly very thin layerof 
Braunmoostorf (II a), in pits 52--i49 , a considerably thicker layer 
of Braunmoostorf (II a). On the Braunmoostorf, the loess layer 
(II c). Only in pits 146 and between I47--i49 , the twig layer 
(IId).  In pits I2I, I23--13I , I35--I38 and I43--I49 , highly 
humified fen peat (IV a). In pits i2 i - - i38  and 142--149 the (at 
places double) highly humified, charcoal-containing, Early Atlantic 
desiccation layer (IV f). Where the fen-wood peat lies on sand 
(pits IO5--i2o and I37--I42), a charcoal-rich layer (IV d) is 
present at the base. At the top of the fen-wood peat above pits 
I23--125, Scheuchzeria-rich peat (VI b). The pine stump layer 
(VI a) in pits 99--io5, directly on sand; where the layer lies on 
fen-wood peat, at places with much Scheuchzeria (VIb). Above 
pits io5-- i  i6, Scheuchzeria peat in the stump layer. In the highly 
humified Sphagnum peat (VII c), pine stump layers (VI a)at  
several places (pits I I3--II4)  Scheuchzeria layers (VI b) (pits 121-- 
I23, 128--129, I3I--I36, I37--I39 ) and Pinus-Scheuchzeria layers 
(VI c) (pits I21--I22, I4I--I46 ). At the base of the intermediate 
deposit (VII d), which, like the highly humified Sphagnum peat is 
not present in pits 99--1o4, pine stump layers (pits 113, I I8-- i  i9, 
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I27--128) and a Scheuchzeria layer (pits i32- - i  34). Only above pits 
122--137 and I47--149 is fresh Sphagnum peat (VII e) present. 

Vertical peat-face E (fig. 24) , length I I3O m 
pits I5O--182 , east-west face, southern exposure 

Subsoil: sand (I a) with gravel. In pits i5o--173 and I82, 
Braunmoostorf' (II a) on sand: in pits 168--181 brown gyttja 
( I Ib ) ,  lying on sand between pits i73- - I8 I  , tailing off into the 
Braunmoostorf in pits I68--I73. The whole gyttja deposit covered 
by Braunmoostorf. On the Braunmoostorf, the loess layer (II c), 
with charcoal particles in pits 15o , 153--154 , 157--162 , 173 , i78 
and I82. The twig layer (II d) only in pits I5O , I53--154 , i57--162, 
175 , 177 and I79--18i .  In pits 15o--i54 and 157--18o , a highly 
humified fen peat layer (IV a) tailing off towards the east. In pits 
15o--181 , the occasionally double charcoal-rich Early Atlantic 
desiccation layer (IV f). The fen-wood peat (IV b) contains ferru- 
ginous fen peat (V b) at the bottom in pits I6 I - - I67  and I69--I72.  
Ferruginous fen peat is present at the top in the fen-wood peat in 
pits 174--i76 and 179--181. In pits 169--i73 , Scheuchzeria (VI b) 
in the fen peat. The pine stump layer (VI a) between pits 167--I71 
with Pinus-Scheuchzeria peat (VI c). The highly humified Sphagnum 
peat (VII c) contains much Calluna peat at the base in pits 15 ~  155 
and 157--I6O , and little between pits i81--182. Above pit I74 
some Calluna peat is present, and above pit x77 , a pine stump layer 
(VIa) .  The highly humified Sphagnum peat of this face was called 
"liver"-coloured peat by the peat diggers. In the intermediate 
deposit (VII d), Calluna peat here and there (pits i5o , i59- - i6o  , 
173 and I75 ). Between pits 165--I66 , at the top of the intermediate 
deposit, a wooden trackway, the "southern wooden path". In the 
fresh peat (VII e) above pit i53 , a wooden trackway: "the northern 
wooden path". 

Vertical peat-face F (fig. 25), length 315 m 
pits I83--21 ~, north-south face, eastern exposure 

Subsoil: sand (I a). In pits I83, I87--192, I93--I97 and 2o 5 -  
212, Braunmoostorf (II a), on top of which the loess layer ( I Ic ) .  
In pits i83-- i99  and 212, fen peat (IV a). Early Atlantic desicca- 
tion layer (IV f) present in pits i83--185, 187--i9i  , 194--I97 and 
2o5--2i I :  in these pits forming at the same time the base of the 
iron-rich Hypnaceae peat (V a) which is present in all the pits. 
Above pits I86 and I87, a siderite lens (V c). Transition to the 
highly humified Sphagnum peat (VII c) via the seepage peat 
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dopplerite layer (V d). A few dozen drying cracks filled with 
dopplerite stretching from the dopplerite layer to the mineral 
subsoil. On the highly humified Sphagnum peat, the intermediate 
deposit (VII d), which, above pits 183-194, consists predominantly 
of a comparative!y thick Sphagnum cuspidatum deposit. Fresh peat 
in most of the pits (VII e). 

Vertical peat-face G (fig. 26), length 80 m 
pits 2 ~ 2--219, north-south face, western exposure 

Subsoil: sand (I a), on top of which Braunmoostorf (II a). In 
this, in pits 2x2--2I 3 and 219, brown gyttja (II b). On the loess 
layer (II c), the twig layer (II d) with, above this, a thin layer of 
fen peat (IV a). The Early Atlantic desiccation layer (IV f) forms 
the basis of the iron-rich Hypnaceae peat (V a) which is wood-rich 
in places at the bottom (pits 2x2--2I 3 and 216--216--219). On 
top of the Hypnaceae peat, the seepage peat dopplerite layer 
(V d). Several dopplerite-filled drying cracks from this level to the 
mineral subsoil. Above the highly humified Sphagnum peat (VII c), 
the very Sphagnum-cuspidatum-rich intermediate deposit (VII d), on 
top of which fresh Sphagnum peat (VII e). 

Vertical peat-face H (fig. 27), length 540 m 
pits 22o--276 , north-south face, western exposure 

Subsoil: sand (I a), on top of which gyttja; in pits 225--232 and 
25o--254, predominantly orange gyttja (IIa), in pits 245, 267--269 
and 275--276, but little orange gyttja; in pits 22o--224, 232, 
244--248, 255--267, 27o--274, grey, sandy gyttja, (III b) exclu- 
sively, with, in most places, a thin charcoal layer (IV d) near the 
top. In the remainder of the pits, a small to a large quantity of this 
gyttja. On top of the gyttja, a thin wood-peat layer (with trunks 
of Alnus, Betula and Quercus, among others) of predominantly non- 
ferruginous peat, as basis of the iron-rich Hypnaceae peat (Va), 
which contains many siderite lenses (V c) above pits 221--222, 
232--236 and 267--276. Vivianite also in the siderite lenses above 
pits 267--276. A very large number of dopplerite-filled drying 
cracks, especiallynear the siderite lenses, stretching from the seepage 
peat dopplerite layer (V d) to the mineral subsoil. In the highly 
humified Sphagnum peat (VII c), above pits 264--272 , the Sphagnum 
peat dopplerite layer (VII h), with, above pits 264--265, a few pine 
stumps (VIa). Above pits 225--232,adeposit of Eriophorum vagina- 
tum peat (VII g) in the highly humified Sphagnum peat. The inter- 
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mediate deposit (VII d) above pits 22o--26I consists predominant- 
ly of Sphagnum cuspidatum peat; above pits 262--27 ~ it contains 
principally Scheuchzeria peat. There is no intermediate deposit 
above pits 271--276 . In this part of the peat-face, numerous 
erosion gullies reaching deep into the highly humified Sphagnum 
peat are present. Here, fresh peat (VII e) covers highly humified, 
moderately humified, and fresh Sphagnum peat, which has been 
redeposited by erosion. On the intermediate deposit, fresh Sphag- 
num peat (VII e). 

Vertical peat-face I (fig. 28), length 33 ~ m 
pits 275 and 277--290 , east-west face, southern exposure 

Subsoil: sand (I a), on top of which grey gyttja (III b) which, in 
pits2 75--28I, contains a layer of orange gyttja (III a). In pits 
283--290 , at the top of the grey gyttja, a fen-wood peat layer, on 
top of which, ferruginous Hypnaceae peat (V a). In this, very 
many, often very large, siderite lenses (V c) ,in which there is also 
vivianite, especially above pits 280--29 o. In the Hypnaceae peat, 
numerous dopplerite-filled drying cracks from the seepage peat 
dopplerite layer (V d) to the sandy subsoil. Signs of erosion in a 
number of drying cracks between pits 279--282. Above pits 
281--284, the seepage peat dopplerite surface is conspicuously 
domed. At the bottom of the highly humified Sphagnum peat (VII c), 
above pits 277--280, the Sphagnum peat dopplerite layer (VII h) 
with, above pit 280, a few pine stumps (VIa).  The intermediate 
deposit (VII d) has been affected by erosion over the entire length; 
built up predominantly out of Sphagnum cuspidatum peat. The fresh 
Sphagnum peat (VIIe) lies over the erosion-affected intermediate 
deposit. 

Vertical peat-face J (fig. 29) , length 600 m 
pits 291--336, east-west face, northern exposure 

Subsoil: sand (I a), on top of which Braunmoostorf (II a), except 
in pits 293--296 and 328--334. On the Braunmoostorf, and in pits 
333--334, grey gyttja (III b), on top of which, fen peat (IV a). In 
pits 291--293, 297--328 and 333--335, the Early Atlantic desicca- 
tion layer (IVf), above pits 293--296, a charcoal layer (IV d) on 
sand, above pits 328--333, a fen-wood peat layer (IV c). The fen- 
wood peat (IV b) in pits 291--335 changes between pits 335--336 
into ferruginous Hypnaceae peat (Va) in which is situated a 
siderite lens (V c); near the siderite lens, some dopplerite-filled 
drying cracks stretching to the mineral subsoil. The Middle Atlantic 
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stump layer (VI a) contains, between pits 317--333, Pinus-Scheuch- 
zeria peat (VI e). Between pits 333--336, and above the transition 
from non-ferruginous fen-wood peat to ferruginous Hypnaceae 
peat, lies a deposit of Scheuchzeria peat (VI b), covered by a thin 
pine stump layer (VI a). Between pits 335--336 on the ferruginous 
peat, the seepage peat dopplerite layer (V d). In the highly humified 
Sphagnum peat (VII e) between pits 293--329, several small pine 
stump layers, a few Pinus-Scheuchzeria layers, and some Scheuchzeria 
layers. Above pit 336 a large Scheuchzeria layer is present. In the 
intermediate deposit (VII d), Scheuchzeria layers, generally thin, 
are situated, above pit 334, among others. Fresh Sphagnum peat 
(VII e) is present on the intermediate deposit. 

Vertical peat-face K (fig. 3o), length 65o m 
pits 337--384, east-west face with southern exposure 

Subsoil: fluvial loam (I c), in general somewhat humic. On top 
of this a layer of ferruginous Hypnaceae peat (V c), the basis of 
which consists of fen-wood, possibly non-ferruginous, peat (IV a). 
The seepage peat dopplerite layer (V d) at the top of the Hypnaceae 
peat, with the'exception of pits 346 , 349--362, 379, where the Late 
Atlantic pine stump layer (VI a) is situated, and of pits 383--384, 
in which Pinus-Scheuchzeria peat (VI c) covers the Hypnaceae peat. 
A few dopplerite-filled drying cracks stretching from the dopplerite 
layer to the subsoil. In the highly humified Sphagnum peat (VII c) 
above pits 373--383, Eriophorum vaginatum peat (VII g). Only 
above pits 337--349 are the intermediate deposit (VII d) and the 
fresh Sphagnum peat (VII e) present. An erosion gulley was found 
between pits 337 and 338 . 

Vertical peat-face L (fig. 30), length I75 m 
pits 384 (from face K)--389, north-south face, eastern exposure 

Subsoil: fluvial loam (I c), in general somewhat humic. On top 
of this a layer of ferruginous Hypnaceae peat (V a), with a siderite 
lens between pits 387--388. Above pits 384--385, Pinus-Scheuchzeria 
peat (VI c); above pits 386--387, the Late Atlantic pine stump 
layer (VIa).  Between pits 385--386 and 387--389, the seepage peat 
dopplerite layer (V d). Some drying cracks, filled with dopplerite, 
from the seepage peat dopplerite layer to the mineral subsoil. 
Above the Pinus peat, the Pinus-Scheuchzeria peat, and above the 
dopplerite layer, the highly humified Sphagnum peat (VII c). 
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Vertical peat-face M (fig. 3x), length 600 m 
pits 389 (from face L)--415, east-west face, southern exposure 

Subsoil: fluvial loam (I c), humic to some extent, with a wood 
layer here and there (IV c). The ferruginous Hypnaceae peat 
(V a), with wood remains (IV c) at several places, contains large 
siderite lenses (V c) between pits 396--4oo , 4o3--4o6 and 412 _ 
414 and above pit 4o9 . In pits 389--391 , 396--398 , 4oo--4Ol, 
4o4--4I 3 and 414--415, above the Hypnaceae peat, a pine stump 
layer (VIa), Scheuchzeria peat (VI b) or Pinus-Scheuchzeria peat 
(VI c). Above the other pits, the seepage peat dopplerite layer 
(V d). In the Hypnaceae peat, numerous drying cracks filled with 
dopplerite from the top to the mineral subsoil. The Hypnaceae peat 
surface is noticeably domed above pits 4o9--4i 5 . 

In the top half of the highly humified Sphagnum peat (VII c), an 
extensive deposit of Eriophorum vaginatum peat (VII g). Between pits 
39o--414, the intermediate deposit (VII d). Above this, between 
pits 39o--4o8, fresh Sphagnum peat (VII e). 

Vertical peat-face N (fig. 3 I), length 18o m 
pits 416--424 and 415 (from face M), north-south face, western 
exposure 

Subsoil: fluvial loam (I c), somewhat humic; very thin in pit 
42o; strong seepage here. On the fluvial loam iron-rich Hypnaceae 
peat (V a), large siderite lenses (V c) over the entire length. Above 
pits 4~6--42i , the seepage peat dopplerite layer (V d), above the 
iron-rich Hypnaceae peat; above pits 422--424 and 415, Scheuch- 
zeria peat (VI b) and Pinus-Scheuchzeria peat (VIc). In the Hypna- 
ceae peat very many dopplerite-filled drying cracks. Only the 
lowermost part of the highly humified Sphagnum peat (VII c) has 
been preserved. 

Vertical peat-face O (fig. 32), length 5xo m 
pits 425--447, east-west face, southern exposure 

Subsoil: fluvial loam (I c), in pits 425 and 433--434 rich in 
siderite. At the bottom, in the iron-rich Hypnaceae peat (V a) in 
pits 452--427, 431--437, 441--447, a wood-rich peat layer (IV c). 
In the Hypnaceae peat many siderite lenses (V c) between pits 
425--436; above pit 44 ~ a few siderite lenses, and above pit 445, 
one siderite lens. The iron-rich Hypnaceae peat covered with only 
a thin seepage peat dopplerite layer (V d). In the Hypnaceae peat, 
a comparatively small number of drying cracks from the seepage 
peat dopplerite layer to the subsoil. 

42 



Above pits 425--445, a thick deposit of wood-rich peat with 
many remains of Betula and Menyanthes (Menyanthes-Betula 
peat VII a). In this deposit, between pits 441--442, a layer of 
Polytrichum peat (VI d), and between pits 441--445, a layer of 
Scheuchzeria peat (VI c). On the Menyanthes-Betula peat, highly 
humified Sphagnum peat(VII  c), and covering this, the intermediate 
deposit (VII d). In pits 445--447, on the Hypnaceae peat, highly 
humified Sphagnum peat, in which there is a deposit of Eriophorum- 
vaginatum peat (VII g). Above this, the intermediate deposit and 
fresh Sphagnum peat (VII e). 

Vertical peat-face P (fig. 33), length 465 m 
pits 448--48o, east-west face, northern exposure 

Subsoil: fluvial loam (I c), in pits 453--454 and 463 rich in 
siderite. On the fluvial loam layer, a wood-rich peat layer (IV c). 
In pits 448--473, iron-rich Hypnaceae peat (V a) with many 
siderite lenses (V c); in pits 474--48o, non-ferruginous fen peat 
(IV a), in which Hypnaceae are in evidence. In the iron-rich 
Hypnaceae peat, a few dozen, dopplerite-filled, drying cracks, 
from the seepage peat dopplerite layer (V d) to the mineral subsoil. 
Above pits 448--472 Menyanthes-Betula peat (VII a). Above pits 
473--48o highly humified Sphagnum peat (VIII c). The transition 
between Menyanthes-Betula peat and highly humified Sphagnum 
peat above pits 472--474 consists of a deposit of Eriophorum-vagina- 
tum peat (VII g). In the Menyanthes-Betula peat very many Menyan- 
thes remains (VII b). On the highly humified Sphagnum peat that 
also lies on the Menyanthes-Betula peat, the intermediate deposit 
(VII d). Above pits 456--48o, fresh Sphagnum peat (VII e) also 
present. 

Vertical peat-face Q (fig. 33), length 3 ~ m 
pits 481--483, east-west face, northern exposure 

Subsoil: fluvial loam (I c), somewhat humic. On top of the fluvial 
loam non-ferruginous fen-wood peat (IV b), on top of which a very 
indistinct dopplerite layer (V d). Above this, highly humified 
Sphagnum peat (VII c), the intermediate deposit (VII d) and fresh 
Sphagnum peat (VII e). 

3.1.5. Some sections and profiles 
EMMERERFSCHEIDENVEEN I (fig. 63) 

Pollen diagram by VAN ZEIST (I955a). The place is indicated in 
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fig. 2. Considering its stratigraphy: Hypnaceae peat, loess layer, 
non-ferruginous fen peat; (presumably ferruginous) Hypnaceae 
peat, highly humified Sphagnum peat, intermediate deposit (?) and 
fresh Sphagnum peat, originates from a vertical peat-face the 
character of which must have closely corresponded to face G. 

14C-PROFILE (fig. 63) 

Pollen diagram by VAN ZF.IST (x955 b). The place is indicated 
in fig. 2. Considering its stratigraphy: Hypnaceae peat, loess layer, 
non-ferruginous fen peat, fen-wood peat (with, at the base, the 
Early Atlantic desiccation layer), highly humified Sphagnum peat, 
intermediate deposit (?) and fresh peat; originates from a face the 
character of which must have closely corresponded to e.g. face E. 

EMMEN 32 (fig. 58) 
See fig. 2. On the mineral subsoil (fluvial loam) highly humified 

Sphagnum peat; on top of this the intermediate deposit, over which 
the fresh Sphagnum peat, see also fig. 61. 

EMMEN 33 (fig" 59) 
See fig. 2. On the mineral subsoil (sand): Braunmoostorf, pre- 

sumably a gyttja layer from the Boreal, non-fcrruginous fen peat, 
pine stump layer, highly humified Sphagnum peat, intermediate 
deposit and fresh Sphagnum peat. The non-ombrogenous peat types 
in fig. 59 are not further specified. 

EMMEN 34 (fig" 60) 
See fig. Io. On the mineral subsoil (sand) a Scheuchzeria deposit, 

highly humified Sphagnum peat, the intermediate deposit and 
fresh Sphagnum peat. 

CHAPTER 4.: 
THE VEGETATIONAL HISTORY OF T H E  AREA INVESTIGATED 

4" I. INTRODUCTION 

Since frequent use is made of pollen analytical correlations in this 
study, we shall, in this chapter, discuss a few important pollen 
diagrams from the Emmen bog area. The Post-glacial vegetational 
history of the Emmen area in particular became better known 
through VAN ZEIST'S studies (1955a , I955b , 1959). His I~C- 
diagram (I955b), fig. 63, will be discussed below. The Late-glacial 
period is, however, less well represented in his diagrams. Diagram 
io-Po, fig. 73, gives a good picture of the Late-glacial vegetational 
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development,  and thus forms an indispensible complement  to 
VAN ZEIST'S x*C-diagram, too. The  diagrams 3-Po and 3-Po-Iv 
(figs. 66 and 67) will also be discussed in this chapter. Profile 
EMMEN 3 comes from the marginal part of the bog; the diagrams 
show that there are some difficulties with the pollen-floristic zona- 
tion as a consequence of, among other things, local pollen produc- 
tion, including that  of Pinus and Betula. The lithology has been given 
on the left hand side, as also in the other diagrams made for this 
investigation. The  lithology will be dealt with more deeply than 
at this point during the discussion of the different types of peat. 

As far as zonation is concerned, it may be observed that  the 
zonation according to FIRBAS (I949) for mid-Europe, GODWIN 
(I956) for the British isles, and JESSEN (I935) and IWRSEN (I94I) 
for Denmark,  are usually suitable for applying to diagrams of the 
north of the Netherlands. For the zonation of the diagrams which 
we used, the classification of JESSEN and IVERSEN was preferred, 
because the Netherlands, like Denmark, are situated on the eastern 
side of the North Sea, and have, to a relatively large extent, an 
oceanic climate. This classification, moreover, makes possible the 
use of the well-known concepts of the Early Dryas Age (I), the 
Allerod Age (II~, etc. This zonation, with the criteria used, has been 
given in table II,  p. 46. The  ages reported are averages of the 
14C-dates for the zone boundaries. We should point out further, 
that  sub-division of the Boreal period into two zones is generally not 
possible in diagrams of our area. 

The regional vegetational development which can be recon- 
structed from the diagrams will not be discussed here. For this, as 
far as the north of the Netherlands is concerned, the reader is 
referred to VAN DER HAMMEN (195 I), WATERBOLK (1954) and VAN 
ZEIST (X 955 a, 1955b and 1959). 

The  diagrams mentioned will be discussed in the order given 
below. 

- -  Io-Po (fig. 73) 
from section EMMEN IO from peat-face C, pit 69, c. 9oo m from 
the western margin of the bog. 

- -  14C-diagram (fig. 63) 
from a profile which comes from c. 4oo m east of pit 65 from 
face C and c. 65o m north of pit I6O from face E (see also fig. 2). 

- -  3-Po and 3-Po-Iv (figs. 66 and 67) 
from section EMM~N 3 from face A, pit 29, c. 3oo m from the 
western margin of the bog. 
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TABLE II  
Zonations and periods in the Late-glacial and Holocene 

Jessen and Periods Characteristics of the pollen zones (abbreviated) 
Iversen 

IX Subatlantic Higher Fagus values. Carpinus has mostly a con- 
tinuous curve. Corylus often below io %. Tilia 
no longer forms a continuous curve. Increasing 
non-arboreal pollen (N.A.P.) 

- 8oo BC 
VII I Subboreal 

3000 BC 
VII Atlantic 

VI 

V 

5500 BC 

Boreal 

68oo BC 
IV Preboreal 

8300 BC 
II I  Late dryas 

8900 BC 
II Allerod 

98oo BC 
I Older dryas 

Lower values for Ulmus and Tilia. Fagus often 
has a continuous curve with values to i - -2  %. 
First occurrence of Carpinus, Plantago lanceolata 
and Cerealia. Transition VII I / IX:  start of 
the increase of Fagus to first maximum and 
decrease in Corylus to values of i o - - i  5 %. 

Low values for Pinus. Relatively high values for 
Quercus, Ulmus, Tilia, Fraxinus, Alnus and Corylus. 
Sometimes Fagus present right at the top. 
Transition VII /VIII :  slight decrease in Ulmus 
and Tilia, on or just below the first Holocene 
presence of Plantago lanceolata, P. major and 
Cerealia. 

Corylus sometimes has values as high as those 
of Pinus. Considerable increase of Ulmus. Low 
values for Alnus right at the top. 
Transition VI/VII:  considerable increase of 
Alnus and decrease in Pinus. 
Predominance of Pinus. Strong increase in 
Corylus. Quercus and Ulmus present. Transition 
V/VI: increase of Ulmus and Quercus. 

Increasing A.P.; first Betula, then Pinus. Disap- 
pearance of many heliophilous herbs. First 
appearance of Corylus, Ulmus and sometimes 
also Quercus. Transition IV/V: first large 
Corylus increase and/or Pinus/Betulaintersection. 

Obvious increase in N.A.P. Decrease in Pinus 
especially. Increase in Cyperaceae and other 
heliophilous plants. Transition III / IV: increas- 
ing A.P. 

Marked increase in A.P., initially in Juniperus 
and Salix, afterwards in Betula and finally in 
Pinus, decrease in heliophilous plants. Transi- 
tion I I / I I I :  sharp decrease in Pinus to low 
values. 

Relatively high to very high non-arboreal pol- 
len (N.A.P.) values, especially in Cyperaceae. 
Betula is present. Very low percentages for 
Pinus. Artemisia reaches a few percent. Plantago, 
Helianthemum and Hippophag occur. Transition 
I/II :  strong increase in A.P. (arboreal pollen). 



4.2. Io-Po (fig. 73) face C, pit 69. 

A diagram, set out as an Iversen-diagram, was made of profile 
EUMEN IO, the lowermost metre of peat from pit 69. In Iversen- 
diagrams, the sum of trees, anemophilous herbs and Ericales is 
taken as the basis for the calculations. The Cyperaceae have been 
excluded from the pollen sum in Io-Po, as well as in 3Po-Iv and 
2-Po (see 6.2., p. 56), since these were important elements in the 
local vegetation, so that the Cyperaceae pollen is strongly over- 
represented. 

Towards the end of zone I, shortly before the start of the Aller0d 
period, peat growth (in this case Braunmoostorf) became possible 
here. The transition I / II  was put at the strong increase in tree pollen 
between spectra 4 and 5. In the Aller0d there is a clear increase in 
Pinus. In the diagram, the I I / I I I  transition has been put between 
spectra 8 and 9, at the sharp decrease in Pinus. 

The first appearance of Menyanthes and Filipendula (spectra 5--7) 
would seem to point especially to an increase in humidity in the 
Braunmoos vegetations. The resumed occurrence of Equisetum 
(spectra 5--7) could also be an indication of a change in the milieu. 
This change is clearly demonstrated by the sharp decline in the 
Cyperaceae. 

Most of the herbs present in the Braunmoostorf have disappeared 
at the bottom of the thin loam layer (spectrum 8), and the first 
pollen grains of the Potentilla type appear, a type which increases 
greatly in the twig layer (spectra i o and 1 I). Sphagnum has its first 
maximum in spectrum 8. The changes in the stratigraphy are 
accompanied by obvious changes in the composition of the herb- 
pollen. The disappearance of Filipendula and Menyanthes (spectra 8 
and 9 respectively), just below the thin loam layer, is perhaps a 
very weak indication of a lowering of the water level in the Braun- 
moostorf and its immediate environment. 

The transition I I I / IV  can be located at the marked decline in 
Empetrum, the predominant pollen type in the Ericales, between 
spectra i o and I I. Though the Hunze valley was not too wet in the 
Late Dryas Age, so that Betula could grow here, a certain increase 
in ground water would seem to have occurred fairly early in the 
Preboreal period. Typha latifolia and the Sparganium type reach 
relatively high values in spectrum I i. The sharp decline in the 
Potentilla type, of whatever species, can very probably be ascribed 
to this increase in the ground water level. Due to this increase, 
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Sphagnum must have found a good habitat in the Betula vegetation 
(spectra io and I x). 

The occurrence of Menyanthes and Potamogeton pollen in the spectra 
I2- - I  4 indicates the presence of open water in the bog here. 

There is a large increase in Corylus right at the top of the diagram. 
For this reason, the topmost sample was placed in the Boreal period. 
Towards the end of the Preboreal, Pinus established itself on the bog. 
The Pinus maximum in spectrum 14 is largely caused by local 
Pinus growth, since relatively many pollen grains possessed non- 
developed air-sacks. 

The fact that the peat is rich in charcoal between I2.I7--I2.26 m 
+ N A P  can possibly be explained by forest fires. The high value for 
Dryopteris in spectrum 15 is perhaps due to the sharp expansion in 
Dryopteris after the fire. 

4.3. 14C'DIAGRAM (fig" 63) 

The diagram published by VAN ZEIST (i955b) has been reproduc- 
ed, practically unaltered, in fig. 63. Only for the lithology have we 
used our own symbols. On the extreme left the lithology and the 
somewhat corrected zonation of the diagram EMM~.RERFSCHEIDEN- 
VEEN I by VAN ZEIST (I955a) has been given. A discussion of it at 
this point can be very cursory, since it will be dealt with where 
necessary in the discussion of the various types of peat. 

Peat growth began here during the first phase of the Aller0d; in 
the period with, as yet, low Pinus percentages. In the second half of 
the Allerod, the Braunmoostorf was covered by a deposit which 
was interpreted as gyttja by VAN ZEIST and which is now considered 
to be a thin loess layer. 

The Late Dryas and the greater part of the Preboreal are not 
present in the diagram. The first increase in Corylus marks the 
transition to the Boreal. The transition from fen peat to wood peat 
- -  undoubtedly birch carr ( =  fen-wood) peat - -  coincides roughly 
with the boundary between the Boreal and Atlantic. The two 
radiocarbon dates at the beginning of the Atlantic period suggest 
a stagnation in the peat growth. The fluctuating, high Betula 
percentages in the Atlantic section will have to be ascribed to local 
pollen production in the fen-wood. 

The Pinus curve has two clear maxima in the Atlantic. Pinus 
stump layers, with which these maxima could have been correlated, 
have not been indicated by VAN ZEIST. 

The transition from wood-rich peat to the highly humified 
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Sphagnum peat will have taken place in the final part of the Atlantic. 
The Atlanctic/Subboreal b o r d e r -  marked by the Ulmus decline 
which can be tentatively dated at c. 3ooo B.C. - -  is about I6 cm 
above this transition in the peat composition. The pollen-floristic 
border Subboreal/S.ubatlantic is placed at an increase in Fagus to 
about 5 %. 

Towards the end of the Subboreal period, the highly humified 
Sphagnum peat growth changed here to the accumulation of less 
humified Sphagnum peat, and, from the beginning of the Subatlantic, 
fresh Sphagnum peat was formed. 

At the place where the EMMERERFSCHEIDENVEEN I peat monolith 
was sampled, c. iooo m east of the 14C-profile (see fig. 2), Hypnaceae 
peat (Braunmoostorf, 334--342 cm) was formed originally during 
the Late-glacial, and on top of this there is here a thin loess layer, 
too (33o--334 cm). The thin charcoal layer (329--33 ~ era) between 
the thin loess layer and the highly decomposed fen peat dates from 
the Late-glacial, as in the diagram io-Po. 

Highly humified fen peat (3oo--329 era) was formed during the 
Boreal period. The highly humified wood peat (278--3oo cm) on 
this fen peat dates from the beginning of the Atlantic. This wood 
peat changes, via a fairly thin Sphagnum rubellumlayer (27o--278cm), 
into Hypnum peat (2oo--27ocm), which changes right on the 
Atlantic/Subboreal border into Sphagnum cuspidatum peat ( i 9 i - -  
2oo cm), the basis of the ombrogenous peat. This transition is 
clearly marked by a very thin dopplerite layer (2oo cm). Towards 
the end of the Subboreal period, just as in the 14C-profile, the 
growth of highly humified Sphagnum peat gives way to that of less 
humified peat, here especially Sphagnum cuspidatum peat. Here, too, 
fresh Sphagnum peat was formed from the beginning of the Sub- 
atlantic period. 

4.4. 3 -Po AND 3-Po-Iv (figs. 66 and 67) face A, pit 29. 

Pollen diagram 3-Po (fig. 66) was made from profile EMMEN 3" 
Since the oldest part turned out to date from the Late-glacial, 
spectra i - - i  7 were also set out as an Iversen-diagram, see 3-Po-Iv, 
fig. 67. The Cyperaceae were here, as in Io-Po and 2-Po (see 
6.2.), excluded from the pollen sum. 

The fairly high percentages for tree pollen (3-Po-Iv, spectra I--3) 
indicate that the forming of Braunmoostorf at this place begins not 
in the Older Dryas, but in the Allerr even before the increase of 
Pinus. The occurrence of Menyanthes and Triglochin pollen in the 
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lowermost spectra points to very moist conditions in the Braunmoos 
vegetation. Cyperacaeae and Equisetum are important components 
here. In the immediate surroundings, ffuniperus will have been, at 
least locally, a frequently occurring shrub, which probably had to 
give way to Betula and Pinus (spectra I--8) .  

Even during the Allerod, the Braunmoostorf growth came to an 
end with the sedimentation of the loam layer (spectra 7-- io) .  The 
start of the loam sedimentation took place even before the Pinus 
maximum. 

Zones I I I  and IV are not clearly present in the diagram. The 
upper limit of I I I  was placed below spectrum I I, in which Corylus 
is already present. Due to stratigraphical considerations, the limit 
has been put at the transition from the thin loam layer to the 
charcoal layer. The sedimentation of loam probably did not 
continue for the whole of the Late Dryas, see also Io-Po. The 
Betula percentages, which are very high for zone III ,  can be explained 
by the occurrence of large numbers of Betula thecas in the mineral 
sediment, see 6.3. , table IV, EMMEN 3, macroscopic remains, 
p. 5 8. 

The Preboreal peat has completely disappeared except for the 
charcoal layer between spectra I O and i2. There is a pronounced 
Betula minimum and a clear Gramineae maximum present in 
3-Po-Iv, spectrum i i. In 3-Po, spectrum I I, Rumex and Dryopteris 
reach high values. Probably, the Preboreal Betula forest which 
existed here was affected by fire to such an extent that it had to make 
way for a vegetation in which Gramineae, Dryopteris and Rumex 
play an important part. Moreover, pollen from Epilobium was found 
in spectrum I I. From spectrum i I onwards, Corylus appears 
regularly, and Alnus is present from spectrum I2. This probably 
concerns pollen that was deposited in the charcoal layer after the 
burning of the wood peat. 

The IV/V transition was put at the first considerable increase in 
Corylus, between spectra I2 and 13. Since the Preboreal is present 
in this diagram largely as a charcoal layer, the zone transition was 
given as a dotted line. 

During the Boreal, a Betula-Pinus forest continued to grow here, 
and in this only a slight accumulation of organic material took place. 
This, together with the very highly decomposed character of the 
wood peat, are possible indications of fairly dry growth conditions 
here on the bog surface. Frangula (spectra I2--I5)  and Sorbus 
(spectra i3 - - i5 )  are likely to have grown in the bog forest. The 
small quantities of herb pollen in the Boreal spectra point to an 
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absence of rich herb vegetation. The proportion of Dryopteris 
declines sharply after the fire layer. The VI /VII  boundary can be 
located at the first increase of Alnus, between spectra i6 and 17. 
The charcoal layer between spectra 16 and I8 indicates that the 
Boreal bog forest was destroyed by fire. Dryopteris again attains a 
very high value in spectrum 17, while the Gramineae and Cyper- 
aceae also show an increase. The curves for Alnus, Quercus and Ulmus 
show remarkably higher values in spectrum 17 than in spectrum i6, 
which makes a gap at the level of the charcoal-layer likely. 

The VI I /VI I I  zone boundary was placed here between spectra 
34 and 35, just before the first occurrence of Plantago lanceolata and 
Cerealia. As has more often been observed in diagrams from this 
area, a clear elm decline is not present here. It is therefore not 
impossible that the VI I /VI I I  boundary should be placed at a 
lower level. 

After the break in the peat formation which occurred at the 
beginning of the Atlantic, carr (fen-wood) established itself in the 
marginal parts of the bog, and this was able to remain till well 
into the Subboreal. Alnus (spectra 18--27), Betula (spectra 28--34), 
Pinus and Betula (spectra 35--45) are successively the most impor- 
tant pollen producing trees here, indicating a development in the 
oligotrophic direction of the bog forest. Both the Alnus-Betula 
crossing of spectra 27--28 and the increase of Pinus in spectra 33--34 
are accompanied by a tremendous increase in spores of Dryopteris, 
which could be an indication of temporary clearances in the bog 
forest. 

Frangula, Sorbus and Hedera attain their highest values in the 
Alnus phase. They are possible components of the bog forest. 
Humulus, Jasione, a species of Papilionacaeae which cannot be 
further identified, and Comarum are also probably present in this 
forest, a fact evidenced by their having their maxima precisely in 
this phase. Most of these plants disappear completely or almost 
completely in the Betula phase. Besides the increasing oligotrophy, 
increasing humidity perhaps also played a part in this. Their place 
was possibly taken by Melampyrum, which could also retain its place 
in the Pinus-Betula phase, and Lysimachia. If the VI I /VI I I  zone 
boundary has been placed correctly, Pinus established itself in the 
Betula forest towards the end of the Atlantic. This can be seen in 
the pollen diagram as an increase in the Pinus pollen percentage 
(spectra 3i--4o).  From about i4.3o m +N.A.P. many Pinus stumps 
are visible on the vertical peat-face. As usual, the appearance of 
Pinus in the peat is not accompanied by very high percentages in the 
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diagram at the level concerned. Together with Pinus, Empetrum, 
with a very high maximum in spectrum 35, and Sphagna establish 
themselves in the peat; Calluna increases slowly, Erica appears, 
although with very low values. Dryopteris declines shraply, while 
Gramineae and Cyperaceae still remain present in very low 
percentages. From spectrum 38 on, Scheuchzeria palustris is present a 
few times in the diagram, in very low percentages, although sub- 
fossil remains are visible in large quantities on the peat-face. Above 
the VI I /VI I I  zone boundary, Corylus values are generally rather 
low, with the exception of spectra 6o--64; however, Fagus stays 
clearly below i ~ , except in spectrum 6i. For this reason we have 
assumed that the Subatlantic is not present in the pollen diagram. 

The development which started during the Atlantic - -  a Pinus- 
Betula forest with an undergrowth of Ericales and Sphagna - -  contin- 
ued for some considerable time during the Subboreal. The pollen 
picture changes right at the top of the diagram: Betula declines 
sharply (spectra 59--62), while Corylus increases markedly (spectra 
59--64). 

This possibly came about due to changes in the vegetation outside 
the bog. In any case, the contribution of the trees occurring locally 
in the bog to the pollen precipitation has clearly decreased. 

C H A P T E R  5.: M I N E R A L  S U B S O I L  

5" I. INTRODUCTION 

The discussion of the mineral soil of the Hunze depression is based 
chiefly on data which were obtained from: 
- -  all the vertical peat-faces, 
- -  the diagrams Io-Po (fig. 73), 3 -Po (fig. 66) and the a4C-diagram 

(fig. 63) which were dealt with in the preceding chapter, 
- -  diagram 2-Po (fig. 65) which will be discussed in 6.2. (p. 56), 
- -  diagram 2I-Po (fig. 9 o) which will come under discussion in 

7.2. (p. 65). 
- -  a not yet published investigation of the stratigraphy of the 

mineral subsoil of the Hunze depression in Southeastern Drenthe, 
carried out by the Geological Survey of the Netherlands in 
Haarlem. We are much obliged to DRS. M. W. TER WEE 
(Oosterwolde), of that service, for the opportunity given to us 
to be present at the bore survey, and for permission to use the 
data obtained. The results have been utilised in the discussions 
below. 
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Vertical peat-faces A - - J  lie on predominantly fluvial sand, on 
which cover-sand' has possibly been deposited at places. We have 
not carried out an investigation of this. The highest parts, in 
particular the slope of the "Hondsrug",  are podsolised. Peat-faces 
K - - Q  lie on humic fluv.ial loam deposits. For the distribution: see 
fig. 5. 

5.2.  FLUVIAL SAND 

In many places this contains some gravel. The lowest levelled 
topside is at i 1.2o m + N . A . P ,  in peat-face C, pit 69. The highest 
- -  with the exception of the slope of the Hondsrug - -  occurs under 
peat-faces H and I at c. I3.3o m+N.A.P . .  

5.3. FLUVIAL LOAM DEPOSITS 

The fluvial loam deposit present under faces K - - Q  has a maxi- 
mum thickness of 40 cm and lies on somewhat gravelly fluvial 
sand. The deposit lies between i3 .3o--I5.1o m + N . A . P .  In many 

Fig. 4- Contour map of the mineral subsoil in the Hunze depression in met res+  
NAP (Nieuw Amsterdams Peil = Dutch Datum Level; this corresponds roughly 
with: metres above mean sea-level). The  contour lines between 16 and 2o m are not 
drawn. Heights between I6 and 2o m occur only on the "Hondsrug"  slope, the 

western edge of the bog. 
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places it is rather strongly humic, and often contains many root 
remains. In a few places (peat-faces O and P, pits 425, 433--434, 
454 and 463), it contains much siderite and vivianite. Outside the 
area investigated, it also appears below I3.3o m +  N.A.P. in a 
northerly and easterly direction, and, here and there, above 
iS.iO m +  N.A.P. in a southerly direction. The loam is very rich in 
siderite in many places, especially in the lower-lying parts. Accord- 
ing to a pollen analysis (which will not be further discussed here) of 
this material, sampled c. 3 km to the north of the area studied, it 
would seem possible that it is a deposit dating from the Eemian 
interglacial. 

Although the fluvial loam deposit is limited in the area studied to 
the eastern half (fig. 5), it appears that it extends for several kilo- 
metres to the north and to the east. It is probable that the fluvial 
loam deposit covered the whole of the Hunze depression, both to 
the east of Emmen (our investigation area) and also more to the 
north. Erosion which occurred later (i.e. after the Eemian) would 

Fig. 5. The  minera l  subsoil in the Hunze  depression and  the extent  of Late-  
glacial formations, i = Braunmoostorf ,  the end of Older  Dryas and  first ha l f  
of Allerod; 2 = brown gyttja, first ha l f  of Aller~d; 3 = loess layer, second ha l f  of 
Allerod and  beginning  of Late  Dryas; 4 = fluviatile sands; 5 = fluviatile loam 

on fluviatile sands. 
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then have caused the appearance of the somewhat deeper Hunze 
valley (the river bed during part of the Weichselian), the north- 
west orientated gulley at the foot of the Hondsrug. This gulley has 
a steep western slope and a gradual eastern slope, which gives the 
Hunze depression-its asymmetrical profile (figs. 4 and 3). Thus, all 
the fluvial loam below I3.3o m +  N.A.P. in the investigation area 
would have been washed away. 

The drainage of the c. I OO km 2 southern part of the Hunze 
depression south of the area studied takes place through the gulley, 
in which, to the east of the village of Nieuw Dordrecht, there is a 
cross-ridge which has a spillway into the gulley (fig. 3)- The cross- 
ridge can be traced in an easterly direction to outside the investiga- 
tion area. It  forms a barrier in the Hunze depression which had a 
great influence on the peat growth, see fig. 4, contour map. 

A number of side valleys run into the Hunze valley proper (the 
gulley-like channel which can be regarded as the upper course of 
the Hunze) from the Hondsrug, e.g. north of the village of Barger- 
oosterveld and south of Emmerschans, see fig. 4, countour map, 
and fig. 3. Fluvial loam is not present in these side valleys either. 
Side valleys are present in large numbers along the entire eastern 
flank of the Hbndsrug. 

That  neither the sand nor the loam can be limnic formations is 
apparent from the obvious NW incline of the Hunze depression, 
see, among other places, fig. 4, contour map. 

C H A P T E R  6.: LATE-GLACIAL DEPOSITS 

6. I. INTRODUCTION 

The discussion of the Late-glacial deposits is based mainly on 
data which were derived from: 
- -  vertical peat-faces A - - G  and J, 
- -  the diagrams io-Po (fig. 73), 3 -Po and 3-Po-IV (figs. 66 and 67) 

and the 14C-diagram (fig. 63) which have already been discussed 
in 4-2, 4.4. and 4-3- (P. 47 ft.), 

- - t h e  profile EMMERERFSCI-IEIDENVEEN I, which is reproduced 
beside the 14C-diagram (fig. 63) , 

- -  a pollen diagram, made by DR. D. T~.UNXSSEN (Geology Depart- 
ment, Faculty of Mathematics and Natural Sciences, Catholic 
University of Nijmegen), of the profile from peat-face J,  pit 327. 
We are much obliged to him for the opportunity to consult this 
as yet unpublished diagram. 
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- -  diagram 2-Po (fig. 65), which will be discussed below, and 
which comes from face A between pits 22 and 23, about 25 ~ m 
from the western margin of the bog. 

- -  the analyses of macroscopic fossils of a number of samples of 
profiles EMMEN 2, EMMEN 3 and EMMEN IO, see tables III ,  IV 
and V, pp. 57--58. 

6.2. 2-Po (fig. 65) face A, between pits 22 and 23 

The Iversen diagram 2-Po was made from profile EMMEN 2. 
As in 3-Po-Iv and Io-Po, the Cyperaceae have here been excluded 
from the pollen sum. 

The absence ofthermophilous trees in spectra i and 2 indicates 
that the Braunmoostorf here dates from the Late-glacial. Corylus 
is present in low percentages in spectra 3 and 4 from the loam 
layer, while the other thermophilous trees are still absent. We 
consider it unlikely that this loam layer dates from the Preboreal, 
since no mineral deposits from this period are known elsewhere 
in the area studied. In the profiles EMMEN 3 and EMMEN IO this 
layer dates from the second half of the Allerod and the first part of 
the Late Dryas, see 3-Po-Iv (fig. 67) and Io-Po (fig. 73)- The presen- 
ce of Corylus here might, in our opinion, be ascribed to contamina- 
tion, perhaps caused by dessication, see also 6.6. (p. 6I) and 6.7. 
(p. 63). A Preboreal level (spectrum 5) and a Boreal level (spec- 
t rum 6) can be distinguished in the charcoal layer. It is not possible 
to check if peat formation took place here during the Boreal. Carr 
probably existed here during the Atlantic, with Betula in particular, 
but with Frangula and Sorbus also (spectra 7--9). The increase 
in Sphagnum (spectrum i o) is a possible indication that the bog 
became more oligotrophic. 

6. 3 . ANALYSES OF MACROSCOPIC FOSSILS 

EMMEN 2 (face A, between pits 22 and 23) 

A number of samples from this profile were examined for their 
seed and fruit content. The results are recorded in table III ,  
EMMEN 2, macroscopic remains. The position of the samples, height 
c. 4 cm, volume c. 15o cm 3, is given on the left by means of the 
spectrum numbering of diagram 2-Po. The type of peat is given in 
brackets below this. 
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EMMEN 3 (face A, pit 29) 

See table IV, EMMEN 3, macroscopic remains. Just  as with EMMEN 
2, samples about 4 cm high, volume about 15o cm 3, were also 
investigated here. The position of the samples in the profile is given 
by means of the spectrum numbering of 3-Po. The type of peat is 
recorded in brackets alongside. 

EMMEN IO (face C, pit 69) 

A sample, height I cm, volume 7 cma, from the profile at 
i i .55 m + N . A . P .  (just under spectrum 5 of Io-Po), was examined 
for macroscopic remains, see table V, EMMEN IO, macroscopic 
remains. DR. B. O. VAN ZANTEN (Botanical Laboratory, Groningen) 
identified the mosses for us. For this, and for his information about 
the distribution of the moss species we are much indebted to him. 

TABLE III 
EMMEN 2, macroscopic remains (only seeds and fruits) 

between 8 and 9 Betula cf. pubescens 2 
(fen peat) Epilobium parviflorum-hirsutum type 3 

Carex indet. I 
between 4 and 5 Juncus cf. conglomeratus 52 
(loess) Juncus cf. effusus 17 

Typha latifolia 45 
under 2 Betula pubescens 178 
(Braunmoostorf) Comarum palustre 3 

Potentilla anserina I 
Typha latifolia I 
Carex cf. trinervis 2 I 
Gramineae indet. (cf. Puccinella) 3 

6. 4. BRAUNMOOSTORF 

This type of peat is present in the lower part of vertical peat-faces 
A - - G  and J.  Its occurrence is, in fact, limited to the lower-lying 
subsoil below 13. I o m + N . A . P ,  and to the slope of the Hondsrug up 
to I4.4o m + N . A . P .  (EMM~N 2). It is, however, absent from that 
part of the Hunze valley where, later, during the Boreal, gyttja 
sedimented on the sandy subsoil (faces H and I), viz. on the eastern 
slope, although the sandy subsoil here lies between 12.65 and 
13.3o m+N.A.P . ,  see fig. 4, contour map and figs. 5 and 7. The 
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T A B L E  I V  

E M M E N  3 ~  macroscopic remains 

1 = needles ,  l eaves  ~ -  %-. ~ 
b l ea f  b u d s  ~"  o ~ ~ co ~ ~ - ~  ~ ~ "  
f = f lowers  m ~  - ~ ' ~  ~ ~ ~ 4  ~ 4  '~ O. 

t = thecas  ~ "~9 ~l "~o~ r-.~ o~e~ o~ e ~ o  ~ o  ~ ~ 
~ seeds  

i f = f r u i t s  i - ~ -  ~ --  oa~ ~u ~: ~-- ~ ~ ~ ~ ~ . , ~  

P i n u s  sylves t r i s  1, fr  - -  
Be tu l a  p u b e s c e n s  s - -  
B e t u l a  inde t ,  t - -  1 5  - -  

M e n y a n t h e s  t r i fo l ia ta  s 6 
R u b u s  f ru t i cosus  s - -  29 
C h e n o p o d i u m  a l b u m  s - -  I 
A t r i p l e x  

h a s t a t a / p a t u l a - t y p e  s - -  2 
S te l l a r i a  m e d i a  s - -  i - -  

O x a l i s  ace tose l l a  s - -  I 

cf. R a n u n c u l u s  s - -  
A n d r o m e d a  pol i fo l ia  s - -  
C a l l u n a  vu lga r i s  1, f - -  - -  
E r i c a  t e t ra l ix  f, s - -  
S c h e u c h z e r i a  p a l u s t r i s  s 
T y p h a  la t i fol ia  s - -  577 
G r a m i n e a e  s - -  5 - -  x - -  
E r i o p h o r u m  

v a g i n a t u m  s - -  - -  
R h y n c h o s p o r a  a l b a  s - -  
J u n c u s  cf. e f fusus  s - -  
C a r e x  inde t ,  s* - -  i - -  26 3 
C a r e x  inde t ,  s**  2 6 - -  
D r e p a n o c l a d u s  inde t ,  b IO 
D r e p a n o c l a d u s  cf. 

u n c i n a t u s  1 - -  25 - -  

m a n y  m a n y  - -  
IOO 15 2 

75 - -  - -  

- -  - -  I 

m 

I - -  i 

- -  - -  57 
5 

_ _  _ _  2 4  

- -  I O  - -  

6 - -  - -  

5 ~ 
I 2  

* flat ** t h r e e  c o r n e r e d  

TABLE V 
E M M E N  I O ~  m a c r o s c o p i c  r e m a i n s  

M e n y a n t h e s  t r i fo l ia ta  s 
cf. S c i r p u s  f lu i t ans  s 
C a r e x  cf. p a n i c u l a t a  s 
S c o r p i d i u m  s c o r p i o i d e s  1 
( =  H y p n u m  s c o r p i o i d e s  L.) 
C a l l i e r g o n  s a r m e n t o s u m  1 
( =  H y p n u m  s a r m e n t o s u m  W a h l . )  

4 
3 I 

8 
few 

m a n y  

s = seeds,  1 = l eaves  
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start of the forming of Hypnaceae peat has been dated by I o-Po 
(fig. 73) to the last part of the Older Dryas, shortly befoi'e the 
Allerod. In agreement with this, the dating of 3-Po and 2-Po for 
the start of the peat growth on the higher and highest levels 
respectively on whi.ch Braunmoostorf appears is in the first half 
- -  the Betula phase - -  of the Aller0d, see figs. 66 and 65. The end 
may also be dated in the Allerod, more particularly in the Pinus 
phase; in 3-Po and probably also in 2-Po just before the Pinus 
maximum, in Io-Po somewhat later, at the level of this maximum, 
see figs. 66, 65 and 73. The Braunmoostorf layer under face J, 
which has the character of a gyttja to some extent (see also the 
following section), was also formed in the Allerod. The Braunmoos- 
torf growth possibly stagnated here just before the Pinus maximum 
(communication: TEUNISSEN). 

The peat deposit broadly follows the contours of the subsoil 
(cf. faces C and E). The absence of layering is remarkable. The 
present relief is, therefore, probably not exclusively secondary, but 
will already have been present to a certain extent during the forma- 
tion of the deposit. The whole deposit is somewhat sandy; the 
position of several small sand lenses and the occurrence of fine gravel 
in the deposits oae face B, among others, would seem to indicate that 
in-wash regularly occurred. 

The mosses Scorpidium scorpioides and Calliergon sarmentosum men- 
tioned in table V, EMMEN I O, formed important vegetations even 
in the Older Dryas, and, in a relatively short time, they spread, 
forming Braunmoostorf, over large parts of the Hunze valley. 
Among the mosses, Calliergon sarmentosum is especially interesting. 
This moss, which no longer occurs in the Netherlands, is nowadays 
found in Scotland and Ireland very rarely, but, more often in the 
Harz, the Sudeten Alps, the Riessen mountains from 53 ~ m, in 
North-Scandinavia and in Finland, where it can form massive 
vegetations. The present distribution can probably be regarded as 
its occurrence in the cool periphery of a once uninterrupted area 
which presumably included a very large part of Europe. Calliergon 
sarmentosum is, in any case, a "cool" species. 

Cyperaceae occur frequently in the Braunmoos communities 
(2-Po, fig. 65, 3-Po-Iv, fig. 67, and Io-Po, fig. 73); besides Carex 
spp., Scirpusfluitans (EMMEN IO), Menyanthes trifoliata (EMMEN 3 and 
Io), Comarum palustre (EMMEN 2) and Drepanocladus indet. (EMMEN 3) 
must have found suitable habitats here. T~.UmSSEN found an 
abundance of pollen of Menyanthes, Myriophyllum and Potamogeton 
in the Braunmoostorf of peat-face J. This over-all picture 
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Fig. 6. Dra inage  pa t te rn  in the Hunze  depression. T h e  arrows give the direct ion 
and  the extent  of the assumed dra inage  courses. Also, the spread of the Boreal 
gytt ja deposits has been plotted, x = Boreal gyttjas; 2 = dra inage  courses for 
the non-ferruginous ground water:  2 a + 2 b :  dra inage  unt i l  the early At lant ic  
period, c. 53oo B.C.; 2a: the pa t t e rn  ma in t a ined  since. 3 = (assumed) seepage 
centres; 4 = dra inage  courses for the i ron-r ich seepage water,  from c. 5ooo to 

3Ioo B.C. 

of very moist vegetations is an indication of the fact that  the 
Hunze valley was well-watered. In so far as it was not supplied 
by precipitation, the water came in all probability especially 
from the southern part  of the Hunze depression, south of the 
area studied. This southern part, extending to about ioo km 2, 
drains into the Hunze valley via the spillway in the cover-sand 
cross-ridge east of the village of Nieuw Dordrecht;  see also the 
preceding chapter and fig. 3. At the same time, water stagnation 
will probably have occurred in this drainage valley as a result of the 
rather irregular relief of the subsoil. During the Late-glacial, the 
bed of this valley north of the cover-sand cross-ridge obviously 
became sufficiently moist to make the establishment of Hypnaceae 
vegetations possible. Since on the northern side of the Hunze valley, 
there is no barrier which could contain the water, the vegetation 
itself will have caused an increasing stagnation. 
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As has already been said in the first paragraph of this section, 
there is no Braunmoostorf  deposit on the gradual eastern slope at 
the position of the vertical peat-faces H and I. This part of the 
Hunze valley lies, see contour map  fig. 4, so to speak in the stream- 
shadow of the cover-san d cross-ridge, outside the drainage pat tern 
which is given in fig. 6. Therefore, the eastern part  of the Hunze 
valley will, in all probably, have had a considerably less moist soil. 

A very high degree of moistness seems to have continued right 
to the very top of the Braunmoos vegetations. Indications of desicca- 
tion are completely absent. In 6.6. (p. 6I) the transition from 
Braunmoostorf  formation to loess deposition will be further discussed. 

The  profusion of Betula seeds, as appears from table I I I ,  EM~mN 2, 
P" 57, indicates that  Betula pubescens was a very common tree in the 
higher, sandy soils along the Hunze valley during the first part  of 
the Aller0d. The  tree did not establish itself in the Braunmoostorf  
vegetation, since wood remains are absent in this peat. See also 
tables EMMEN 3 and IO. 

6. 5. BROWN GYTTJA 

The brown gyttja, which was found almost exclusively in peat- 
face E, was not examined for pollen or seed content. Deposition will, 
in all probability, have taken place during the Allerod, since the 
gyttja lies partly on a layer of Braunmoostorf  (face E, pits 168--I 73), 
while it has been completely over-grown by Braunmoos communi-  
ties. Its height, too, between I 1.7o--12.65 m + N . A . P . ,  supports the 
conclusion that  it originated during the Aller0d. Its position has 
been given in fig. 5. The  lake in which the gyttja formed possibly 
owes its existence to extra water stagnation in the Braunmoostorf, 
caused by sand ridges in the subsoil (peat-face E, pits 15o--158 ). 
Because of the occurrence of many Phragmites rhizomes in the gyttj a, 
there is scarcely any possibility that  there was open water for a 
longer time. The  banks of the lake will have been formed byBraun- 
moos vegetation (pits 163--I68 and i81--182),  which finally grew 
over the lake deposit. 

The  Allerod material examined by TEUNISSEN Cpeat-face J,  pit 
327) occupied, as far as texture is concerned, an intermediate 
position between this gyttja and Braunmoostorf. 

6.6. LoEss LAYER 

A significant part of the Braunmoostorf deposit is covered by a 
very finely grained mineral deposit, see fig. 5. We found this loam 
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layer in peat-faces A- -F ,  and presumably also in face G. It  is not 
present on the Braunmoostorf  of face J. It reaches its greatest height 
on the slope of the Hondsrug: face A, at I4.3o m + N . A . P ,  and 
face B at I4.OO m + N . A . .  Elsewhere (faces D and F) it tails o f fon  
the low ridges in the sandy subsoil at a considerably lower level. 
The layer is thickest (up to c. 2o cm) on the western side in the 
distribution area which we reconstructed with TER WEF.'s 
assistance (see preceding chapter), and tails off north and south- 
wards as well as eastwards. On the strength of these characteristics 
and the, roughly speaking, semi-circular distribution, it is our 
opinion that  we are here dealing with an eolian deposit. 

The layer can be dated in the second half of the Allerod (the 
Pinus phase) and the beginning of the Late Dryas. Sedimentat ion 
on the slope of the Hondsrug (2-Po, fig. 65, and 3-Po, fig. 66) 
probably started somewhat earlier than in the lowest-lying part  
(io-Po, fig. 73) where sedimentation began just at the level of the 
Pinus maximum;  see also 6. 4. (p. 57). 

The layer was considered to be a gyttja by VAN ZEIST (1955a , 
the profile EMMERERFSCHEIDENVEEN I, his fig. 4, and I955b, the 
14C-diagram, his plate XXX) .  Evidence for this conclusion includ- 
es the rich pollen content, the good state of conservation of the 
pollen, and the moist nature of the Braunmoostorf which changes 
gradually into the loam layer. Neither would the Drepanodadus 
leaves which we found (table IV, EMMEY 3, P" 58), the presence 
of Pediastrum (2-Po, fig. 65) and the frequent appearance of Typha 
latifolia (tables I I I  and IV, EMMEN 2, EMMEN 3) at a rather 
high level in the deposit appear to conflict with VAN ZEIST'S 
view. 

The layer tails off on a cross-ridge in the Hunze depression at c. 
io m + N . A . P . ,  approximately 3 km NNW of peat-face A. It is clear 
from this that  the mineral layer was deposited on a slope. Arguments 
against a limnic deposition include the fact that  no ridges higher 
than about I I m + N . A . P ,  are present north of the investigation 
area, whereas a Late-glacial lake would have had to have a water 
level of at least I4.3o m + N . A . P .  (the tailing off height in face A). 
To this can be added the fact that  Boreal deposits on sand and 
Braunmoostorf, respectively, occur even in faces H, I and J below 
x3.oo m + N . A . P . ,  see next chapter. There can, in our opinion, be 
scarcely any doubt about an eolian origin. VAN HEUVELN (Soil 
Survey Institute, Emmen found thick cover-sand deposits (the 
Younger Cover-sand B; "hopping"  sand) on the edge of the Honds- 
rug near Emmerschans, just west of face A, which he dated in the 
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Aller0d and the Late Dryas (verbal communication).  Our  loess 
layer is, in all probability, the wind-blown fine fraction of these 
sands, originating in the Hondsrug, and deposited in the Hunze 
depression by the then prevailing westerly winds (MAARL~V~.LD 
I960). 

The  absence of drying-out phenomena at the top of the Braun- 
moostorfand the rich pollen content in the loess layer are indications 
of sedimentation in a very moist milieu. The  wind-blown material 
will therefore have been trapped in the moist Braunmoos vegetation 
and, as a result of this, the latter must have been smothered. This 
can explain both the gradual transition of Braunmoostorf  to loess, 
and the good state of conservation of the pollen. The  relative drying- 
out, which must have enabled the wind to carry away material, has 
presumably affected only a higher level, i.e. the Hondsrug. Perhaps 
the charcoal (only very fine, small particles) present in  the loess 
layer comes from an Aller0d forest on the Hondsrug which was 
destroyed by fire. The  Pediastrum found in the loess (2-Po, fig. 65, 2 
specimens!) has possibly been blown here by the action of the wind. 

The  fact that  Typha latifolia managed to continue growing in the 
depression during this action (tables EMMEN 2 and 3, P. 57, 58), is 
surely an indication of a certain level of humidi ty in the Hunze 
valley. 

Yet there, too, where the Braunmoos vegetations were not 
smothered by loess sedimentation (face J),  the formation of Braun- 
moostorfcame to an end in the course of the Aller0d, see 6.4. , p. 57. 
It  is therefore probable that  periods of stagnation occurred in the 
water supply to the Hunze valley during the Allerod, even although 
no desiccation phenomena can be demonstrated. 

It  is theoretically possible that  the loess layer originated in the 
fluvial loam present in the Hunze depression (see preceding chapter) 
We do not consider this to be very likely, because the loam layer 
tails off towards the east and is considerably thicker in the extreme 
west. Moreover, there is a zone between the fluvial loam deposit 
and the loess layer in which both types of deposit are absent (faces 
H and I, see also fig. 5), while, 3 km NNW of face A, Braunmoostorf  
covered by loess lies on ferruginous fluvial loam. 

6. 7 . LAYER OF TWIGS 

In many places the loess layer is overlain by a layer of peat, up to 
about io cm thick, and resembling a pile of twigs, the twig layer. 
This appears in peat-faces B, C, D, E and G. It  is absent in the 
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highest-lying parts of the loess layer (faces A and F, in the organic 
fillling of the side valley of face D, and here and there in face E). 
The highest point is in peat-face B, at I4.OO m+N.A.P .  

The layer must have been formed towards the end of the Late 
Dryas (cf. Io-Po, fig. 73), possibly just at the transition to the 
Preboreal period, during the amelioration in climate. It is the only 
organic formation from the Late Dryas in the area studied. 

This layer lies very loosely, and apparently discordantly on the 
loess layer, which is an indication that it was not formed immediate- 
ly after the loess sedimentation. An interval must therefore have 
existed between the loess layer and the twig layer, very probably a 
large part of the Late Dryas. 

In all probability, this wood layer is the remnant of a short-lived 
Betula forest (see io-Po, fig. 73, the high Betula percentages of 
spectra Io and I I), which was able to establish itself in the Hunze 
valley, even on the lowest level (EMMEN IO, face C, pit 69). It 
appears, too, from Io-Po, fig. 73, that an early rise in the ground 
water level must have occurred in the originally not very wet gulley, 
the Hunze valley (the river bed during a part of the Weichselian), 
due to which the vegetation changed quickly: Sphagna and Potentilla 
had to give way to Typha latifolia, Sparganium (possibly Typha 
angustifolia too), Equisetum and, later, Menyanthes trifoliata also 
(spectra IO, II and I2). 

It is not clear why the Hunze river bed, through which, even in 
the Older Dryas, there was a considerable water flow, was much less 
moist for a significant part of the Late Dryas, only to become clearly 
moister again towards the end of this period. 

The absence of the twig layer on the highest-lying parts of the 
loess layer does not necessarily imply that a vegetation similar to 
that found in the lower parts will not have been present in the Late 
Dryas. The thick Preboreal charcoal layer in face A, pits 26--29, 
lying on the loess layer (3-Po-Iv, fig. 67, spectra i i and I2) indicates 
significant peat fires, at least along the marginal parts of the bog. 

6.8. STRATIGRAPHY AND DEVELOPMENT OF THE LATE-GLACIAL 
DEPOSITS 

Shortly before the beginning of the Aller0d, the Hunze valley 
became so moist that Hypnaceae vegetations (including Scorpidium 
scorpioides and CaUiergon sarmentosum) could establish themselves in 
the moistest places, accompanied by Menyanthes tr~foliata, Scirpus 
fluitans, Care:," spp. and other Cyperaceae. Large parts of the 
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relatively relief-rich soil of the valley were overgrown in the first half 
of the Aller0d by this Braunmoos vegetation (fig. 5). In the wettest 
places it amounted to gyttj a sedimentation. Part of the Braunmoostorf 
deposit formed thus was smothered during the Aller0d by the 
deposition of loess (fig. 5),due to which the peat growth here came 
to a stand-still. Peat formation also stagnated in the part of the 
Braunmoos communities not covered by loess, indicating a decrease 
in the water supply. The loess sedimentation probably came to an 
end shortly after the start of the Late Dryas, and after this no other 
accumulation of organic or mineral material took place in the 
Hunze valley, until, shortly before the end of this period, Betula 
established itself here in massive numbers, probably as a result of the 
Hunze valley again becoming moist. This increase in moisture 
presumably proceeded at a rather fast pace, so that the Betula 
forest had to make way for more moisture-tolerant vegetations as 
early as the beginning of the Preboreal. Peat fires occurred along 
the western edge of this Betula forest on loess, presumably in the 
Preboreal, which probably caused the destruction of part of the 
peat formed during the Late Dryas (the twig layer). 

C H A P T E R  7.: BOREAL GYTTJAS 

7. I. INTRODUCTION 

The discussion of the two gyttjas sedimented in the Boreal is 
chiefly based on information obtained from: 

- -  peat-faces H, I and J, 
- -  diagram 21-Po (fig. 9o), from vertical peat-face H, pit 229, 

which will be discussed below, 
- -  the profile from peat-face J, pit 327, which was analysed by 

TEUNISSEN, and which has already been mentioned in the preceding 
chapter, 6.I., p. 55, 

- - t h e  diagram by FLORSCHUTZ, published by VAN HEUVELN 
(I958), which comes from the neighbourhoogl of peat-face I, 
pits 277--278 . 

7.2. 2I-Po (fig. 9 o) peat-face H, pit 229 

The diagram concerned was made from the lowermost half metre 
of the profile EMMEN 2 X, from the area in which both Late-glacial 
deposits and the fluvial loam layer are absent. 
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A few elements of the Late-glacial vegetation, such as Helianthe- 
mum and the Plantago major type, are present in spectrum i, from 
the sand, and in spectrum 2 (strongly sandy gyttja), and this indicates 
a possible Late-glacial origin for part of the material. The samples 
concerned were taken at I2.6o and I2.65 m+N.A.P ,  respectively, 
a level at which Late-glacial Braunmoostorf and loess are present 
in the western part of the Hunze Valley; see also 6. 4. (p. 57). The 
gyttja obviously dates from the Boreal period. Probably but little 
vegetation existed in the shallow, oligotrophic lake: the Sparganium 
type only once attains a relatively high value (spectrum 4). The 
thin charcoal layer between spectra 3 and 4 is perhaps an indica- 
tion of a temporary break in the sedimentation as a result of a 
drying-out of the shallow lake. 

The sharp decline in the Sparganium type (spectra 5 and 6) on the 
level of the thin topmost charcoal layer ( 12.85-12.9o m + N.A.P.) 
and the disappearance of Menyanthes (spectrum 7) are indications 
that the lake probably dried out before the focming of seepage peat 
(9.5.i.) started at the beginning of the Atlantic or at the Boreal] 
Atlantic transition. The many irregular pollen grains of Alnus in 
spectrum 7, but especially in spectrum 8, point to the occurrence 
of this tree in the fen-wood here. The change-over to fen peat is 
accompanied by a strong increase in Cyperaceae and Equisetum 
(spectrum 7). The increase of the Sparganium type at the top of the 
diagram indicates that a very moist peat formed here. 

The pollen content of the gyttja which lies in peat-face J on the 
Late-glacial Braunmoostorf, shows a great similarity to that of 
EMMEN 21 (communication by TEUNISSEN). Pinus and Betula also 
have high values in the section of the diagram concerned (Boreal) 
in peat-face J, and Corylus and Quercus show an increase. Among the 
herbs, Filices especially is present. 

7.3. ORANGE GYTTJA 

A particularly fine orange-coloured gyttja was found in a few 
east-west orientated gulleys (and therefore approximately perpen- 
dicular to the Hunze valley proper, the river bed) in the sandy 
subsoil of the peat-faces H and I. The highest occurrence of this 
gyttja is at I3.O 5 m+N.A.P .  Underneath, the deposit is sandy. 
Occasionally there is a thin charcoal layer in the gyttja, e.g. face H, 
pits 225--23 I. A thin charcoal layer forms the transition to the 
Atlantic seepage peat (see 2I-Po, fig. 9o). The extent of this gyttja 
will be further discussed in the next section. 
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The sedimentation had probably already started rather early in 
the Boreal; Betula is present in high percentages right at the bot tom 
in 2I-Po; see also fig. 63, the 1*C-diagram, and the next section. 
The  topmost lO--15 cm of this gyttja are not sandy. Blowing or in- 
wash of mineral material has not taken place during the growth, 
which points to a dense vegetation cover of the surrounding low 
sand plateaux (see e.g. the sandy subsoil of peat-face H). 

The rise in water level, due to which water could collect in the 
gulleys, was only very slight. Stagnation in the local drainage, here 
directed westwards (see fig. 4, contour map),  may have been 
caused only as a result of the increasing thickness of the non-ferru- 
ginous fen peat deposit in the western half of the Hunze valley, 
see fig. 7, the presumable extent of the Boreal non-ferruginous peat. 
Mention has already been made in the preceding chapter of the 
absence of Late-glacial formations in the gulleys under peat-faces 
H and I; 6. 4 . (p. 57). 

7.4. GREY GYTTJA 

More widespread than the orange gyttja is the grey gyttja, in 
many places sandy to strongly sandy, which lies especially on the 
low sand plateaux between the shallow, orange-gyttja-filled gulleys 
in the region of peat-faces H and I. In a more south-westwards 
direction, including in peat-face J, this sediment lies on Braunmoos- 
torf. The  thin gyttja layer from a profile near face I, pits 277--278, 
described by VAN HEUVELN ( 1958) is, in all probability, this grey sandy 
gyttja, called humic by him. The grey gyttja lies on an average on a 
somewhat higher level than the orange gyttja. Its max imum height 
is at approximately i3.I 5 m+-N.A.P, in peat-faces H and I, as 
well as in J.  The  deposition probably began only in the course of 
the Boreal, shortly after the start of the orange gyttja (see VAN 
HEUVELN, I958 , diagram fig. 5)- The spread given by VAN HEUVELN 
in his map  (his fig. 2) agrees well with what  we were able to survey, 
see fig. 7. It  forms, in fact, the delimitation of the eastern and south- 
eastern edge of the loess layer (see fig. 5), which was discussed in the 
preceding chapter. It  is therefore obvious that  a relationship be- 
tween the presence of this loess and the formation of the grey gyttja 
may be assumed. In this connection, TEUNISSEN'S observation that  
the Boreal gyttja in peat-face J is not a sandy, but a purely organic 
deposit, is of importance. It  is possible that  as a result of the presence 
of the loess layer, or the development of fen peat on top of this since 
the Preboreal period, the drainage of a presumably not very large 
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Fig. 7. Gyttja, fen peat and seepage peat  in the Hunze depression: i = spread 
of the non-ferruginous fen peat  after the early-Atlantic desiccation period, c. 
5ooo--45oo B.C. 2 = idem in the eastern part of the Hunze  depression; 3 = 
spread of the Preboreal and Boreal non-ferruginous fen peat  (till c. 53oo B.C.) 
and of the early Atlantic pine forest (53oo--49oo B.C.); 4 = iron-rich seepage 

peat area; 5 = Boreal gyttja deposits. 

part  of the Hunze depression stagnated, due to which an otherwise 
shallow lake could develop just outside the area of Preboreal and 
Boreal fen peat growth. At first, only the gulleys of this region will 
have been inundated (see preceding section), later, in the course of 
the Boreal, the low sand plateaux were also flooded. The  western 
branch (peat-face J) was still overgrown with peat in the Boreal 
(non-ferruginous fen peat below the level of the early Atlantic 
desiccation layer, see fig. 7 for the spread of the pre-Atlantic non- 
ferruginous fen peat and 8.5.2" p. 73). 

In  VAN HEUVELN'S opinion, the cause of this "Klarwassersee" 
(lake with open water) on the eastern and south-eastern edge of 
the fen peat area, is the occurrence of seepage, which may have been 
able to continue during the Boreal and Atlantic periods. We are 
of the opinion that  the seepage is of a later date, see 9.4. (P. 86), 
and that  here a more localised development is involved. The  
covering of the western part  of the gyttja deposit (face J) by pre- 
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Atlantic non-ferruginous fen peat is another argument against a 
lake having been created by seepage action. 

VlSSCI-IER (I93I) did not identify this grey sandy gyttja as such, 
and called it, as well as the fluviatile loam, loamy sand. 

7.5. STRATIORAPI-IYAND DEVELOPMENT OF THE BOREAL GYT~AS 

Possibly as a result of fen peat accumulation in the Hunze valley, 
a number of shallow, east-west gulleys on the eastern slope of this 
valley was closed off, due to which the drainage stagnated here. In 
these gulleys - -  face H cuts through two of them - -  sedimentation 
of orange gyttja occurred on a limited scale, presumably early in 
the Boreal. During this period, the water on the eastern and south- 
eastern flank of the fen peat which was growing on loess rose to 
outside the east-west gulleys, as a result of which the intervening 
low sand plateaux were also flooded and were covered by a thin 
layer of grey, sandy to humic gyttja, see fig. 7. The virtual absence 
of mineral material in the grey gyttja, where the latter does not lie 
on sand, but oh Late-glacial Braunmoostorf (face J),  provides 
evidence that blowing in or in-wash from the edge of the Hondsrug 
did not take place. 

The rise in the water level - -  inundating from the gulleys the 
more than i km 2 sand p la t eaux- - i s  undoubtedly the result of the 
stagnation of the drainage which was presumably directly linked 
with the proceeding non-ferruginous peat growth in the  western 
half of the Hunze valley. The western arm of the lake was filled by 
plant growth during the Boreal, undoubtedly under the infuence  
of the spreading ferruginous fen peat growth, see fig. 7, in the Hunze 
valley. When all these fen peat deposits underwent a thorough and 
prolonged desiccation at the beginning of the Atlantic period (see 
8.5.2- P. 73), or shortly before this desiccation, at the Boreal/ 
Atlantic transition, the gyttja growth also came to an end (see 
fig. 9 o, 2 I-Po). The milieu thus formed afforded a suitable habitat 
for Alnus, followed by seepage peat growth. 
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CHAPTER 8.: NON-FERRUGINOUS FEN PEAT 

8. I. INTRODUCTION 

The thickness and extent of the Late-glacial deposits and the 
Boreal gyttjas in the Hunze depression are of little quantitative 
significance, unlike the formations of fen peat which were enorm- 
ously widespread in the horizontal plane and often of a considerable 
thickness. We have sub-divided the different types of fen peat into 
two main groups: a) the non-ferruginous fen peat, which produces 
yellow ash on burning, and b) the ferruginous to iron-rich Hyp- 
naceae peat which developed as a result of seepage, and which 
produces a red ash on burning (seepage peat). The  non-ferruginous 
fen peat will be discussed in this chapter. The  seepage peat will be 
dealt with in the following chapter. 

The topmost part of the fen  p e a t  is f e n - w o o d  p e a t .  We shall 
use the name f e n - w o o d  peat when indicating the wood-rich nature 
of the fen peat. 

The discussion of the non-ferruginous fen and fen-wood peat is 
chiefly based on information gathered from: 
- -  vertical peat-faces A - - G  and J, 
- -  the diagrams io-Po (fig. 73), 3 -Po (fig. 66) and the 14C-diagram 

(fig. 63) , which were discussed in Chapter  4. 
- -  the profile EMMERERFSCHEIDENVEEN I which is given beside the 

14C-diagram (fig. 63), 
- -  the diagram 2-Po (fig. 65) which was discussed in 6 .2 ,  see p. 56, 
- -  tile diagram of the profile from peat-face J, pit 327, made by 

TEUNISSEN, see 6. I., p. 55, 
- -  the diagram i-Po (fig. 64) from peat-face A, pit 6, from the 

marginal area of the bog which will be discussed below, 
- -  the diagram 29-Po (fig. 98), from peat-face J, pit 328, which will 

be discussed in IO.7. , see p. i3o , 
- -  the section EMMEN I4 from peat block C, which will be discussed 

in IO. 3. (p. i i7)  ; see figs. 76 and 77, 
--- the fen peat part  of diagram I I-Po (fig. 74), of peat-face C, 

between pits 68 and 69; the fen peat part  of diagram I3-Rh 
(fig. 75), of face C, pit 64; the lowermost parts of I7A-Po 
(fig. 79) and I7A-Po bog plants (fig. 83) , of section EMMEN 17, 
from face E, between pits I7I and I72. The diagrams mentioned 
here will be discussed in Chapter  i i .  Information from these 
diagrams and from 29-Po which is necessary for the t reatment  
of the non-ferruginous peat is given below. 
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29-Po (fig. 98, spectrum I) 
In the fen peat, Betula and not Alnus must have been the most im- 
portant  tree. Dryopteris occurs frequently here. Sphagnum must have 
felt quite at home in the comparatively open forest, which points 
to oligotrophic, rather acid peat soil. 

I I-Po (fig. 74, spectra 1--5) 
The relatively high values of the aquatic plants Menyanthes and 
Nymphaea (spectra 3 and 4) are indichtive of an increase in the 
wetness of the fen peat. In spectra i and ~, these types are still 
absent; Dryopteris and Rumex attain strikingly high values here. 
Right  at the top, the fen peat is again probably somewhat drier 
(cf. spectrum 5). Calluna, Sphagnum and Cyperaceae have possibly 
taken the place of Dryopteris and Rumex. Alnus must have been the 
most important  tree here. 

I3-Rh (fig" 75, spectra I--4)  

The  occurrence of Amphitrema flavum in the fen peat (spectra I--3)  
indicates a rather acid, oligotrophic milieu. Even before the arrival 
of Pinus (see als9 IO. 3, EMMEN I4) , Sphagna established themselves, 
here, a rare development in this fen peat area. 

1 7 A - P o  (fig. 79) and 17A-Po/bog plants (fig. 83) , spectra 1--  7 

The  rather high values of Sphagnum and Calluna indicate an oligotro- 
phic, fairly acid milieu. Alnus, in view of its relatively low values, 
probably appeared only rarely in the immediate vicinity. 

8.2. I-Po (fig. 64) face A, pit 6 

In profile EMMEN I, from which I-Po was made, the transition 
from fen-wood peat (spectra 1--5) to the Pinus-Scheuchzeria peat is 
particularly vague. In the pollen diagram, the transition stands out 
as a decrease in Alnus and an increase in Pinus (spectra 5 and 6), 
both of which were present in the peat here. The  very charcoal-rich 
sample 6 is strikingly poor in herb pollen. It  is possible that  there is 
a connection between a bog fire which took place at this level, and 
the large spread of Pinus in the peat. 

8. 3. SPREAD OF TI-IE NON-FERRUGINOUS FEN PEAT 

The  fen peat which was formed during the Preboreal and the 
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Boreal has a somewhat different spread than the fen-wood peat 
which developed after the Early Atlantic desiccation which will be 
discussed in 8.5.2. (p. 73). 

8.3. I. Extent up to the Early Atlantic desiccation 

Preboreal and Boreal fen peat occurs in peat-faces A - - G  and J 
and in the profile EMMERERFSCHEIDENVEEN I (fig. 63). Its 
occurrence is, roughly speaking, limited to the Hunze valley where 
Braunmoostorf  was also formed, see the map  fig. 7. The  top layer 
of this peat is formed by the Early Atlantic desiccation layer. 

8.3.2. Extent after the Early Atlantk desiccation 

The Atlantic non-ferruginous fen and fen-wood peat occurs in 
peat-faces A ~ E  and in face J,  pits 291--335, see the map  fig. 7. 
This fen peat was overgrown by the middle Atlantic Pinus forest, 
see 8.5. 3 . The  difference in spread between this and the older non- 
ferruginous fen peat is its reduced extension toward the east, see 
fig- 7. This will be further discussed in 8.7., p. 77. 

8. 4 .STRATIGRAPHICAL ASPECTS AND DATING OF TI-IE 

NON-FERRUGINOUS FEN PEA T 

The  non-fcrruginous fen peat tails off against the slope of the 
Hondsrug in peat-face A at 16.4o m + N . A . P . ;  this is at 15.8o m +  
N.A.P. in face B, and at 15.3o m + N . A . P ,  in face D. The  increasing 
tailing-off height towards the north can very probably be ascribed 
to the cffcct of sidc valleys. Outside the marginal arca proper, this 
peat  type occurs in face E up to I4.25 m + N . A . P .  (in a dried-out 
condition, as is the case with all the heights given). The  lowest level 
is in face G at 11.8o m + N . A . P .  (pit 69, EMMEN IO). It  dates here 
from the beginning of the Preboreal (Io-Po, fig. 73), see 6. 7. 
(p. 63). The  non-fcrruginous peat growth came to an end in the 
course of the Atlantic, c. 45oo BC, scc following section. The  fen 
peat at the top, i.c. above the Early Atlantic desiccation layer (scc 
following section), is, on average, more wood-rich (fcn-wood peat) 
than the peat at the bottom. A few black, charcoal-rich layers point  
to desiccation processes of the fen peat. Thcsc bands, which occur 
cspccially in the Borcal fen peat, all have a comparatively slight 
spread. Also, they are usually less clear than the Early Atlantic 
desiccation !ayer. 

Where thc fcn peat lles on sand clcvatlons on the subsoil, a 
black, greasy layer, usually a few ccntirnetrcs thick, has formed at 
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the base of the peat. This phenomenon is not indicated in the peat- 
face drawings. 

In a number  of places, iron-rich or ferruginous fen peat is found 
in the otherwise non-ferruginous fen peat, e.g. in face D, pits 
lO8--I I  9 and I37--I41.  This will be further discussed in 9.16. 
(p.  I05)"  

8. 5. DESICCATION LEVELS IN THE NON-FERRUGINOIJS FEN PEAT 

8. 5. I. The Late Preboreal desiccation layer 

In peat-face C, above pits 68--71 , between 12.2o--12.55 m +  
N.A.P., there is a late Preboreal (i o-Po, fig. 73), highly decomposed, 
charcoal-rich layer in the fen peat. The  high Pinus percentage in the 
sample from this layer and the appearance of comparatively many 
pollen grains of Pinus with undeveloped air-sacks are indications 
of the presence of this tree here. 

The  lowest charcoal level in face A, pits 23--29, can be dated in 
the Preboreal (3-Po, fig. 66). It  is not impossible that  we are here 
dealing with one and the same desiccation. 

8.5.2. The Early Atlantic desiccation layer 
In 3-Po (fig. 66), a greasy, very highly decomposed layer is 

present between 13.6o--13.7o m + N . A . P . ,  and it can be dated at 
the beginning of the Atlantic. A break in peat accumulation between 
c.58oo--  5 I OO BC, at the beginning of the Atlantic, is discernible in 
the 14C-diagram (fig. 63). In  peat-faces B, C, D, E, F, G and J, 
between i y . 2 o - - 1 3 . 3 o m + N . A . P .  , a greasy layer containing 
charcoal is present, which is divided into two in several places 
(faces B, C, D and J). From its position, roughly speaking at the 
base of the Alnus fen-wood peat, we can conclude that  there is a 
rather strong probability that  the layer was formed shortly before 
or at the beginning of the Atlantic. TEUNISSEN analysed this layer 
in face J, pit 327, where it is present between 12.9o and 13.oo m 
above N.A.P., just at the level of the first Alnus increase. It  follows 
from this that  the layer must be an Early Atlantic formation. 

I t  may be concluded from the Early Atlantic Pinus forest, which 
will be discussed in lO. 9. (p. 13i), that  Pinus was able to continue 
growing on the bog surface between c. 5300--4900 BC, and that  
scarcely any, or no, peat accumulation took place in that  period. 
There can, in our opinion, be no doubt  that  the Pinus stumps of 
the Early Atlantic s tump group MUNAUT D ~ originate from this 
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desiccation layer. It should be added, however, that we have ob- 
served no stumps on the peat-faces at the level of this layer. 

All these phenomena point to a thorough desiccation of the non- 
ferruginous fen peat, which can be dated at or shortly before c. 
53oo BC. 

It follows from the very regular growth of the dendrochronologi- 
cally investigated trees that there was a prolonged break in the peat 
growth, due to which the moisture content of the forest soil remained 
fairly constant for more than a century (fig. Io8, the years 8o--2I  5 
of the floating chronology). Presumably fires will have raged several 
times in the Pinus forest on the bog, thus creating a charcoal-rich 
base. The division of the layer, found here and there, points to 
several peat fires with a certain time interval at the beginning of the 
Atlantic. The desiccation affected the whole of the non-ferruginous 
fen peat area in the drainage gulley (the Hunze valley) east of 
Emmen, which came into existence in the Preboreal and Boreal 
(fig. 7). The layer containing charcoal, which will be called the 
desiccation layer from now on, is comparatively thin, and, apart 
from its localised division, is uniform in character. The desiccation 
must, therefore, have been intense, and must have become establish- 
ed in a relatively short time. It seems that the supply of drainage 
water was completely stopped at the beginning of the Atlantic. 

The Early Atlantic desiccation layer tails off in face B at about 
I4.oo m+N.A.P . .  This occurs at c. I3.oo m+N.A.P ,  in faces D, 
F andJ .  The layer appears in face A at :4.oo or I4.5o m§  
This last height, however, is dubious, since a charcoal layer on 
sand is involved here. We consider it fairly certain that the level of 
peat growth was not much higher than 14.oo m§  at the 
beginning of the Atlantic period. The spillway in the east-west 
orientated cover-sand ridge near the village of Nieuw Dordrecht, 
see fig. 5, is at approximately i4.3o m4-N.A.P. (see fig. 4). It is 
therefore probable that the cause of the Early Atlantic desiccation 
was a fall in the water level south of this cover-sand ridge to below 
the level of the threshold (of the spillway). This threshold presum- 
ably had a critical height, as it were, until some time during the 
Atlantic period. 

The fall may even have been comparatively slight. It is possible 
that this fall in the water level was caused by the retention of more 
water in the developing peat-forming vegetation in the southern 
part of the Hunze depression. Deflection of the drainage pattern is 
not likely in the light of the topography of the subsoil of the Hunze 
depression. 
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The thickness of the - -  predominantly Boreal - -  fen peat under 
the desiccation layer discussed here varies strongly in different 
places in the area studied. The black band lies in face B, pits 37--43, 
in face C, pits 52--59, in face D, pits i2o- - i36  , in face E, above 
the sand elevation and pits i 75 - - i8 i  , and in face J, over the  
whole length drawn, almost directly on top of the Late-glacial 
deposits or the Boreal gyttja. In face C, pits 6o--98 , a fen peat 
deposit of significant thickness (up to 8o cm) is present under this 
black layer. 

Whether it is here a question of a locally strongly varying fen 
peat accumulation in the Boreal, or that a considerable part of the 
Boreal fen peat in the investigation area disappeared at the beginn- 
ing of the Atlantic due to fire, is not known. The position of the 
black layer in face C does not exclude the latter possibility. 

8.5. 3 . The Middle Atlantic pine stump layer 

The transition from the non-ferruginous fen and fen-wood peat 
deposits to the ombrogenous peat lying on it is formed by a Pinus 
stump layer; there will be a discussion in io.3, (p. I17) , IO. 5. 
(p. I22) and 11.39. (p. 203) of the reasons we have for regarding 
this layer as a level of relative desiccation. 

The layer itself does not belong to the complex of non-ferruginous 
fen peat types. The composition of the forest, the nature of the 
forest base, the duration of the wooded phase etc. will be further 
dealt with in io.io, and Io.II .  (p. i32 ft.). The layer is present in 
peat-faces B, C, D, E and J, with the exception of the most easterly 
part. Along the whole length of the western edge, see face A and the 
western part of face B, a particularly thick Pinus stump layer devel- 
oped, see the next section. 

The relative desiccation which brought the non-ferruginous fen- 
peat growth in the western half of the Hunze valley to an end, can 
be dated at c. 45oo BC, see IO.IO. (p. I32). Apart from Pinus, 
Scheuchzeria palustris L. was able to establish itself on the bog surface 
after it had become drier, see I 1.39. (P- 2o3). This points to a less 
thorough desiccation of the bog than must have been the case 
during the Early Atlantic desiccation. 

During the first half of the Atlantic, the water level in the Hunze 
depression east of Emmen became considerably higher. In view of 
the tailing-off height of the Middle Atlantic stump layer in face 
B at a little over I5.8o m+N.A.P .  (influence of side valley?) and 
in face D at I5.3o m+N.A.P . ,  we think it is fairly certain that the 
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peat-growing surface was higher than 15.3o m+N.A.P ,  at c. 45oo 
BC. The spillway in the cover-sand ridge east of Nieuw Dordrecht 
must have been filled with peat in the first half of the Atlantic. In 
the same period, comparatively thick ombrogenous peat deposits 
were already developing south of this ridge (FLoRSCHOTZ et al, 1935) 
due to which more and more water was retained. It is possible that 
this water retention was one of the factors which caused the Middle 
Atlantic desiccation, just as we have presumed with the Early 
Atlantic desiccation. As a result of the now much higher water level, 
the level of the spillway bottom had a direct influence on the 
degree of the desiccation, as we have assumed with the Early 
Atlantic desiccation. 

8.5. 4. Other signs of desiccation in the non-ferruginous fen peat 

Here and there in the non-ferruginous fen peat, stump layers 
with a limited horizontal spread occur, indicating localized areas of 
desiccation, e.g. in face C, above pits 54 and 76--81, where Pinus 
stumps were found. In face E, above pit I71 and above pit x74 , 
wood levels are present at I 3 . I o m  and at I 3 .3om+N.A.P .  
respectively, just under the fen-wood peat. It is our opinion that 
these may also be regarded as signs of very localized desiccation. 

The particularly high wood content of the fen-wood peat in face 
J, between pits 292--332, is probably connected with desiccations 
which, due to the locally very strong relief of the subsoil, must have 
led, more quickly than elsewhere, to a comparatively dry bog 
surface, very suitable for tree growth. 

8.6. THE F E N  P E A T  IN T H E  M A R G I N A L  P A R T S  O F  T H E  B O G  

In the marginal parts of the bog, the peat developed with a 
higher wood content than further inwards in the bog. This is true 
even for the fen peat, as is clearly demonstrated by peat-face A. 
In fact, after the Preboreal, it was not so much fen peat as wood 
peat which developed here, originally with Betula and Pinus, but 
from the beginning of the Atlantic, with Alnus too. See fig. 66, 
3-Po, and fig. 64, I-Po, and 4.4.(P. 49), where the composition of 
the forest in the marginal parts of the bog has been further discussed. 

Fluctuations in the water level to which the marginal parts of the 
bog are especially sensitive, and the enriching of the peat water with 
minerals from the Hondsrug, greatly affected the character of the 
types of peat formed here. In 3-Po (fig. 66), spectra i 1--38 , from 
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the fen-wood peat, aquatic plants such as Menyanthes, Triglochin, 
Typha, Sparganium and Potamogeton are present in very low percent- 
ages, if at all. The indistinct and also comparatively late transition 
to the Pinus forest with Scheuchzeria points to only a very weak 
reaction by the peat. growth to the Middle Atlantic desiccation, 
which was described in the preceding section. The course of the 
two charcoal layers in face A, pits ~4--29, is an indication of gaps 
in the peat deposits. 

The peat present in the side-valley of face A, pits x--9, in which 
we made a distinction between fen-wood peat and pine wood peat, 
see I-Po, fig. 64, indicates a very localised development. Peat 
accumulation here started only belatedly--during the Atlantic. 

8.  7 . S T R A T I G R A P H Y  AND DEVELOPMENT OF THE 

NON-FERRUGINOUS FEN PEAT 

The first fen peat deposits in the area studied occurred in the 
Preboreal (fig. 73, I o-Po). They are limited to depressions in the 
Late-glacial depositions (e.g. face C, pits 68--72), which indicates 
that at the time the rise in the water level was still only slight. The 
peat accumulation is slight, a maximum of 4ocm in the Preboreal; 
in EMMEN IO (face C, pit 69; see fig. 73, Io-Po) it amounted to 
2.5 cm/Ioo years, in comparison with 6. 5 cm/loo years for the fen 
peat which was formed during the Boreal and the first half of the 
Atlantic (up to the Middle Atlantic stump layer, see 8.5.3.)in 
EMMEN IO and its immediate surroundings. These measurements 
apply to peat in a desiccated condition. 

The first peat is a sedge peat, with possibly Betula (fig. 73, Io-Po) 
and perhaps Pinus growth here and there on the higher places 
(fig. 66, 3-Po). In spite of the still slight rise in the water level, the 
peat must have been very moist in the lowest-lying places, in view 
of the presence of pollen of Menyanthes and the Sparganium type, see 
Io-Po, fig. 73. Towards the end of the Preboreal, the fen peat dried 
out at the lowest point too (EMMEN IO, face C, pit 69, see fig. 73, 
Io-Po), due to which Pinus could establish itself, at least in some 
places, in the peat. The charcoal-rich layer in Io-Po, just at the 
transition between Preboreal and Boreal is an indication of intense 
desiccation of the peat. All the peat formed along the slope of the 
Hondsrug during the Preboreal very probably disappeared because 
of fire (see fig. 66, 3-Po and fig. 65, ~-Po). 

After a break lasting for a few centuries perhaps, the peat growth 
re-established itself at the beginning of the Boreal; non-ferruginous 
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peat, which has a relatively low wood content, developed again in 
the Hunze valley. Betula, perhaps together with Pinus (fig. 66, 
3-Po), is a frequently occurring tree along the edge of the bog. It is 
probable that a considerable part of the Hunze valley was over- 
grown by this non-ferruginous fen peat in a comparatively short 
time during the Boreal. The Boreal gyttjas developed east and 
south of this bog complex, see Ch. 7 and fig. 7. Towards the end 
of the Boreal, the western branch of the gyttja deposit was over- 
grown by non-ferruginous fen peat, see fig. 7. This peat growth was 
again interrupted c. 53oo BC by a thorough desiccation; Pinus 
could establish itself on the peat surface again, and the peat surface 
was affected several times by fire, see 8.5.2. 

It can be concluded from the position of the occasionally double 
"Early Atlantic desiccation layer" relative to the Late-glacial 
deposits that possibly significant parts of the Boreal fen peat were 
burned. The regular growth of the pine trees on the dried-out 
Early Atlantic peat surface already mentioned in 8.5.2. points to 
a break in the peat formation lasting for several centuries. A renewed 
supply of water caused the water level in the Hunze valley to rise 
again, due to which the peat growth started again c. 5ooo BC. This 
provided Alnus with many suitable habitats in the peat (see fig. 66, 
3-Po and fig. 63, l~C-diagram), so that during the Atlantic the 
Hunze valley was covered with an alder fen-wood, in which sedges 
were frequently still present. Simultaneously, the extensive ferrugi- 
nous seepage peat growth started to develop (see next chapter) to 
the east of these non-ferruginous fen peat complexes, see map with 
extent of the fen peat complexes, fig. 7. Originally, Alnus was a 
common tree in the seepage peat, too. 

The westwards shift of the eastern border of this deposit after the 
Early Atlantic desiccation, which has already been mentioned in 
8.3.2. (p. 7~), was caused by seepage, due to which large quantities 
of water were released into the Hunze depression. The conclusion 
that a large supply of non-ferruginous ground water must have 
appeared again after this desiccation may be drawn from the 
considerable thickness of the non-ferruginous fen and fen-wood 
peat deposits which formed during the Atlantic up to c. 45oo BC 
(Middle Atlantic relative drying-out). This amounted to an average 
of about 8o cm in a drained condition, see peat-faces B, C, D, E and 
J. This gives an extremely high peat accumulation ofc. I6 cm/xoo 
years. The Atlantic non-ferruginous fen peat has a considerably 
higher wood content than the Preboreal and the Boreal fen peat; 
partly because Alnus wood perishes fairly slowly under water, and 
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partly because the enormous accumulation of organic material 
during the Atlantic will have had a strong preservative effect. 
Betula was not absent from this fast-growing peat; bands of white 
bark testify to its presence. It is probable that changes in the 
milieu, especially of a t r o p h i c  nature, favoured the localized 
establishment of Betula. The large quantities of Menyanthes seeds 
which were exposed on breaking open lumps of non-ferruginous 
peat are indications of the presence of open water. During the 
Atlantic the proportion of Alnus in the peat-forming vegetation 
declined. Its place was largely taken over by Betula, see fig. 66, 
3-Po, spectra 27--32 and 8.I. (p. 7o), 29-Po, II-Po. I7A-Po. 
Highly humified Sphagnum peat was forming already here and 
there, including in face C, pit 63 and face E, pits I57 and I7I , see 
also fig. 79, I7A-Po and 8. I., 29-Po, II-Po, I3-Rh and I7A-Po. 
Open water could still occur in places almost up to the very top 
of the fen peat (see 8.I., I I-Po) This will not have been the case 
everywhere; e.g. 29-Po, spectrum I (see fig. 98) shows evidence of 
a less wet situation, in our opinion. 

Concerning herb vegetation, the sometimes wholesale spread of 
Dryopteris and Rumex (29-Po, see fig. 98 and I I-Po, see fig. 74) is, 
along with the occurrence of aquatic plants such as Nymphaea and 
Menyanthes, worthy of mention. At some places, Scheuchzeria palustris 
could establish itself in the non-ferruginous fen or fen-wood peat, 
e.g. in face D, pits I23--i25, face E, pits I63 and I66--i73.  This 
does not amount to thick Scheuchzeria deposits, however. This 
aspect of the peat formation will be further discussed in I 1.39. 
(p. 2o3). The milieu must, in any case, have been rather acid here, 
see also 8.I., p. 7 o, 29-Po, I3-Rh and I7A-Po. Widespread 
Scheuchzeria vegetation does occur in the contact zone between the 
non-ferruginous fen peat and the iron-rich seepage peat, see face 
J, pits 334--336. This phenomenon will be discussed in 9.15. (P. I o4). 

The localised establishment of Pinus in the non-ferruginous peat, 
as was observed in face C, pits 54 and 74--8I, undoubtedly points 
to an only slight desiccation of the bog surface. 

During the fen peat formation, the marginal parts of the bog 
also became clearly more oligotrophic, see 4-4. (P. 49). The forest 
present here originally had a herbaceous layer with a great variety of 
species (spectra I3--27) , but many herbs disappeared with the 
increase of Betula (spectra 28--32 ). 

In the side valley of face A, the developing fen-wood had a 
completely different composition, see 8.2. It developed under 
considerably drier conditions. 

79 



Halfway through the Atlantic c. 4500 BC, the non-ferruginous fen 
peat growth stopped; Pinus established itself in large numbers on 
the bog surface, accompanied in many places by Scheuchzeria 
palustris. The distribution of these two species on the bog surface 
indicates slight variations in the relief, reflecting the topography 
of the subsoil (see IO.3. , p. I I7). A relative drying-out must  have 
caused this relief, see also 8.5. 3 . In  spite of the shrinkage of the fen 
peat deposit, ground water could not reach the surface; the fen peat 
growth did not re-establish itself even at the lowest-lying places. 
There is, however, a sufficient accumulation of precipitation water 
for the moisture-loving Scheuchzeria to be able to establish itself. 

The  roughly speaking similar spread of most of the organic 
deposits which had formed up till now in the western half  of the 
Hunze valley (see the distribution maps, figs. 5 and 7) points to 
the presence of a drainage pattern in this area, from the Late- 
glacial onwards, such as is drawn in fig. 6, which illustrates the 
drainage patterns in the Hunze depression. Fluctuations in the 
water supply to this drainage valley caused the peat growth to 
stagnate several times, e . g . c .  53oo BC and 45oo BC. From the 
second half  of the Aller0d, when the Braunmoostorfgrowth stagnat- 
ed (see 6.4., p. 57), up to almost the end of the Boreal, it is not 
possible to establish such a clear-cut drainage. See also the shape of 
the Boreal gyttja deposits, figs. 6 and 7. The  increase in humidi ty  
(see 6.8., p. 64) noted towards the end of the Late-glacial in the 
Hunze valley is presumably the result more of localized stagnation of 
rain water, than of water from the southern part of the Hunze 
depression being transported. The  Late Preboreal desiccation (see 
Io-Po, fig. 73), which was described in 8.5.i. , and the small peat 
accumulation in the early Post-glacial (see the beginning of this 
section, p. 77) point to a comparatively low water level in the 
Hunze valley at this time. The  drainage pattern given in fig. 6 will, 
in all probability, still have functioned during the ombrogenous 
peal growth, see 1 I. 7. and I 1.8. (p. i45 ft.). 

With regard to the two periods of desiccation which can be dated 
in the Atlantic, it has been assumed that  increasing water retention 
in the area south of the east-west orientated cover-sand ridge near 
Nieuw Dordrecht  was an important  factor in causing these desicca- 
tions, as a result of the peat growth starting up there. 
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CHAPTER 9.: SEEPAGE PEAT 

9" I. INTRODUCTION 

The high iron content, the cause of the red colour of the ash (see 
8. i. p. 7o), is only one of the many differences between this seepage 
peat and the stratigraphically related non-ferruginous fen peat 
which was discussed in the preceding chapter. Other differences 
are the occurrence of siderite and vivianite, the presence of drying 
cracks, of dopplerite formations, and the generally low wood 
content of the peat, of which (not identified) Hypnaceae are the 
most important sources. The discussion of the seepage peat is based 
mainly on data which were derived from: 

- -  vertical peat-faces F--I, the eastern part of face J, and faces 
K--Q, 

- -  diagram 2I-Po (fig. 90), which was dealt with in 7.2. (p. 65) , 
- -  profile EMMERERFSCHEIDENVEEN I, which is reproduced beside 

the 14C-diagram (fig. 63) , 
- -  the sections EMMEN 24, 25, 26 and 27 (figs. 53, 54, 55 and 56 

respectively) from peat-face I; in this chapter, only the seepage 
peat part of the sections will be dealt with, see the following 
section. The ombrogenous peat part of these sections will be 
discussed in Chapter I I., 
the diagram SMEULVEEN, by FLORSCHUTZ, published by VAN 
HEUVELN (I958), of a peat monolith, which originates in 
the vicinity of peat-face I, pits 277--278, 
spectra 4--6 from diagram 29-Po (fig. 98), originating from 
peat-face J, pit 328, which will be discussed in io.7. , see p. I3o , 

- -  spectra I - -  4 from diagram 3o-Po (fig. 99), originating from 
face M, pit 407, which will be discussed in io.8., see p. I3I , 

- -  the seepage peat part of the diagrams I9B-Rh/Mo (fig. 89) and 
of 3I-Po and 3IRh/Mo (figs. ioo and ioi) .  Section EMMEN X9, 
from face H, above pits 263--268 , and profile EMMEN 3 I, of 
face O, pit 442, will be discussed in Chapter I I. The information 
from these diagrams, from 29-Po , 3o-Po and from the diagram 
SMEULVEEN which is necessary for the treatment of the seepage 
peat is given below. 

Smeulveen 

There is a peat deposit, on the Boreal gyttja deposit, about i .3 ~ m 
thick and containing a siderite lens, which was described by VAN 
HEUVELN as fen peat. This fen peat, rich in Hypnaceae, was formed 
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after the beginning of the Atlantic. The fen peat growth ceased 
shortly before the Atlantic/Subboreal transition. 

The Pinus curve has a clear maximum just at the base of the 
siderite lens. VAN H~.UVELN assumed that this was caused by local 
pine growth. In our opinion, we are here concerned with the Middle 
Atlantic pine forest, which forms the transition from the non- 
ferruginous fen-wood peat to the ombrogenous peat, see 8.5. 3. (p. 
75), and IO.IO. and IO.II. (p. I32 ft.). The start of the siderite 
formation here can therefore be dated at c. 45oo BC or shortly 
afterwards. 

29-Po (fig. 98, spectra 4--6). 

Calluna and Empetrum had already become fairly widespread 
(spectrum 5) in the pine forest here (middle stump level, see also 
IO.7., p. 13o ) which can be dated at about the Atlantic/Subboreal 
transition. This is an indication of a comparatively acid milieu. 
The Sphagnum minimum in spectrum 5 can possibly be ascribed to 
a desiccation which is - -  in view of the dating of the middle stump 
level in this diagram (at the Atl/SB transition) - -  very probably the 
desiccation of c. 3xoo BC which will be discussed in this chapter. 

3 o-Po (fig- 99, spectra 1--4) 

The percentages of Rumex and Melampyrum are indications of the 
existence of these plants here in the peat. Dryopteris and Gramineae 
reach striking maxima, Betula also increases strongly. This means 
that the milieu of the peat growth clearly altered before the sudden 
end of the supply of seepage water which can be dated at c. 31oo 
BC (see 9.5.2, p. 9o). From the' absence of, or the relatively low 
percentages of Calluna, the Andromeda-Vaccinium type, Erica, Empe- 
trum and Sphagnum, we can perhaps conclude that, in spite of the 
changes, the milieu was not particularly acid. 

19B-Rh/Mo (fig. 89, spectra I and 2) 

Aulacomnium palustre occurs regularly in this seepage peat, prob- 
ably more frequently than Sphagna, of which only a very few 
identifiable remains were found. The presence of Amphitrema 
flavum might be an indication of a comparatively acid milieu. 

3i-Po AND 3I-Rh/Mo (fig. IOO, spectrum I and fig. ioi ,  
spectrum i) 

Rumex would have been present here. It is remarkable that 
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Aulacomnium palustre is absent here; its place was possibly taken by 
Drepanodadus and Polytrichum. Amphitrema flavum is present, al though 
in slight quantities, which is perhaps a weak indication (just as 
with I9B-Rh/Mo , see above) that  the milieu was relatively acid 
here towards the end of the seepage peat growth. 

9.2. EMMEN 24, EMMEN 25, EMMEN 26, EMMEN 27, (figs. 53, 54, 55, 
and 56), from peat-face I, between pits 279--282. 

These sections were drawn using a grid with 0. 5 • 0. 5 m squares. 
The  basal Boreal gyttja and the seepage peat lying on it were not 
further specified in the drawings; see peat-face drawing I. As far 
as the seepage peat part  of these sections is concerned attention was 
particularly directed towards the siderite lenses, the drying cracks 
and the dopplerite layer. 

Two monoliths from EMMEN2 4 were sampled at 1.6HS ( =  hori- 
zontal scale; VS ~--vertical scale) and at 3.0 HS, viz. 24A and 
24 B resp., which were examined for their rhizopod and moss 
content. The  diagrams 24A-Rh/Mo and 24B-Rh/Mo are repro- 
duced in fig. 94: Pollen analysis was made only of 24A: 24A-Po 
(fig. 93). 

A monolith at 0. 3 HS from EMMEN 25 was sampled for rhizopod 
and moss analyses (~5-Rh/Mo, fig. 95). Only spectrum I of 25- 
R h /Mo  is discussed in this section. 

EMMEN 24 (fig. 53), from peat-face I, between pits 279--280. 

In the large siderite lens between o.5--4.2 HS and I3 .3o--I3 .8o 
VS ( =  N.A.P.), there is a vertical crack, filled with dopplerite, at 
I. 5 HS. This runs from the level of the dopplerite layer which forms 
the transition between the seepage peat and the ombrogenous peat 
(seepage peat dopplerite layer). The  but slightly elastic nature of 
the siderite-rich seepage peat must undoubtedly have been a 
contributing cause of the forming of the drying cracks, which points 
to a thorough desiccation of the seepage peat. Wood occurs in 
places right at the top of the seepage peat; such as e.g. the Alnus 
s tump between 0.2--0. 4 HS, which reaches into the ombrogenous 
peat. 

EMMEN 25 (fig. 54), from peat-face I, pit 280, I5,m east of 
EMMEN 24. 

The  absence of siderite in the peat on both sides of drying cracks 

83 



(see also sections EMMEN 26 and 27, below) is a generally-occurring 
phenomenon. This will be further discussed in 9.6. (p. 90). 

Above the right-hand side part of the siderite lens is a layer of 
Hypnaceae peat, about io cm thick, upon which lies very highly 
decomposed amorphous peat containing wood (Alnus or Betula). 
This amorphous peat lies loosely on the Flypnaceae peat. In all 
probability it is redeposited peat, just like the peat lumps found in 
the drying cracks. This points to the occurrence of erosion after the 
thorough desiccation which must have caused the drying cracks. 
We think that the funnel-shaped mouth of the crack (similar to the 
cracks of EMMEN 26 and 27) was shaped by the eroding action of 
the water. The lumpy peat in the drying cracks is Hypnaceae peat. 
This dates the erosion at even earlier than the ombrogenous peat 
growth here. It appears from spectrum I of 25-Rh/Mo that, towards 
the end of the seepage peat formation, Sphagnum and Aulacomnium 
palustre, as well as Hypnaceae, were constituents of the peat-forming 
vegetation. The wood remains at the top of the seepage peat at 
1.2--1.5 HS and 2.4--2.6 HS (Betula) come from trees which would 
have grown here in the bog. The seepage peat dopplerite layer 
overlies the wood remains. 

EMMEN 26 (fig. 55), from peat-face I, between pits 280--28I, 
about IO m east of EMMEN 25. 

In contrast with the situation in the other sections of this group, 
there is here no question of a siderite lens with a drying crack run- 
ning through it. For the rest, the similarity to the crack of EMMEN 25 
is SO striking that we may assume that here, too, an eroding water 
flow must have existed after the seepage peat dried out. After the 
peat digging, this crack could be followed over a length of more than 
15 m in the horizontal plane. It turned out to be approximately 
rectilinear, to run in a SW--NE direction, and at the top to be 
completely filled with redeposited peat. It was in contact with a 
number of cracks which ran in a slightly different direction, a few 
of which display similar erosion phenomena. We think that this 
type of crack is clearly characterised by the name "erosion drying 
crack". 

EMMEN 27 (fig. 56), from peat-face I, between pits 281--282, 
about 35 m east of EMMEN 26. 

The wide mouth of the drying crack, 14.oo--i4.3o VS, 1.5--2.o 
HS, and the fact that it is filled with lumps of redeposited peat are 
again indications of the occurrence of erosion (cf. EMMEN 25 and 
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26), due to which the top-most part of this crack acquired a gulley-like 
shape. This section lies in that part of face I where the upper side 
of the seepage peat (the seepage peat dopplerite layer) is domed, 
and this, fairly certainly, did not develop exclusively in the preced- 
ing IOO years, see 9.I-3. (p. IO2). 

The crack could be followed over a distance of more than 2o m 
in a SW-NE direction. A polygonal structure of cracks was very 
clearly visible in the horizontal plane in the immediate neighbour- 
hood of this section. 

9.3- S T R A T I G R A P H I C A L  ASPECTS AND DATING OF TIrE SEEPAGE PEAT 

Peat which leaves a red ash after burning occurs in faces F, G, H, 
I, K, L, M, N, O, P and the eastern part offaceJ .  It was also found 
sporadically in the non-ferruginous fen peat area, e.g. in face C, 
above pits 65--69, see 9.i6., p. io 5. 

We have carried out no investigation of the iron content; relative- 
ly large differences undoubtedly exist. Instead of the purely descrip- 
tive, although entirely correct name "ferruginous fen peat", we 
will use the genetic name "seepage peat" here. In our opinion, this 
indicates much more clearly the essential difference between the 
peat which was discussed in the preceding chapter, and the peat 
which will be dealt with here. The area in which this peat was found 
by us, or in which, according to information from the local popula- 
tion, it had been present, has been drawn in fig. 7. It soon became 
clear that we were here dealing with an unbroken area of this peat. 
The form in which we have drawn the area will be further discussed 
in 9.II.  (p. 98). The lowest-lying occurrence is somewhat below 
i3.oo m+N.A.P ,  in faces F, G and J,  where it lies on the Early 
Atlantic desiccation layer, and in faces H and I where it lies on 
Boreal gyttja. In the remaining faces it lies on fluvial loam between 
13.4o m+N.A.P .  (in face O) and I5.1o m§  (in face M). In 
faces F, G, H, I and J it occurs up to about I4.OO m+N.A.P . ,  in 
faces K and L up to almost I5.OO m+N.A.P . ,  in faces M and N 
up to I5.45 m+N.A.P ,  and in faces O and P to over I5.OO m +  
N.A.P. The relief of the present seepage peat surface roughly 
follows the topography of the subsoil. At two places, in the faces 
I and M, the surface is, moreover, noticeably domed, see 9.x3., 
p. 102. 

Special characteristics of the seepage peat are: siderite lenses 
(especially in faces H, I, M, N, 0 and P), siderite and vivianite 
lenses (especially in face I), drying cracks (particularly in faces 
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F, G, H, I, M, N, O and P), drying cracks with erosion phenomena 
!,face I) and dopplerite. All these phenomena will be further discus- 
sed in the following sections. The black desiccation bands of the 
non-ferruginous fen peat are not present in the seepage peat. 

In agreement with VAN HEUVELN (I958) we assume that exten- 
sive seepage in the central parts of the peat basin made this iron- 
rich peat forming possible, see the next section. The start of the 
seepage peat formation has been dated at the beginning of the 
Atlantic by 2I-Po (fig. 9o), from the lowest seepage peat level in 
the area investigated. In the SMEULVEEN diagram (VAN HEUVELN, 
I958), the transition from gyttja to his "fen peat" can be dated at 
rather early in the Atlantic. The abundant  occurrence of Alnus 
wood at the base of the seepage peat in peat-faces K - - P  would also 
indicate an Atlantic beginning of the iron-rich peat formation. The 
end of the seepage peat growth is dated at c. 3Ioo BC by the stump 
groups MUNAUT A and C, see Io.12. (p. I35). The pollen diagrams 
3 o-Po (fig. 99) and 29-Po (fig. 98) also yield a late Atlantic date for 
the end of the seepage peat formation. 

The botanical content of the seepage peat is fairly uniform 
throughout the whole of the area investigated, and also outside of 
it; it is predominantly a Hypnaceae-Carex peat with many Men),an- 
thes remains (see also VAN HEUVELN I958 ). The peat is orange- 
brown on first appearance; it oxidises fairly quickly (within 15 
minutes) on exposure to the air, thereby acquiring a deep blue- 
black colour. The non-ferruginous fen peat stays much browner. 
Rumex and Melarnpyrum must have regularly found a suitable habitat 
in this peat, which, when fresh, resembles Braunmoostorf to some 
extent (3o-Po, fig. 99 and 3i-Po, fig. ioo). Alongside Alnus and 
Betula, Quercus occurs at the base of this peat. 

9.4. SEEPAGE 

The prerequisite for the occurrence of seepage is the presence of 
a good porous sand or gravel deposit in the subsoil, through which 
water from the higher-lying "infiltration area" can flow to the 
seepage area. If  it flows through an iron-rich subsoil (moraine 
material), the water may become strongly ferruginous, especially 
if the distance to be covered is considerable. 

Seepage occurs in many places throughout the whole of the 
Hunze depression, and causes ferruginous water to appear. As late 
as the i9th and 2oth centuries, iron-rich deposits were still being 
formed under the influence of seepage (VAN BEMMELEN x895 , 
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Fig. 8. Fen peat and seepage peat in the Hunze depression: I = non-ferruginous 
fen peat area since c. 5ooo B.C.; 2 = idem in the eastern part of the Hunze 
depression; 3 = iron-rich seepage peat area c. 5ooo--31oo B.C.; 4 = vein with 
iron-rich fen peat on the non-ferruginous fen peat with indication of the direction 
of the ferruginous water flow; 5 = seepage area, according to VAN HEUVELN 
(1958); 6 = seepage centres; 7 = extent and direction of erosion from e. 3Ioo 
B.C. in the angle formed by faces H and I; 8 = the Scheuchzeria-peat contact 

zone, from 45oo--4ooo to 25oo B.C. 

REINDERS I902),  not  only  in the H u n z e  depression, but  in several  
valleys. W e  have  noticed the presence of  seepage m a n y  times dur ing  
the field work.  In  a large n u m b e r  of  pits in the B r a u n m o o s t o r f  
a rea  which were  dug  down into the sandy  subsoil (see m a p  fig. 5), 
g round  wate r  collected fairly quickly, somet imes to a height  of  ha l f  
a met re  above  the sandy  subsoil. Wi th in  a few days, a brownish 
film formed on this wa te r  as a result  of  the quan t i ty  of  iron in the 
g round  water .  

U p  to I963, a few peat  diggers d rew seepage wa te r  f rom peat -  
block C in pits 59 and  60 to make  coffee. Due  to its h igh iron con- 
tent,  boil ing alone tu rned  this wa te r  brown,  so tha t  the addi t ion  of  
g round  coffee beans was not  necessary - -  at  least for the colour[ 
Seepage was also found in several  pits unde r  the fluvial loam layer.  
Pit 420 (peat-face N) con ta ined  runn ing  sand, out  ~f which m u c h  
wate r  arose. 
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Probably a seepage flow at c. I4.OO m above N.A.P. is involved 
here (see also 9.i2., p. 99)- This is the highest level at which seep- 
age was found. The level of the seepage will be determined to a 
significant extent by the water level in the infiltration area. This 
means that desiccation of the peat formed in seepage milieu can be 
caused both by changes in the seepage area, e.g. by a different 
drainage pattern, and by changes in the infiltration area, especially 
by a lowering of the water level. 

The seepage area in the Hunze depression according to VAN 
HEUVELN is given, i n  the map, fig. 8. There is good agreement 
between his results and ours concerning the occurrence of seepage. 

VAN HEUVELN thinks that, because of its boulder clay mantle, 
the Hondsrug cannot be considered as an infiltration area for seep- 
age in the Hunze depression. In the "stream valley area" (fig. IO) 
lying between the villages of Sleen and Emmen, about  io kmwest  
of our investigation area, where the boulder clay was eroded 
away, he can point to a period with a high water level which would 
correspond closely with the occurrence of iron-rich seepage in the 
Hunze depression. Partly for these reasons, he thinks that this 
stream valley area can be shown to be the infiltration area for the 
iron-rich seepage. 

One might wonder if the Late-glacial Braunmoostorf developed 
under the influence of seepage, too. In the Late-glacial, however, 
the stream valley area could not have functioned as an infiltration 
area, since large supplies of water were not present here during this 
period (communication: VAN HEUVELN), SO that it is very unlikely 
that the Braunmoostorf can be regarded as a deposition in seepage 
milieu. Moreover, the Late-glacial Braunmoostorf is non-ferrugi- 
nous. The fact that no iron-rich seepage occurred in the western part 
of the Hunze depression where non-ferruginous fen peat was formed 
from the Preboreal onwards, can be ascribed with reasonable cer- 
tainty to the presence of Late-glacial deposits under this fen peat 
which are non-porous. 

9.5.  DATING OF TI-IE SEEPAGE 

9.5. x. The beginning of the seepage 
VAN HEUVELN (I958), who has thoroughly investigated the 

origin of seepage peat, assumes that the Boreal gyttjas (see Chapter 
7) were deposited in amilieu already affected by seepage. He explains 
the relatively non-ferruginous character of the gyttja compared 
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with the peat as the result of the presence of a large quantity of 
elements in the gyttja which are far less combustible. 

According to this author, a "Klarwassersee" - -  a lake with open 
water - -  would have developed due to seepage action during the 
Boreal, and this lake had.no contact with the Boreal fen peat in the 
Hunze valley. It is true that peat accumulation in the period is still 
slight (see 8. 7. p. 77), but the topography of the subsoil (see peat 
faces E, F, G, I-I and I and the contour map fig. 4) and the occur- 
rence of Boreal gyttja on the Late-glacial deposits in face J (cf. 
Chapter 7-) exclude the possibility of the existence of such a seepage 
lake. The formation of Boreal gyttja was a relatively localized process 
which was limited to the system of shallow lakes east and south of 
the developing Boreal non-ferruginous fen peat deposit (see fig. 7), 
in an area which was flooded because of stagnation in the drainage. 
We are of the opinion that the seepage did not start earlier than the 
beginning of the Atlantic. This can be deduced both from the 
absence of Boreal ferruginous depositions and from the dating of 
the start of the ferruginous peat growth by diagrams 2 i-Po (fig. 9 o) 
and SMEULVEEN (VAN HEUVELN I958), see 9.1.. Non-ferruginous 
fen peat lies under the Early Atlantic desiccation layer, see 8.5.2" 
P. 73, in faces F and G, whereas in the case of iron-rich seepage in 
the Boreal, ferruginous peat would certainly have been formed here. 
In these faces the Early Atlantic desiccation layer was overgrown 
by what is clearly ferruginous peat. A more exact dating for the 
beginning of the seepage can be obtained by assuming a relationship 
between the Early Atlantic desiccation layer and the occurrence of 
seepage. In this connection, the observation mentioned already, that 
this desiccation layer forms the lower limit of the ferruginous peat 
in faces F and G, is of importance. Even in the Boreal, the soil of 
the Hunze depression in the area investigated was relatively moist 
(non-ferruginous fen peat formation) or even wet (Boreal gyttjas). 
The Early Atlantic desiccation (see 8.5. , p. 73) was the result of 
a decrease in the water level, due to which the water pressure in 
the Hunze depression north of the cover-sand cross-ridge near the 
village of Nieuw Dordrecht must have fallen away. Because of this 
disturbance of the water balance which had prevailed so far, the 
seepage possibly started up. 

Proceeding from this reasoning, the start of the seepage can be 
dated at shortly after 53oo BC (the start of the Early Atlantic 
desiccation), but clearly before 5ooo BC, when the non-ferruginous 
fen peat growth had started up again. It is obviously extremely 
unlikely that the fen peat could form again in the Hunze valley, 
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while, to the east of this, in the central basin of the bog, the bed was 
still dry. 

9.5.2. The end of the seepage 

The end of the forming of the seepage peat, which can be dated 
at c. 31oo BC (cf. 9.3., P. 86), must have come very suddenly (see 
9.I4., p. IO3). The large number  of drying cracks (see 9.9., P. 96) 
and the sharp transition from seepage peat to ombrogenous peat, 
on which transition the seepage peat dopplerite layer is found 
(cf. 9.8., p. 94), point to an abrupt end to the water supply and to 
an equally sudden disappearance of the water present in the seepage 
peat area. In our opinion, this is an indication of a direct relation- 
ship between the end of the seepage and the coming to a stand-still 
of the seepage peat formation in the whole of the ferruginous peat 
area. We may therefore date the end of the seepage also at c. 3IOO 
BC. In 9.8. a few more datings of the transition level from seepage 
peat to ombrogenous peat will be dealt with. These are the dates 
of dopplerite from section EMMEN I9, from face H, above pit 263, 
and from profile EMMEN 3 I, from face O, above pit 442. 

9.6. SIDERITE 

This peat mineral occurs in the area investigated mainly as 
lenses in the ferruginous peat. The lenses can be immediately 
recognised on the peat-faces by their red colour. They are present 
in large numbers in peat-faces H, I, M, N, O, and P, and in small 
numbers in faces F, J, K and L. The distribution is thus limited to 
the central part of the bog. Since these lenses are not cut for peat 
sods, their form could be determined in many places not only in 
the vertical cross-section, but also in the horizontal plane. They are 
all roughly isodiametrical, from o. 5 to xo m in cross-section, see also 
fig. 53, EMMEN 24, fig. 54, EMMEN 25, fig. 55, EMMEN 26 and fig. 56, 
EMMEN 27- The thickness varies from o.2--1 .o m, usually amounting 
to 2o--5o cm. The lenses appear almost exclusively in the upper 
half of the iron-rich peat. The lower part of the lenses usually 
consists of a gradual transition from Hypnaceae peat to pure sider- 
ite; thin layers of Hypnaceae peat are often still visible in the lenses 
(EMMEN 24--27). A vertical drying crack runs through a large 
number of lenses, and in this, erosion has sometimes occurred 
(EMMEN 25--27). 
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The siderite does not usually extend as far as the seepage peat 
surface and the cracks (see 9.2.). Mostly there is still IO--3o cm 
of iron-rich Hypnaceae peat above the lenses and on both sides of 
the cracks, see EMMEN 24--27. VAN HEVV~.LN (1958) describes a 
number of siderite lenses with a drying crack, found in the imme- 
diate neighbourhood of face I, pits 277--278. He calls the peat 
lying on top of these lenses, without exception, redeposited (alloch- 
tonous) peat. Our opinion is that this may well be incidentally true, 
e.g. in those cases where a drying crack has obvious traces of erosion, 
but that this interpretation is not valid for the black coloured peat 
above siderite lenses without drying cracks, or where certainly no 
erosion has occurred in the crack. The large majority of siderite 
lenses are of those two types. 

The fine red colour of the siderite is a secondary phenomenon; 
during the peat digging, it comes to light as an off-white, strongly 
greasy, loam-like substance, called "witte klien" in the peat area. 
In about three weeks it changes to red due to air oxidation. By 
"siderite" is meant here both the oxidised and the unoxidised form. 

VAN BEMMELEN (1895) analysed both the siderite and the sur- 
rounding Hypnaceae peat. He found that unoxidised siderite is an 
amorphous material with a high water content which contains 
(when free of water) nearly 9 ~ ~ ferrous carbonate, a few percent 
calcium carbonate and IO % plant remains. More than half of the 
3 % mineral constituents of the surrounding peat proved to consist 
of iron oxide. The plant remains found in the siderite lenses cannot, 
in our experience, be distinguished from the surrounding Hypnaceae 
peat. In the oxidation, ferrous iron is oxidised to ferric. In contrast 
with the crystalline ferrous carbonate occurring in the mineral 
subsoil, and which is also called siderite, it is the amorphous com- 
pound which is found in the peat (REINDERS, I896 , I902 ). 

Extremely diverging suppositions concerning the origin have been 
put forward by various authors. VAN BEMMEL~N (1895) believes it 
to be possible that micro-organisms e.g. iron bacteria, played a part 
in the deposition of the dissolved or colloidal iron in the Hypnaceae 
peat. VISSCHER (193i) thinks that the iron-rich water has been 
transported by the rivulet, the Runde. According to VISSCHER, the 
siderite lenses came into existence during a desiccation of the 
Hypnaceae peat (regarded by him as fen peat), during which 
accumulations of iron compounds precipitated in the fen peat in 
the lowest part of the peat area. He supposed that the peat with 
siderite lenses was situated in the lowest part of the Hunze depres- 
sion. It appears from the contour map fig. 4 that this is not correct. 
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From our observations, it appears that his suggested relationship 
between the ferruginous peat, especially the siderite lenses, and the 
bog rivulet, the Runde, does not exist. In II.18. and Ix.I9.(p. 
I58 ft.) we shall go further into the question of the development of 
this bog rivulet. 

VAN HEUVELN (I958) assumes that the siderite was formed 
in water cushions under the peat surface by the gradual coagulation 
of colloidal iron carbonate compounds under anaerobic conditions, 
until an irreversible gel-condition was reached. According to VAN 
HEUVELN, the development of these water cushions is closely con- 
nected with the type of peat-forming he supposes to have taken place 
here, the filling up by floating peat islets (Dutch: kraggen) as was de- 
scribed by VON B/2LOW (I929). Water would have been retained 
under the floating peat islet, and would no longer have been able 
to flow away. The iron compound would have flocculated into the 
water cushions thus formed. 

Such a genesis does not seem probable to us, since this, in view of 
the wholesale occurrence of siderite lenses at approximately the 
same level (see below, end of this section), should have been 
accompanied by enormous masses of water in the bog, a condition 
which must be considered an impossibility in this peat area, see 
contour map fig. 4. We have found no trace of peat growth by 
floating peat islets. VAN, HEUVELN also observed that a clear 
picture of floating peat growth is not present. Moreover, we are of 
the opinion that peat growth by floating islets is not a type of peat 
formation with which considerable peat accumulation occurs, as 
was the case with this ferruginous Hypnaceae peat. 

Since siderite is present in the peat in an unoxidised form, its 
formation must have taken place under anaerobic conditions, 
i.e. not on or in, but under the peat-forming surface. It is possible 
that the iron was reduced by the reaction from the ferric to the 
ferrous form. Although we have not examined the peat in this re- 
spect, we consider it very likely that micro-organisms played an 
active part in forming of siderite. 

The isodiametrical shape of the siderite lenses points to the ab- 
sence of disturbances during the siderite formation. As was already 
reported at the beginning of this section, on p. 9 o, thin Hypnaceae 
peat layers which did not turn red are still present in the lenses, and 
this makes it probable that siderite was deposited in the peat during 
its formation, although this process would not have taken place on 
the peat surface. It is possible that micro-organisms fixed the iron 
compounds from the seepage water as siderite between the Hypna- 
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ceae vegetations. We consider the thickness of the non-red coloured 
peat above the siderite lens to be no indication of the depth under 
the peat surface at which the anaerobic process of the iron fixation 
is supposed to have taken place. The absence of siderite on both 
sides of the drying cracks which run through the lenses points to the 
possibility that the removal of iron from the parts of the lens con- 
cerned occurred e.g. by means of infiltrating acidic bog water from 
the ombrogenous peat. 

A precise dating for the beginning of the siderite formation can- 
not be given since the underside of a lens cannot be pin-pointed 
exactly, see beginning of this section, p. 9 o. Although the begin- 
ning of the siderite development in this seepage peat area undoubt- 
edly cannot be dated to one particular point in time, it is still very 
probable, from stratigraphical considerations, that siderite forma- 
tion on a large scale started up within a comparatively short period 
of time, possibly within a few centuries. In VAN HEUVELN'S profile 
drawing ( 1958, p. 41) the underside of the small siderite lens (275 cm 
below the surface) and of the large lens (245 cm below the surface) 
are situated at the level of a Pinus maximum in the pollen diagram 
(28o--24 o cm below the surface) which we think can be ascribed 
to the Middle Atlantic expansion of Pinus over the non-ferruginous 
fen peat, see 9.1. (p. 81) and 8.5. 3. (p. 75). With some reservations, 
therefore, we may to date the beginning of the large-scale siderite 
formation at 45oo--4ooo BC. 

The end of the siderite forming probably coincides with the end 
of the seepage peat forming, i.e. about 3Ioo BC. It appears from 
3o-Po (fig. 99) and from 25-Rh/Mo (fig. 95) that there had already 
been a marked change in the milieu before this time. Perhaps 
the siderite production had already decreased before c. 31oo BC. 

9.7. VIVIANITE 

On oxidation by the air, a number of siderite lenses turns out to 
acquire not only a red colour, but to display a fine blue coloration 
as well. In these lenses, thin blue bands of vivianite alternate with 
considerably thicker red siderite layers. The phenomenon was 
clearly observed in the area investigated only in peat-face I. 

VAN BEMMELEN (I895) also analysed this material. According 
to this author, it is composed of c. 4 ~ % ferrous phosphate ( =  vivi- 
anite), 2o % ferrous carbonate ( =  siderite) and 4 ~ % plant re- 
mains. During the field work we also observed the considerably 
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higher proportion of plant remains in vivianite compared with 
siderite; vivianite is present mostly in very thin Hypnaceae peat 
layers in the siderite lenses which have not developed a red colour. 
It, more clearly than siderite, therefore, is deposited in a matrix of 
peat, probably by a process which is roughly parallel to the siderite 
deposition. 

Vivianite, which, like siderite, comes to light as an off-white, 
loamy substance, changes to blue after a few days. 

Since we found it exclusively in siderite lenses, the vivianite 
formation may be dated in the same period as the siderite formation. 

9.8. DOPPLERITE 

Quite different from the distribution of siderite and vivianite in 
the seepage peat is that  of dopplerite, a humic substance which, 
when fresh and moist, is brownish-black and elastic ("ox blood"),  
and whose fractures are clearly shell-shaped. Dopplerite turns 
black on drying, and in this condition the material, having become 
very hard, disintegrates easily. In the area investigated, three forms 
may be distinguished, corresponding to the occurrence ofdoppleri te:  

I. as a filling of the hollow stems of monocotylous plants, 
in roots, in and between wood remains, between leaf remains, etc. 
both in the mineral subsoil just below the peat and in the fen peat; 
in this latter case, particularly in the bottom layers. In  general, this 
form appears only in small quantities. It is mentioned by several 
authors (BoRGMAN I89O , VAN BAREN 1927, VISSCIffER, x93I). We 
carried out no investigation of this form of dopplerite, which is 
found in many bogs. 

2. as a filling of the drying cracks in the seepage peat 
already mentioned (9.2, EMMEN 24, EMMEN 25, EMMEN 26, EMMEN 
27) and to be discussed later, which appear especially in faces H and 
I, to a lesser extent in faces F, G, M and N, and in relatively small 
numbers in faces F, G, K and L. This occurrence was also reported 
by the authors mentioned above, but only in the bog area east of 
Emmen.  

3. as a thin, 0 .5--  4 cm thick layer, especially at the top 
of the peat between plant remains. It can only rarely be scraped 
in a relatively pure condition from the peat-faces. In contrast with 
the dopplerite in the drying cracks, this form dries out more laminated 
than crumbly. We have called this layer the "seepage peat dopple- 
rite layer". VISSCHER (I93I) also knew this form of dopplerite, 
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which is present in the area investigated in all the faces with 
ferruginous seepage peat between this peat and the highly humified 
Sphagnum peat. 

A close similarity to this seepage peat dopplerite layer was 
shown by a thin dopplerite layer in the highly humified Sphagnum 
peat of faces H and I, which also dries out leafy and which, be- 
cause of its stratigraphical position, was called "Sphagnum peat 
dopplerite layer", see 11.14. (p. I54 ). This layer is drawn in in 
sections EMMEN 19, (fig. 48), EMMEN 24 (fig. 53) and EMMEN 
25 (fig" 54)" According to VAN BAREN (I927) , VISSCHER (I93I) and 
VAN HEUVELN (I958), dopplerite is a humic colloid with a C/N 
ratio between 3 ~ and 50; the ash contains more than 3 ~ % Ca 
(VAN BAREN). Micromorphologically, it consists of very small 
spheres, which are linked together by yellowish-brown humus 
(VAN H~uv~LN). 

Little concrete information is available concerning the origin of 
dopplerite and the mechanism of the dopplerite deposition. It  is 
assumed that  it is a precipitated humic colloid (VAN HEUVELN). 

VAN HEUVELN assumes that  there is a relationship between the 
desiccation of the central part  of the bog (to be discussed in 9.I4., 
p. lO3) and the development  of dopplerite in the drying cracks. 
After the desiccation, the colloidal humus may have been washed 
out, from the seepage peat into the drying cracks. 

The  dopplerite of the seepage peat dopplerite layer may have 
developed from the humic acids which were present in the highly 
humified Sphagnum peat. The contact layer between highly humified 
Sphagnum peat and seepage peat must have presented itself as a 
suitable precipitation level. In fact, the seepage peat dopplerite 
layer consists of the topmost layer of Hypnaceae peat, impregnated 
with dopplerite. 

The  circumstance that there is no dopplerite layer on the border 
between highly humified Sphagnum peat and non-ferruginous fen 
peat (faces B, C, D, E and J) can perhaps be ascribed, on the one 
hand, to the milieu in the pine s tump layer here being unsuitable 
for precipitation, and on the other hand, to the possibility that  the 
difference in milieu found to exist during the highly humified 
Sphagnum peat growth (see I I. 7. and 11.8., p. 145 ft.) also has 
a bearing on whether the humic acids are released or not. 

Two 14C-measurements were done on the dopplerite from the 
transition from seepage peat to the ombrogenous peat which lies 
on top, a transition which can be dated at c. 31oo BC. The  seepage 
peat dopplerite from section EMMEN I9, face H, at 48 m HS (see 
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fig. 48) was dated at 265o+9oBC or older (GrN-48o2). Because the 
dopplerite was soluble in alkali, it was pre-treated only with acid, 
so that only the minimum possible age was obtained. 

Three levels from profile EMMEN 3 I, face O, pit 442 (see diagram 
3i-Po, fig. ioo) were dated, see i i . i  7. The seepage peat dopplerite 
of the lowest level (transition ferruginous--non-ferruginous peat) 
was dated at 229o4-6o BC (GrN-48o4). 

Since, in the one case, only the minimum possible age was 
obtained (EMM~N I9) , and in the other, the date proved to be so 
much more recent than was expected (contamination?) (EMMEN 
3I), the 14C-datings can give us no insight into the origin of the 
material. 

The development of the Sphagnum peat dopplerite layer is also 
linked with a desiccation, see 11.14. , p. I54. This is an argument 
in favour of the assumption that dopplerite is humic colloids 
originating from higher levels which have precipitated at the 
transition between two types of peat. 

9.9. DRYING CRACKS 

These were found in large numbers throughout the whole of the 
ferruginous seepage peat deposits. Large concentrations are present 
particularly in the siderite-rich seepage peat and in faces H and I. 

The cracks are predominantly vertical, see fig. 9. They are 
IO--20 cm broad at the top, nearly closed at the bottom, and partly 
filled with dopplerite. The top-side extends to the highly humified 
Sphagnum peat (EMM~N 24, fig. 53) or the Menyanthes-Betula peat 
(faces O and P, see profile EMMEN 3 I, fig. I OO). These cracks are not 
present in the highly humified Sphagnum peat. Most of the cracks 
come to an end in the mineral subsoil, some run right through the 
Late-glacial deposits (in laces F, G and J). In the horizontal plane, 
the cracks form the pattern of a polygonal ground. There can be no 
doubt that desiccation of the whole seepage peat deposit was the 
cause of this drying crack formation. 

The phenomenon of the drying cracks was established by several 
authors. They all ascribe their origin to a thorough desiccation of 
the peat (VAN GIFFEN I9I 3 and x925, VAN BAREN I927, VISSCHER 
I93I , VAN HEUVELN I958 ). 

It follows from VAN HEUVELN'S observations that the dopplerite 
filling must be regarded as a depositing of this peat mineral on the 
vertical cleavage face. Sometimes lumps of peat are present at the 
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Fig. 9. 3 drying cracks in the seepage peat (face H). Photograph by C.F.D. 

top of the dopplerite filling, the or iginofwhich is not always obvious, 
see e.g. EMMEN 24, fig. 53" It turns out that air-hollows occur at the 
top, even in the cracks which came to light during the peat-digging. 
It is not clear whether  these are of primary origin, having been 
produced during the formation of the crack, or whether they are 
the result of the artificial drainage during the previous century. In 
any case, they form an extensive network of air-canals, through 
which - -  at least in recent times - -  ventilation took place in the 
peat. The  sinking of the lowermost layer of highly humified Sphagnum 
peat into the crack, see fig. 53, EMMEN 24, has possibly developed 
only after the recent drainage. 

9.IO. DRYING CRACKS SHOWING EROSION 

In 9.2. (p. 83) , three drying cracks were described, the funnel- 
shaped mouths of which (see fig. 54, 55 and 56 ) point to the occur- 
rence of erosion shortly after the development of the cracks. We 
found this type of drying crack only in peat-face I, between pits 
277--283 . The  drying cracks with erosion phenomena described 
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by VAN HEUVELN (1958) and already mentioned in 9.6. (p. 9 o) 
come from this area. The  direction of the five cracks we observed 
with obviously funnel-shaped mouths and a filling of redeposited 
peat was approximately SW-NE (a coincidence?), al though the 
cracks were not strictly parallel. The  drying crack given in section 
EMMEN 27 (fig. 56) comes from that part  of face I, where, as has 
already been reported in 9 .2 ,  the top-side of the seepage peat is 
domed, a shape which did not develop exclusively in the last 
century, see also 9.I3. (p. IO2). 

From this relief, which was already present at the time of erosion, 
a south-westerly direction of the eroding water flow can fairly 
certainly be concluded. 

The  erosion drying cracks are not present in face H. This means 
that  erosion must have affected the bog surface only over a short 
distance. The  very limited extent of this erosion, viz. within the 
rectangle with the faces H and I as short sides (see the position of 
the peat-faces drawn in fig. 2) and the but superficial degree to 
which the seepage peat has been affected are indications of a 
strictly localized phenomenon.  It is probable that  the eroding water 
disappeared through the numerous drying cracks present in the 
subsoil here. The  position of these erosion phenomena is given in 
fig. 8. 

We were not able to confirm the large layers of redeposited peat 
noted by VAN HEUVELN (1958) in connection with these drying 
cracks, in particular the large horizontal spread above the cracked 
siderite lenses (see also 9.6 ,  p. 9o). 

9. I I .  THE B O U N D A R I E S  O F  T H E  S E E P A G E  P E A T  

By "seepage peat" we have up till now understood ferruginous 
to iron-rich Hypnaceae peat which contains siderite lenses, drying 
cracks and dopplerite in many places. The  occurrence of seepage 
peat could easily be established by these and a number  of other 
accompanying characteristics, such as the red ash of the peat cutters' 
fires, the blue-black colour of the peat when oxidised by the air, 
the absence of many wood remains and the quality of the peat sods. 

It appears that the seepage peat occurs in one single area of 
about 15 km 2, which we have called the central basin of the bog, see 
the maps fig. I O and fig. 7. The southern extension runs almost to 
the cover-sand ridge which is overgrown by non-ferruginous 
ombrogenous Sphagnum peat. The seepage peat tapers out 2oo--3oo 
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m south of peat-faces M and N, between 15.oo--I5.2o m + N . A . P . ,  
against the foot of this cover-sand ridge. We have been able to 
determine that the eastern limit lies between peat-faces P and Q.  
Face O contains ferruginous Hypnaceae peat over its entire length. 
The  western limit has been. placed in face J, between pits 335--336; 
here, between the seepage peat and the non-ferruginous peat, a 
Scheuchzeria peat deposit was formed which will be discussed in 
9. x5. (P. IO4). Somewhat further north, the limit is exactly between 
faces E and F. The  northern limit lies about 5 km north of the area 
investigated, near the village of Nieuw Weerdinge, see fig. IO. 
This northern limit could not be so precisely determined, because 
the Hypnaceae peat became gradually less ferruginous towards 
the north. For the determination of the shape of the ferruginous 
peat area given in fig. IO, much use was made of observations of 
peat-faces which will not be discussed here, and of information from 
the local population, as was already reported in 9.3. (P. 85). 
In our opinion, the lack of contact with the mineral margin of the 
bog, see fig. io, clearly indicates that  the ferruginous water was not 
transported over the surface, see also 9.4. (P. 86). The  data 
reported by VlSSCI-IER ( 193 I) and VAN HEUVELN (1958) concerning 
the occurence ofiTon-rich peat and siderite lenses are in good agree- 
ment  with our observations. 

9.12. SEEPAGE CENTRES 

The mineral subsoil (fluvial sand and loam) of the ferruginous 
Hypnaceae peat deposits slopes down about 6 m over a distance of 
a good 8 km in a northerly direction; from about 15 m + N . A . P .  
(near peat-faces M and N) to about 9 m + N . A . P ,  near the village 
of Nieuw Weerdinge, see also fig. x o. We may assume that  the 
places where the ferruginous seepage water has appeared are situat- 
ed in the area with ferruginous Hypnaceae peat deposits described 
in the preceding section. In view of the decline of the subsoil, the 
southern part  of the ferruginous peat area particularly must be 
considered as a possibl e centre of the seepage. It is highly improba- 
ble that  a seepage centre could have existed in those parts of the 
Hunze depression where the loam layer and the impervious Braun- 
moostorf deposit have been present since the Aller0d (see fig. 4), 
or in those places where the fluvial loam deposit, which causes 
strong water stagnation, has sedimented. Neither can the SW-NE 
cover-sand ridge (fig. 6) lying just south of the seepage peat area 
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be considered in this connection, since it is overgrown with highly 
humified Sphagnum peat, and ferruginous deposits are not present 
along its slope, see preceding section. 

The subsoil suitable for the occurrence of seepage, viz. sand, can 
be found in the area investigated in the approximately x km wide 
N-S zone between the Braunmoostorf and loess deposits on the  
western side and the fluvial loam layer on the eastern side, see 
fig. 5. Particularly in the immediate neighbourhood of faces H and 
I, situated in this zone, see fig. 2, we think we can support the 
argument for the presence of a seepage centre. The ferruginous peat 
occurs here, as also in faces F, G and J,  at a comparatively low 
level (I 2.6o--I  2.9 ~ m § The lowest point with ferruginous 
peat measured in the other peat-faces is in face O, pits 425,433 and 
44 i, at 13.4 ~ m § N.A.P. A large number of strikingly large siderite 
lenses are present in face I and the northern part of face H. It 
appears both from VISSCHER'S (X93I) observations and from our 
own investigation that the rather rare vivianite occurs almost 
exclusively in face I and its immediate surroundings. It may be 
assumed that most siderite or vivianite was formed especially in 
those places where the seepage water is richest in iron and phos- 
phate compounds. The reason for the phosphate compounds form- 
ing vivianite in a much smaller area is perhaps to be found in a 
much smaller supply of phosphates. The mineral subsoil itself 
(fluvial sand) is particularly non-ferruginous, see also Ch. 5. In our 
opinion, the very high iron content of the seepage peat in the north- 
ern part of face H and in face I, and the presence ofvivianite in face 
I lead one to suspect the presence of a seepage centre in the imme- 
diate neighbourhood of these peat-faces. 

In the eastern part of face M, but especially in face N, the seepage 
peat is particularly rich in siderite; face N can actually be regarded 
as one large siderite lens. Instead of fluvial loam, pit 420 of face N 
contains running sand in which, during the investigation, strong 
seepage still occurred. Up till recent times, there was still a seepage 
flow here, at 14 m above N.A.P. It is here, too, that the seepage 
peat reaches its maximum height, I5.45 m above N.A.P., which is a 
good 3 ~ cm higher than the tailing-off height against the foot of 
the cover-sand ridge at the south side of the seepage peat area, see 
also the next section. Moreover, if we leave the situation in the 
marginal parts (faces A and B) out of consideration, this is the 
highest point at which soligenous or topogenous peat occurs in the 
area investigated. This clearly points to an upward pressure of 
ground water, i.e. to a seepage centre with, as a result, larger peat 
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accumulation here. The presence of a seepage centre in the neigh- 
bourhood of face N conflicts with the supposition given at the be- 
ginning of this section (p. 99) that no seepage centres are to be 
expected in the area with fluvial loam. It is probable that the 
fluvial loam here was so thin that it was not proof against the up- 
ward pressure of the ground water, or perhaps the fluvial loam 
deposit was absent from a few places in this region; we did not 
observe the latter. The extra peat accumulation in the eastern 
part of face M and in face N is visible in the extreme eastern part of 
face M (pits 411--415) a s  the doming of the seepage peat surface 
which was already mentioned in 9.3-, P. 85- The eastern part of  
face I (pits 281--284) has a perfectly comparable doming of the 
seepage peat surface. We regard this as an additional argument 
for our assumption that a seepage centre existed near face I. It 
appears from 9.14,  p. lO3, that there is a highly porous soil present 
here. 

It can be concluded from the relief of the subsoil (fig. 4, contour 
map) and from the shape of the ferruginous Hypnaceae peat region 
(fig. 8), that, apart  from near face I and face N, seepage water must 
also have arisen elsewhere. A place which must be considered 
particularly is the extreme southern point of the seepage peat 
region, where, just  as is the case near face N, the mineral subsoil lies 
at c. 14 m + N . A . P .  Since the peat has long since disappeared from 
here, there was no possibility for us to test for the presence of a 
seepage centre at that point. This southern point is situated in the 
N-S zone already mentioned (p. IOO), between the Braunmoostorf 
and loess deposit on the western side and the fluvial loam deposit 
on the eastern side, see fig. 5. 

Although we were unable to collect sufficient information to 
prove the existence of seepage centres, we still consider it very 
likely that the iron-rich seepage water came to the surface at a 
small number of places of limited extent in the central bog area. 
These places are indicated as seepage centres in fig. 8. The iron- 
rich water would have flowed from these centres especially in a 
northerly to north-westerly direction, see the extension of the seep- 
age peat in fig. IO, unimpeded by a sand ridge barrier such as 
that which is present south of the seepage peat region, see also 
fig. 4, contour map. 

Vivianite is not present in the siderite lenses of faces M and N; 
this points to differences in the mineral composition of the seepage 
water. It is possible that the seepage water was transported via 
different courses during the Atlantic period. 
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9.13. THE PEAT-FORMING SURFACE 

Up to the northern limit of its distribution area near the village 
of Nieuw Weerdinge (approximately 5 km. north of the area in- 
vestigated), the seepage peat surface broadly follows the relief of 
the subsoil, see fig. 4 (contour map) and fig. I O (the spread of the 
seepage peat). Near Nieuw Weerdinge, where the mineral subsoil 
lies between 9 and IO m§  the average thickness of the seep- 
age peat deposit amounts to nearly 8o cm. This is roughly the same 
as in the southern part of the seepage peat area which lies more 
than 4 m higher (faces K, L, M, N, O and P). The seepage centres 
discussed in the preceding section must have been present on the 
Hypnaceae peat surface as extra elevations which do not correspond 
with out-croppings of the mineral subsoil. 

In faces K and L and the western 2oo m of face M, only a thin 
seepage peat deposit is present, in which, moreover, only a few 
siderite lenses occur. The average thickness of the deposit is about  
4 ~ cm here. In faces, F, G, J,  O and P the deposit is, on average, a 
good 8o cm thick. The limited thickness of the seepage peat in 
faces, K, L and the western 2oo m of face M can perhaps be ascribed 
to the circumstance that this part of the seepage peat deposit lies 
exactly between the drainage courses of the two southern seepage 
centres which run in an approximately northerly direction (see 
the drainage pattern of the seepage peat area in fig. 6). This means 
that lateral spreading of the seepage water would have taken place 
to only a very limited extent (see also the overflow in face C, 9. I6, 
p. IO6) and this would, to a significant extent, have determined the 
width of the seepage peat region, see fig. 8. The thick - -  and 
siderite-rich - -  seepage peat deposit of faces O and P might be 
explained by the fact that the drainage of the seepage water which 
came to the surface near face N was directed almost due north. 
The approximately NNW out-flow of seepage water from the 
southern point of the seepage peat region (see also the preceding 
section, p. 99), might explain the considerable seepage peat 
accumulation of faces F, G and J.  The almost complete absence 
of siderite in the comparatively thin seepage peat deposits of faces 
K, L and the western 2oo m of face M can possibly be ascribed to a 
relatively high dilution with precipitation water. We found it 
unnecessary to introduce a separate name for this mixed soligenous- 
ombrogenous peat. 

There is no layered structuring, extending over a considerable 
distance in the iron-rich to ferruginous Hypnaceae-Carex peat, such 
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as frequently occurs in the non-ferruginous fen-peat (charcoal 
layers, wood-rich layers). This might be an indication of a constant 
supply of seepage water, due to which desiccations did not occur. 
It  is also possible that the Hypnaceae and Carex vegetations tolerated 
desiccations to a relatively large extent. 

Before the desiccation of c. 3IOO BC, the subsoil relief was, in 
general, reflected in the seepage peat surface; in addition, it is very 
likely that the places of the seepage centres we have suggested and 
the north to north-west directed seepage water drainage courses 
formed extra elevations on this bog surface. 

9.14. THE DESICCATION OF C. 3100 BC 

No clear erosion phenomena are present in the whole complex 
of the seepage peat deposits. A drainage of the topsoil of the seepage 
peat deposit would, in view of the topography of the subsoil of the 
Hunze depression, have been bound to cause extensive erosion, 
especially in the northern part (near Nieuw Weerdinge, see fig. I o). 
The only erosion phenomenon we observed is the superficial 
damage to a few~SW--NE drying cracks in face I (see 9.1o.). This 
erosion, however, dates from after the desiccation of c. 31oo BC. 
Moreover, the direction of erosion was very probably SW, since at 
least one of the erosion drying cracks (EMMEN 27) is in that part of 
face I where the seepage peat surface is clearly domed. This doming, 
in fact, makes a north or northeast directed water flow over the 
dried seepage peat surface impossible, see also fig. 8. 

In faces F and G a number of drying cracks penetrate to about 
12 m + N . A . P ,  in the mineral subsoil. This points to a very deep- 
seated desiccation of the seepage peat deposit, due to which the 
water level must have fallen to below 12 m + N.A.P. On the grounds 
of the observations mentioned above, we think that it may be accepted 
that a drainage through the subsoil to below 12 m + N . A . P ,  occur- 
red, and that it may be dated at c. 3Ioo BC (see 9.5.2, p. 9o). The 
cause of the drainage is probably drainage of the infiltration area, 
due to which iron-rich seepage water would have flowed from the 
central basin of the bog back in the direction of the infiltration area. 
VAN HEUVELN (verbal communication) is able to date extensive 
erosion in the stream valley area between the villages of Sleen and 
Emmen (see fig. IO) - -  the area regarded as the infiltration area - -  
see also 9.4. and 9.I6. - -  at the end of the Atlantic. The nature of 
this erosion points to a single, solitary emptying of a large water 
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basin, which had no outlet until the time of that drainage. The base 
of this erosion is below I2 m+N.A.P .  

Large concentrations of drying cracks were found, especially in 
faces H and I, between 13 and 14 m above N.A.P. This indicates 
a considerably more thorough desiccation of the peat near these 
peat-faces in comparison with the remainder of the seepage peat 
area. 

The drainage of the seepage peat area could have gone largely, 
if not completely, via the subsoil near faces H and I. The most 
intense desiccation of the seepage peat deposit observed was here. 
Moreover, the sandy subsoil in this part of the area investigated is 
particularly porous, see 9.I2. (p. 99), see also 9.IO. (p. 97): 

It might be possible that the seepage peat growth near face N, 
where we have also suggested a seepage centre, was able to continue 
for a time after the drainage of 3IOO BC. Till recently there was 
another seepage centre present here, see 9.12, which possibly had 
its water supplied by a seepage channel other than the one of the 
centre near face I. In view of the 14C-date of pine stump group 
MUNAUT A (c. 3IOO--295oBC) from the Late Atlantic pine 
forest found c. I oo m from face N, we may conclude that forming 
of seepage peat near this centre too must have ended c. 31oo BC 
(see 1o. 12, p. I35 ). 
Nowhere at the top of the seepage peat did we find a weathered 
layer. The Hypnaceae peat probably still retained the water which 
was present to some extent, and the drained seepage peat was 
rather quickly overgrown by the ombrogenous peat. The Pinus wood 
layers here and there are a clear indication of the latter (see IO. 12.). 

9.15. TIlE S C I I E U C H Z E R I A  P E A T  C O N T A C T  Z O N E  

Between the seepage peat and the highly humified Sphagnum 
peat in face J, pits 33o--336, there is a zone rich in Scheuchzeria 
remains (fig. 8), which must have developed in the transition area 
between the ferruginous seepage water and the acid raised bog 
water; see also I 1.39., p. 2o3. The particular topography of the 
subsoil must undoubtedly have contributed to the formation of this 
peat deposit, which is exceptional for this peat area. 

The beginning of the establishment of Scheuchzeria palustris on this 
massive scale can be dated, on stratigraphical grounds, between 
45oo and 4ooo BC, simultaneous with the Middle Atlantic pine 
forest, see io.Io, and io. iI. ,  p. 132 ft. The transition to the highly 
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humified Sphagnum peat proceeds via a thin pine s tump layer. The  
outer tree rings 5o--6o of a s tump from this layer were dated at 
241o4-55 BC (GrN 48Ol). This dating is confirmed by 29-Po (fig. 
98), which shows that  the topmost phase of pine growth which, 
stratigraphically, can.  be directly correlated with the s tump dated, 
belongs to the Subboreal. 

After the sudden end of the seepage, c. 31oo BC, Scheuchzeria 
palustris peat could continue growing in this comparatively narrow 
zone between the iron-rich and the non-ferruginous peat area till 
c. 2500 BC. 

9"I6" STRATIGRAPHY AND DEVELOPMENT OF TFIE SEEPAGE PEAT 

At the beginning of the Atlantic, fen-wood developed with 
particularly Alnus (2I-Po, fig. 9o), but with Betula (see e.g. VAN 
HEUVELN, I958) and Quercus too, in the region of peat-faces H and 
I, on the Boreal gyttja. We found a number  of trunks of fallen oak 
trees along peat-face H, especially above the low sand plateaux be- 
tween the east-west gulleys. This points to flooding of the fen-wood 
as a result of rises-in the ground water. We consider the occurrence 
of seepage to be the cause of these rises in ground water level. It 
is possible that  the seepage became active here when the water 
pressure had fallen away in the drainage gulley (the Hunze valley) 
during the Early Atlantic dessication (c. 5300 BC), see 8.5.2,  p. 73; 
and 9 .5 . I ,  p. 122. The  peat forming in the seepage milieu is a 
Hypnaceae-Carex peat, which has a notably high iron content. 
In the first half  of the Atlantic, large parts of the section of the 
Hunze depression which was covered with fluvial loam (see fig. 4) 
and part  of the non-ferruginous fen peat (see fig. 7) were over- 
grown by the seepage peat in a relatively short time. 

The  forest which existed here originally, in which particularly 
Alnus was frequently present, disappeared. The remains are visible 
as a rather thin wood-peat layer at the base of the ferruginous seep- 
age peat in many peat faces. 

The  seepage water which, according to our suppositions, emerged 
from the subsoil in three places in the area studied - -  the seepage 
centres, see fig. 8 - -  was already significantly ferruginous so that  
the first siderite lenses developed (face H, pits 268--269). Yet, 
extensive siderite formation did not materialise in the first half  of 
the Atlantic, which possibly points to an unsuitable milieu for this 
in the bog area. The  seepage was so abundant  that  the eastern part 

IO 5 



of the Boreal non-ferruginous fen peat and the Early Atlantic 
desiccation layer were also overgrown by the ferruginous Hypna- 
ceae-Carex peat (faces F and G). We found ferruginous peat in a 
single area of c. 15 km * (see fig. Io) as well as at several places in 
the non-ferruginous fen and fen-wood deposits. One of those places 
is immediately above the Early Atlantic desiccation layer above 
pits 16i - - i67  in peat-face E. A deposit of this kind is also present 
at a somewhat higher level in face E, above pits I74--I76 and 
I79-- I8I .  Ferruginous peat occurs in face B above pits 38 and 
49--5 o, just under the Middle Atlantic pine layer, the beginning 
of which, c. 45oo BC, is regarded as a terminus ante quem, see io.io.,  
p. I32. From this it can be concluded that even from the Early 
Atlantic the ferruginous seepage water must several times have 
sought an outlet in the non-ferruginous fen peat area. 

This is not in agreement with the absence of significant lateral 
seepage water flows mentioned in 9.I3. (p. io2). We are not com- 
pletely clear about the relationship between these two phenomena 

- -  the drainage of the seepage water in a north to north-westerly 
direction, and the occurrence of ferruginous peat in the non- 
ferruginous fen peat. Lateral flow was perhaps occasionally 
possible, e.g. after shrinkage of part of the non-ferruginous fen peat 
deposit as a result of a localised desiccation. The origin of the "over- 
flow" in face C, above pits 65--69, which will be discussed on p. Io8, 
does indicate this possibility. 

These floodings are possibly the result of comparatively large 
variations in the seepage water supply to the central part of the 
bog during the first half of the Atlantic. 

The seepage peat, however, contains no clear desiccation pheno- 
mena in the form of wood-rich or charcoal-containing layers such 
as those present in the non-ferruginous fen peat, see also 9-13.- This 
predominantly tree-less Hypnaceae-Carex peat was possibly not as 
susceptible to desiccation as the non-ferruginous fen peat. However, 
the frequent occurrence of Menyanthes remains, both seeds and 
leaf remains, is an indication of generally extremely moist conditions 
in the seepage peat area. 

Obvious changes in the peat area occurred c. 45oo BC, which can, 
at least partly, be ascribed to changes in the bog hydrology. It has 
already been reported in 8.5. 3. CP. 75) that, after a slight drying 
out, Pinus and Scheuchzeria palustris were able to establish themselves 
on the non-ferruginous fen peat surface, as a prelude to ombrogen- 
ous peat growth. The extensive establishment of Scheuchzeria and 
Sphagna points to a clear decline in the effect of the (non-ferrugin- 
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ous) ground water on the peat growth (see also II.39. , p. 203). 
At this time the siderite lenses began to develop in the ferruginous 

seepage peat. It can be calculated from FLORSCHOTZ'S diagram 
(VAN HEVVELN I958 , p. 43) that the peat accumulation in the 
seepage peat during t.he second half of the Atlantic was approximate- 
ly as large as that in the first half. From this we may conclude that 
a sudden decrease in the seepage water supply cannot have occurred. 
Neither can the siderite forming be ascribed simply to a sudden 
increase in seepage. A marked increase would certainly have led 
to an enlargement of the seepage area, as well as, possibly, to 
siderite formation. Such an increase has not taken place in the 
area studied. The capacity of the "overflow" in face C, above pits 
65--69, see p. Io8, must be considered insufficient to have been 
able to drain away vast quantities of seepage water. The (at least 
apparently) approximately equal iron content of the peat in both 
this overflow and the seepage peat that formed in the seepage peat 
area in the first half of the Atlantic leads to the assumption that 
the iron content of the seepage water c. 45oo BC had, at most, 
changed only slightly. The ombrogenous peat growth which was 
starting up about this time west and south of the seepage peat area 
perhaps had some influence on the milieu of the peat growth in the 
seepage peat area. 

Between the area with peat forming in an acid milieu and the 
seepage peat area, a narrow zone developed in which conditions 
led to an enormous increase of Scheuchzeria palustris, see face J,  pits 
33o--336 and fig. 8. The occurrence of Scheuchzeria in this contact 
zone can probably be ascribed sooner to mineralising of acid bog 
water than to a possible iron tolerance. This will be further dealt 
with in 11.39. (P. 2o3). The relatively slight east-west width of about 
Ioo m, together with its not inconsiderable thickness, 7 ~ cm in a 
shrunken condition, indicates the absence of intensive lateral water 
flow in this contact zone, which developed c. 45oo BC or shortly 
afterwards, see 9.15.. The absence of a significant lateral water flow 
in the seepage peat area, as could be established on the basis of 
other phenomena, has already been mentioned in 9.I3.. 

The conversion of iron compounds to siderite and of phosphorus 
compounds to vivianite, the latter only in the neighbourhood of face 
I, probably took place below the bog surface (see 9.6.), possibly 
as a result of the activity of micro-organisms. It can be concluded 
from the isodiametrical shape of the siderite lenses that siderite 
deposition continued for I OOO--I5OO years (between c. 45oo--3 ioo 
BC) in an apparently undisturbed milieu, see 9.6.. The mainly 

Io7 



north to north-west orientated water transport (see fig. 6) from the 
relatively small seepage centres (see fig. 8) will therefore not have 
had the characteristics of real streams. 

The domes in the peat surface, found in face I, pits 281--29% 
and face M, pits 414--415, are, as we said in 9.i3., the result of 
extra peat accumulation here, caused by an upward pressure of the 
ground water. In our opinion, the large number of siderite lenses 
in the neighbourhood of these domes, which were possibly more 
than o. 5 m high, may be correlated in both cases with the presence 
of a seepage centre. The siderite lenses found outside the seepage 
centres are almost all situated above depressions in the mineral 
subsoil. The lenses are not present above the elevations of the 
mineral subsoil in face M, pits 393--395, 4oo--4 o2 and 4o7--4o8, 
in face O, pits 436--44 ~ and 443--445 and in face P, pits 455--46i,  
in the ferruginous peat. They occur frequently on both sides of 
these elevations of the subsoil, which are, in fact, cross-sections of 
approximately N-S orientated sand ridges. As is obvious, the iron- 
rich seepage water must have been drained off northwards, especial- 
ly through the gullies lying between these ridges, due to which the 
siderite formation in general remained limited to the seepage peat 
existing here. 

The "overflow" in face C, above pits 65--69, is a deposit of  
ferruginous, occasionally red-coloured (siderite) peat that is clearly 
situated on top of the non-ferruginous fen-wood peat. From obser- 
vations on a few N-S peat-faces situated east of face C, and from 
information gathered on the spot, it appears that we are here con- 
cerned with the lens-shaped cross-section of a vein of iron-rich peat, 
the course of which could be relatively accurately established, see 
fig. 8. The vein could be traced in an easterly direction as far as the 
seepage peat area just north of the eastern end of face E. In an 
easterly direction it points precisely to the seepage centre we have 
suggested near face I. The vein is not present in face B. The 
ferruginous water flow would undoubtedly have been westwards; 
the vein must have served as an overflow for the seepage peat area, 
probably for the seepage centre near face I in particular. Since the 
vein lies on and not in the non-ferruginous fen-wood peat, and 
stratigraphically at the level of the Middle Atlantic pine forest, the 
start of this overflow can be dated at c. 45oo BC or very shortly 
afterwards (see also io.Io., p. 132 ). Since the upper side of the 
"lens" protrudes into the highly humified Sphagnum peat, the end 
of this ferruginous peat growth perhaps coincides with that of the 
seepage peat area, c. 3 IOO BC. 
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The vein lies in face C, just above the lowest point of the mineral 
subsoil in the area investigated (face C, pit 69, I z.2o m+N.A.P . ) .  
The vein in the N-S peat-faces lying at c. 2oo m and 4oo rn respec- 
tively east of face C is also situated above depressions in the subsoil, 
which together form an approximately E-W gulley. It would seem 
likely, in our opinion, that, during the slight drying-out of the non- 
ferruginous fen and fen-wood peat dated at c. 45oo BC (see 8.5.3. , 
P. 75), the peat I surface acquired a relief of such a nature that an 
overflow course for the seepage peat area could easily be created 
here. 

It appears from 3o-Po (fig. 99) that Betula (again) increases in 
the topmost layers of ferruginous seepage peat. 29-Po (fig. 98) 
provides a similar picture. In several places the seepage peat at 
the top has a comparatively high wood content, e.g. face H, pits 
259--266 (Alnus and Betula), face K, pits 378--384 (Alnus and 
Betula), face M, pits 4oo--4o2 (Betula); this picture is not present 
in faces O and P (3z-Po, fig. Ioo). The milieu suitable for tree 
growth is comparatively localised, and in general is limited to 
seepage peat without siderite lenses. 

Even in the seepage peat spectra of 25-Rh/Mo (fig. 95) and 
31-Rh/Mo (fig. xol) rhizopods (such as Amphitrema flavum) and 
Sphagnum leaves (S. rubeUum) appear in considerable numbers. Just 
as with the establishment of Alnus and Betula, this can very probably 
be ascribed to a decreased influence of the iron-rich seepage water 
on the local peat growth. This can undoubtedly be very largely 
accounted for by the circumstance that the counter-pressure in the 
seepage peat area became larger as the level of peat growth rose 
here. The proportion of rain water in the peat water increases 
relatively due to this. 

It is not possible to deduce the maximum height of seepage from 
the information available at present. In view of the situation near 
peat-face N - -  seepage peat up to x5.45 m+N.A.P ,  in a shrunken 
condition - -  it is not inconceivable that the highest level of seep- 
age was between I5 .5o - - I6oom+N.A.P .  Since siderite lenses 
occur here right to the very top of the seepage peat, it may be 
assumed that the seepage was iron-rich right up to the end. 

In the second half of the Atlantic, the seepage peat surface must 
have appeared as follows for a considerable time: extensive swards 
with predominantly Hypnaceae and Carex communities alternated 
with smaller, strip-shaped areas where alder and birch trees also 
appeared. These groups of trees were present especially above sand 
ridges and other elevations in the mineral subsoil. These elevations 
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must have been recognisable by the relief of the bog surface which 
forms a more or less pronounced reflection of the subsoil relief, as 
well as by the groups of trees. The seepage centres were present 
as extra elevations on this uneven surface which slopes downwards 
both from east to west and also from south to north. Drainage of 
the seepage water went through a number of north to north-west 
orientated gulleys, where the peat accumulation is clearly larger 
than above the sand ridges and in the gulleys situated outside the 
seepage drainage pattern. This caused a certain levelling of the 
subsoil relief. The larger peat accumulation in the drainage gulleys 
was perhaps partly caused, as is the case with the seepage centres, 
by the depositing of siderite which is mainly limited to these places. 

Significant water stagnation occurred in many places in the seep- 
age area, due to which numerous pools developed; Menyanthes 
trifoliata found suitable habitats in these. Sphagnum cushions were 
present at several places on the bog surface; possibly especially at 
those places where the ferruginous seepage water could no longer 
penetrate into the bog surface, or, if it could, only in a condition 
strongly diluted with precipitation water. Extensive Sphagnum peat 
growth, however, did not materialise. As has already been observed 
on p. io7, extensive Scheuchzeria vegetations (see also 9.i5.) had 
existed since 45oo BC on the edge of the seepage peat area and on 
the complex with highly humified Sphagnum peat which had develop- 
ed west of it, see fig. 8. 

The desiccation of c.3IOO BC which brought the ferruginous 
peat growth to an end was very intense. In most places the om- 
brogenous peat deposits lie directly on the seepage peat, without 
a transitional layer. F~om this can be deduced that the desiccation 
must have developed in a very short time. That  there can be no 
question of surface drainage in a northerly direction in the form of 
a "Moorausbrauch" (bog burst) has already been argued in 9.14.- 
The raised bog complex developing in the west, which will be 
discussed in Ch. I1 ,  must have made drainage in a westerly 
direction impossible. In view of the subsoil relief (see fig. 4, contour 
map), drainage in a southerly or easterly direction can also be 
excluded. 

We have come to the conclusion (see 9.I4) that the desiccation 
was brought about by the sudden disappearance of the seepage 
water supply along underground courses. We think that the seepage 
centre near face I and its immediate surroundings, one of the few 
places suitable for such a water drainage, can be taken as the centre 
of this drainage. The cause of the drainage was possibly the empty- 
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ing of the lake in the stream valley area between the villages of 
Sleen and Emmen (fig. Io) as a result of erosion caused by the over- 
flowing of the lake (VAN HEUVF.LN, 1958 ). This lake had no outlet 
and is regarded as an area where infiltration took place. 

With this overflow, the great volume of water would have had 
such an eroding action that parts of the mineral banks were swept 
away, due to which deep erosion gullies were made and the lake 
was drained. The drop in water level was possibly more than 4 m, 
since the water level in the seepage peat area presumably fell from 
c. i6 m §  (assumed highest seepage level, see p. Io9) to 
below 12 m + N . A . P .  (lowest level at which desiccation phenomena 
- -  cracks in faces F and G - -  were observed). VAN HEUVELN thinks 
that the rivulets of the Oosterstroom, the Holslootdiep and the 
Drostendiep can be taken as these erosion gulleys (verbal communi- 
cation), see fig. Io. This figure shows, within the limits of the 
supposed area of infiltration (between Sleen and Emmen), in 
outline, the minimum area which the lake must have covered at 
its maximum waterlevel (cf. the i 6 m  and x 7 m above N.A.P. 
contour lines of the mineral subsoil). One might imagine that a very 
long seepage course - -  in our case c. I o km - -  has a strong delaying 
action on processes which develop as a result of changes in pressure. 
The sudden nature of the desiccation might therefore be regarded 
as an argument against the subterranean drainage of the peat water. 
In this connection, however, it should be observed that, even in a 
short time, the seepage was able to increase greatly at the beginning 
of the Atlantic. (see 9.5.I.). 

The highly humified Sphagnum peat complex on the western side 
of the central basin has scarcely reacted to this thorough desiccation, 
see 11. 7. (p. 145), and II . I  5. (p. I56 ). The dried-up bog surface 
of dead Hypnaceae and Carex communities and perhaps dead 
Betula and Alnus too, with numerous drying cracks here and there, 
would not have been able to retain rain water for long. Within a 
short time the greater part of the precipitation would have been 
drained away via the drying cracks to the lowest part of the seepage 
peat area. The erosion described in 9.Io. near faces H and I must 
have developed in this way. This slight erosion had no great 
influence on the further development of the peat. In spite of this 
drainage of the rain-water the bog surface became sufficiently 
moist to make Sphagnum growth possible, see ! i .I . ,  p. I38. 

It is possible that after some time the drying cracks closed up 
again, or that the dopplerite deposits in the cracks (see 9.8.) provid- 
ed sufficient blocking of the perforated peat layers. The seepage 
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Fig. Io. Spread of  the iron-rich seepage peat  in the H u n z e  depression and the 
probable infiltration area. I = seepage peat area (with the vein of  iron-rich fen 
peat); 2 = seepage centres; 3 ~ east-west orientated cover-sand ridge; 4 = the 
possible infiltration centres, indicated by the 16 and 17 m contours of  the mineral 
subsoil between the villages of  Sleen and Emmen;  5 = position of  grid section 

EMMEN 34; 6 = margin of  the bog. 

had no further influence on the post-Atlantic (ombrogenous) peat 
growth. 

The seepage peat dopplerite layer which is normally present on 
the sharp transition between the seepage peat and the peat lying 
on top of it, is absent between pits 432--434 of peat-face O, see 9.8. 
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The  presence of a thick, very heavy fluvial loam deposit under  the 
seepage peat and the absence of drying cracks here possibly caused 
some localised delay in the desiccation ofc. 3 IOO BC. No desiccation 
level would have developed here, then, upon which dopplerite 
could later precipitate. 

9. I 7. T H E  INFLUENCE OF THE DIFFERENT SYSTEMS OF PEAT G R O W T H  

ON EACH OTHER 

During almost the whole of the Atlantic, between c. 53oo--3Ioo 
BC, two clearly different systems of peat growth existed in the Hunze 
depression east of Emmen:  (I) the iron-rich seepage peat described 
in this chapter, and (2) a non-ferruginous system in which fen and 
fen-wood peat (see CH. 8.) were originally formed (to c. 45oo BC) 
and which changed into highly humified Sphagnum peat via a pine- 
s tump layer (see CH. io.). It will be obvious that  the two systems 
continuously had a direct influence upon each other as far as 
the water level is concerned. We consider the presence of the cover- 
sand cross-ridge near the village of Nieuw Dordrecht in the Hunze 
depression to be of primary significance for keeping the two sorts 
of ground water (non-ferruginous drainage water and seepage wa- 
ter) apart. In  spite of the fact that  they were in contact over a 
distance of about 6 km on the western side of the seepage peat area, 
scarcely any mixing occurred here. In fact, only the contact zone 
in face J, see 9. I5., can be regarded as the result of mixing. Iron-rich 
seepage water did flow several times to comparatively deep in the 
non-ferruginous area. The  clearest example of this is the overflow 
in face C, pits 65--69, which was described on p. lO8. The  opposite 
also possibly occurred. It  will be clear that  this cannot be confirmed. 

C H A P T E R  t o . :  P I N U S  S T U M P  L A Y E R S  

I O . I .  INT R ODUC TION 

Stumps of Pinus sylvestris L. occur on several levels in this peat 
area, usually in layers, see e.g. 8.5.2" 8.5. 3. (p. 73 ff.) and 11.39. 
(p. 2o3). Near the margin of the bog Pinus formed a comparatively 
thick deposit of wood peat (peat-faces A, B and D). In this 
chapter, the investigation both of stumps (p. 1 i5) and of different 
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stump layers (p. 128) will be under discussion. The discussion is 
based mainly on information which was obtained from: 
- -  peat-faces A - - Q ,  
- -  spectra 14 and 15 from the diagram Io-Po (fig. 73), which was 

dealt with in 4.2. (p. 47), 
- -  spectra 3 i - -5  ~ from the diagram 3-Po (fig. 66), which was 

discussed in 4.4. (P- 49), 
- -  the Atlantic part of the 14C-diagram and of the profile EM- 

MERERFSCI"IEIDENVEEN I (fig. 63) , which was discussed in 4.3. 
(p. 48), 

- -  spectra 5--1o from the diagram i-Po (fig. 64) , which was 
discussed in 8.2,  (p. 7I), 

- -  spectra 7--IO from I i-Po (fig. 74), 6--8 from x i -Rh (fig. 75) 
and 5--9 from I3-Rh (fig. 75); EMMEN II (face C, between pits 
68 and 69) and EMMEN 13 (face C, pit 64) are discussed in i I. 3. 
and 11. 4. (p. I4I),  

- -  spectra 5 - - I I  from x7A-Po (fig. 79), 5--7 from I7A-Po/bog 
plants (fig.83) and 7 from I7A-Rh/Mo (fig. 84), from section 
EMMEN 17, from peat-face E, between pits 171 and 172, which 
will be discussed in ii.26. (p. 174 ft.), 

- - s p e c t r u m  I from 33B-Rh (fig. IO2); the position of section 
EMMEN 33, which will be discussed in I x. 5. (p. I43), is indicated 
in fig. 2, 

- - s e c t i o n  EMMEN 19 (fig. 48), in particular I9C (fig. 49) and 
spectra 2--4 from I9B-Rh/Mo (fig. 89); EMMEN 19 from peat- 
face H, above pits 263--268 , will be discussed in I I.4I. (p. 2o 9 
ft.), 

- -  sections EMMEN 24 (fig. 53) and EMMEN 25 (fig. 54) and spectra 
3 from 24A-Po (fig. 93), I - -4  from 24A-Rh/Mo (fig. 94), I - -4  
from 24B-Rh/Mo (fig. 94) and 2--6 from 25-Rh/Mo (fig. 95); 
the seepage peat part of EMMEN 24 and EMMEN 25, from peat- 
face I, above pits 279--28o was discussed in 9.2. (p. 83) ; the 
ombrogenous peat of these sections is discussed in 11.42. and 
II.43- (p. 213 ft.), 

- -  section EMMEN 14 originating from peat-block C, which will be 
discussed in IO.3. (p. II 7 ft.); see also figs. 76 and 77, 

- -  section EMMeN 4, from peat-block B, which will be discussed in 
IO. 4. (p. I2i and fig. 68), 

- -  diagram 29-Po (fig. 98), originating from peat-block J, pit 3~8, 
to be discussed in IO. 7. (p. 13o); the lowest part of 29-Po was 
already under discussion in 9.I. (p. 81), 

- - d i a g r a m  3o-Po (fig. 99), originating from peat-face M, pit 
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Fig. II.  Areas with Pinus forests on the transition to ombrogenous peat: I = 
middle Atlantic Pinfis forest, 45oo--4ooo B.C.; 2 = area of the late-Atlantic 
Pinus forest, 3IOO--295o B.C.; 3 = sampling spots for the dendrochronological  
investigation; 4 = vein with iron-rich (fen) peat in the middle Atlantic Pinus 
forest; 5 = Scheuchzeria peat contact  zone, from 45oo--4ooo to 25ooB.C. 

407 (p. 13I), to be discussed in io.8.; the lowest part of 3o-Po 
was already discussed in 9.1. (p. 8I), 

- -  the tree ring investigation of pine stumps from our investigation 
area carried out by Dr. A. V. MUNAUT, Laboratoire de Dendro- 
chronologie, Heverlee/Louvain (Belgium) (MuNAUT and CAS- 
PARLE, 197 I) ; the results of this investigation will be further dis- 
cussed in lO. 5. (p. 122 ft.), see also figs. 1I and i o 5 - - i o  9. 

I0 .2 .  INVESTIGATION OF STUMPS 

The frequently encountered cone-shaped tops of stumps indicate 
a smothering of trees by the upward growth of the peat. The cone 
shape is not generally present in large stumps. This is undoubtedly 
linked with a smaller accumulation of peat due to which the pine 
trees were able to grow longer, but the rotting process could pene- 
trate deeper into the wood after the trees had died off. 

t I5  



The outermost annual rings of much larger stumps are missing 
because of this, and only a very short part of the trunk remains. 

Nearly all the stumps have plank-shaped roots; only rarely is 
anything resembling a vertical pen root present. In many cases 
more or less obvious multi-level roots occur, see fig. 12. In the clear- 
est cases the roots o f  the lowest level are approximately horizontally 
directed, and those of the higher levels diagonally upwards. The 
root ends often point upwards slightly more. These characteristics 
are usually less clearly present in the case of the large stumps. 

Fig. 12. Pine stump from the group of stumps, Munaut A (see fig. i I), with multi- 
level roots. The lower level has approximately horizontal plank-shaped roots; 

the higher levels usually have upward sloping roots. 

The growth was considerably more regular with these large stumps, 
see lO. 5. (p. 122). Together, the plank-shaped roots formed a kind 
of supporting platform, which was often of considerable dimensions, 
especially in large stumps. The plank form developed, as appears 
from a large number of root cross-sections, by wood-formation 
taking place especially on the top side of the roots. This is undoubt- 
edly connected with poor aeration of the peat soil. Many stumps 
have a so-called sickle shape. This is a curving of the lowest part of 
the trunk, which developed due to geotropical corrections during 
the growth of the trees on very soft soil. This remarkable shape is 
limited mainly to stumps of c. 5 -  15 cm diameter. We consider 
the absence of the sickle shape in larger stumps to be a question of 
habitat; Pinus could grow to a considerable size, see IO.3. , only on 
the somewhat drier, firmer places. Only rarely did the fallen trees 
which are found here and there appear to possess fine, straight 
trunks. Instances of deformation were mostly present as double 
tops, bumps, twists, horizontal sections of trunks, etc. (German: 
Kr~ppelf6hre). The trees had nearly always developed a great 
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number of branches, usually even at a very low level. It is not 
known if the trees which had become very large also had such 
characteristics. Those stood in such firm soil that toppling would 
probably seldom have occurred. With badly growing trees, the 
effect of the wind and possibly also of the sun on the wood formation 
is clearly observable (see Io.4. , p. I2I). 

IO. 3. EMMEN 14 (figs. 76 and 77), peat-block C, above pits 52--98. 

io. 3. i. Introduction 
Stumps of widely varying dimensions occur in the pine-stump 

layer which covers the non-ferruginous fen-wood peat (Middle 
Atlantic Pinus forest, peat-faces A, B, C, D, E and J, see also 
8.5.3., p. 75). The large stumps, i.e. those with a diameter of more 
than 2o cm, are mainly found in groups in the peat. Tremendously 
large stumps are often present near the edge of the bog. According 
to peat-cutters, the appearance of large stumps'is mostly linked with 
elevations of the sandy subsoil (without there being any question 
of roots extending into the subsoil). In this section we investigated 
if there is indeed a relationship between stump-thicknesses and the 
relief of the mineral subsoil. Pinus and Scheuchzeria palustris L. regular- 
ly occur together in layers, see also II.39" p. 2o 3. In this section, 
therefore, attention was also paid to the presence of Scheuchzeria in 
the peat in which the stumps investigated were found. 

I o.3.2. Investigation 
The diameter of the trunk just above the roots was measured of 

all the stumps which came to light during the peat digging season 
in x962 of a 4 m broad peat-block from peat-face C. The result of 
these measurements has been set out in fig. 76 in diagram form: the 
stem thickness in centimetres along the x-axis, and the numbers 
along the y-axis. The total number of stumps measured amounted 
to 3777. The stump thickness varied from 2--65 cm. The measure- 
ments were made in 56 sections of 20 m length along the i 120 m 
long peat-ihce. From the position in the field in which the stump 
was found after the peat-digging, the original position of the tree in 
the peat can be approximately deduced, for peat cutters throw 
any stumps they find in the peat away, in a direction at right angles 
to the peat-face. It will therefore be clear that the original level at 
which the tree grew cannot be determined; the stumps which came 
from the highly humified Sphagnum peat of face C, above pits 52--54, 
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were also measured in this way, since they could not be distinguished 
with any certainty from those from the Middle Atlantic pine forest. 
This will be gone into further in IO.3. 3. 

From the information collected, the composition of the forest per 
section with a length of 2o m and a width of 4 m ( =  the width of 
the peat block which was dug out) and the average stump thickness 
per section were calculated. The average stump thickness for all 
the 3777 stumps was io cm. The results of the calculations are pro- 
duced in fig. 77- The 56 sections with a length of 2o m (total I I2O 
m = the length of face C) were set out at the top and bottom of the 
figure. The composition of the forest per section is given in the 
block diagram I. Above the O-line are the symbols for stump 
thicknesses which are more than l ocm. Below the O-line are the 
stump thicknesses of I - -  5 and 6 - - I o  cm. 

The average thickness per section is set out in curve II; the hori- 
zontal dotted line indicates the average diameter of the total, viz. 
xo cm. The horizontal scale of I and II was chosen in such a way 
that the place of each section corresponds with its position with 
respect to the mineral subsoil of peat-block C, which was given in 
IV. 

The occurrence of Scheuchzeria in the Middle Atlantic stump layer 
was given in III ,  on the horizontal line. Above this line the occur- 
rence of Pinus and Scheuchzeria in the highly humified Sphagnum peat 
was indicated, and under this line the occurrence of pine stumps 
in the non-ferruginous fen-wood peat, as found when peat-face C 
was drawn in. It appears from I I I  that the results of the sections 
x--8, I2 and 43--45, in particular, have been influenced by the 
presence of stumps from layers other than the pine stump layer at 
the transition from non-ferruginous fen-wood peat to highly humi- 
fled Sphagnum peat. 

The Scheuchzeria deposit of the sections 3 x--35 lies above the vein 
with iron-rich peat (the "overflow", see 9.I6., p. IO5) of face C 
(pits 65--69).  The stumps present in this deposit do not therefore 
all belong to the Middle Atlantic pine forest (from c. 45oo--4ooo 
BC, see IO.lO., p. I32 , and 8.5.3, p. 75), since this overflow of the 
seepage peat area was possibly overgrown only after 3IOO BC, see 
9.16., p. 1o 5. This phenomenon too may have had an adverse 
effect on the results. 

I o. 3.3. Conclusions 

a. Stump thicknesses and age 
It appears from fig. 76 that the majority of the stumps has a 
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thickness of less than 2o cm. The obvious under-representation of 
stumps with a diameter of  less than 5 cm has two reasons. Firstly, 
very small stumps could still be worked into peat sods; secondly, it 
is very difficult to differentiate between small stumps and roots. 

The distribution of the stumps in 3 thickness groups is given in 
table VI. In brackets we show the approximate range of ages per 
thickness group, as this appeared from a number of tree-ring counts. 
With thick stumps, however, it appeared that it was a question not 
only of a longer life, but of the tree-rings often being thicker, which 
points to differences in the bog milieu during the pine forest phase. 

TABLE VI 

EMMEN I4, s tump thicknesses 

~ :  I - - IO cm (c. 3 -  80 years): 2435 stumps = 64. 5 % 
: x i - - 2 o  cm (8o - - I 5 o  years): t i oo stumps = 29.I % 

N:  > 2 o c m  (>  c. I5oyears) :  242 s t u m p s =  6 . 4 %  

It follows from the graph of fig. 76 that the percentage of stumps 
with a diameter of less than IO cm must have been considerably 
larger than is indicated by table VI. Only a few percent of the trees 
reached a thickness of 2o cm or more, which corresponds with an 
age of more than 15 ~ years. Almost two-thirds of the trees we meas- 
ured did not even reach the age of eighty. Of  these two-thirds, 
nearly 60 % have a trunk diameter of I - -  5 cm, showing that the 
trees had not even reached the age of fifty. If  we had been able to 
include all the very small pine stumps of peat-block C in this invest- 
igation it would have become clear that the percentage of trees 
which had died within fifty years of germination is not 5 ~ %, but 
must be considerably higher. 

b. The forest density 
It appears from the graph of fig. 76 that a regular rejuvenation 

of the forest occurred. The majority of the trees did not even reach 
the age of eighty (see above), whereas tile period of the Middle 
Atlantic pine forest covered at least 25o years, see stump group 
Munaut  D, in fig. lO9, see io.io., p. 13~. A calculation of the 
space occupied per tree, therefore, is meaningless. What  is clear is 
that the density of the forest, in spite of the large numbers of stumps 
found, could not have been high. 

c. The pine forest 

The very thick stumps ( ~  > 2 o c m ) a r e  not uniformly distributed 
throughout the peat-face. They are found particularly in sections 
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2--3, t l - - I  9 and 38--49 (fig. 77, block diagram I). The occurrence 
of these stumps is, in general, accompanied by minimum numbers 
(e.g. section 16 with 17 stumps, compared with section 3 ~ with Io8 
stumps); particularly of very small stumps. In sections 2 and 3, 
large numbers of small stumps are also present (section 3, total 
number of stumps: I8I), along with very thick stumps. These two 
sections are part of the section with many small stumps, consisting 
of sections I - -  9. A very high proportion of these stumps must have 
originated, as can also be deduced from fig. 77, III ,  from the Pinus- 
Scheuchzeria layer in the highly humified Sphagnum peat. We found 
only small stumps (up to c. 7 cm diameter) in this layer. A similar, 
if less clear-cut, situation exists in section 12. All these predomi- 
nantly small stumps undoubtedly have influenced the average 
stump thickness which is given in fig. 77, II. 

Most of the sections with an average stump thickness of more than 
i o cm are situated together in two groups: sections I I--21 and 3 8 _  
48 (curve II). These two maxima correspond with two elevations 
in the sandy subsoil (fig. 77, IV). These elevations are emphasised 
in the figure by the horizontal dotted line drawn in IV. It is to be 
noted that the level of this line has no significance whatsoever except 
to emphasise the elevations of the subsoil. 

As has already been stated above, the sandy elevations of sections 
I - -  7 does not accompany an increase in the average stump thick- 
ness; the presence of the many small stumps in the highly humified 
Sphagnum peat is noticeable here (fig. 77, I and III) .  The occurrence 
of  Scheuchzeria palustris at the transition between the non-ferruginous 
fen-wood peat and the highly humified Sphagnum peat (fig. 77, III)  
is restricted to places just above depressions in the sandy subsoil. 
Where Scheuchzeria occurs, the average Pinus stump thickness is less 
than xo cm. 

The phenomena can be explained by assuming the existence 
of a wet-dry mosaic on the surface of the fen-wood peat at the time 
of the establishment of Pinus and Scheuchzeria (c. 4500 BC, see io. i o ,  
p. 132. and fig. lO9, stump group Munaut  D). Pinus could attain a 
good development in the drier places; in the wetter places Scheuchzeria 
could also establish itself; these places might then have been so moist 
that the growth of Pinus was serious hampered. The drier places 
correspond with elevations in the sand, the wetter places with de- 
pressions in the mineral subsoil. This points to a relief in the fen- 
wood peat surface at c. 4500 BC in which was reflected the subsoil 
relief. Such a fen-wood peat surface can only be explained by 
shrinkage of the peat deposits as the result of a drying out. 
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After this probably slight drying-out (precipitation) water would 
have collected in the lower parts, and in this Scheuchzeria was able 
to develop well, see i 1.39, P- 203. The higher places remained 
drier for a comparatively long time, and due to this Pinus found a 
good habitat here. 

The relationship, already known to the peat-diggers, between 
the stump thickness of Pinus and the relief of the mineral subsoil 
does indeed appear to exist, as fig. 77 demonstrates clearly. A slight 
drying-out of the fen-wood peat deposit can be regarded as the 
cause of this phenomenon. 

xo.4. EMMEN 4 (fig. 68), peat-block B, above pits 31--35 

For IO 5 stumps from the thick Pinus-Scheuchzeria deposits of peat- 
face B, lying on top of the highly humified Sphagnum peat, it was 
established on which side of the trunk wood-forming had mainly 
occurred. The purpose of this was to check if it was possible to prove 
that external factors had influenced the forming of the wood. After 
the cone-shaped, rotten top had been sawn off, the direction of the 
shortest distance between the heart of the tree and the approxima- 
tely circular circumferenceof the trunk (i.e. the side with least wood 
formation) was determined with a compass. The heart of the 5- - I  o 
cm thick stumps (up to about 6o years old) could be clearly deter- 
mined in all cases. The results are produced in fig. 68, EMMEN 4" 
The measurements were sub-divided into I O groups. The column 
on the extreme left indicated what the situation was with the trunks 
which were found in a horizontal position. The adjacent column 
gives the number of times that the heart was in the centre (no 
orientation). Next, the information about trunks with eccentrically- 
positioned hearts is produced, sub-divided into 8 groups, 8 points 
of the compass, from N, via NE, round to NW. Under  the diagram, 
by means of schematic trunk cross-sections, the position of the heart 
in the trunk has been indicated by a black dot. The stump layer was 
not dated. On stratigraphical grounds it can be assumed that the 
layer must have been formed between c. 2ooo--I5oo BC. 

The heart is in the centre in 27 trunks. With the horizontal trunks 
we are dealing with trees which had already toppled during their 
lifetime. The toppling would mostly have been a very gradual 
process in the course of which the well-known sickle-shaped trunk 
developed. It appeared that the underside of these fallen trunks 
had the most wood formation. With sickle-shaped stumps (not 
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reported as such in the graph) it could be established that the 
outer side of the sickle was the side with the most wood-formation. 
Both with these and with the fallen trunks, this was probably a 
manifestation of the same phenomenon, viz. movement of the centre 
of gravity in one direction, due to which gradual toppling took 
place. This movement of the centre of gravity was possibly the 
result of irregular branch formation. 

With the stumps with an eccentrically positioned heart, an obvious 
orientation of the side with most wood forming appeared. The 
smallest increase in the thickness of the trunks is situated mainly on 
the south-west side. It is natural to ascribe this to the effect of sun 
and wind (external influences). It is possible that the influence of 
the wind was more important than that of insolation, since the side 
with least wood forming lay more to the west and north-west side 
than to the south. Perhaps irregular branch formation was also a 
factor here, in thesense that the western side of the trees had fewer 
or smaller branches, due to which less wood forming took place 
on this side. 

IO. 5. DENDROCIffRONOLOGY 

Io. 5 . I. Introduction 

It can be shown from io. 3. (EMMEN 14) that Pinus established 
itself probably more or less simultaneously on large parts of the 
non-ferruginous fen and fen-wood bog surface. 

The purpose of MUNAUT'S dendrochronological investigation was, 
on the one hand, to try to confirm the conclusion drawn from 
EMMEN I4, and, on the other, to obtain an insight into the type of 
forest, the duration of the Pinus forest, and the possible spreading- 
out of the forest over the seepage peat. With regard to this last point, 
it may be remarked that the dendrochronological investigation was 
carried out before there was any clear idea of the seepage peat 
formation. We refer to MUNAUT I966 and I969 for the method of 
the dendrochronological investigation. After the peat-digging in 
May, 1963, at five different places in the area investigated, a total 
of 256 pine stumps was collected, divided into Io groups, see fig. I I 
and table VII .  

Partly as a result of the bad state of preservation of many of the 
stumps, but especially because of the irregular growth of the trees 
(see e.g. the preceding section), many of MUNAUT'S curves could not 
be synchronised with one or more other curves. MUNAUT, how- 
ever, did manage to synchronise a few curves pcr stump group 
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TABLE V I I  
Groups  of sampled stumps from the E m m e n  area 

Site Characterist ics of the site group of s tumps n u m b e r  
of s tumps 

A in the central  basin of the bog;  on the fer- MUNAUT A 19 
ruginous  seepage peat ;  near  face M, pits MUNAUT A ~ I 
4o5- -4 Io .  MUNAUT A ~176 2 

near  the eastern bounda ry  of the non-fer- MUNAUT B 59 
ruginous fen-wood peat  area  on which Pinus MUNAUT B ~ 12 
formed an  unbroken  forest; near  face J ,  pits 
322--333.  

on the eastern border  of the non-ferruginous 8o 
fen-wood peat  area  and  the western border  
of the seepage, peat  area;  between faces E 
and  F. 

in the middle  of the non-ferruginous peat  32 
area,  abou t  800 m from the western marg in  18 
of the bog; near  face C, pits 56 - -6o  and  
72- -89  . 

near  the western edge of the non-ferrugin-  I6 
ous fen-wood peat  area,  400- -600  m from x 7 
the western marg in  of the bog; near  face B, 
pits 3o - -35  and  38 - -44  . 

B 

C MUNAUT C 

D MUNAUT D 
MUNAUT D O 

E MUNAUT E 
MUNAUT E ~ 

Tota l  256 

with each other, with the exception of groups A ~ A ~176 and B ~ More- 
over, it turned out that  groups D, E and E ~ could be synchronised 
with each other. He was able to set up 5 groups ,each with a floating 
c h r o n o l o g y :  MUNAUT A, MUNAUT B, MUNAUT (] ,  MUNAUT D O a n d  

MUNAUT D E E ~ By radiocarbon dating of one or more samples 
per floating chronology, 3 pine forest phases could be deduced 
which all appeared to date from the Atlantic period, viz. an 
Early  At lant i c ,  a M i d d l e  A t l a n t i c  and a Late  A t l a n t i c  
forest phase. In figs. IO5--1o9, the results of the dendrochronolo- 
gical investigation with the 14C-dates are given. All the 14C-dates 
for these pine stumps are reported in table VI I I .  

In figs. xo5--Io9, the chronological relationships between the 
groups of the synchronised trees are shown as horizontal black 
bands (D~ D~ E 3 etc.) (black: synchronised part  of the trees). 
The  curve of the average thickness of the tree-rings is also shown for 
each group (see also MUNAUT I969). In the floating chronology 
(placed under  the group curve) we have taken as the first year of 

t23 



each chronology the first tree-ring of the oldest tree, although this 
ist not the usual practice in denchronology. Using the 14C-dates, it was 
possible to date the different pine forest phases approximately, see 
the dates in italics on the left and right-hand sides under the float- 
ing chronologies in figs. IO5--IO 9. Three trees (C9, C2 and C4) 
in group MUNAUT C (fig. Io7) have been indicated as shaded columns. 
The correlation of these three trees with the remainder of MUNAUT 
C was dubious. 

Io.5.2. Munaut A (figs. II and IO5) 

The trees were relatively fast growing (tree-ring thickness aver- 
ages more than I mm). In general they were not old (maximum 
83 years: A4). Growth was very irregular, particularly between the 
years 5o-- ix2.  This points to strong fluctuations in the milieu, 
probably in the water content of the peat in particular, in which the 
trees were rooted. In the stumps of this group in particular, fine 
multi-level roots occurred, see fig. I2. 

The stump group is too small to yield information about rejuve- 
nation of the forest. In the pine stump layer from which group 
MUNAUT A originated (face M, between pits 4o5 and 4IO), only 
one stump level was present, see also 3o-Po, fig. 99. The establish- 
ment of Pinus on the desiccated seepage peat was probably, there- 
fore, possible during a relatively short period of time. It can be 
deduced from fig. Io 5 that this was presumably only a few decades 
(between 1--4o of the floating chronology). The process by which 
the pine forest was overgrown was also one lasting a few decades 
(between 7o--I  x2 of the floating chronology). It can be deduced 
from the often more than 6o cm long parts of the trunks which were 
preserved that this overgrowing was a comparatively rapid process. 
This establishment of pine trees on seepage peat can be roughly 
dated between 3ioo and 295o BC. This date holds in all probability 
also for all the other establishments of pine trees on the surface of the 
desiccated seepage peat. Although no unbroken forest existed, 
we have still regarded this forest phase as one forest, the L a t e  
A t l a n t i c  p i n e  f o r e s t ,  see also Io.I2., p. I35. 

io.5. 3. Munaut B (figs. x x and io6) 

The average tree-ring thickness is, especially in the years I--8o,  
clearly more than I mm, which points to a relatively rapid growth. 
The lifetime of the trees is here somewhat longer than in MUNAUT A 
(maximum Io 9 years: B2). The establishment of the trees extends 
over a period of c. 6o years, the period of decline over about 75 
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years. Both values are clearly higher than was found in MUNAUT A. 
F rom this can be concluded,  be it with due reservation, that  the 
(here non-ferruginuos fen-) peat  surface remained  suitable for pine 
growth  longer than  was the case in the situation of  MUNAUT A (seep- 
age peat  surface). 

Two  noticeable min ima  are present in the curve, viz. in the years 
48 and 6I of  the floating chronology.  I t  is clear, par t icular ly from 
the first, that  these must  have been caused by a deteriorat ion in the 
growth  conditions in the preceding twenty years. This would have 
been mainly a question of  increasing water  content  of  the bog sur- 

TABLE VIII  
14C-dates of the MUNAUT stumps 

No. Tree Sample Tree rings Average age in Age 
GrN- No. sampled the floating chron. BP BC 

MUNAUT A 

4312 A2 i 3 ~  4 ~ 52 4990• 304 ~ 

MUNAUT B 
4274 B 2 I I - -  IO 5 6050• 41oo 
4275 2 Ioo--lo 9 io 5 589o• 394 ~ 

MUNAUT C 

4313 C 4 I 75-- 90 127 496o~4 o 3oxo 
MUNAUT D O 

4263 D O i 1 29-- 39 55 714o• 519 o 
�9 4264 2 84-- 94 Iio 7165• ~ 5215 
4265 3 134--144 16o 7o3o• 5o8o 
4266 4 I84--194 21o 7ooo• 5o5 ~ 
4267 5 234--244 26o 69io• 496o 

MUNAUT D E E ~ 

4913 E~ 4 t 3 1 -  39 35 633o• 438o 
4914 2 6 I - -  68 65 644o• 449 ~ 
4915 3 9 o - z o o  95 64oo• 445 ~ 
49 I6 4 12o--I29 125 6300• 4350 
4917 5 I5o--I6o 155 636o• 441o 
4918 6 18o--19o 185 6155• 4205 
4279 E ~ i I 57-- 67 I69 6300• 435 ~ 
4277 2 lO7--117 2i 9 623o• 428o 
4278 3 157--167 269 6235• 4285 
4276 4 2o7--217 319 6155• 42o5 
4314 D2 5 II5--123 223 616o• 42IO 
43oi E 4 6 22-- 32 I69 6200• 425 ~ 
4302 7 I22--132 269 6~25• 4275 
43o3 8 i72--i82 319 6o8o• 413 ~ 
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face. Growth was relatively regular between the years of 64--x28. 
This Pinus establishment can be roughly dated between 41 oo--385o 
BC. This is somewhat younger than stump group MUNAUT D E E ~ 
We are, however, of the opinion, especially on stratigraphical 
grounds, that we are here concerned with one and the same pine 
forest, the M i d d l e  A t l a n t i c  p i n e  f o r e s t ,  see also MUNAUTDE E ~ 
p. 127. In 29--Po (fig. 98, see also p. x3o), three stump levels are 
present in the profile EM~.N 29, face J, pit 328, sampled here. 
It is clear that the stumps investigated by MUNAUT came from the 
lowest level. 

Io.5. 4. Munaut C (figs. i1 and lO7). 

The average tree-ring thickness is here more than I mm, too. 
As is also the case in MUNAUT A, the synchronised trees of this group 
did not grow very old (maximum age: IO 5 years: C9). Half  of the 
total of twelve trees measured in this group reached an age of be- 
tween I oo and 15 ~ years. This group shows a rather close similarity 
with MUNAUT A. Here, too, the bog surface was suitable for presu- 
mably a comparatively short time for the establishment of Pinus, 
viz. between the years x--3o of the floating chronology. The period 
during which most of the trees died, between the years 98--116, is 
strikingly short. In all probability, this indicates a very rapid deterio- 
ration of the growth circumstances. The stumps of this group had, 
as did those of Mt~NAUTA tOO, a particularly long trunk. One might 
think that we are here dealing with two groups of stumps, and that 
the trees indicated by black bands derive from a layer different 
from that of the trees C9, C2 and C4, see fig. lO 7. 

From the long part of the trunk which was preserved, the clear 
multi-level root system and the irregular growth (see also the aver- 
age curve of fig. Io7) , it can, however, be concluded that the trees 
C7, CI, C 5 and C 3 probably do not originate from an older (i.e. 
Middle Atlantic) layer. Nowhere in the ombrogenous peat did we 
find stumpswhich were older than about 6o years. We are therefore 
fairly certain that the stumps which were not 14C-dated belonged 
to the same forest phase as the dated group. This Pinus establishment 
must therefore be synchronous with MUNAUT A (c. 31 oo--295 ~ BC). 
It belongs to the L a t e  A t l a n t i c  p i n e  fo res t .  

Io.5. 5. Munaut D o (figs. I1 and Io8) 

In this group the average tree-ring thickness is less than x mm. 
Two of the three synchronised trees reached a great age: D% was 
3o9 years old and D~ at least 294. The growth in the years x 24--2 Io 
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of the floating chronology was remarkably regular. In this section 
- -  with an average tree-ring thickness of more than I mm! - -  
characteristic years are missing (M and m). These features might 
point to the absence from the milieu during that period of impor- 
tant changes which would have been unfavourable for Pinus growth. 
In view of the narrow spread of the birth years of the three synchro- 
nised trees, the bog surface must have become suitable for Pinus 
establishment within possibly a relatively short time. 

The forest period lasted at least 33 ~ years. In the first i oo - - i2o  
years, rather large fluctuations perhaps occurred in the water con- 
tent of the bog. It is not possible to deduce from the available 
information to what extent rejuvenation of the forest occurred nor 
whether new forest developed after an establishment lasting for a 
comparatively short period of time (the years i - -c .3o of the floating 
chronology). It is not clear from the course of the average thickness 
curve after 24 ~ years on the floating chronology that the trees died 
as a result of a shortage of oxygen in the soil due to the high water 
level. It can be deduced from the datings that an E a r l y  A t l a n t i c  
p i n e  f o r e s t  is involved here. 

IO.5.6. Munaut D E E ~ (figs. I I and IO9) 

The average tree-ring thickness in this large group is clearly more 
than 1 mm. The birth years of the synchronised trees reveals a 
remarkable spread of more than 2oo years, which indicates that the 
(non-ferruginous fen and fen-wood peat) surface gradually became 
suitable or remained suitable for a long time for the establishment 
of Pinus. The birth years of seven of the ten synchronised trees, 
however, (D2, E~ E3, E~ DI,  E 4 and D3) fall within the rel- 
atively short period from year lO 4 to year x 59 of the floating chronol- 
ogy. It is possible that the bog surface at that time was particularly 
suitable for the establishment of Pinus. The rather large spread in the 
dates of dying (from year 23x--45 o of the floating chronology) 
points to a natural cause of death (old age: often more than 2oo 
years) rather than to the bog surface having become unsuitable for 
Pinus growth by a more or less sudden process. 

Regular forest rejuvenation took place in this forest, which 
covered the entire non-ferruginous fen and fen-wood peat surface 
east of Emmen (cf. IO.3, EMMEN I4, p. 117) as can be deduced, 
with due reservation, from, on the one hand, the dendrochronolo- 
gical investigation, and on the other hand, (as had already become 
clear to us) from the field investigation. 
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In the period between the years 150--27 ~ of the floating chrono- 
logy, the average curve shows a very regular growth of the trees, 
which leads to the assumption that the milieu changed very little 
or not at all in that time, see also p. 126, MUNAUT D 0. It is, however, 
also possible that we are here concerned with an only apparently 
quiet period, due to the absence of the first c. 3 ~ years of many trees. 
It is precisely this first period in the life of trees that is often charac- 
terised by very irregular growth. 

In spite of the rather long period of time during which establish- 
ment of Pinus was possible, we still think it possible to speak of a 
synchronous pine forest, since a fairly large surface is involved here. 

The overgrowing of the forest by highly humified Sphagnum peat 
would have progressed slowly, especially in the marginal area: the 
process of decay penetrated deeply into many of the stumps. This 
is particularly true for group E. 

The forest period can be roughly dated from 45oo--4ooo BC: 
the M i d d l e  A t l a n t i c  p i n e  f o r e s t .  

10.6. INVESTIGATION OF STUMP LAYERS 

The peat of stump layers often has a crumbly structure, as a result 
of, among other things, animal activity and the presence of many 
bark fragments, needles and cones. Where Pinus and Scheuchzeria 
occur together a strongly laminated deposit has generally formed. 
The occurrence of Scheuchzeria by themselves and together with 
Pinus, will be further discussed in I 1.39. , see p. 2o 3. Most of the 
stump layers contain rather a lot of charcoal particles, not only 
from the trees, but also from the soil vegetation, which, especially 
in the drier places, had a high Vaccinium content. Sometimes consid- 
erable Polytrichum vegetations also occurred, see face C, pit 94. 
The lower side of a wood peat layer can generally be more clearly 
distinguished than the upper side. This upper side nearly always 
displays a gradual transition from crumbly wood peat containing 
many fragments, needles, branch remains etc., to a much more 
compact peat in which these tree remains are not present. Before 
dealing with the Early, Middle and Late Atlantic Pinus forest and 
the Pinus establishments in the ombrogenous peat, we shall first 
give, below, the information necessary for this discussion. Diagrams 
29--Po and 3o--Po, which concern the Middle Atlantic and the 
Late Atlantic Pinus forest respectively, will be discussed in the two 
sections following. 

i28 



lO.6.1. Concerning the Middle Atlantk Pinus forest 
i I-Po (fig. 74, spectra 7--IO) and 11-Rh (fig. 75, spectra 6-8) 

The establishment of Pinus on the fen-wood peat surface (spec- 
trum 7) can scarcely be seen from the Pinus curve. It is possible that 
Betula established itself in the Pinus forest in which Empetrum and 
Melampyrum also occurred. A correct date for the stump layer here 
is not possible, see I 1.3. , I I-Po (p. 141 ). The rhizopod content of 
the wood peat is slight. 

I3-Rh (fig. 75, spectra 5--9) 
Pinus possibly established itself here in highly humified Sphagnum 

peat (see also 8.i., i3-Rh , p. 7o). During the pine growth it 
probably became temporarily moister here, as can be deduced 
from the increase in Amphitremaflavum. 

I7A-Po (fig. 79, spectra 5- - I  I), I7A-Po/bog plants (fig. 83, spectra 
5--7).  I7A 'Rh/M~ (fig. 84, spectrum 7) 

The establishment of Pinus is visible in the diagram (I7A-Po), 
although the percentages remain below so %. Sphagnum and Calluna 
regularly occurred here already (I 7A-Po/bog plants, see also in 8. i., 
p. 7 o, I7A-Po and I7A-Po/bog plants). The milieu in this oligo- 
trophic, rather acidic peat was not yet suitable for Amphitremas 
(I 7A-Rh/Mo ) . 

33B-Rh (fig. lO2, spectrum I) 
The presence (even in low values) of Amphitremaflavum, Arcella 

spec. and Assulina muscorum, among others, is an indication that 
Pinus grew in a comparatively acidic milieu here. 

lO.6.2. Concerning Pinus establishments in ombrogenous peat 
I9B-Rh/Mo (fig. 89, spectra 2--4) 

In view of the almost complete absence of rhizopods, the ombro- 
genous peat probably formed in not too moist a milieu. The speci- 
mens of Amphitrema wrightianum in spectra 3 and 4 must have arrived 
here due to in-wash, see I1.41. (p. 2o9). Spectrum 4, from the 
Sphagnum peat dopplerite layer, in which Pinus stumps appear here 
and there, is not different from those just above and just below as 
far as rhizopod and moss content is concerned. 

24 A'Po (fig. 93, spectrum 3), 24A-Rh/M~ (fig- 94, spectra I--4) 
and 24B-Rh/Mo (fig. 94, spectra I--4) 

Here, too, the rhizopod content of the ombrogenous peat below 
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the level of the Sphagnum peat dopplerite layer is particularly low. 
Calluna, Erica and Empetrum were presumably important com- 
ponents of the not very wet peat forming vegetations. 

25-Rh/M~ (fig. 95, spectra I--6) 

Here it was clearly moister than was the case in EMMEN 24 during 
the first ombrogenous peat formation. No recognisable leaf remains 
of mosses were found just below the Sphagnum peat dopplerite layer 
(spectrum 5), possibly as a result of strong decomposition of the 
peat at this level. 

Io.7. 29-Po (fig. 98), face J, pit 328 

EMMEN 29 was sampled in the immediate neighbourhood of 
stump group MUNAUT B (fig. I I). The profile was analysed by Miss 
I. W. J. van Otterloo. 

A clear Ulmus decline is visible from the diagram (spectra 5--6).  
The lowermost wood level, therefore, can be correlated with a reaso- 
nable degree of certainty with the Middle Atlantic Pinus forest, 
MUNAUT B, which can be dated at c. 4 1 o o - - 3 8 5  ~ BC, see lO.5.3. , 
p. 124, and fig. lO6. It will undoubtedly be possible to correlate the 
middle wood level with the Late Atlantic Pinus forest, see IO.5.2. 
and lO.5.4, p. 124 and 126. A stump sampled from the topmost 
wood level between pits 335 and 336 was 14C-dated. The (outer- 
most) tree-rings 5o--6o could be dated at 24io ~ 55 BC (GrN 
48Ol, see table VIII) .  This wood level, dated at c. 25oo BC or very 
shortly afterwards, can possibly be correlated with the desiccation 
of the highly humified Sphagnum peat in face H, on which level 
the Sphagnum peat dopplerite layer developed (see 11.14. , p. 154 ). 
This will be further discussed in I o. 13. Scheuchzeria played an impor- 
tant part (spectrum 4) in the overgrowing of the Middle Atlantic 
Pinus forest. In the Late Atlantic Pinus forest, Calluna and Empetrum 
occurred frequently here, while Sphagnum declined sharply (spec- 
trum 5). These phenomena point towards a possible desiccation of 
the bog, but this is not borne out by the course of a number of 
other curves, including those of Scheuchzeria, Rumex, Gramineae and 
Cyperaceae. 

The topmost stump level, for which the dating also indicates the 
end of the Scheuchzeria peat contact zone (see 9, I5. P- io4, see also 
I I. 39., P. 2o3) contains stumps with preserved trunk pieces up to 
6o cm in length. This points to a rapid process of overgrowing of the 
Pinus forest which can be dated between 25oo--24oo BC. 
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lO.8. 3o-Po (fig. 99), face M, pit 407 

This profile, also analysed by Miss I. W. J. van Otterloo, was 
sampled in the immediate neighbourhood of stump group Munaut  
A (fig. I I). Because of this, the stump layer can be roughly dated at 
3IOO--2950 BC, see fig. lO 7 and IO.5. , MUNAUT A (Late Atlantic 
Pinus forest). 

The clear elm decline, spectra 2--7, places the stump layer ap- 
proximately at the Atl/SB transition. This is in complete agreement 
with the 14C-date for the stump group, see above. 

The transition from seepage peat to wood peat (spectra 4/5) is 
accompanied by clear changes in the pollen picture, indicating a 
great reversal in the vegetation. 

The stump layer contained many Betula-wood remains as well as 
Pinus. It is remarkable that the course of the Pinus curve does not 
show Pinus growth here, whereas the course of the Betula curve is in 
complete agreement with the stratigraphical observations (spectra 
4--8). The more or less sudden disappearance of Rumex, Melampyrum 
and Dryopteris (spectra 5--6) is undoubtedly connected with the 
falling-off of the seepage, see also I I.I4. , p. 154. 

The increase of Calluna, Empetrum and Sphagnum after the over- 
growth of the Pinus forest (spectra 8--9) is completely analogous 
with the stratigraphical development. 

IO. 9 .  T H E  EARLY ATLANTIC PINUS FOREST 

The only wood remains of this forest are the MUNAUT D o stumps, 
found near face C, see IO.5.5, MUNAUT D o and figs. I I and lO8, and 
dating from c. 5300--4900 BC. The long lifetime of a few trees 
(total forest period more than 330 years, see fig. lO8) points to a pro- 
longed break in the fen peat growth. In 8.5.2. (p. 73 ft.) we explain- 
ed that the Early Atlantic desiccation layer can be regarded as 
the fossil forest base of this Early Atlantic Pinus forest. The probable 
extent of this forest was given in fig. 7. The fact that stumps are 
largely absent (only found near face C) might be ascribed to the 
very prolonged desiccation due to which conservation of wood was 
r a r e .  

It is not known what trees accompanied the spread of Pinus; 
Betula was probably an important component of the forest (see fig. 
63, t4C-dated diagram). The fact that this was overgrown by an 
Alnus fen-wood peat, such as is visible in almost all the peat-faces 
with the Early Atlantic desiccation layer (the non-ferruginous fen- 
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wood peat) indicates a rise in the bog water table after the desicca- 
tion of the fen peat in the Hunze valley, which can be dated at 
about 53oo BC (see also 8.5.2. , p. 73 ft.). The  extreme eastern part  
(faces F, G and the eastern part of face J) was overgrown by iron- 
rich seepage peat, see 9.5.1., p. 88. The  supply of seepage water 
and the renewed supply of non-ferruginous ground water probably 
developed c. 5ooo BC or shortly before that. 

I O. I O. T H E  MIDDLE ATLANTIC PINUS FOREST 

This constitutes the transition from the non-ferruginous fen-wood 
peat (in faces A - - E  and face J) to ombrogenous peat. VlSSCHER 
(1931 ) had already described this transition, which he called the 
"middle  s tump horizon". It  occurs in the whole of the non-ferrugi- 
nous fen-wood peat area, see figs. 7 and 11. A presumably slight 
drying-out was the cause for the establishment of Pinus, see IO.3. , 
EMMEN 14, p. I I7ff .  and 8.5.3. , p. 75, where this s tump layer was 
already discussed. 

Besides Pinus, Betula and, (to a much smaller extent) Alnus also 
grew in the forest. Alongside Scheuchzeria palustris and Polytrichum 
(face C, pit 94), other species, including Empetrum, Calluna, Vaccinium 
and possibly Melampyrum, are present in this forest, see Io .7 ,  p. i3o 
and fig. 98, 29-Po. The  Pinus forest was roughly dated from 45oo _ 
4ooo BC (stump group MUNAUT D E E ~ fig. Io9). The  forest 
period lasted for more than 33 ~ years. From the average synchroni- 
sation curve of MUNAUT D E E ~ we may, with due reservation, 
conclude (see IO.5.6., p. I27) that  a steady growth of the forest took 
place, especially between the years 12o--24o of the floating chrono- 
logy. The total synchronised period of 339 years displays a few 
phases of slower growth (slightly falling curve). These are between 
the years 4o--8o, IO6--1 I9, 135--165 and between 195--265. This 
last period of slower growth appears especially in MUNAIJT D. The  
alterations in the rate of growth are probably connected with 
changes in the bog hydrology. Here and there, several wood levels 
are present, e.g. face B, pits 3o--34, 45--48, and face D, pits I o 3 -  
II6. There is a very strong probability that these higher levels 
represent Pinus growth from later than c. 4ooo BC. The  tremen- 
dously thick stump layer on the western margin of the bog (face A, 
and, to a certain extent, face D also) represents a considerably long- 
er forest period there (see fig. 66, 3-Po and fig. 64, I-Po) than 
further inwards in the bog. This may be ascribed to the eutrophic- 
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ating influence of the Hondsrug, as well as to the occurrence of 
repeated desiccations of the marginal zone of the bog. 

Stump group MUNAUT B (fig. Io6) dates from a few centuries 
later than the group MUNAUT D E E ~ It is possible that Pinus 
arrived somewhat later on the eastern border of the non-ferruginous 
fen peat area. In view of the large surface over which Pinus distrib- 
uted itself, we still think it correct to speak of one Pinus forest. 

In several places traces of fire were found on the stumps; a few 
times also on the underside of fallen trunks. The forest must have 
re-established itself after a fire, at least on some places, since these 
fallen, charred trunks are occasionally overgrown by pines. 

I O .  I I .  S T R A T I G R A P H Y  A N D  D E V E L O P M E N T  O F  T H E  M I D D L E  A T L A N T I C  

P I N U S  F O R E S T  

After a probably not too deep-seated desiccation of the non-ferru- 
ginous fen and fen-wood peat deposits, dated at c. 45oo BC (see 
io.5.6., MUNAUT D E E ~ p. 127), conditions became favourable 
for the establishment of Pinus; both hydrological and trophic factors 
must have been in;colved (see Io.3,  EMMEN i4, p. IX7). It spread 
within a short time from the marginal area of the bog, where possi- 
bly Pinus had been able to grow from the Preboreal (to-Po, see 
fig- 73), over the non-ferruginous fen and fen-wood peat surface 
which possessed a slight relief. It is possible that the tree reached 
the eastern edge of this region a few centuries later (face J ,  stump 
group Munaut  B, see IO.5.3. , p. I24). On the border between this 
Pinus-forest-on-fen-peat and the central part of the bog, where the 
iron-rich seepage peat growth continued, a relatively narrow mixture 
area developed of two sorts of bog water, in which extensive Scheuch- 
zeria vegetations started to develop: the Scheuchzeria peat contact 
zone of face J,  see 9.15. (p. io4) and II.39. (p. 2o3). It appears 
that, just on the western side of this zone, Pinus was able to establish 
itself several times during a very long period between c. 4 I o o - 2 5 o o  
BC, see lO.7. , 29-Po , p. 13o and fig. 98. In the lowest-lying places 
of the non-ferruginous fen peat surface, which has a relief in which 
is reflected the topography of the mineral subsoil, extensive Scheuch- 
zeria vegetations, as well as Pinus growth, was able to materialise, 
see lO.3. , EMMEN I4, p. I 17. In contrast with these low-lying places, 
the pine trees could reach a considerable age on the higher, some- 
what better drained places (stump group MUNAUT D, see Io.5.6., 
p. I27). Where the trees did die off fairly quickly as a result of too 
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high a soil moisture content, a renewed growth of pines very pro- 
bably took place repeatedly (io.3. , EMMEN I4, p. I I7). This indica- 
tes that the milieu which was suitable for Pinus establishment - -  
probably the somewhat acidic peat soil becoming slightly more 
eutrophic (see i 1.39 , p. 2o3) - -  remained unchanged for a long 
time. The renewed growth of Pinus which probably occurred several 
times, especially in the lowest lying places, possibly points to a tem- 
porary improvement in the growth conditions, e.g. by a drop in the 
undoubtedly high water level in this Pinus forest. When the healthy 
trees had grown to considerable dimensions, after c. ioo years, a 
clear mosaic had developed in this forest. Groups of pines packed 
rather closely together, just above elevations of the mineral subsoil, 
were situated between parts of the forest with considerably smaller 
pines, which were rooted in Scheuchzeria vegetations. The vein of 
iron-rich peat, the "overflow" of the seepage peat area (see 9.I6., 
p. io5) , ringed by Scheuchzeria vegetations, bisects this forest (see 
also fig. 8). A peculiar phenomenon is that this Pinus establishment 
is but scarcely visible, in the diagrams, see e.g. i I-Po, spectra 7--1o, 
(fig. 74) I7A-Po, spectra 5 - - i i  (fig. 79), 29 -P~ spectra I - -5 ,  
(fig. 98), whereas the late Preboreal Pinus establishment, as can be 
deduced from io-Po (see fig. 73, and 4.2-, Io-Po, p. 47), is visible 
as a very high Pinus maximum in the diagram. It appears from 
the information available (see, among others, Io.I., p. II 4 ft.) 
that the soil in which the pines were rooted was already generally 
somewhat acidic. Ericaceae and Sphagnum were already present in 
many places. On this forest soil a large development of Sphagnum 
could soon take place, preceding the growth of the highly humified 
Sphagnum peat. 

The Pinus forest was smothered by the increasing thickness of the 
peat. The most weakly growing trees, which had their roots in the 
very wet Scheuchzeria vegetations, would have died first; but ultim- 
ately, towards c. 4ooo BC, all that remained of the once nearly 
unbroken forest were some scattered fragments. These consisted 
predominantly of rather old, perhaps even mainly very old trees 
which were rooted at a somewhat higher level in the forest soil. In 
the peat-faces, these forest fragments are revealed as an extra wood 
level at the top of the stump layer, e.g. face B, pits 43--48. 

On the western margin of the bog, near the Hondsrug, the Pinus 
forest was not overgrown by ombrogenous peat. Pinus, together with 
Scheuchzeria, was able to continue growing here for a long time yet, 
as a result of eutrophication of the peat, (face A, see fig. 64, I-Po 
and fig. 66, 3-Po). 
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I 0 .  I 2 THE L A T E  A T L A N T I C  PINUS F O R E S T  

The desiccated seepage peat (see 9.I4., p. lO3) above sand eleva- 
tions in the subsoil proved to be suitable for Pinus establishment, so 
that a forest consisting of groups of trees separated by fairly large 
treeless areas of bog surface could develop in the seepage peat area 
indicated in fig. 8, see also fig. i i .  This forest which consisted of 
scattered groups of trees was found in face H, pits 235--24o; face K, 
pit 356; face L, pits 386--388; face M, pits 4oo--4o2 and 4o5--4~ 1 
(stump group Munaut  A, see fig. lO5, and 3o-Po, see fig. 99); 
face N, pits 415--424 . It is also present in face J,  see lO.7. , 29-Po 
(p. 13o). Isolated stumps were occasionally found. The forest period 
can be roughly dated from c. 3100--')950 BC (stump groups MUNAUT 
A and MUNAUT C), see lO.5.2. (p. I24) , 10.5. 4. (p. 126), and figs. Io 5 
and IO 7. VlSSC~ER (1931) made no distinction between this Late 
Atlantic Pinus forest and the Middle Atlantic Pinus forest, both of 
which he described as the middle stump horizon. The stumps do not 
appear above siderite lenses in the peat. It appears from 3o-Po 
(face M, pit 4o7, see also fig. 99) that the trees could grow on seep- 
age peat with a relatively low iron content, where Betula had al- 
ready been able to grow. They were often rooted in Scheuchzeria 
vegetations; the growth conditions must have been unusually un- 
favourable, see also lO. 3. (p. 117). The stumps are generally well- 
preserved, and long, often sickle-shaped trunk pieces more than 
half a metre in length remain. The layer has a maximum thickness 
of 25 cm. The stumps protrude far into the ombrogenous peat. 

From the relatively short lifetime of the trees (mostly only a few 
decades), the establishment in Scheuchzeria vegetation, the good 
state of preservation of the stumps which occur on one level only, 
and the poor growth of the trees, we can conclude that the bog 
surface was suitable for Pinus establishment for only a short time. 
Both within and outside the forest, highly humified Sphagnum peat 
would have quickly developed, due to which the forest would not 
have had the chance to become centuries old, as did the two Pinus 
forests already discussed. 

The very great difficulties experienced by MUNAUT in synchron- 
izing the stumps of groups MUNAUT A and MUNAUT C, are indic- 
ations of great local differences in the milieu, mainly caused by a 
high bog water level, with probably many fluctuations. These fluc- 
tuations can be clearly seen in the average synchronisation curve 
of group MUNAUT A, see fig. lO 5. It might be concluded from dia- 
grams 3o-Po (see io.8., p. i3i and fig. 99) and 31-Po and 
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3I -Rh /Mo (see II . I7.  , p. I57 and figs. IOO and IOi) that, after 
the desiccation of c. 31oo BC (see 9.i4., p. io3) , the seepage 
peat surface was not sufficiently acidic in many places for Pinus 
establishment, and that the high degree of moisture on this level, 
as appears from 3x-Po and 3I-Rh/Mo,  originated only after the 
establishment of Pinus. 

I O.I  3. PINUS ESTABLISHMENTS IN THE OMBROGENOUS PEAT 

I O. 13" I. In the highly humified Sphagnum peat 

The dried-out area in the central part of the bog (faces H and I) 
which was probably bowl-shaped, and which is visible rather far 
down in the highly humified Sphagnum peat as the Sphagnum peat 
dopplerite layer, see EMMEN I9, I9A , I9B and I9C (figs. 48 and 49), 
EMMEN 24 (fig. 53) and EMMEN 25 (fig. 54), was surrounded by 
pine trees which had an average age of less than 3 ~ years. This 
desiccation will be further discussed in I I. 14., P. 154. The desiccation 
and the Pinus establishment induced by it, can be dated at c. 2500 
BC, see table I. This thorough desiccation, no parallel for which 
was found in the rest of the highly humified Sphagnum peat, was most 
probably created by a very localised drainage via the underlying 
drying crack systems. 

C. 2500 BC or very shortly afterwards, Pinus established itself in 
the Scheuchzeria peat contact zone of face J,  pits 330--336, (see 
9. x5., p. i o4) , preceding the highly humified Sphagnum peat growth, 
see IO.7. , 29-Po , p. 13o and table I. It is possible that Pinus growth 
was induced here by a relative drying-out. The facts that Pinus 
established itself only once, and that it was quickly overgrown by 
highly humified Sphagnum peat (within a few decades), are indica- 
tions that the milieu was suitable for Pinus for only a short time. 

The time difference between this phenomenon and the desicca- 
tion of c. 2500 BC in faces H and I (see above) which can, at most, 
have been very small, suggests a correlation between the two phe- 
nomena, in the sense that the desiccation of c. 2500 BC in faces H 
and I was observable here as a slight drying-out, due to which the 
Scheuchzeria growth was disrupted, see also II.39. , p. 203. 

In faces B, C, D, E and J,  a few stump layers exist in the highly 
humified Sphagnum peat above parts of the sandy subsoil which has 
a comparatively varied relief. The length of the layers varies from 
c. IO m (face B, pit 42; face J, between pits 293 - -  33 o) to more 
than ioo m (face C, pits 52--54).  Scheuchzeria can also occur in 
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these layers, see also i 1.39. , p. 203. The pines have plank-shaped 
roots, are usually less than 3 ~ years old, and are usually well-pre- 
served. Such stump layers are not present in the blue-black highly 
humified Sphagnum peat, see I 1.8., p. I58. The occurrence of Pinus 
in the highly humified Sphagnum peat was undoubtedly linked with 
the existence of drier positions in the bog, e.g. due to local or slight 
desiccations. Several desiccations would, in all probability, have 
caused a slight shrinkage of the peat deposit, due to which the 
subsoil relief was reflected, more or less clearly, in the peat surface, 
see also lO.3. , Emmen 14, p. 117. The pine would have been able 
to establish itself a few times in this highly humified Sphagnum peat 
on the highest, and therefore driest, places. 

I o. 13.2. In the intermediate deposits 

The establishment of Pinus in this bog, i.e. between c. 2ooo--5oo 
BC, is mainly limited to the narrow marginal parts (faces B and D), 
where no hummocks and hollows have developed, see EMMEN 5 
(fig. 38) and I 1.5o., p. 229. The trees here display the same charac- 
teristics as those in the rest of the ombrogenous peat: poor growth, 
short span, etc., see also IO.4. , EMUEN 4, P" 121. Pinus was found in 
very small numbers in face J,  in a few places at the bottom of the 
intermediate deposit. 

The majority of these Pinus stump layers can be dated between 
c. 2ooo--15oo BC, particularly where they are at the bottom of the 
intermediate deposit. 

The limited distribution of Pinus cannot be accounted for only 
by the water content being too high. Many hummocks e.g. of 
EMMEN 9 (fig. 38, see also I i .2 i . ,  p. I64) and of EMMEN 17 (fig. 45, 
see also 11.29. , p. i84) , must undoubtedly have been dry enough for 
Pinus growth. The absence of Pinus from these drier places can there- 
fore be ascribed, in all probability, to the strongly oligotrophic 
milieu. At first, the hollows would be sufficiently mesotrophic 
(Scheuchzeria!) but far too wet for Pinus establishment. That  the 
stump layer in the intermediate deposit appears particularly in the 
marginal area of the bog is an indication of a certain enrichment 
in the minerals of the bog surface as a condition for Pinus establish- 
ment, see also IO.II., p. 133. 

lO.13. 3. In the fresh Sphagnum peat 

Pinus was not able to establish itself in the extremely oligotrophic, 
fresh Sphagnum imbricatum-papillosum peat (see I1.52. , p. 233 and 
II.  55., P. 239). 
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After the final, artificial, drainage of this raised bog (i.e. after 
the i6th century) Pinus was even then unable to spread in the peat, 
but Betula pubescens, Sorbus aucuparia and Salix spp. could develop 
extensively. 

C H A P T E R  x x.: O M B R O G E N O U S  P E A T  

II.I. INTRODUCTION 

The ombrogenous peat formations in the area investigated can be 
sub-divided into four main subdivisions. The lowest layer of the 
ombrogenous peat, of which Sphagna are the predominant formers, 
consists of the highly humified Sphagnum peat, which lies 
immediately above the Middle Atlantic Pinus wood layer, the Late 
Atlantic Pinus wood layer, or the seepage peat; and the Menyan- 
t h e s- B e t u ] a p e at, which is of the same age as the highly humified 
Sphagnum peat. This lies on seepage peat. The i n t e r m e d i a t e p e a t 
d e p o s i t s  form the transition, in both a stratigraphical and a gen- 
etic sense, between the highly humified Sphagnum peat and the 
f r e s h  S p h a g n u m  peat .  

The highly humified Sphagnum peat consists of a western brown- 
black, and an eastern blue-black complex. The Menyanthes-Betula 
peat is found on the eastern side of the blue-black complex. The bog 
rivulet, the Runde, is here, too. 

The intermediate deposit is composed mainly of highly humified 
hummocks and poorly humified hollows. Four types of hummock- 
hollow systems can be distinguished. The differentiating of the peat- 
forming surface into different hummock-hollow mosaics is connec- 
ted with the drainage patterns of the bog surface. A raised bog lake 
without outlet was present in the intermediate peat. 

The fresh Sphagnum peat can be regarded as having developed 
from the peat of the hollows, in which the composition of this peat 
changed to a certain extent. 

The ombrogenous peat that developed in the Hunze depression 
after the falling-off of the ground water and the seepage water 
supply, was considerably more extensive and often thicker than the 
fen and fen-wood peat and the seepage peat. Even in that part of the 
Hunze depression extending to io km south of the investigation 
area where fen peat could form only occassionally, huge numbers 
of peat forming Sphagna established themselves, see fig. 6o, EMMEN 
34 and fig. I. 

The Sphagnum peat in many places was already too dried out for us 
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to be able to determine the degree of humification H according to 
VON POST'S squeezing method. In its place we looked particularly 
at the colour of the peat and at plant remains which were identifia- 
ble or at least clearly visible when the peat lumps were broken open. 
Where possible, we checked this method with VON POST'S squeezing 
method. There was generally good agreement between the two 
methods. The humification of the fresh and poorly humified Sphag- 
num peat is H I--3;  for the highly humified peat it is H 7--9. We 
did not find H IO. Peat with a degree of humification H 4--6  is 
called moderately humified peat. In the monolith descriptions of 
rhizopod, moss and pollen analyses, a further differentiation in 
humification was made, see fig. 62. 

The ombrogenous peat has a low ash content and is non-ferrugi- 
nous, even where it lies on the iron-rich seepage peat. Those parts 
of the mineral subsoil of the Hunze depression which are overgrown 
with Sphagnum peat, such as the southern part, the east-west orien- 
tated cover-sand ridge (see fig. 3) and the slope of the Hondsrug, 
have a peat podsol. Podsolisation also developed under the Pinus 
wood peat layer on the slope of the Hondsrug, see peat-faces A and D. 

The genetic aspect of the different deposits is the principal item 
in the discussion of the ombrogenous formations. It turned out to be 
impossible to split up the information available from diagrams, 
sections, etc., to correspond consistently with the four main sub- 
divisions to be dealt with (highly humified Sphagnum peat, Meny- 
anthes-Betula peat, intermediate deposits, fresh Sphagnum peat), and 
to set it out for each main subdivision. The emphasis in the discus- 
sion is laid on the intermediate deposits. Most information is there- 
fore in this main sub-division. For this reason, reference will be 
made several times to information placed in the main sub-division, 
"intermediate deposits", particularly in the discussion of the highly 
humified Sphagnum peat. The discussion of the fresh Sphagnum peat 
is based on information already given in the first and third main 
sub-divisions. The stratigraphy and genesis of the whole of the 
ombrogenous peat will be summarized in one section. 

H igh ly  humi f i ed  S p h a g n u m  p e a t  

I 1.2. INTRODUCTION 

The information on which the discussion of the highly humified 
Sphagnum peat is based was mainly derived from: 
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- -  peat-faces A - - Q ,  
- -  those parts of the x4C-diagram and of the profile EMMER~RF- 

sCVlEIOENV~EN 1 (fig. 63) which refer to the ombrogenous peat, 
and which were discussed in 4.3., 

- -  spectra 51--64 of the diagram 3-Po (fig. 66), which was dis- 
cussed in 4.4., and table IV, EMMF.N 3, macroscopic remains 
(P. 58), 

- -  the topmost spectra of diagram I-Po (fig. 64), which was dis- 
cussed in 8.2, p. 7 I, 

- -  spectra 4--8  of the diagram 29-Po (fig. 98), which was dis- 
cussed in IO. 7. (p. I3o), 

- -  spectra 8 - - I i  of the diagram 3o-Po (fig. 99), which was dis- 
cussed in lO.8. (p. I3I), 

- -  the highly humified Sphagnum peat part of the sections to be 
discussed in the third main sub-division: EMMF.N 5 (fig" 38, see 
p. 229) , EMMEN 8 (fig. 41, see p. I68), and EMMEN 9 (fig" 42, see 
p. 164) from face B; EMMEN 17 (fig. 45, see p. 174 ) and EMMEN 
I8 (fig. 47, see p. 182) from face E; EMMEN 19, I9A , 19B and I9C 
(figs. 48 and 49, see p. 2o9) , EMMEN 2O (fig. 5 o, see p. 187) , 
EMMEN 22 (fig. 5 I, see p. I85) and EMMEN 23 (fig. 52, see p. I86) 
from face H; EMMEN 24 (fig. 53, see p. 213) , EMMEN 25 (fig. 54, 
see p. 215) , EMMEN 26 (fig. 55, see p. 215) , EMMEN 27 (fig. 56, 
see p. 215), and EMMF.N 28 (fig. 57, see p. 216) from face I; 
EMMEN 32 (fig. 58, see p. 188) and EMMEN 34 (fig" 60, see p. 2o6), 
the position of which was indicated in figs. 2 and IO respectively. 
The seepage peat part of EMM~N 24, EMMEN 25, EMMEN 26 and 
EMMEN 27 has already been discussed in 9.2, (p. 83); diagrams 
from sections EMMEN 17, EMMEN 19, EMMEN 24 and EMMEN 
25 have already been partly dealt with, see 8.x., p. 7o; 
9.I. and 9.2. p. 8I; the ombrogenous peat of these diagrams 
will come under discussion in the sections concerned. 

- -  diagrams i i-Po (fig. 74) and I I-Rh (fig. 75) of profile EMMEN 
I I, from peat-face C, between pits 68--69, which will be dis- 
cussed in 1 I. 3. and I 1.4. The fen peat part of I i-Po has already 
been dealt with in 8.I., p. 7 o. 

- -  diagram 13-Rh (fig. 75), of peat-face C, pit 64, which will 
be discussed in I 1.4. and the fen peat part of which has already 
been discussed in 8. I., p. 7 o. 

- -  section EMMEN 33 (fig" 59); the position of this section is indica- 
ted in fig. 2. 

- -  profile EMMEN 31 (see 11.17. ) from the Menyanthes-Betula peat 
of face O, pit 442; spectrum I of the diagrams 3i-Po (fig. ioo) 
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and 3I-Rh/Mo (fig. IOi), from the seepage peat, has already 
been discussed in 9.I., p. 8i. 

11. 3. EMMEN I I, face C, between pits 68--69 

From this profile, i i-Po (fig. 74) and I I-Rh (fig. 75) were 
made. The pollen diagram was analysed by Drs. P. BULT. Two 
radio-carbon dates are available from the transition from highly 
humified to fresh Sphagnum peat, via a layer of "Vorlaufstorf" 
(poorly humified Sphagnum-cuspidatum peat) at I4.93 m + N.A.P.; 
the classic "Grenzhorizont" in WEBER'S (I906) sense extends to 
about 3 m. The topmost 3 mm of highly humified Sphagnum peat 
were dated at 1815 4- 4 ~ BC (GrN 4146), the lowermost 3 mm of the 
fresh Sphagnum cuspidatum-Scheuchzeria peat, immediately above 
the dated highly humified Sphagnum peat, were dated at 18oo 4- 5 ~ 
BC (GrN 4148). The dates are given in I I-Po and are also reported 
in table I. 

In this case the transition VI I /VI I I  might be placed, at the be- 
ginning of a clear decline of Ulmus, just above the level at which 
Fagus appears in the pollen diagram, between spectra 4 and 5. The 
zone transition V I I I / I X  might be placed at the beginning of the 
large increase of Fagus, where Corylus decreases from 23--14.5 %, 
between spectra 35 and 38. Proceding from these zonings and da- 
tings, the peat accumulation from 3ooo BC (at 13.55 m + N.A.P.) 
to I8OO BC (at 14.39 m + N.A.P.) would amount to 7 cm/loO 
years (84 cm in 12oo years). Between 18oo BC and 8oo BC (at 14.63 
m + N.A.P.) only 24 cm of peat (also in a shrunken condition) was 
formed, which amounts to a peat accumulation of 2.4 cm/IOO years. 
This would mean that, in the first half of the Subboreal, during 
which mainly highly humified Sphagnum peat was formed, the accu- 
mulation of organic material here would have been three times as 
rapid as in the second half of the Subboreal, when predominantly 
fresh Sphagnum peat was formed. It is also possible, however, that 
the zone transitions have not been correctly placed, or that there 
was a gap in the peat growth. We did not observe this latter possi- 
bility. 

Originally, Empetrum, which was already present in the Pinus 
forest, Melampyrum, Potamogaton and Scheuchzeria found suitable habit- 
ats (II-Po, spectrum io) in the highly humified Sphagnum peat 
that overgrew the Pinus forest. We can deduce from I i-Rh, spec- 
trum 9, with an Amphitremaflavum maximum, that it must have been 
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very moist here. Scheuchzeria is visible at this level on the peat-face. 
It should also be observed in this connection that profile EMMF.N I I 
was sampled above a depression in the mineral subsoil, see IO.3, 
EMMEN 14, p. 117. 

Amphitremaflavum reaches a higher value again in the somewhat 
less humified peat layer between i4.oi and 14.1o m+N.A.P ,  and 
this is an indication of a somewhat moister milieu. This phenomen- 
on is present in I3-Rh too, see the next section. The origin of 
this peat layer, which is visible in face C above pits 62--65 and 69, 
will be further discussed in 11.12, see p. 153. The curve of Plantago 
lanceolata begins just above the level of the layer, see i1-Po, 
spectra 19--44. The layer, therefore, can probably be dated at 
about 2500 BC, see also 4-3., P. 48 and fig. 63, 14C-diagram. The 
transition from highly humified to fresh Sphagnum peat, which can 
be dated at about 18oo BC, shows up clearly in the rhizopod dia- 
gram (spectra 27--28 ) . The moisture content increased even during 
the growth of the highly humified Sphagnum peat (spectra 26--  
27: Amphitrema wrigthianum also already present!). This increase in 
the moisture content can be roughly dated at about 2ooo BC, see 
especially ii.26., p. 174 , where this development will be further 
dealt with. The transition from highly humified to fresh Sphagnum 
peat, c. 18oo BC, will probably have proceeded here without 
interruption. We are dealing here with a base of fresh hollow-peat, 
see also 11.21, p. I64. The share of Calluna in the peat-forming 
vegetation probably declined rapidly (lI-Po, spectra 25--29). 
The Sphagnum values too are no longer as high as at some levels in 
the highly humified Sphagnum peat. Some clear peaks are visible in 
the curves of the Amphitremas. The three thin Sphagnum cuspidatum 
layers (spectra 34, 37 and 4o) correspond fairly well with the some- 
what higher values for the Amphitremas. These three cuspidatum 
layers and the layer at I4.95 m + N.A.P. can be dated roughly 
in the first centuries of the Subatlantic. 

I1. 4. EMMEN I3, face C, pit 64 (fig. 75) 

Diagram i3-Rh was made of this profile, sampled just to the 
south of the vein of iron-rich peat in face C (the "overflow", see 
9 . I6 ,  p. IO5). 

In the highly humified Sphagnum peat of this profile, a somewhat 
less humified layer is present (I3.86--14.o 3 m + N.A.P.), too, and 
in it, Amphitrema flavum reaches somewhat higher values (spectra 
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I3--I5)  , see also fig. 75, and the previous section. This will be 
further discussed in I I. 12. 

The great expansion of the Amphitremas took place here only when 
the forming of fresh Sphagnum peat had already started (spectra 25--  
27). This is connected with the conditions on the bog surface here 
at the time; the monolith was not sampled through the lowest part 
of a hollow, see also 11.21, p. 164. The strong decline of the Amphi- 
trema content in the fresh peat towards the top (especially spectra 
32--38 ) indicates that the peat became less suitable for these 
rhizopods. 

i I. 5. EMMEN 33 (fig" 59), the trackway XXI  (Bou), c. 15oo m 
south of the eastern point of face J, see fig. 2 

In March - -  April t964, we excavated a 75 m long section of this 
wooden trackway, which is made of trunks, about 3 m in length, 
laid cross-wise. Fig. 59 illustrates the relief of the trackway surface, 
as that was found during the excavation, and was established by 
measuring the heights of the ends of all the trunks. The vertical 
scale is exaggerated here by a factor of 5. The relief of the northern 
side of this E - - W  road is given at the top of the figure. The relief 
of the southern side is placed in the highly schematic section (in the 
lower part of the figure). After removing the trunks, though also 
during the excavation, it appeared that a clear distinction could be 
made between a fairly firm peat with many remains of Calluna 
vulgaris and Eriophorum vaginatum and a very soft Scheuchzeria-Sphag- 
num cuspidatum peat. 

Differences in the degree of humification, varying from H 6--8, 
and connected with this, could not be precisely established. We are 
here dealing with a bog surface that was already, at the time of the 
building of the wooden trackway, divided into fairly dry hummocks 
and very moist to wet hollows, see especially ii.34. , concerning 
hummock and hollow mosaics. The 4 m broad bog surface at the 
level of the road is given in fig. 59 between the two cross-sections of 
the wooden trackway, and here a distinction is made between the 
firmer Calluna and Eriophorum-rich hummock peat (horizontal stri- 
pes close together) and the softer Sphagnum cuspidatum and Scheuch- 
zeria-rich hollow-peat (horizontal stripes further apart). Two 14C- 
datings of the trackway are available: 213o :t: 55 BC (GrN lO87) 
and 215o • 55 BC (GrN 2986), see also table I. At 38 and 4 ~ m 
respectively, a profile was sampled through a hummock and through 
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a hollow as far down as the Pinus stump layer; 33A-Rh (fig. lO2) 
and 33B-Rh (fig. lO2) were made of this. 

The bog surface of c. 215 ~ BC proved to have a fine hummock 
and hollow mosaic, with oval hummocks, 3--6 m long and 2--4 m 
broad, north-south orientated, separated by irregularly shaped 
hollows. See i 1.35. , where this hummock and hollow mosiac will be 
further discussed. It appears that a close correspondence exists 
between the undulating road surface and the hummocks and hol- 
lows mosiac. The drainage of the last century has undoubtedly con- 
tributed largely to causing the development of the relief which is 
now found. The fact that such a type of relief can be caused by 
shrinkage is mainly a consequence of the nature of the peat: the 
softer hollow-peat offers less resistance to the pressure upon the 
surface than the firm hummock-peat. It is probable that the surface 
already had some relief at the time of the building of the trackway, 
as is usually the case with hummock and hollow surfaces. 

With a number of hummocks (e.g. from lO--15 m, from I7--23 
m, the two hummocks between 25--35 m, from 61--64 m and from 
7o--75 m), it could be clearly established from the peat-faces of the 
excavation ditch that the hummock-forming apparently continued 
uninterrupted after the building of the track. Some of these hum- 
mocks could be followed to more than I m above the trackwaysurface. 
In the two rhizopod diagrams 33A-Rh and 33B-Rh (fig. IO2), it is 
particularly striking that this highly humified peat has such a high 
Amphitremaflavum content. This pronounced f l a v u m  type is an 
indication that the highly humified peat formation probably took 
place in an extremely wet milieu. Secondly, it is remarkable that 
there is here no essential difference in rhizopod content between 
the hollow-peat and the hummock-peat. 

I 1.6.  HIGHLY HUMIFIED SPHAGNUM PEAT 

This peat, also often called "older Sphagnum peat", and known to 
the local population as "blue peat" or "black peat", is present in all 
the peat-faces, and in most of the pits, with the exception of face A. 
The degree of humification is mainly H 8; it varies from H 7--9. 
Fairly large variations exist in the composition of the highly humi- 
fled Sphagnum peat, which is often regarded as a homogenous peat 
deposit, and these variations indicate not inconsiderable differences 
in the peat-forming milieu. Not very conspicuous, although very 
important, is a slight colour difference: the highly humified Sphag- 
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num peat of the faces B, C, D, E and J has a somewhat browner tint 
than on faces F, G, H, I, K, L, M and N, where the peat assumes 
more of a blue-black colour on drying out. In faces O, P and Q., 
very little highly humified Sphagnum peat is present, and this again 
assumes a somewhat brownish tint. 

The colour difference is accompanied by a number of other 
differences, for instance in the occurrence of Pinus and Scheuchzeria, 
in the distribution of Eriophorum vaginatum, and in the average 
thickness of the peat. We have therefore sub-divided the highly 
humified Sphagnum peat into two complexes: the b r o w n - b l a c k  
c o m p 1 e x in which the peat-forming milieu was presumably fairly 
acidic; and a b l u e - b l a c k  c o m p l e x ,  where peat forming would 
have taken place in a more reducing milieu. 

Sphagnum cf. rubellum is the predominant peat-producing moss in 
both complexes. Sphagnum rubellum L. is a pronounced hummock- 
forming moss (BEYERINCK 1934, MOLLER 1965) which, even at 
present, is one of the most important hummock builders in North- 
west Germany. Sphagnum molluscum Bruch was comparatively rarely 
found. Several times the samples contained Sphagnum leaves which 
we were not ~ble to identify further. Anthophyta which found a 
suitable habitat in the peat include several Ericaceae such as Calluna 
vulgaris (L.) Hull, Erica tetralix L., Oxycoccus palustr# Pers., Andromeda 
polifolia L., and Vaccinium spp. L., further, Empetrum nigrum L., Me- 
lampyrum L., Rumex acetosella L., Rhynchospora alba (L.), Vahl., and 
Eriophorum vaginatum L. The mosses Polytrichum cf. strictum Banks., 
Leucobryum glaucum Schp., Aulacomnium palustre Schwaeg., and Drepa- 
nocladus sp. (C.M.). Roth. were also found. In section I x.9. , 1 I.lO. 
and II. II., a number of these bog plants will be further discussed. 
Highly humified Sphagnum peat formation occurred in some places 
even before the establishment of the Middle Atlantic Pinus forest, 
e.g. in face C, pit 63 and face E, pit 17 I. In view of its very slight 
extent, this phenomenon has not been discussed. 

1 1. 7. S T R A T I G R A P H I C A L  ASPECTS AND DATING OF THE BROWN-BLACK 

COMPLEX 

The brown-black Sphagnum peat is present in faces B, C, D, E and 
J. Its presence is restricted to the western part of the Hunze depres- 
sion, to the same area where the non-ferruginous fen and fen-wood 
peat was formed, see fig. 13 and fig. 7. Its presence in the extreme 
east of the investigation area is not absolutely certain. In all proba- 
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Fig. 13, The  ombrogenous peat deposits between c. 3ooo and 2ooo B.C. I = 
brown-black highly humified Sphagnum peat (from about 4ooo--2ooo B.C.); 
2 = blue-black highly humified Sphagnum peat (from 3 I o o - - c .  I5OO B.C.); 

3 = Menyanthes-Betula peat (from 3 t oo--2ooo B.C.). 

bility, the highly humified Sphagnum peat lying to the east of the 
course of the stream, the Runde, (see fig. i) belongs to another 
raised bog complex, a fragment of which we found in face O.  

The thickness of this peat deposit varies from 3o--12o cm, the 
average thickness is about 8o cm. The brown-black highly humified 
Sphagnum peat lies on the Middle Atlantic stump layer, see io.io., 
p. 132 , so that the beginning of this peat forming can be dated at 
shortly after 45ooBC to c. 4oooBC. We took as the end of the growth 
of this type of highly humified Sphagnum peat, the point at which the 
first fresh (Sphagnum cuspidatum) peat developed in the highly humi- 
fled hollows. This can be dated at about 2ooo BC, see i x.2o., p. 162. 
The rate of accumulation of this deposit can be taken as 3.5 cm/loo 
years. In the marginal area the highly humified Sphagnum peat 
formation continued for a considerably longer time (EMMEN 5, fig" 
38) see I 1.50., p. 229, as a result of special local conditions: desicca- 
tions and eutrophication. 

There is often a clear layering in the peat, examples of which 
include the layer-shaped nature of the establishments of Pinus and 
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Scheuchzeria, see 11.39. , p. 2o 3. Eriophorum vaginatum appears fairly 
regularly in the whole of the brown-black deposit. Eriophorum layers 
are present in several places, particularly at the top (EMMEN 8, see 
fig. 41 and EMME~ 17, see fig. 45; see I I.I I., p. 152. ). Stem remains 
of Calluna vulgaris are found frequently on the peat-faces. The con- 
clusion that the moisture content in the brown-black Sphagnum peat 
must have varied widely, can be drawn, we believe, from, among 
other things, the presence of the moist phase in face C (see 11.12, 
p. 153 ) and from the appearance of "liver peat"  (see 11.13. , p. 154 ) 
alongside Calluna-rich peat in face E (see I I.lO., p. 15I ). 

The smaller peat accumulation in comparison with the blue-black 
complex (3.5 cm /IOO years as against 7 cm/loo years, see 11.8.) 
was probably caused by oxidation proceeding further in the more 
acidic milieu. This was possibly the result of somewhat greater 
aeration; for the brown-black complex was situated in the drainage 
area of the southern part of the Hunze depression, see also fig. 6. 
It is not impossible that a northwards directed water transport oc- 
curred here in the bog during the growth of the highly humified peat, 
such as took place here before in the peat deposits present (see fig. 6), 
thus causing-the extra a~ration. EMMEN 33, originating near the 
spillway of the east-west orientated cover-sand ridge in the Hunze 
depression (see figs. 2 and 3), provides an indication for such a water 
movement (I 1.5. , p. I43 ). The very wet milieu, in which the highly 
humified Sphagnum peat formed here, could very easily have been 
caused by a concentration of the drainage of the southern part 
of the Hunze depression in the spillway. 

I 1.8 STRATIGRAPIt ICAL ASPECTS AND DATING OF THE BLUE-BLACK 

COMPLEX 

The Sphagnum peat area underwent a great expansion c. 31 oo BC, 
when Sphagna became established on a large scale on the desiccated 
seepage peat surface (see 9. I4., P. lO3)- The peat which formed here, 
found by us in faces F, G, H, I, K, L, M and N, varies in thickness 
from 4o--18o cm. The average thickness is more than I m. The 
transition to the intermediate deposit can be dated at c. I5OO BC 
or somewhat later, see 11.34.3. , p. i9i .  The rate of accumulation of 
this peat amounts to about 7 cm/Ioo years (more than I m of peat 
in c. 16oo years). In our opinion, the fact that this is approximately 
twice as much as in the brown-black complex cannot be a coinci- 
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dence, see the preceding section. Scarcely any layering appears in 
the deposit. It contains some clearly visible centres with a high pro- 
portion of Eriophorum vaginatum, e.g. face H, pits 224--232 and face 
K, pits 373--383, see I I . I I . ,  p. 152. In most of the faces the upper 
half of this deposit is clearly richer in Eriophorum than the lower half. 
This is very striking in face M particularly. This blue-black peat 
contains somewhat less Calluna than the brown-black peat. As was 
reported already, Pinus and Scheuchzeria layers are not present. Also 
because of the occurrence of dopplerite at this level (see 1i.i4.), 
the desiccation layer of c. 25oo BC has a completely different 
character from the desiccation layers present in the brown-black peat. 

In those places where the underlying seepage peat deposit is 
comparatively thin, e.g. in face K, and the western half of face M, 
a conspicuously thick deposit of highly humified Sphagnum peat is 
present. Above the domes of the seepage peat surface in faces I, pits 
281--288, and M, pits 4o9--415, the blue-black deposit is obviously 
thinner. Most peat accumulation will very probably have occurred 
at the moistest places, in depressions of the desiccated seepage peat 
surface. 

On the Menyanthes-Betula peat in faces O and P, there is a compa- 
ratively thin deposit of highly humified Sphagnum peat that con- 
nects up towards the east with an again conspicuously thick deposit 
in face O above pits 465--447 and in face P, above pits 472--474, 
see also I I .18 ,  p. I58. 

It might be thought that the iron compounds from the seepage 
peat on which the blue-black deposit lies played a part in the deve- 
lopment of the more reducing milieu of the highly humified Sphag- 
num peat formation in the central basin of the bog. The ash from 
this Sphagnum peat is, however, non-ferruginous, so that the influ- 
ence of these iron compounds on the Sphagnum peat growth must be 
considered to be out of the question. It appears from fig. 13 that the 
blue-black deposit was formed, as it were, in the lee of the east-west 
orientated cover-sand ridge. It is possible that this sand ridge, just 
as with the seepage peat formation, prevented the flow of water 
from the southern part of the Hunze depression, due to which 
water flowed less freely here in the growing pea t ,  so that there was 
practically no oxidation in the peat-forming surface. It is, however, 
remarkable that the blue-black peat lies on a subsoil, the seepage 
peat, which is, at least apparently, very porous. We must assume, 
however, that the numerous drying cracks caused no aeration and 
drainage of any consequence, which could have favoured oxidation 
of the peat. 

I48 



Although the picture we have outlined of the development of the 
more reducing milieu is largely hypothetical, we do think we may 
safely assume that  a relationship exists between the blue-black 
nature of this deposit and its position in the Hunze depression, viz. 

' in the lee of the sand ridge. The  fact that  the growth of the highly 
humified Sphagnum peat continued here for approximately 5oo years 
more is an indication that  originally this peat was in all probability 
not yet acidic enough for the establishment of the fresh and poorly 
humified peat formers, see x 1.34. 3. and I 1.34. 4. (p. I9 I ) ,  I 1.37. and 
xi.38. (p. 2oi ft.). 

I 1 .9 .  T H E  OCCURRENCE OF EMPETRUM NIGRUM L. 

A generally very conspicuous Empetrum maximum is present in a 
large number  of pollen diagrams of this peat area: 3-Po fig. (66), 
spectra 35--44; i i-Po (fig. 74), spectra 5--22; I7A-Po/bog plants 
(fig. 79), spectra I I - - I 5 ;  I7B-Po/bog plants (fig. 83) , spectra 3--9;  
24 -P~ (fig. 93), spectrum 3; 28-Po (fig. 96), spectrum I I ;  29-Po 
(fig. 98), spectra 4--8;  3o-Po (fig. 99), spectra 7 - - io ;  34A-Po 
(fig. io3) , spectrum I. This max imum can be dated at the beginning 
of the Subboreal, roughly between 3ooo--25oo BC. It does not 
appear in the Subboreal part of 3 I-Po (fig. I oo), which, considering 
the peat found in profile EMMEN 31 (Meyanthes-Betula peat), is not 
surprising. An Empetrum maximum is present in spectra 7--IO in 
I-Po (fig. 64) , i.e. somewhat later in the Subboreal. This very 
general occurrence of Empetrum pollen in the diagrams is an indi- 
cation of the existence of extensive Empetrum nigrum vegetations 
during the foration of both complexes of highly humified Sphagnum 
peat at the beginning of the Subboreal. 

At the present time the plant is regularly in evidence around 
(raised) bog pools in north-west German raised bogs (M~LLER, I965) 
As far as its appearance on the bogs is concerned, we know the plant 
particularly from the raised bog Esterweger Dose, (Germany), on 
the bank of some pools, and from the "Meerstalblok", 6 km south 
of the area studied, where it is also present on the margin of the now 
dried-up raised bog pools. Empetrum nigrum is obviously connected 
here with a strong wet-dry gradient in the now somewhat acidic 
bog surface. Although the present climate is not the same as that  in 
the early Subboreal, it may still be supposed that  the ecological 
requirements of Empetrum in the early Subboreal were not essentially 
different from the present ones. We may therefore assume that  its 
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early Subboreal expansion can be linked with a fairly high moisture 
level, or at least an increase in the moisture level in the highly humi- 
fled peat. 11-Rh (fig. 75) gives a clear indication of this, where maxi- 
ma for Amphitremaflavum are present (spectra 8--11 resp. and 1 5 -  
18) at the level of the Empetrum maxima in I I-Po (fig. 74), spectra 7 
and 16). It is not certain that Empetrum is here on the wet side of the 
strong wet-dry gradient, because the correspondence between in- 
creases in Empetrum and wet or moist phases in the highly humified 
Sphagnum peat is less clear in the diagrams of EMM~.N 17 (figs. 83, 48 
and 87). The fact that the spread of Empetrumis not restricted to one 
highly humified Sphagnum peat complex points, in all probability, 
to an increase in the moisture content in the bog, which was caused 
climatically and which will perhaps have been optimal for Empetrum 
growth c. 25oo BC. Along with this, the correct degree of acidity 
and good trophic circumstances would have been important factors. 

The disappearance of the extensive Empetrum vegetations, 25oo 
BC, must have taken place within a comparatively short time. This 
can be caused by changes in the degree of acidity or the trophic 
conditions as well as by a desiccation. We regard it as not impossible 
that the drainage of c. 25oo BC in the central basin of the bog (cf. 
ii.14) , in spite of its localized extent, still had a somewhat desicca- 
ting effect even on the highly humified Sphagnum peat far removed 
from the drainage centre, due to which the bog became rather too 
dry for Empetrum nigrum. 

Formation of Empetrum peat recognizable on the peat-faces did 
not take place, with perhaps the exception of the moist phase in 
peat-face C. In this connection, however, local conditions had a 
great influence on the development of this somewhat less humified 
layer, see I i. 12. 

Although the hummock and hollow-peat must have been moist 
enough in many places, no large-scale establishment of Empetrum 
took place in the intermediate deposits. This means that the occur- 
rence ofEmpetrum nigrum in the peat would not have been dependent 
only on a certain degree of moisture gradient. Probably the peat of 
the intermediate deposit was too acidic and too oligotrophic to en- 
able extensive Empetrum nigrum vegetations to develop. Considering 
the distribution of Empetrum nigrum, increase in the mineral content 
of the bog surface would have had no positive effect on its establish- 
ment. Eutrophication was undoubtedly of importance, since it is 
particularly in the vicinity of raised bog lakes that Empetrum can 
develop on a large scale. 

35o 



I I . I O .  THE OCCURRENCE OF CALLUNA VULGARIS (L.)  HULL 

Calluna turns out to be present as an important  peat-forming 
component  in the highly humified Sphagnum peat of face B, above 
pits 49--51, as also in face E, above pits 15o--16i , where it forms 
the western boundary of the "liver peat",  of. 11.13. Peat diggers 
know this peat, the sods of which are sharp to the touch because of 
the heather shoots, as "sharp peat".  CaUuna vulgaris can, however, 
be regarded as one of the common plants in the peat, since it is only 
very rarely absent in ombrogenous peat. 

In the area studied, there were rather more heather remains visi- 
ble on the peat-faces in the brown-black peat than in the blue-black 
peat, where a large Calluna colony developed only here and there at the 
top, see EMMEN 2O (fig. 5 o) and 23 (fig. 52). An increase of the Cal- 
luna vegetation on the bog often points to desiccation and stagnation 
in growth (see I I . 26 ,  section EMMEN 17). The  establishment of 
Calluna as a result of the recent drainage of raised bogs is a clear 
example of that. OVERBECK (1952: quoting HA'ZEN I966 , p. 289) 
could deduce the times of bog desiccations from the synchronous 
increase of Calluna pollen in his diagrams. The distribution of the 
Calluna peat which we f o u n d -  in faces B and E -  cannot be 
reasonably considered as the result of dry periods. Moreover, in the 
case of EMMEN 17 which we investigated thoroughly, the curves of 
Calluna and Sphagnum do not alternate in the way OVERBECK found 
(cf. I7A-Po/bog plants; I7B-Po/bog plants; x7C-Po/bog plants, 
fig. 83). We assume that  the Calluna peat in face E, just above 
a slope in the subsoil, formed here as a drier edge of the pro- 
bably very moist liver peat, cf. I I.I 3. In face B, there is absolutely 
no evidence that  might explain the presence of the Calluna peat. 

The  occasional, strong Calluna spread appearing at the top of the 
blue-black peat, cf. EMMEN 23, can possibly be ascribed to the bog 
becoming more acidic, due to which fresh peat formers could also 
become established later; this is further discussed on p. 2Ol ft. 

Concerning the large-scale occurrence of Calluna in the highly 
humified Sphagnum peat in the area studied, the most important  point  
is that  this cannot primarily be linked with dry times or periods, 
but that  the local milieu was to a large extent decisive. A dry bog 
surface would certainly have been favourable to the establishment 
of Calluna, of course. 

In  the intermediate deposit, Calluna vulgaris is present particu- 
larly in hummocks and in the more humified, darker bands in 
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hollows. This is undoubtedly connected with the drier peat which 
formed here, see the third main subdivision, p. I6~ ft. 

A remarkable phenomenon is that usually little Calluna seed was 
found, sometimes even less than that of Erica tetralix, even in peat 
with numerous woody Calluna remains. It is possible that Erica 
also occurs frequently in such peat, but that the larger measurement 
of the Calluna stems were decisive in determining the type of the peat. 

I I .  I I .  THE O C C U R R E N C E  O F  E R I O P H O R U M  V A G I N A T U M  L.  

One of the best-known peat components is hare's tail, of which 
the very tough leaf-sheath remains, called "flake" or "curl" by 
the peat diggers, are recognisable as tussocks or knots on the peat- 
face. In the area studied, Eriophorum vaginatum is present both in the 
more and in the less humified peat; on the average, however, more 
in the former. Especially in the blue-black peat, it occurs more in 
the upper half than in the lower half. Its presence was recorded 
in many section drawings, e.g. EMMEN 23, fig. 52. 

In face H a conspicuous concentration of Eriophorum vaginatum 
remains was observed in the topmost half of the highly humified 
Sphagnum peat above pits 22o--221 and 224--233. The same pheno- 
menon is present in face K above pits 373--383 . The topmost half 
of  the highly himified peat of face M may also regarded as Erio- 
phorum peat. Concentrations of Eriophorum knots are situated in faces 
O and P, above pits 446--448 and 472--474 respectively. In this 
case, a correlation with the special peat-forming milieu (Menyanthes- 
Betula peat) is obvious. Eriophorum vaginatum is completely absent 
from the fen and fen-wood peat; in all probability this milieu was 
not acidic enough. Its large extent in the blue-black peat leads to 
the supposition that it does not favour strongly acidic milieus. 

The appearance of Eriophorum vaginatum can often be linked with 
desiccations or drier deposits of ombrogenous peat. Sphagnum spores 
usually occur in Eriophorum peat only in small numbers; rhizopods 
are mostly absent or show a sharp decline, see e.g. z7A-Rh/Mo 
(fig. 84) between spectra 22--75. Eriophorum can sometimes form 
extensive vegetations, which create an impression of desiccation 
levels (cf. EMMEn 8, fig. 4 I, and EMMEN 23, fig. 52), although less 
clearly than the Calluna peat layers. It is, together with Calluna, a 
typical hummock coloniser in the hummock and hollow system. 
Although Eriophorum vaginatum undoubtedly has a "dry"  aspect in 
its distribution, its occurrence may not be linked with desiccated 
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peat without further qualification. It is more probable that places 
with a strongly fluctuating water level in comparatively highly 
humified, not extremely acidic peat are preferred. The appearance 
of Eriophorum in faces O and P can perhaps be explained in this way. 
The Eriophorum vegetations at the top of the highly humified peat 
of Emmen 17 (fig. 45) also point to this. Eriophorum developed exten- 
sively just before the increase in moisture became visible stratigra- 
ph ica l ly - - the  Sphagnum cupsidatum hollow in the lower right of the 
section. 

The Eriophorum-rich peat in face H, pits 224--233 , formed above 
a depression in the mineral subsoil which is also clearly reflected in 
the seepage peat surface. This indicates a certain degree of extra 
moisture in the peat rather than dry conditions. 

I I .  12.  T h E  MOIST PFIASE IN FACE C 

In the highly humified Sphagnum peat of face C, there is a some- 
what less humified layer at about I 4 m + N.A.P. above pits 63--65, 
in which remarkably few Calluna remains are present. As appears 
from the rhizopod content, see I3-Rh (fig. 75), spectra 13--16 , 
this layer possibly formed in moister conditions .The phenomenon 
is also present at about 14 m + N.A.P. in the highly humified 
Sphagnum peat between pits 68--70 of face C, see i I-Rh (fig. 75), 
spectra 17 and I8. Roughly speaking, the layer coincides with the 
end of the Empetrum vegetations in the peat, which can be dated at 
c. 25oo BC, see IX. 9. 

The occurrence of these layers on either side of the "overflow" 
with ferruginous peat (see 9. x6.) leads to the supposition of a corre- 
lation between these layers and the ferruginous vein. The pheno- 
menon could be explained by assuming a desiccation of the peat 
surface to be dated at c. 25oo BC. Just as with the relative drying- 
out ofc. 45oo BC (see lO. IO, p. i32), the subsoil relief might again 
be reflected in the bog surface, with this restriction, that the consider- 
ably less shrunken iron-rich peat in the vein (which was not yet 
present c. 45oo BC) extended into the depression as a low ridge, 
overgrown with a thin layer of highly humified Sphagnum peat. 
Thus, two gulley-shaped depression swould have developed on either 
side of this ridge, and in them water could collect, with the result 
that a fairly moist, less humified Sphagnum peat could develop. It is 
possible that the desiccation which preceded this moist phase was 
the result of the drainage of the central basin of the bog which can 
be dated at c. 25oo BC. 

I53 



I I. 13.  THE LIVER PEAT IN FACE E 

In the highly humified Sphagnum peat of face E, there are to be 
found numerous layers, often tailing out into each other, of some- 
what more yellowy-brown, liver-coloured peat, which is remarkably 
deficient in Calluna remains. Some peat diggers call this type of peat 
"liver-like". VlSSCHER (I93I) also reports the name, liver peat. He 
describes liver peat as a non-shrinking type of peat, which is worth- 
less as a fuel. The highly humified peat present in face E is, however, 
suitable for the making of peat sods, so that there is a possibility 
that the same name is being used here for two different types of peat. 

In our case, we thought that a certain similarity could be obser- 
ved between these Calluna-deficient, liver-coloured peat layers of 
face E and the peat of the moist phase of face C, see the preceding 
section. It appears from 17B--Rh (fig. 86), spectra IO--I 5 and 17C 
- - R h / M o  (fig. 85) , spectra I--3,  that very moist deposits are, in 
fact, present in the highly humified peat of face E. 

The stratigraphy of the highly humified peat of face E was not, 
as far as we could determine, clearly systematic. There is not present 
here any such regularity as occurs in a hummock and hollow pat- 
tern of the intermediate deposits, a regularity which can also be 
seen in the horizontal plane (cf. EMMEN 32, 33 and 6, figs. 58, 59 and 
39). It is possible that we are dealing here with a deposit ofhumified 
peat of limited dimensions which was formed in moist to wet condi- 
tions. Considerably drier Calluna-rich peat (pits 15 ~  161 ), see i i. i o., 
is said to adjoin this peat on the west side. The position of this depo- 
sit of Calluna peat, just above a slope in the subsoil, points to the 
conclusion that the greater degree of moisture in this liver peat 
formation can be ascribed largely to a saucer or gulley-shaped bog 
surface and not to an increases in moisture caused by climate. 

I I . I  4. T H E  SPHAGNUM PEAT D O P P L E R I T E  LAYER IN FACES H AND I 

The thin dopplerite layer in the highly humified Sphagnum peat 
of faces H and I undoubtedly developed at the transition of two 
types of peat. There was, however, scarcely any differentiation to 
be observed on the peat-faces between the peat below and above 
the layer. Neither could large differences between the lower and 
upper parts of the peat be determined by pollen, rhizopod and moss 
analyses, cf. I9B-Po (fig. 88); 24A-Po (fig. 93); I9B-Rh/Mo 
(fig. 89); 24A-Rh/Mo (fig. 94); 24B-Rh/Mo (fig- 94); 25-Rh/Mo 
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(fig. 95). Tha t  there nevertheless must have been an interrup- 
tion in the peat forming can be deduced from the observed lack of 
cohesion between the lower and upper  parts of the peat and from 
the occurrence of Pinus at the level of this layer, cf. EMMEN I9, 24 
and 25 (figs. 48,. 53 and 54). Originally we supposed that  we were 
here dealing with a bog pool in the highly humified peat; a bowl- 
shaped depression, filled with water, which would have been filled 
up with highly humified peat. The  incorrectness of this supposition 
is evident from 24B-Rh/Mo (fig.94) and from 25-Rh/Mo (fig. 95); 
without any doubt  the Sphagnum peat dopplerite layer developed 
at the level of a desiccation. 

The  most remarkable characteristics of this desiccation layer are 
its bowl shape and its position in the peat, almost at the lowest level 
of the blue-black peat. A weathered layer containing e.g. Pinus, 
such as happened in the brown-black faces particularly (el. i o. 13. i., 
p. I36), was not formed. The  mineral subsoil is very porous here; 
if the larger number  of drying cracks present in the seepage peat 
were open, they would have made the downward drainage of bog 
water quite possible. The  desiccation found here perhaps developed 
due to a drainage of a then not very thick deposit of highly humi- 
fled Sphagnum peat via the drying cracks and the mineral subsoil. 
This can be dated at c. 25oo BC. The  centre of the drainage was, in 
all probability, situated at the position of the northern part  of face 
H and the western part of face I, under  our Sphagnum peat doppler- 
ite layer. 

The  Sphagnum vegetations must have died off here as a result of 
this drainage. Because the drainage took place at a low level in the 
Sphagnum peat deposit, the bowl which was formed by the shrinking 
would very probably have rapidly become so moist again that  peat 
formation could quickly resume. At some places, however, Pinus 
could establish itself first, especially on the higher-lying parts of the 
bowl-shaped depression. 

It is possible to imagine that  the effect of this drainage, a slight 
drying-out, penetrated at suitable places, into the brown-black 
Sphagnum peat deposit which was relatively sensitive to desiccation. 
See e.g. the moist phase in face C (see preceding section), which 
was probably caused by a relative drying-out, and the Scheuchzeria 
peat contact zone of faceJ  (see 9. I5., p. x~ which was presumably 
overgrown by Sphagnum peat after a slight desiccation. Against this, 
however, it can be argued that  the brown-black deposit, at least 
apparently,  shows no, or hardly any reaction to the undoubtedly 
much  stronger drainage ofc .  3Ioo BC (9.I4., p. IO3). 
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I I . I  5. O T H E R  DESICCATION PHENOMENA 

Pinus stump layers can in general be regarded as desiccation levels. 
This has already been extensively discussed in the preceding chapter. 
Spreads of Calluna vegetations can very probably also be ascribed 
to drier situations in the bog. This is at least partially true for the 
increase in Eriophorum vaginatum, too. In contrast with the non-ferru- 
ginous fen and fen-wood peat, there are no formations present in the 
highly humified Sphagnum peat which indicate a prolonged inter- 
ruption of the peat growth due to desiccation. Undoubtedly, this 
is principally connected with the differences in hydrology of the 
two types of peat. The increasing humidity and precipitation were 
possibly also factors in this. 

Even more thin charcoal layers are found in the highly humified 
Sphagnum peat than in the fen peat. These are usually very small, 
sometimes less than one square metre and less than one millimetre 
thick. In many cases these layers, which appear on breaking open 
the lumps of peat, can be recognised as charred remains of Calluna 
vulgaris. Other charred Ericaceae, and sometimes charred Sphagnum, 
could also be recognised occasionally. With perhaps a few excep- 
tions, these charcoal layers are the charred remains of the desiccated 
vegetation above the peat-forming surface. Particularly in dry 
summers the dead parts of e.g. Calluna vulgaris can easily be destroy- 
ed by the flames. These fires would only rarely have been so fierce 
that part of the bog surface was also destroyed. No desiccation 
phenomena were found in the transition to the intermediate deposit. 
It even appears that the moisture level began to increase during the 
formation of the highly humified peat. 

I 1.16. HUMMOCKS AND HOLLOWS 

The generally uniform humification, and especially the strong 
humification, make observation of the texture of the highly humi- 
fled peat difficult. The absence of the particularly conspicuous 
hummock and hollow pattern does not mean that no hummocks 
and hollows existed. Their occurrence in the highly humified 
Sphagnum peat formation is evident in EMMEN 33 (fig" 59)" The 
strong similarity in shape, dimensions and pattern with the hum- 
mocks and hollows from the intermediate deposit (see I 1.35. , p. 
197 ft.) can be regarded as evidence that we are not dealing with 
an exception in EMMEN 33 caused by uncommon, e.g. very wet, 
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conditions. Moreover, it is scarcely conceivable that the extensive 
Sphagnum rubellum peat growth proceeded without hummocks and 
hollows. The hollows were probably less moist than in the inter- 
mediate deposit, due to which less differentiation could occur into 
hummock and hollow peat. 

Especially in those places in the blue-black peat where Eriophorum 
vaginatum could develop extensively, the bog surface very probably 
did not have hummocks and hollows of the types we distinguished, 
which will be discussed in the third main subdivision. Moreover, 
Sphagnum swards must have been present here and there, as they can 
also be found on bog surfaces of more recent date. Our impression 
is that these occurred more in the blue-black peat than in the brown 
-black peat, since the former complex has a somewhat more uniform 
stratigraphy. 

M e n y a n t h e s - B e t u l a  pea t  

The discussion of this deposit is based especially on information 
which was derived from the preceding main subdivision (p. i39 ff.), 
peat-faces O and P, and from profile EMMEN 3 I. 

i i. 17. EMMEN 31, face O, pit 442 

3I-Po (fig. IOO) and 3I-Rh/Mo (fig. IOI) were made from this 
profile, sampled about 5oo m east of the former river, the Runde. 
The profile was 14C-dated at 3 levels: 

I. the upper side of the Menyanthes-Betula peat: I92o -t- 6o BC 
(GrN 4626), 

2. the thin Scheuchzeria layer containing wood remains at 15.o6 m 
+ N.A.P.: 235 ~ + 55 BC (GrN 48o3), 

3. the seepage peat dopplerite layer: 229 ~ + 6o BC (GrN 48o4). 

The dates are given in 3 x-Po, see also table I. 
Fagus is absent from the lowermost spectra of 3I-Po; Plantago 

lanceolata appears in spectrum 4 and Carpinus is absent from whole 
diagram. Although the Ulmus curve provides absolutely no indica- 
tion in this direction, it is not impossible that the transition Atlantic/ 
Subboreal can be placed between spectra i and 4. The 14C-date 
for the peat immediately above spectrum I (229 ~ BC) is undoub- 
tedly too young. It is possible that contamination occurred during 
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the sampling. Evidence for placing the transition Atl/SB between 
spectra I and 4, i.e. at the level of the seepage peat dopplerite layer, 
includes the existence of this dopplerite layer itself, the siderite len- 
ses in the seepage peat occurring almost as far as the dopplerite 
layer, and the dopplerite-filled drying cracks which stretch from 
the upper side of the seepage peat to within the fluviatile subsoil 
(see also 9.9-, P. 96) �9 The greater age (235 ~ BC) of the sample 
from 6o cm higher also indicates an incorrect dating of the seepage 
peat dopplerite level. There can actually be no doubt that the desic- 
cation of the seepage peat here involves the same phenomenon as 
the desiccation in profile EMMEN 3 ~ (face M, pit 4o7), dated at c. 
3Ioo BC, see xo.8., p. I3I. 

It looks as if the development after the desiccation of about 3xoo 
BC originally followed the trend of ombrogenous peat growth; 
Scheuchzeria vegetations became established on the peat surface, as 
in many places elsewhere in the seepage peat area, in which Amphi- 
tremaflavum could flourish (3 x-Rh/Mo, spectrum 2). Then a rever- 
sal took place quite rapidly to a milieu in which - -  according to 
macroscopic remains - -  Betula and Menyanthes found a suitable habi- 
tat. Recognisable Sphagnum remains are not present in the majority 
of the samples of the Menyanthes-Betula peat (3I-Rh/Mo, spectra 
5 and 8--I6) .  Rhizopods found no suitable habitat in this milieu. 
Polytrichum sp. was found at a few levels, see 3 x-Rh/Mo, spectrum 
7, among others. The change-over to highly humified Sphagnum 
peat, shortly after 2ooo BC, is clearly visible in the diagrams (spec- 
tra i6--18). We could not identify one of the Sphagna established 
here. It is possible that the reversal was the result of increasing 
acidity of the bog water, see the sections EMMEN 9 (XX.21.) and 
EMMEN I 7 (I 1.26.) of the next main subdivision. 

I I �9 1 8 .  S T R A T I G R A P H I C A L  A S P E C T S  O F  T H E  M E N Y A N T H E S - B E T U L A  P E A T  

This non-ferruginous peat has a very localised spread; we found 
it only in faces O and P. It is possible that VXSSCHER (193 X) observed 
it in his profile 79, c. 5oo m north-west of face O. The extent of the 
deposit is only very imperfectly known. Only the eastern limit is 
known with certainty. One certain fact about the southern limit 
is that this peat does not occur south of the east-west orientated 
cover-sand ridge (fig. 3). Neither is it present in faces M and N; 
the western limit probably does not extend much further than the 
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western end of faces O and P. The spread in a northerly direction 
is completely unknown. In fig. 13 we have given the possible distri- 
bution of the Menyanthes-Betula peat. 

The most noticeable aspect of this deposit is its stratigraphical 
position: on the seepage peat. It is surrounded by highly humified 
Sphagnum peat. A clear dopplerite layer separates the seepage peat 
from the Menyanthes-Betula peat. Only in pit 433 of face O is this 
sharp transition absent, see also 9.16. The lowest point of the depo- 
sit was found in face O, pit 426 at 14.3o m + N.A.P.; the highest 
point measured is in face P, pit 471 at 16.2o m + N.A.P. This is 
somewhat higher than the highest point of the east-west orientated 
cover-sand ridge; it may be assumed that this would have been 
considerably more before the artificial drainage of the raised bog. 
The deposit is somewhat thicker in face P than in face O, 2oo m 
further north. This is perhaps an indication that the Menyanthes- 
Betula deposit tails off in a northerly direction. 

The formation of this peat must have started up shortly after 
the desiccation of c. 3IOO BC, see 11.17, EMMF.N 3 I. The end was 
dated at x92o BC. 

The average thickness of the deposit is about 75 cm. The rate 
of accumulation amounts to 7.5 cm /IOO years; that of the blue- 
black highly humified Sphagnum peat, of which this deposit forms 
the eastern border, is, roughly speaking, 7 cm/ioo years, see p. 147. 
There can therefore have been no noticeable difference in height 
between the two deposits during the formation of the Menyanthes- 
Betula peat. The peat growth continued for more than IOOO years 
without great changes in the total area, see peat-faces O and P. 
This is an indication of relatively undisturbed conditions. Betula 
was the most frequently occurring tree in this fen-wood. The under- 
growth included Rumex, Dryopteris, (3i-Po, fig. ioo), Polytrichum 
and Aulacomnium palustre (3I-Rh/Mo, fig. IOi). The numerous 
seeds and the frequent occurrence of leaf remains of Menyanthes 
trifoliata in this peat are indications of a high moisture level in this 
oligotrophic carr. Rhizopods did not find a suitable habitat here; 
they are almost entirely absent from this peat. The wood-rich level 
of spectrum IO (fig. ioo, 3i-Po), dated at 235 ~ BC, is very probab- 
ly a desiccation level, on which Scheuchzeria palustris established 
itself when it became moister and possibly also more acidic here. 
Perhaps a connection exists between this desiccation and that of 
c. 2500 BC, which was discussed in I I. 14. (Sphagnum peat dopplerite 
layer). 

The bog rivulet, the Runde, flowed in the neighbourhood of the 
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Menyanthes-Betula peat right up to the time of the artificial drainage 
of the south-east Drenthe raised bog area. We assume that the Run- 
de originated from this peat which formed between two different 
highly humified Sphagnum bog complexes. Because of the absence 
of suitable peat-faces we were not able to test this further. 

I i . i  9. THE ORIGIN OF THE RUNDE 

Up to some time during the I9th century, the drainage of the 
southern part of the Bourtanger Moor in the Hunze depression took 
place via the rivulet, the Runde, which probably had its source in 
the "Zwarte  Meer" (Black Lake), 3--4  km south of the south-eastern 
point of the investigation area (see fig. I7). The position of the 
"Zwarte Meer" and the course of the Runde do not correspond 
with a valley-like scour of the mineral subsoil; it is therefore certain 
that both phenomena originated only after the beginning of the 
peat forming (VIssCHER, I 9 3  I). The course of the Runde is drawn 
on the distribution maps according to data of topographical map 
I8C, KLAZIENAVEEN (I :25000 , I959 edition). This course only 
approximates to the former actual bed of the rivulet in the bog. 

Roughly speaking, the Runde flows over a low, approximately 
N--S  sand ridge in the Hunze depression; this does not clearly 
emerge in the contour map, fig. 4- The presence of this ridge does, 
however, appear from the contours of the sandy subsoil of faces K, 
L, M, N, O and P. VISSCI-IER dates the origin during the seepage 
peat forming, i.e. in the Atlantic (see 9.5.1, p. 88). There are, 
however, no breaks in the seepage peat dopplerite layer or other 
characteristics present in the seepage peat in faces K, L, M, N, O 
and P which would indicate a very strong flow of water during the 
seepage peat forming, as VISSCHER assumed. Moreover, the type of 
peat outlined in 9.16, p. IO5, would probably not have developed 
in such a milieu. Also, the Runde flows over the east-west olientated 
cover-sand ridge, which was not overgrown by soligenous peat. 
According to VISSCFIER, not a single trace of a river bed is present 
in this ridge, so that the southern part of the river can only have 
originated after the sand ridge had been overgrown with peat 
(between c. 2500--2000 BC, see 11.38. ). It is our opinion that it 
can be taken as certain that the Runde dates from after the desicca- 
tion ofc. 3ioo BC and due to this it can be regarded as a raised bog 
river s.s., existing in the contact zone between two bog complexes. 
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This could explain its presence just above the highest part of the 
Hunze depression. The western bog complex is present in, among 
others, peat faces F, G, H, I, J ,  K, L, M and N; a fragment of the 
eastern complex was found by us in face Q .  Both began to develop 
c. 31oo BC on the desiccated seepage peat surface. 

The milieu in the contact zone must have been unsuitable for 
Sphagnum growth, possibly due to accumulation of dissolved min- 
erals, and because of this, a carr could develop. We consider this 
explanation for the origin of the Menyanthes-Betula peat deposit to 
be quite probable. Originally, little or no drainage will have oc- 
curred in a northerly direction, since relatively little water was 
available as yet in the developing Sphagnum peat. A directed flow 
of water in this contact zone can only have become a reality with an 
increasing water content in the surrounding peat. When and how 
this arose cannot be deduced from the composition of the Menyanthes- 
Betula peat deposits. It is possible that the movement of the water 
in a northerly direction remained diffuse till c. 2ooo BC, i.e. without 
the formation of clear gulleys. The water was not very acidic, since 
the highly humified Sphagnum peat was formed in a somewhat re- 
ducing milieu, see I 1.8. Scheuchzeria palustris could survive for only a 
few periods, l~sting for relatively short times, see I 1.39., P. 2o3. The 
water was oligotrophic, since only peat with much Betula and Meny- 
anthes developed, see i i. 17., 3 x-Po. 

The end of the Menyanthes-Betula peat forming will not have 
signified the end of the drainage, i.e. the Runde. How water trans- 
port took place after c. 2ooo BC cannot be deduced from the field 
information at our disposal. Presumably, a shift of the drainage 
course occurred: there are no remains ofgulleys present in thehighly 
humified Sphagnum peat which covered the Menyanthes-Betula peat, 
whereas the water content and probably also the water surplus 
would have increased in this peat area, about 2ooo BC; see I 1.34.4., 
p. 193 and I 1.49., P. 227, in which the Runde as a drainage rivulet 
will be further discussed. To the north of the investigation area, the 
Runde proceeds in a northerly direction as Ruiten A, and then as 
Westerwoldse A, the mouth of which is in the Dollard, see fig. I. 
The bed of the still existing part of this river is in the mineral subsoil. 
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Intermediate deposits 

I 1.20. INTRODUCTION 

The  information on which the discussion of the in termedia te  
deposits is based is principally derived from: 
- -  peat-faces B - - Q ,  
- -  the ombrogenous peat  parts of  the 14C-diagram and of the 

profile EMMERERFSCHEIDENVEEN I (fig. 63) , which were dis- 
cussed in 4.2. (p. 47), 

- -  profile EMMEN I I, f rom peat-face C, between pits 68 and  69, 
which was discussed in II.  3. (p. I4I) ,  see figs. 74 and 75, 

- -  profile EMMEN 13, from peat-face C, pit 64, which was discussed 
in x I. 4. (p. I42), see fig. 75, 

--- section EMMEN 33 (fig" 59), which was discussed in 11. 5. (p. 143), 
see also fig. lO2; the position of  this section is indicated in fig. 2, 

- -  profile EMMEN 31, from peat-face O, pit 442, which was discussed 
in I I . I  7. (p. I57), see also figs. ioo and IOI, 

- -  the ombrogenous peat parts of  sections EMMEN 24 (fig- 53), 
EMMEN 25 (fig. 54), EMMEN 26 (fig. 55) and EMMEN 27 (fig. 56) 
from peat-face I, between pits 279--282, see 11.42.- - i i .45.  
(p. 213ff.); the seepage peat part  of  these sections has already 
been discussed in 8.x., p. 7 o, 

- -  section EMMF.N 5 (fig" 38) from peat-face B, pit 33; see i 1.5o. , 
p. 229, 

- -  section EMMEN 6 (fig. 39), from peat-face B, between pits 44--51 ; 
see11.23.  , p . I 7  o, 

- -  section EMMEN 7 (fig" 40), from peat-face B, above pits 48--49;  
see xi.24. , p. 172 , 

- -  section EMMEN 8 (fig. 4I),  from peat-face B, above pit 5o; see 
i x . 2 2 . ,  p .  I68, 

- -  section EMMEN 9 (fig" 42), from peat-face B, above pits 5 o - - 5 i ;  
see i I .2I . ,  p. I64, 

- -  section EMMEN I2 (fig. 44), from peat-face C, above pit 68; see 
II.25., p. I72 ,  

- -  the profiles EMMEN 15 from peat-face D, near  pit 68; see I 1.28., 
p .  1 8 4 ,  

- -  the rhizopod analyses EMMEN I6, from peat-face E, above pits 
I65--166;  see I I.29. , p. 184, and table IX, 

- -  section EMMEN I 7 (fig. 45), from peat-face E, above pits i 7 i - -  
I72; see II.26., p. I74. This section was a l ready discussed in 
CASPARIE 1969, 
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--- section EMMEN I8 (fig. 47), from peat-face E, above pit I78; see 
i 1 . 2 7 . ,  p .  I82, 

- -  section EMMEN 19 (figs. 48 and 49), from peat-face H, above pits 
263--268; see I 1.4 I., p. 2o 9. The seepage peat and the dopple- 
rite layers of th is  section have already been discussed in 9.I. 
p. 8i and Io.6.2. p. I29, 

- -  section EMMEN 2O (fig. 50), from peat-face H, above pit 235; 
see II.32. p. I87, 

- -  section EMMEN 22 (fig. 5I), from peat-face H, above pit 224; 
see IX.3o. , p. I85, 

- -  section EMM~N 23 (fig. 52), from peat-face H, above pit 223; 
see i i .3I .  , p. i86, 

- -  section EMMEN 28 (fig. 57), from peat-face I, above pits 288-- 
289; see II.46. , p. 216, 

- -  section EMMEN 32 (fig. 58), originating c. Iooo m south of peat- 
face M, (see fig. 2); see xI. 33., P. 188, 

- -  section EMMEN 34 (fig" 6O) originating about I o km south of the 
area investigated (see fig. io), see 11.4o. , p. 2o6. 

In a vertical line, there is, towards the top of the intermediate 
deposits, an increase in fresh Sphagnum peat at the expense of highly 
humified peat. In a horizontal line, a clear alternation can be obser- 
ved in most places between highly humified Sphagnum rubellum hum- 
mocks, often containing many remains of Eriophorum vaginatum and 
Calluna vulgaris, and fresh hollows, the basis of which is fresh Sphag- 
num cuspidatum peat. The already mentioned division (I I.I., p. 13 8) 
of the hummocks and hollows into four types was made on the basis 
of shape and dimensions, the dates and the vegetational develop- 
ment (which can be deduced from the analyses). The information 
given in the following sections has been arranged in four groups 
according to the four types, each group being named according to 
the most extensively investigated section. Both the morphology and 
the genetics of the four types will be discussed in sections I 1.34. - -  
11.38. (p. I89ff. ). They are schematically represented in fig. 6I. The 
distribution of the four types was determined by surveying and re- 
produced in fig. i6. 

The line which connects the fresh hollow bases, i.e. the lowest 
level at which fresh (Sphagnum cuspidatum) peat appears, was taken 
as the under-side of the intermediate deposits, see also i 1.7., P. I45. 
The intermediate deposits ended when the more humified hummocks 
were overgrown by fresh peat. Neither the one level nor the other 
can always be exactly determined on the peat-face, since the obser- 
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vation points (the pits of the peat-faces) were not always chosen at 
the position of a hollow base or a hummock top. This means that, 
in actual fact, the peat of the intermediate deposits sometimes be- 
gins at a lower level and extends to a higher level than is indicated 
in the peat-face drawings. 

Exceptions to the mosaic of hummocks and hollows visible on the 
peat-faces are present in the marginal parts, see sections I 1.5 o. and 
I 1.51 . ,  p. 231 ft., and in faces H and I in the central part of the bog. 
The bog lake, EMMEN 19, developed here (I 1.47. , p. 218). A close 
relationship seems to exist between the growth mechanisms of the 
different hummock and hollow systems and the drainage pattern 
in the intermediate deposits. The raised bog lake, EMMEN I9, OCCU- 
pies a crucial position in this drainage system. Information necessary 
for the discussion of the drainage system is given in sections 11.4o. 
- - I  1.46. , p.2o6ff. The drainage system and the relationship of the 
different hummock and hollow systems with this drainage will be 
discussed in sections I 1.47.--I 1.49. , p. 218ff. Before proceeding to 
this, the distribution of Scheuchzeria palustris, both horizontally and 
vertically, in the area studied will be dealt with, 11.39. , p. 2o 3. 
11.52. , p. 233 deals with the occurrence of Sphagnum papillosum and 
Sphagnum imbricatum in this peat area. In I 1.53., P. 235, a discussion 
is given concerning the three wooden trackways found in the inter- 
mediate deposits, and, finally, in 11.54. , p. 236, the views of a num- 
ber of authors on the transition from highly humified to fresh 
Sphagnum peat will be briefly discussed. 

TYPE EMMEN 9 

II.21. EMMEN 9 (fig" 42), face B, between pits 5o--5  I 
This section has been drawn in, using a grid with o. I • o. I m 

squares. Diagrams 9A-Po, 9B-Po (fig. 71); 9A-Rh/Mo and 9 B- 
Rh /Mo  (fig. 72) were made from the two profiles sampled. By 
means of the two pollen diagrams, a short-distance correlation 
was established, by which six synchronous levels could be disting- 
uished in the section, see fig. 43. 

I 1.2 i.I. Correlations and datings 

In 9A-Po, spectra 5, 7 and 8, Fagus increases from 0.8--2.5%, 
Carpinus from o.2 - -  1.8 %, only to become somewhat lower again 
in spectrum i I, Corylus drops from 23 - -  c. 7 %. Fraxinus is present 
with low values, c. 1 % ,  while the continuous Tilia curve ends. 
In 9B-Po, spectra 6, 8 and 9, Fagus increases from 1. 3 via 2 .2--  
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1.6 %. Carpinus remains at c. 0.2 %, Corylus drops from c. 2 i - - I6  %, 
while the continuous Tilia curve ends. 

We can conclude from this that, in spite of the dissimilarity in the 
paths of a few curves, the two diagrams are synchronous, with the 
qualification that 9A-Po continues longer. The sections in 9 A- 
Po and 9B-Po which are thought to be strictly synchronous have 
been given as a rectangle between the lithology and the main dia- 
gram. It is clear that, in the right-hand half of the section (9B), a 
larger peat accumulation developed than in the left-hand half (9A). 

The conclusion from pollen analysis is supported by stratigraphi- 
cal information. Running through both profiles, some more humi- 
fled (darker)bands are present in the fresh (lighter) peat in the 
section, e.g. from j, I via c, 35 to e, 5 ~ and from 1, 3 via l/m, 13 and 
f, 38 to g, 5 o. They are all somewhat closer together in 9 A than in 9 B. 
In view of the very short distances over which correlations were 
made, we think it may be assumed that each darker band represents 
a synchronous level. 

On the grounds of the above observations and considerations, 
six synchronous levels were distinguished in this section, below. 
They are shown in fig. 43. The levels were characterised as follows 
(see also 9A-I;o and 9B-Po, fig. 7I): 

a in 9A: the basis of the fresh Sphagnum cuspidatum-Scheuchzeria layer; 
in 9B: the right-hand tip of the same Scheuchzeria deposit, which 

is moderately humified here. 
Can be dated between 2ooo--I5oo BC, even before the 
beginning of the increase in Fagus to 1%.  

in 9A: the thin Calluna-rich layer of moderately humified peat, 
from which spectrum 5 comes; 

in 9B: the Calluna-rich layer of highly humified peat under a 
layer of considerably less humified peat. 
Originated still in the Subboreal (Corylus more than 20 %, 
Fagus c. 1%),  probably between 9oo--I2OO BC. 

7 in 9A: the double, moderately humified layer above {/; 
in 9B: rather high up in a layer of moderately humified peat, 

which is covered by a thin layer of fresh to moderately 
humified peat, on which Eriophorum-rich peat lies. 
This layer can probably be dated to the beginning of the 
Subatlantic, at c. 7oo BC. 

in 9A: a moderately humified layer, a few centimetres under a 
cuspidatum layer; 
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in 9B: a comparatively thin, Calluna-rich layer of moderately 
humified peat, lying on and under fresh peat. 
Can be dated to c. 6oo BC, in the period of the first large 
increase in Fagus. 

e in 9A: the c. 4 cm thick cuspidatum layer; 
in 9B: a relatively thick, moderately humified Calluna-rich layer. 

Can be dated to c. 5oo BC, at the level of the first large 
Fagus maximum, which is not present in the diagrams as 
a result of the large sampling distance. Comparison with 
the many other diagrams from this area shows that this 
supposition must be correct. 

in 9A: a very thin cuspidatum layer on a thin layer of moderately 
humified peat; 

in 9B: a thin, Calluna-rich, moderately humified layer at the top 
of the section. The wooden trackway XIV (Bou), which 
is dated to I7o BC (see I 1.24.), lies on this layer. 

There is satisfactory agreement between the pollen analytical 
data and the stratigraphical observations as far as the levels/3, 7 and 
6 are concerned. The stratigraphical correlation of the remaining 
levels is much clearer, since the darker bands and, in the case of the 
lowest level, the transition in peat-type, can be followed without 
difficulty right through the section. The conclusion that the six syn- 
chronous levels which have been assumed suggest six fossil bog sur- 
faces, to be dated between 2ooo and I7o BC, is therefore well- 
grounded. During this time, approximately twice as much organic 
material accumulated in the right-hand part of the section, profile 
9 B, as in the left-hand side of the sction, profile 9 A. 

The course of these 6 fossil bog surfaces, see fig. 43, clearly illu- 
strates this difference in the rate of accumulation. 

II.21.2. The bog development 
The Middle Atlantic Pinus forest (between I4.oo--I4.5o m -t- 

N.A.P.) was overgrown by a highly humified Sphagnum peat con- 
taining predominantly Sphagnum rubellum, in which Ericaceae were 
important constituents. A hummock formed just above the remark- 
ably thick stump in the right-hand side of the section, while a hollow 
developed in the left-hand side (p/q, 1--I9) .  The edge of the hollow 
consists of moderately humified peat containing Scheuchzeria (q, 
i9--33 ). The large number of Amphitremas, the profusion of Scheuch- 
zeria palustris and of fresh Sphagnum cuspidatum peat indicate the pre- 
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sence of open water in the hollow, during part of the year at least. 
Sphagnum papillosum (9A-Rh/Mo, spectrum 3) established itself 

in the hollow, and continued growing during the time the hollow 
remained in existence. Originally this Sphagnum occurred in the 
hummock too, (9B-Rh/Mo, spectrum 5), but it played no part in 
the upward growth of the hummock. S. imbricatum, which originally 
did not occur in the hollow, developed well here (see also 11.52" 
P. 233). Layers with more humified peat (the darker bands) alter- 
nate with a lighter coloured fresh peat in both the hollow and the 
hummock. 

It is not clear from 9A-Rh/Mo whether the darker bands were 
formed under drier conditions than the fresh papillosum peat in 
between them. 

The values for Amphitrema wrightianum in the layers of moderately 
humified peat are only slightly lower than in fresh peat (spectra 5, 
7 and 8 = levels 8, Y and ~ opposite spectra 4 and 6). There is there- 
fore no question of real desiccations, due to which Calluna-domi- 
nated hummock communities could spread over the hollows. Very 
probably, however, regularly occurring changes in the local bog 
hydrology contributed to the fact that the hollow at the left-hand 
side of the s~ction has a layered filling. 

The hummock was built up of peat which formed under consider- 
ably drier conditions, and in which hardly any rhizopods occur 
(9B--Rh/Mo, spectra 3--9). Large fluctuations in the moisture 
content are not demonstrable in the hum mock. However, thespread- 
ing-outwards of the Calluna vegetations both in the hummock and 
over the edge of the hollow (o, 25--n,  29 and m, 29--1, 36) point to 
variations in the water content of the bog surface during the up- 
ward growth of the hummock. 

The smaller peat accumulation in the hollow can perhaps be 
partly ascribed to the occurrence of erosion; there is a small irregu- 
larity present in the peat-face at l/m, 12--15, possibly the remains 
of a bog stream. Perhaps a regularly occurring flow of water through 
the hollow prevented the establishment of rapidly accumulating 
Sphagna. After the flooding between 2ooo and 15oo BC, Sphagnum 
cuspidatum re-established itself on a larger scale only once in the 
hollow (1, I - - i3 ) .  This layer of c. 5oo BC can very probably be 
related to the bog stream of l/m, i 2 - - i  5. After I5OO--I2OO BC 
there is no longer any question of a hollow with stagnant openwater, 
a pool, with the exception, then, of a period around 5oo BC. In the 
plane of observation, the darker bands 6, e and r have no contact 
with the hummock, the centre of which came to lie clearly outside 
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the plane of observation during the upward growth. Comparison 
of the two rhizopod diagrams shows that, originally, between 2ooo 
and 6oo BC, large differences in water content existed on the surface. 
In 9A-Rh/Mo, spectra 3 - - io ,  the Amphitremas especially appear in 
large numbers, while in 9B-Rh/Mo, spectra 2--Io ,  these rhizopods, 
which live in moist to wet Sphagna, are present at the most in small 
numbers. 

This originally clear differentiation between less humified, humid 
peat and more highly humified, drier peat which is often more 
Calluna-rich, gives way after c. 6oo BC to a situation in which there 
is no longer a clearly discernible difference in water content, at 
least according to 9B-Rh/Mo, spectra IO--i  3. However, these 
topmost spectra come from the edge of the hollow from which 
Sphagnum papillosum is still absent, and not from the hummock. 

The hummockwould meanwhile have become considerably small- 
er and would very probably have had a rhizopod content which is 
directly comparable with that of 9B-Rh/Mo, spectra 3--8. By 
c. 6oo BC, the hummocks of this type were not yet completely 
overgrown by hollow peat, see x 1.25. 

I 1.22. EMMEN 8 (fig. 4I), face B, above pit 5 o, 20 m west of 
EMMEN 9 (see preceding section) 

This section was drawn in by means of a grid with o. I • o.I m 
squares. 

I1.22.I. The bog development 
Sphagna established themselves in the comparatively moist Middle 

Atlantic Pinus forest (14 .25- - I4 .55  m § N.A.P.), and due to this 
the forest was slowly overgrown by highly humified Sphagnum peat. 
Originally Scheuchzeria continued growing to the level j, I - -8 ;  i, 8 - -  
16; h, I6--22; i, 22--5 o. Scheuchzeria palustris is not present above 
this line; Ericaceae occur at the extreme left and right of the section, 
Betula became established on the bog surface (h, 33--35 and i, 49- -  
5o), possibly as the result of a desiccation. Eriophorum vaginatum 
spread out extensively at that time (g, x9--42 ). At the extreme left 
and right of the section respectively, two hummocks developed on 
this Eriophorum-Ericaceae-surface, separated by a hollow, in which 
both Scheuchzeria and Sphagnum cuspidatum occur. Perhaps the hum- 
mocks developed from the Ericaceae-centre at the left of the section 
(g/h/i, I--9) and the Eriophorum-Ericaceae-centre at the right of the 
:section (g/h/i, 44--5o). The extensive Eriophorum vegetation be- 
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tween the two hummock bases, g, 19--4I, became so wet due to the 
increase in moisture content that Spagnum cuspidatum was able to 
displace Eriophorum vaginatum (f/g, 20--38 ). The moderately to 
highly humified, cuspidatum layer thus formed was overgrown by 
moderately humified peat in which Scheuchzeriapalustris became 
established after some time (f, I9--44 ). This flooding caused the 
forming of a comparatively large pool in which Sphagnum cuspidatum 
vegetations could develop. The cuspidatum peat deposit from f, 9 via 
e/f, 18--27 to f, 44, which originated in this way, was overgrown by 
fresh peat which soon had to give way to Calluna-containing, moder- 
ately humified peat in the centre of the hollow, e, 23--29. A moderate- 
ly humified, Calluna-rich hummock containing some Eriophorum vagina- 
turn developed here, possibly the offshoot of a hummock outside the 
plane of the section. 

The layered structure (fresh and moderately humified peat) of the 
hummocks present already at the left and right-hand sides of the 
section arouses the suspicion that these hummock nuclei also lie 
outside the plane of the section. A wet hollow developed between the 
left-hand hummock and the centrally situated new hummock, with 
a CaUuna-containing, moderately humified base. The cuspidatum 
peat which formed in this hollow (e, I o - - d ,  2 I) was overgrown by 
fresh hollow peat, undoubtedly Sphagnum papillosum (e, 5 - -  a, 22), 
which, in turn, had to give way to the moderately humified Erio- 
phorum vaginatum-containing vegetations spreading out from the left- 
hand hummock (d/e, 5 - - e ,  x8). Such a development is not present 
to the right of the centrally situated hummock. A hollow margin is 
very probably present between e, 3o--4 o, which would not have 
contained open water. The centrally-situated hummock could not 
maintain itself; due to the increasing moisture content of the bog 
surface, the hollow vegetations became more extensive; a large hol- 
low developed again (d, 6--4o), in which Sphagnum cuspinatum ve- 
getations could become established (d, I8--27 and e, 28--3I ). The 
conspicuous shape of this layer may have been formed by a second- 
ary process as the result of a difference in shrinkage. The small 
flooding lasted a comparatively short time; hummock communities 
established themselves again in the middle of the large hollow, on 
the cuspidatum peat (d, 27--3o). The rest of the hollow was filled 
up by fresh peat, which was then overgrown by moderately hu- 
miffed peat from the hummocks. This hummock peat spread out 
from the Calluna-rich centre, c, 4--8, via the centrally situated 
hummock to the hummock on the right. The centre of this last- 
mentioned hummock shifted to the left (c, 4o--44). 
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The  centrally situated hummock  was ultimately overgrown by 
hollow peat at the level, c, 26--31. The layer of moderately humi- 
fled peat lying on top of it is interrupted at b/c, 25--26, which was 
probably caused by erosion. The  lump of peat concerned lies loosely 
at an angle of 45 ~ in very loose fresh peat. 

The  bog streamlet, the cause of the erosion, was undoubtedly 
part of the drainage system in the hollows of this peat area. 

The hummocks continue above the section, where they become 
increasingly less pronounced.  Ultimately the hummocks,  right 
under  the present-day peat surface, were completely overgrown by 
fresh peat. Meanwhile, the hollow developed into a bog stream with 
peat with a very high water content. It is the same hole as that  of 
EMMEN 7, ~4--29 m, see fig. 4 ~ and II.24. 

II.23. EMMEN 6 (fig. 39), peat-block B, above pits 44--51 

This horizontal plane in the intermediate deposits was created 
by digging off the upper  metre of peat. The  surface area (i 35 • 4 m2) 
slopes from I5.9o m above N.A.P. at the western extremity to 
i5.6o m above N.A.P. at the eastern extremity. 

The  darker bands and spots visible in the surface are centres of 
moderate or highly humified hummock peat. 

The  light-coloured peat lying between the darker bands and 
spots is fresh hollow peat. In the hummock peat, obvious gradations 
in heather and hare's tail content were present, while the degree 
of humification varied perceptibly too (from H 5 - - H 8  ). Clear cuspi- 
datum peat concentrations as well as Sphagnum imbricatum-papillosum 
peat were present in the fresh hollow. Only the distinction between 
hummock  peat (horizontal lines close together) and hollow peat 
(horizontal lines further apart) was made in the report. In fig. 39 
the position of the hummocks in the I m high peat-face which was 
dug out (hummock peat, vertical lines close together and hollow 
peat, vertical lines further apart) and also the position of sections 
EMMEN 7, 8 and 9 have been indicated (see also fig. 40, 41 and 42). A 
number  of hummocks stand out in the non-synchronous surface, e.g. 
between I3- - I  5 m, 3o--35 m, 45--5 ~ m, 58--67 m and I I 5 - - i 2 o  
m. Smaller pockets of hummock  peat lie among these hummocks.  
The  frequently oval-shaped bands are horizontal sections of moder- 
ately humified layers which lie between the hummocks in the 
hollows (see figs. 41 and 42). These moderately humified layers can 
perhaps be regarded as slight desiccation levels of very localised 
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Fig. 14. Construction of the wooden trackways we found in the area studied. The  
numbering (afterHAvEN, see foot-note, p. 26) as well as the date of each traekway 
is given. Only an outline of the hurdle track dating from 17 ~ B.C. has been given. 
For this path see also fig. 15. For the situation of the tracks, see fig. 18. 



extent, which originated during the hummock and hollow forma- 
tion, see I I .2I .  Such desiccations would have become noticeable 
in the marginal area particularly, as slight stagnations in the hollow 
peat growth, due to which hummock  vegetations could take over 
the hollow surface. 

The hummocks probably have a round to oval base ofc. 3 by 5 m, 
see also 11.5, p. 143. The  long axis, if observable, is more or less 
NNW--SSE,  roughly parallel to the Hondsrug, the western edge 
of the bog. 

There is a satisfactory correlation between the hummocks  found 
in the surface and the hummock  sections visible in the peat-face. 

i 1.24. EMMEN 7 (fig" 4O), peat block B, above pits 48--49 

Part of the wooden trackway X I V  (Bou), made from hurdles 
(see fig. I5). The trackway was dated to 17o • 5 ~ BC (GrN 4147). 

During the excavation of 1963, the peat under  the road surface 
could be clearly differentiated into moderately humified hummock  
peat containing some Eriophorum vaginatum, and fresh hollow peat. 
This is shown in the lower part  offig2 4 o, in a similar way to fig. 39, 
EM~EN 6, see also the preceding section. In the upper part of fig. 4 o, 
in a similar way to EMMEN 33, (fig" 59, see also i 1.5, p. I43 ) with 
five-fold vertical enlargement, the relief of part  of the trackway has 
been shown, along with the foundation found in a deep pool. This 
pool, which contained particularly soft peat, could be not negotiated 
without supporting planks, even during the excavation. This hollow 
is found in profile in EMMEN 8, fig. 41, see also II.23. 

The exposed peat surface of 17 ~ BC has a relief in which hum- 
mocks and hollows can be clearly differentiated. Measurements and 
orientations of the hummocks agree with those of EMMEN 6 (fig. 39, 
see also the preceding section) and of EMMEN 33 (fig" 59, see also 
I 1.5.). The  trackway was overgrown with fresh peat. 

II.25. EMMEN I2 (fig. 44), peat-face C, above pit 68 

Cross-section of the wooden trackway X I V  (Bou) which was 
mentioned already in the previous section. In the drawing of the 
profile, differentiation was made only between moderately to highly 
humified hummock  peat (vertical lines close together) and fresh 
hollow peat (vertical lines further apart). 
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The wooden trackway was overgrown by fresh Sphagnum imbrica- 
tum-papillosum peat on the hummock  as well as in the hollow, a 
characteristic which is also shown at several places by the wooden 
trackway XV (Bou), dated to 53 ~ • 4 ~ BC (GrN 4622), see I 1.28. 
The  extra weight on the bog surface possibly caused some shrinkage, 
due to which it could become so moist here that  a hollow milieu 
developed, also above the hummocks.  The  greater degree of 
weathering of the peat between the hurdles was perhaps caused 
by its being walked upon. 

The  trackway which had neither subsided nor shifted did not 
need to be anchored (as was necessary with wooden paths XV (Bou), 
see II.28., and X I V  (Bou), see II.29., see also fig. I4) ; the bog 
surface could therefore not have been very wet at the time of the 
building of the wooden trackway, around 17 ~ BC. 

TYPE EMMEN 17 

xx.26. EMMEN 17 (fig. 45)face  E, between pits x7I and I72 

This section was drawn using a grid with o.i • o.i m squares. 
Pollen diagrams I7A-Po (fig. 79), x7B-Po (fig. 8o) and I7C-Po 
(fig. 8I) were made  from the three profiles sampled (I7A , I7B 
and 17C). Separate pollen diagrams, 17A-Po/bog plants, 17B-Po/bog 
plants and 17C-Po/bog plants (see fig. 83) , were made from the plants 
which grew inthepe~.. ~ndwhich occurin not inconsiderable percent- 
ages in the three pollen d iag rams- -  Sphagnum, Empetrum, Calluna, Cy- 
peraceae. Rhizopod moss diagrams, figs. 84 and 85, were also made  
from profiles 17 A and 17 C. The  rhizopod diagram, 17B-Rh (fig. 86) 
and the macroscopic remains diagram 17B-macr. (fig. 87) were 
made from profile x7B. In the lower half of the profile I7B , the 
samples for the latter were taken between two samples taken for 
rhizopod analysis. 

The usual numbering has not been applied to these intermediate 
samples; they are numbered  as follows: 2/3 ( =  between 2 and 3), 
5/6 ( =  between 5 and 6), etc. For this section see also CASPARIF. 
1969. 

I 1 . 2 6 .  I .  Correlations 

Short-distance correlation was used in the description of the bog 
development.  For this purpose, the 3 pollen diagrams were sub- 
divided into a number  of zones, each characterised by the particular 
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course of the curves. Only the curves of those plants - -  mostly trees 
- -  which do not grow on the bog were used for this sub-division. 
It may therefore be assumed that the corresponding zones in the 
pollen diagrams are synchronous. These three, drawn especially 
for the correlation" pollen diagrams, are shown as I7A-Po/corr , 
17B-Po/corr, and 17C-Po/corr in fig. 82. 

The sub-divided zones are: 

Zone a 

first appearance of Fagus, Corylus lower than 20 ~ Pinus maximum 
of more than IO ~ , then decreasing to c. 6 %, 
I7A: spectra I - - i  I, 
17B: spectra x--5, 
I7C: not present. 

Zone fl 
first appearance of Plantago lanceolata, Corylus maximum (c. 20 %), 
slight increase in Ulmus, increasing tendency in Fraxinus, 
I7A: spectra 13--x7, 
I7B: spectra 7-:-i I, 
I7C: not present. 

Zone 

Pinus decreases to c. 2 %, Corylus maximum (more than 20 ~ 
first appearance of Carpinus, falling Ulmus curve, 
I7A: spectra 17--24, 
17B: spectra I i - - I  7, 
I7C: spectra i - -  4. 

Zone 

continuous Fagus curve with values below 1 % ,  Fraxinus has higher 
values than Ulmus, at the bottom of the zone a decline in Corylus, 
after which Corylus increases again (not clear in 17A), the tendency 
for Ulmus is to decrease, low Plantago lanceolata values, low Quercus 
maximum (not in I7C), 
17A: spectra 34--44, 
I7B: spectra i9--23,  
I7C: spectra 8 - - i  3 or 17 . 

Zone e 

beginning of the continuous Carpinus curve, Fagus attains values of 
an average of i %, Fraxinus and Ulmus have approximately equal 
values of c. I O/o , Plantago lanceolata maximum, 
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17A: spectra 54--64, 
I7B: spectra 26--4o, 
I7C: spectra 17 (or I9) - -2 I .  

Zone 
beginning of the first large Fagus increase, beginning of the sharp 
Corylus decrease, Carpinus lower than 1%,  
I7A: spectra 74--8o, 
17B: spectra 43--46, 
I7C: spectrum 22. 

Zone ~/ 
increase of Fagus to the first large maximum, Corylus falls to c. io %, 
17A: spectra 85--95, 
17B: spectra 49--66, 
I7C: spectra 23--36. 

Zone 0 
sharp decrease in Fagus, Corylus is approximately Io %, Plantago 
lanceolata maximum, 
I7A: spectra 95--I  14, 
17 B: spectra 66--8 i, 
I7C: spectra 36--38. 

Z o n e  I 

renewed increase in Fagus, rise in Carpinus, 
I7A: not present, 
17B: spectra 86--96, 
I7C: not present. 

In general a satisfactory correlation is possible between the corres- 
ponding zones of the 3 diagrams. Only in x7C-Po/corr, the transi- 
tion from zone 6 to zone e could not be precisely determined. It is 
probable that this is caused by some what too large a sample distance. 

A number of synchronous lines, each indicating a fossil bog sur- 
face, were drawn in the section on the basis of this zonation, to 
which only a strictly localised significance can be attached. These 
are indicated as I7- - I  , I7--2 , I7--3, I7 - -  4, I7 - -  5, 17--6, 17--7, 
I7--8 and I7- -  9 in fig. 46. The approximate date which can be 
ascribed to each surface has been noted alongside. VAN ZEIST'S 
i955b 14C dates and two dates from the section were used for 
this: the bottom level of the moderately humified Sphagnum peat on 
the left next to profile I7A , in j, xo - - i i ,  at i5.o 7 m § N.A.P.: 
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I89O -4- 60 BC (GrN 4644) and the topmost level of the unbroken 
highly humified to moderately humified (Sphagnum) peat deposit on 
the left next to profile I7A in b, io--11, at 15.81 m + N.A.P.: 
54 ~ + 60 BC (GrN 4623). Both dates are given in 17A-Po (fig. 79) 
and I7A-Po/corr (fig. 82). 

11.26.2. Synchronous lines 

The pollen analytical correlation was followed as much as possi- 
ble in drawing the synchronous lines, without, however, violating 
the stratigraphical observations. 

IT--I  
The first synchronous line was drawn fairly high up in zone ?. 

It runs exactly on the transition between highly and moderately 
humified peat, except between j, 37--43. The line was dated to 
1890 BC. 

I 7 - - 2  

This line runs somewhat below the zone border O/s in profiles 
17 A and 17 C, at the level where there is a noticeable change in the 
peat types. It w~s drawn just a little above this border in profile 17 B, 
at thc line of contact between two types of moderately humified 
peat which differ only very little. The reliability of line 17--2 in the 
right-hand part of the section is not very high, because the border 
d/e was not very clear in I7C. The line can be dated to c. 15oo BC. 

I7--3 
This line runs right through the transition s/~. This level, which 

can be dated to c. 12oo BC, corresponded with a highly humified, 
charcoal layer in the section. The reliability is therefore fairly high. 

I7--4  
This line connects points which lie in the lower part of zone ~. 

It runs over the highly humified peat of 17 A and over the Sphagnum 
cuspidatum layer of 17 B. The line was placed somewhat higher in 17 C 
as the level cannot be given precisely because of the relatively large 
sample distance, and as it is probable, for stratigraphical reasons, 
that the transition from highly to moderately humified peat in pro- 
files 17 A and 17 C can be regarded as sychronous. The  line can be 
dated to c. 700 BC, in the beginning of the Subatlantic period. 

I7--5  
The line which was drawn at the level of the thin, but compara- 

tively large cuspidatum layer of c, I i via d/e, 27 to d, 36 connects 
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points at the top of zone ~, and can be placed in 17 C at the transi- 
tion from moderately humified to fresh peat. The line can be dated 
to c. 6oo BC, just before the first Fagus maximum. 

I7--6 
This line runs at the transition from moderately humified to fresh 

peat in the left-hand part of the section, rather far down in zone 0. 
The line was placed at this height in profiles I7B and 17 C too, al- 
though here it lies completely in the fresh peat. The level was dated 
to 540 BC. 

I7 - -  7 
This line was placed approximately in the middle of zone v a, just 

above the Fagus maximum. The line runs for its entire length through 
fresh peat, and can be dated to c. 400 BC. 

17--8 
This line was placed right at the top of zone 0 and can be dated 

to c. 3oo BC. At the top left of the section, it runs through fresh peat, 
at the centre top of the section, through the base of the moderately 
humified peat, and at the right-hand side of the section outside the 
part of the peat-face which has been drawn. 

x 7 - - 9  
For the sake of completeness, the grid section already given in fig. 

45 has been reproduced here again. The peat right at the top in the 
middle of the section may be dated from c. I OO BC to c. x oo AD. 

I 1.26.3. The bog development 

Even in the highly humified Sphagnum peat, a differentiation 
takes place into drier, Eriophorum-rich communities (j, 1--37 ) and 
wetter places (j, 37--43), illustrated by a clear difference in rhizo- 
pod content: in I7A-Rh/Mo , spectra 8--25 but little Amphitremas; 
in I7B-Rh , spectra 2 - - I8  predominantly lacking in rhizopods, only 
in spectra II and 14 a clear Amphitrema/'lavum maximum; in I7C- 
Rh/Mo, a clear increase in Amphitrema flavum to very high values 
(spectra I--7). Therefore, the bog surface given in i7 - - I  , which was 
dated at 1890 BC, will very probably have consisted of a highly humi- 
fled Eriophorum hummock (j, 1--37 ) and a highly humified, probably 
moist hollow (j, 37-- i ,  50), in which Eriophorum vaginatum could 
maintain itself here and there (i, 44--45 and 48--50). Such a 
hummock and hollow surface would not have shown much relief. 

Sphagnum cuspidatum (17C-Rh/Mo , spectra 6--8) established it- 
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self in the hollow, while S. imbricatum had already established itself 
on the highly humified hummock (I7A-Rh/Mo, spectrum 3 ~ and 
17B-macr., spectrum 17/x 8), and could not continue growing. The 
large, highly humified hummock was overgrown by moderately 
humified rubellum peat, a minor constituent of which was Eriophorum 
(i, 1--36). The centre of the flat-topped hummock forming at that 
time was comparatively dry (i 7A-Rh/Mo, spectra 29--4 I) : 
Amphitremaflavum does not appear to any great extent and A. wrighti- 
anum is present in only two spectra. The edge of the hummock was 
originally rather moist ( 17B-Rh, spectra 19--22), as evidenced by the 
large numbers of Amphitremaflavum. 

The almost complete absence of A. wrightianum in this moist edge 
of the hummock is striking. Although the milieu was moist enough, 
it was possibly still unsuitable for this rhizopod. The highly humi- 
fled cuspidatum peat formation changes over to less humified cuspida- 
turn growth in the hollow. Amphitrema wrightianum flourished in this 
milieu (I7C-Rh/Mo, spectra xo and I I) .  S. imbricatum and S. papil- 
losum occur in the hollow peat (spectra 5--I  i), but neither Sphagnum 
type could continue growing in the hollow. It is noticeable that the 
hollow shows signs of constantly decreasing moistness (spectra 12-- 
i7). Besides S.'cuspidatum, S. rubellum occurs frequently. The situa- 
tion after the growth of the moderately humified rubellum hummock 
and the filling up of the cuspidatum hnllow was given in i7--2. On 
the evidence of the rhizopod content, ~he centre of the hummock 
became considerably moister, Amphitrema flavum occurs in fairly 
large numbers and A. wrightianum increases strongly (i 7A-Rh/Mo, 
spectra 42--48 ) . Just the opposite is observable at the edge of the 
hummock; a sharp decline in Amphitrema flavum is observable in 17 B- 
Rh from spectrum 22 on, while Hyalos/henia papilio disappears. As 
appears from the short-distance correlation, the conspicuous A. 
wrightianum increase from spectrum 28 on does not belong to the 
hummock and hollow system illustrated in I7--2 , but to that 
of I7--  3. The distribution of drier and wetter parts of the bog 
surface c. 15oo BC cannot be deduced from the rhizopod diagrams. 

A clear change in the peat growth occurred about I5oo BC; a 
hummock with highly humified peat established itself in the hollow, 
and the moderately humified rubellum hummock was overgrown by 
a highly humified hummock, while a hollow formed above the edge 
of the hummock. Rhizopods occur in the highly humified peat of 
both hummocks only in small numbers (I 7A-Rh/Mo, spectra 4 8 _  
53, 17C-Rh/Mo, spectra I8--25). Calluna is an important constitu- 
ent of the hummock communities, although that hardly appears 
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from the pollen diagrams (I7A-Po/bog plants, spectra 54--80, 
x 7C-Po/bog plants, spectra 19--2 i). The highly humified hummock 
base, g/h, 9--2o, is probably synchronous with the highly humified 
hummock base h, 38--48. A dubious factor in this correlation is the 
not very clear zone transition d/e in I7C-Po/corr. It is, however, 
clear that the cuspidatum layer g, 26--h, 36 cannot be regarded as an 
extension of the cuspidatum layer in the lower right-hand part of the 
section, but that it originated as the filling of a hollow between the 
two highly humified hummocks, in the middle of zone e. The base 
of this hollow would then be the moderately humified peat, h 25-- 
35, lying under it. 

It appears from 17B-Rh, spectra 27--3 I, that Amphitrema wrighti- 
anum underwent its first large increase in this moderately humified 
peat. 

With the growth of the two highly humified hummocks after 
I5OO BC, the hollow situated between them remained. 

Originally, moderately humified rubellum peat was formed, and 
afterwards a cuspidatum layer developed, which was overgrown c. 
I2OO BC by a layer of peat with a high Calluna content (I7--3). 
The layer is recognizable in the 3 rhizopod diagrams, viz., the 
disappearance of the rhizopods (17A-Rh/Mo, spectra 65--68) ,a  
pronounced decline in the rhizopod content (i 7B-Rh, spectra 35--  
4 o) and a slight decrease of the already low rhizopod values (I 7 C- 
Rh/Mo, spectra 21 and 22). Moreover, the spectra of this level 
contain few, if any, Sphagnum remains. The outward spread of the 
hummock communities over the cuspidatum hollow, as is shown in 
17--3, points to a desiccation of the bog surface which must have 
been overgrown by Calluna during this time. Probably little remain- 
ed of a differentiation into hummock and hollow peat. This desic- 
cation was fairly certainly of short duration; peat growth resumed, 
both hummocks developed further, and water collected again in 
the hollow, where the establishment of S. cuspidatum became possible 
again. Another very thin desiccation layer is present in this cuspida- 
tum layer; it was not drawn in the section, but is shown in I7B-Rh , 
spectra 47 and 48. It is probable that this desiccation in 17A-Rh/Mo 
is present in spectrum 75. S. papillosum and occasionally S. imbricatum 
occur in this hollow (I 7B-macr. spectra 42--49)- 

The situation as it must have been c. 7oo BC is given in 17--4: 
there is a wet cuspidatum hollow between two clear, highly humified 
hummocks. Relatively large changes would have taken place here 
within a comparatively short time. It follows from 17--5, dated to 
c. 6oo BC, that both hummocks were overgrown by moderately 
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humified peat and that the hollow shifted to the left somewhat, 
where it developed with fresh papillosum peat. During this process 
the Amphitremas increased in number, so that it is probable that the 
bog surface became wetter (I 7A-Rh/Mo, spectra 83--90; 17B-Rh, 
spectra 50--59, I?C-Rh/Mo, spectra 25--35). Due to flooding, 
open water would again have collected on this bog surface, and 
because of this water, a thin cuspidatum layer could form, which, 
about 6oo BC, covered the surface here to a considerable extent 
(I7--5). 

The flooding which produced the cuspidatum layer on the bog sur- 
face of 17--5 induced a fresh imbricatum-papillosum peat growth, 
which covered the hummock and hollow system with a presumably 
very moist peat layer, in which only a very small nucleus of the 
left-hand hummock could maintain itself (c, 6-- io) .  This, accord- 
ing to the dating of the top of this hummock (54o -4- 6o BC), had 
already been overgrown a few decades later. The situation as it 
had then developed is given in 17--6. The final overgrowth of this 
hummock was probably preceded by another slight desiccation. 
A clear decline in the Amphitremas is discernible in I7A-Rh/Mo , 
spectra Ioo--IO4, from the upper part of the hummock, and also 
in 17B-Rh, spectra 62--64. Because of the large sample distance in 
I7C , the level (here) is not demonstrable in I7C-Rh/Mo. 

The only thing that still reminds us of the overgrown hummocks 
is the occurrence of Eriophorum nests, just above the hummocks (b/c, 
2; b, 9; b, 13 and b, 44; a/b, 46; c, 46; b, 49 and a, 49) in the other- 
wise fresh bog surface that existed here c. 4oo BC (I7--7). The 
occurrence of S. imbricatum above the hummock on the right (I 7 C- 
Rh/Mo, spectra 35--37), whereas S.papillosum is present exclusively 
above the hollow (I7B-macr, spectra 63 and 7 o) and is the main 
constituent above the hummock on the left (I7A-Rh/Mo, spectra 
i o5-- i  i o), is a possible indication of a not observable stratigraphical 
differentiation in the bog surface ofc. 4oo BC, see also i i .52, p. 233. 
Change in this situation came about because of the establishment 
of Calluna-rich communities, just above the hollow (c, 26--28), 
which probably grew within a very short time to a deposit of mode- 
rately humified peat in the central upper part of the section. This 
situation, shown in 17--8, which can be dated at c. 3oo BC, lasted 
for a comparatively long time. A slight decline in Amphitremaflavum 
is present in I7A-Rh/Mo , spectra I I2 and i I3, which presumably 
started even in spectrum io 9. This decline corresponds with a very 
thin layer of moderately humified peat, which, during the drawing 
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of the section, could be correlated, although with some difficulty, 
with the base of the moderately humified peat on b, 2o. 

In 17B-Rh, the transition from fresh to moderately humified peat 
coincides with a strong decline in the Amphitremas (spectra 71--75), 
which afterwards increase again (spectra 76--8o), al though with- 
out reaching extremely high values; only to decrease further very 
suddenly after this. Phryganella hemisphaerica is present from spec- 
t rum 67, an indication of less favourable conditions for peat forma- 
tion. 

A hummock  of moderately humified peat probably originated 
here c. 3o0 BC. possibly caused by an irregularity in the growth of 
fresh peat. S. papillosum was displaced from this hummock  by S. 
imbricatum (I 7B-macr., spectra 74--97). 

The  thin layer of moderately humified peat that  actually forms 
the bog surface of 17--8 was overgrown by fresh peat both on the 
left (from a, 11 to b, 2o) and on the right (from b, 34 to a, 39); this 
peat is rich in Amphitremas (i 7A-Rh/Mo, spectra 1 i 4 - - i  17). 

It is possible that  a short-lived, fairly thorough desiccation occur- 
red first, inducing the moderately humified bog surface of i7--8 ,  
after which the increase in moisture level caused the balance to 
swing only partially to fresh peat again. The moderately humified 
vegetation, once established, could maintain itself nearby for a 
protracted period, al though over a smaller area (I7B-Rh , spectra 
78--96). Renewed desiccation will occasionally have favoured the 
spread of Calluna (from a, I6--2o via b, 27 to a, ~9). It is the Amphi- 
tremas especially that  illustrate such a desiccation most clearly 
(I 7B-Rh, spectra 86--88). 

i i .27. EMMEN I8 (fig. 47), face E, above pit i78 

This section was drawn by means of a grid with o.i •  m 
squares. 

i 1.27.i. The bog development 

Cuspidatum peat spread extensively over the highly humified 
Eriophorum and Calluna-rich Sphagnum peat (g, 1--3; f, 4--7;  g, 8 - -  
i I;  f, I2--37;  g, 38--42) - -  probably a large, flat-topped hummock;  
The  spread possibly started from the cuspidatum layer g, 42--5 o, 
which can be regarded as a hollow next to the flat-topped hummock.  
Nothing but the centre, f, i5 - -2o  , of this large hummock  still re- 
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mained, and it, undoubtedly as a result of a desiccation, could 
extend again, after a comparatively short time, to a hummock in the 
left-hand part of the section, with f, 5--2o as a base, and to a flat 
extension of highly humified peat over the greater part of the hollow 
growth (from e/f,. 2o to e, 35). A highly humified, Calluna-rich vege- 
tation developed in the middle of the hollow, (e/f, 38--46), possibly 
the extension of a hummock outside the plane of the section. A 
sharp increase in the moisture level caused the hummock area to 
shrink again (e, 5-- I9)  while cuspidatum peat (e, 2o--5o ) formed 
once more in the hollow. In the centre of the hollow this changed 
over fairly quickly to fresh imbricatum-papillosum peat (e, 3I--5o).  
It is possible that Sphagnum cuspidatum still grew in part of the hollow 
(d/e, 2o--28). The fresh imbricatum-papillosum peat in the large 
hollow was overgrown by moderately humified, Calluna-rich peat, 
the extension of a hummock outside the plane of the section. A 
considerable change in the bog surface had by now taken place here. 
The large hollow split into a smaller hollow, in which cuspidatum 
peat was formed (c, 19 to d, 3o), and a hummock lying more to the 
right, outside the plane of the section. The presence of this hummock 
is clearly discernible by the development of a new hollow, in the 
upper middl~ part of the section. The left-hand limit of the section 
is formed by a hummock, in which the highly humified peat changes 
fairly quickly into fresh peat. 

In the left-hand part of the new hollow, thin layers of fresh 
imbricatum-papillosum peat alternate with cuspidatum peat (a/b/c, 16-- 
22), which points to fluctuations of the hummock/hollow areas 
respectively; probably as a result of changes in the moisture content 
of the peat. Eventually the cuspidatum peat was overgrown by imbri- 
catum-papillosum peat. On the extreme left of the section (a/b, i - -5)  , 
moderately humified hummock communities again developed in a 
hollow, the larger part of which lies outside the section, to the left. 
As a result of the activities of the peat diggers, we can no longer 
check the direction this development took. 

It is possible that the large, flat-topped hummock in the lower 
part of the section (g, 1--42 ) is of the same type as the flat-topped 
rubellum hummock in the lower part of the section of EMMEN I7, 
which was able to last from c. 2ooo--I5OO BC. The strongly pro- 
nounced hummock in the left-hand half of the section (with base 
f, 5--2o) would then have belonged to that hummock and hollow 
system which existed in EMMEN 17 between c. i5oo and 500 BC; 
the moderately humified peat of c/d, 3 I - -5o  must, in that case, be 
regarded as the margin of the neighbouring hummock. Evidence 
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for this includes the shape and the filling of the centrally situated 
hollow, between a/b/c, x6--35. 

I 1.28. EMMEN I5,  peat-block D, above pit I48  , 
the wooden path XV (Bou) 

During the excavation of June-July, 1963, two profiles were sam- 
pled, from a hummock and a hollow, respectively, in the immediate 
neighbourhood of this wooden path; I5A-Rh/Mo (from the hum- 
mock) and I5B-Rh/Mo (from the hollow, see fig. 78) were made 
from these profiles. The path was dated pollen analytically (VAN 
ZEIST 1955a , pp. 48--49, fig. I6) and was also radiocarbon dated 
(GrN 4622:53 ~ :k 4 ~ BC). 

The path lies at the top of a hummock and hollow system, of the 
type that was described in I 1.26., EMMEN I 7. This system was here 
very rich in Scheuchzeria palustris (see also i i .39., P. 2o3). It appears 
from both the stratigraphy of 15B-Rh/Mo and the diagram that the 
hollow must have been particularly wet. The increase in Amphitrema 
wrightianum in the diagram leads to the supposition that the water 
content of the hollow increased. No great changes in the rhizopod 
content are observable at the level of the wooden path. The building 
of this path had undoubtedly little effect on the peat growth. 

The rhizopod content of the hummock (i 5A-Rh/Mo) is consider- 
ably smaller. Amphitrema wrightianum does occur already, in contrast 
with EMMEN I6 (see the following section), but only in small num- 
bers. 

The Scheuchzeria-cuspidatum layer which covers the wooden path 
here can be regarded as an extension of the very wet hollow peat 
over the hummock. In agreement with this is the strong increase of 
Sphagnum cuspidatum in the diagrams from the level of the wooden 
path on, both in the hollow and on the hummock, especially at the 
expense of the Sphagna of the C y m b i f o l i a  group. Both diagrams 
indicate a clear increase in the water content of this peat area, even 
before the building of the wooden pathway. 

I 1.29. EMMEN I6, peat-face E, between pits I65--x66 , 
the pathway XVII  (Bou) 

During the excavation of March, I96I , two peat samples, one 
from a hummock, the other from a hollow, were taken for rhizopod 
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analysis from immediately below the surface of this plank path. 
The results are shown in the table below. The path was dated to 
i i7o + 5 ~ BC (GrN 4149) and II95 + 55 BC (GrN 4342)- The 
path is situated in the hummock and hollow system described in 
11.26, EMMEN 17. 

TABLE I X  

EMMEN x6, rhizopod content  

hummock hollow 

Amphi t rema  flavum 24 I I8 
Amphi t rema  wright ianum - -  38 
Arcella spec. 5 9 
Assulina muscorum 14 14 
Assulina seminulum 3 5 
Hyalosphenia papilio - -  4 
Heleopera sphagni - -  2 
Nebela collaris - -  x 
Phryganella hemisphaerica I - -  
Bullinula indica I - -  

There is a 'c lear  difference in the rhizopod content of the two 
spectra. The hollow spectrum is a pronounced w r i g h t i a n u m  
type; the absence of Amphitrema wrightianumand the lower value ot 
A. flavum in the hummock spectrum points to a considerably less 
wet peat type in the hummock. These results correspond with those 
of EMMEN I7, to the extent thatAmphitrema wrightianum already occurs 
frequently in the hollow in the topmost hummock and hollow system 
(c. 15oo--5oo BC), but is almost completely absent from the hum- 
mocks. However, there is a desiccation present in EMMEN 17, which 
can be clearly dated to I2OO BC, and which is absent here. 

T Y P E  EMMEN 2 2 [ 2 3  

II.30 EMMEN 22 (fig. 51), face H, above pit 224 

This section was drawn in by means of a grid with o.I • o.I m 
squares. 22-Po (fig. 9 I) and 22-Rh/Mo (fig. 92) were madef rom 
the profile sampled. 

i i  .3 o. I. The bog development 
In the highly humified Sphagnum peat some differentiation had 
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already taken place into Calluna peat layers (lower, r ight-hand part  
of the section) and some highly humified Sphagnum cuspidatum lay- 
ers, from which, however, no hummock  and hollow pattern can 
be deduced. A slight expansion of the Calluna peat layers at the 
top of the highly humified Sphagnum peat preceded the formation 
of the large fresh cuspidatum layer, the base of which is on e/f, 
1--26. On stratigraphical grounds, the cuspidatum deposit can be 
considered as a growth of the raised bog lake EMMEN I9, which 
will be discussed in II .4I .  (p. 2o9) and II.47. (p. 218). Renewed 
growth of the cuspidatum deposit took place, and the layer extends 
far beyond the section, both to the right and to the left, over the 
highly humified peat, with d, 1--25; d/e, 26--5o and in EMMEN 
23 (fig. 52) d, i - -  9 as a base, (see also the following section). The  
total length of this uninterrupted cuspidatum deposit is c. 2o m. 

The  occurrence of fresh Sphagnum cuspidatum is accompanied by 
an enormous increase in the Amphitremas (22-Rh/Mo, spectra 6--8).  
S. papillosum appears in the cuspidatum growth. S. imbricatum appears 
for the first time in the fresh peat which overgrew the cuspidatum 
layer. The growth of the cuspidatum layers belong to the time of the 
first large Fagus increase (22-Po, spectra 5--7).  Its beginning can 
be clearly fixed as still belonging to the Subboreal (spectrum 5): 
Fagus o.6 %, Corylus 23 %, Carpinus is still absent. Its end can very 
probably be dated approximately simultaneous with the first large 
Fagus maximum of c. 5oo BC. This could be placed in 22-Po, just 
above spectrum 7, that  still comes from the cuspidatum peat. 

I 1.3I. EMMEN 23 (fig. 52), face H, above pit 223 

This section, which is situated a good 6 m to the south of EMMEN 
22 (fig. 5t),  was drawn in by means of a grid with o.i •  m 
squares. 23-Po (fig. 9 I) and 23-Rh/Mo (fig. 92) were made from a 
profile which was sampled through the hummock  which forms the 
southern limit of the fresh Sphagnum cuspidatum layer (see the pre- 
ceding section) found in EMMEN 22 (fig. 5I). 

I 1.3 I.I. The bog development 
From level g, x--25 in the highly humified Sphagnum peat, an 

extensive Eriophorum vegetation developed, which was, however, in 
the long run overgrown by Calluna-rich peat (e, I - -7 ;  e/f, 2 I - -5o  ). 
A predominantly moderately humified, very flat-topped hummock  
with a highly humified centre developed on the Calluna-rich, highly 
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humified bog surface, from d, 7 to e, 39. Scarcely any rhizopods 
developed in the hummock (23-Rh/Mo, 3--5). Hyalosphenia sub- 
flava occurs most frequently, which indicates a growth of ombroge- 
nous peat under "unfavourable" conditions, e.g. as a result of 
strong eutrophication. The occurrence of Aulacomnium palustris is 
also a possible pointer in this direction (spectra 3 and 5), as is the 
absence of recognisable moss remains in spectrum 4 from the Cal- 
luna-rich hummock centre. Rumex acetosa-type commonly occurred 
in the hummock peat (32-Po, spectra 4 and 6) which may be re- 
garded as exceptional in the Sphagnum peat. 

Perhaps it is necessary to consider the hummock as a more or less 
permanent  island that was frequently visited by birds. This might 
explain the Rumex growth. The low Sphagnum value in 23-Po, spec- 
trum 4, and the absence of recognisable Sphagnum remains in spec- 
trum 4 of 23-Rh/Mo are indications that the peat growth in the 
hummock must have virtually come to a standstill. Then the hum- 
mock would have grown further upwards again, which is probably 
connected with a rise in the water-level in the large hollow of 
EMMEN 22 (fig. 5Z). Calluna-Rumex communities with Aulacomnium 
cushions must have been present on the hummock. 

Fluctuations in the water content of the peat resulted in the alter- 
nations of fresh and moderately humified peat layers (b/c/d, 12--2 i 
and b/c/d, 42--5o ) . During the upward growth of the hummock, 
its area became continuously smaller, while the original centre 
split into two smaller nuclei. Profile 23 was taken from the nucleus 
on the left; the nucleus on the right was able to continue growing 
for a longer time (a/b, 39--4 z) during the forming of the fresh peat, 
of which S. imbricatum was an important constituent. 

The start of the growth of fresh imbricatum peat, which took the 
place of the cuspidatum or rubellum peat formation, was probably 
correctly dated by 23-Po, spectrum 6. The high Fagus value, the 
still low Carpinus value and the small Corylus percentage of less than 
5 % indicate that this transition in peat-forming can be dated at 
c. 5oo BC. 

I 1.32. EMMEN 20 (fig. 50), peat-face H, above pit 235 

This section was drawn by means of a grid with o.I •  m 
squares. 

z 1.32.1. The bog development 

A thin layer of moderately to highly humified Sphagnum cuspi- 
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datum peat (e/f, I--f ,  32) lies on top of the c. 1.2om thick deposit of 
highly humified Sphagnum peat which contains much Calluna. This 
layer is bordered on the r ight-hand side by a flat-topped, highly 
humified hummock  (f, 33--g/f, 5 o) of which Calluna is an important  
component.  Eriophorum vaginatum continued growing in the hollow 
(e/f, 5--9).  It is possible that  the large, moderately humified hum- 
mock at the left in the section grew upwards from this Eriophorum 
nest simultaneously with the large, moderately humified hummock  
at the right in the section (c/d/e, 1--18, d/e/f, 25--5 o, respectively). 

The  upward growth of the two moderately humified hummocks 
probably proceeded quite smoothly; the hollow in between, origi- 
nally c/d, 14--25 then b/c, 19--25) changed in form only slightly. 

An extensive expansion of imbricatum-papillosum peat from a centre 
outside the section caused a considerable decrease in the size of 
the hummocks.  What  remains of each hummock was only a small 
nucleus of moderately humified peat which could maintain the 
same rate of upward growth as the fresh peat (left: a/b, I - -2 ;  right: 
b/c, 25--29). Ultimately almost the entire hummock  and hollow 
system was overgrown by the fresh peat (right at the top of the 
section). 

TYPE EMMEN 32 

11.33. EMMEN 32 (fig. 58) 
Section from an east-west peat-face (which was not drawn as a 

whole), about I km south of peat-face M, see fig.2. When drawing 
the section, special attention was paid to the hummock  and hollow 
mosaic. For this reason we have distinguished only between mode- 
rate to highly humified hummock peat (narrow vertical stripes close 
together), fresh hollow peat (broad vertical stripes further apart) 
and fresh Sphagnum cuspidatum peat (white). 

Thin  layers of more humified peat occur in both the fresh hollow 
peat and in the moderately humified hummock  peat. These were 
not drawn in since they apparently have no influence on the hum- 
mock and hollow pattern. The  mineral subsoil (fluvial loam) is at 
c. I5.3o m above N.A.P. Here there is no fen peat under  the more 
than I m thick highly humified Sphagnum peat deposit. 

I 1.33. I. The bog development 
An extensive hummock  and hollow system developed on the 

highly humified Sphagnum peat (shown as moderately humified in 
fig. 58). The  hummocks are rather flat-topped; the hollows were 
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probably shallow. The abrupt transition in the degree of humifica- 
tion in the hollows is remarkable; moreover, it appears that in 
many places the cuspidatum layer lies almost completely loosely on 
top of the highly humified Sphagnum peat. Eriophorum nests are pre- 
sent here and there as small elevations in the hollow bases. The 
entire set-up strongly suggests that transport of water occurred in 
the hollows, causing the disappearance of hollow material. The pro- 
cess did not go far enough to cause the formation of erosion struc- 
tures, such as those found in EMMEN 34 (II'40.) and EMMEN 19 
(I 1.4I.). 

The Eriophorum nests may have maintained their position because 
of their greater firmness. The growth of the fresh cuspidatum peat 
could only start developing after the water transport came to an 
end. The fresh peat that grew in the hollows after the cuspidatum 
peat must have been mainly papillosum peat, see also I 1.52., p. 233. 
The hummocks, too, probably grew upwards during this process, 
scarcely altered in position and shape, and this might indicate an 
undisturbed milieu, unaffected by erosion. Cross-sections of such 
hummocks are present from 5--1o m, i5--i 9 m, 29--32 m, 39--43 
m and 52--58 m. 

Moderately humified hummocks tailing out into the fresh hollow 
peat ("fingers" of hummock communities) are visible at several 
places, e.g. between 30.5--32 m, 48.5--49 m, 51--52.5 m and be- 
tween 57--60 m. These could be extensions of the hummocks over 
the hollows caused by desiccations. Another possibility is that ero- 
sion determined the presence of these "fingers", in which case they 
were able to offer more resistance to erosion than most of the peat 
surrounding them. Observations in the neighbourhood of EMMEN 
32 do not exclude this possibility, at least for partofthesephenomena. 

Eventually this intermediate peat was also overgrown by fresh 
imbricatum-papillosum peat. Significant movements of water did not 
occur here during this process. 

We have no dates for this hummock and hollow system. However, 
it is probable on stratigraphical grounds that the system can be 
placed in the latter part of the Subboreal and the beginning of the 
Subatlantic, up to the first centuries AD. 

I 1.34. GENERAL CHARACTERISTICS AND DATINGS OF THE HUMMOCK 

AND HOLLOW SYSTEMS 

It  "34' I. The occurrence of the different types 
It appears from the picture outlined in fig. 16 that the type EMMEN 
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Fig. x6. The intermediate peat deposits between about iooo--5oo B.C. I = 

hummocks and hollows of the EMM~N 9 type (from c. 2000--200 B.C.); 2 = 
hummocks and hollows of the EMMEN I 7 type (from c. 1900--54 ~ B.C.) ; 3 = hum- 
mocks and hollows of the EMMEN ~2/23 type (from c. 12oo--5oo B.C.); 4 = 
hummocks and hollows of the EMM~N32 type(probably fromc, x2oo--5ooB.C.) 
5 = width and direction of the erosion channel of the raised bog lake EMMEN 
I9 which can be tentatively dated c. 5oo B.C.; 6 = the raised bog lake EM- 
MEN 19 (from c. 15oo--5oo B.C.); 7 = the intermediate deposits in the marginal 
part of the bog, without hummocks and hollows (from 3000/2000 B.C. to perhaps 

the beginning of the Christian era). 

9 in pa r t i cu la r  is present  f requent ly  in the invest igat ion area ;  even 
more  than  the total  of  the o ther  three types. T y p e  EMMErq I7 is 
present  in a compa ra t i ve ly  na r row  strip on the western side of  the 
raised bog lake, EMMEN I9, which will be discussed in 11.41,  p. 2o9. 
T y p e  EMMEN 22/23 was found only in the i m m e d i a t e  ne ighbou rhood  
of  this raised bog lake. T y p e  EMMF.N 32 occurs in a strip in the neigh- 
bourhood  of  the fo rmer  bog rivulet,  the Runde .  T h e  genetic con- 
nection be tween the types and  the raised bog lake will be discussed 
in sections I I . 4 7 . - I I . 4 9 . ,  p. 218- -229 .  

11.34.2. Morphological characteristics 
T h e  h u m m o c k s  are round  to slightly oval centres of  highly or at  

least more  humif ied  pea t  with m a n y  remains  of  Eriophorum vagina- 
tum and  Calluna vulgaris (see I I . IO.  and  i i . i i . ,  p. 151 ft.). T h e  
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measurements vary from 3--8 m. However, it can no longer be 
determined how far above the hollow surface they projected during 
their growth. This was not necessarily the same for the different 
types. As far as a particular orientation could be determined with 
any degree of probability (e.g. EMMEN 6, fig. 39, and EMMEN 33, 
fig" 59), this is NNW-SSE to N-S. The hummocks of type EMMEN 
22/23 and of EMMEN 32 were very probably round. 

Roughly speaking, the proportion of moderately humified peat 
in the highly humified hummock gradually increased during its up- 
ward growth. Expansions of hummock communities over the hol- 
low, such as happened several times in EMMEN 9 (see I 1.2I., p. I64) , 
had no permanent,  essential influence on the shape of the hummock. 
The hollows constitute the surface of the bog between the hum- 
mocks; they are therefore irregular in shape. The measurements 
vary quite widely within each group. In type EMMEN 9, hollow 
widths of o. 5 to c. 8 m were found. In type EMMEN 22/23, the 
distance between two hummocks is from c. 2 to sometimes more 
than 2o m, see I 1.3i., p. 186. But the different types can be charac- 
terised by certain average dimensions. Highly diagrammatic cross- 
sections of the xarious types are given in fig. 61. 

It appears that the fresh peat base of all the hollows consists of a 
cuspidatum layer; this varies in thickness from 5 to sometimes nearly 
3 ~ cm. This cuspidatum peat, of which Scheuchzeria palustris is some- 
times an important component (see fig. 42, EMMEN9) has a conspi- 
cuous, laminated structure. 

Only in type EMMEN 17 do fairly thick cuspidatum layers still re- 
gularly occur at a somewhat higher level, viz. in the younger 
hummock and hollow system (see i 1.26, p. 174). This is also the 
only type in which a hummock and hollow pattern changes during 
the upward growth of the peat surface. 

I 1 .34 .3 .  Datings 
We have taken as the beginning of the intermediate peat growth, 

that moment  at which the first fresh Sphagnum cuspidatum peat develop- 
ed in the hollows, see also i 1.2o., p 162, and I 1.7. , p. I45. It will 
be clear that the transition to fresh peat in a hummock may have 
taken place considerably later. VAN ZEIST, I955a , has already es- 
tablished this by pollen analysis (i955a , pp. 49--62). He dated a 
number of fresh cuspidatum layers from the investigation area (EM- 
MERERFSCI~EIDENVEEN A, B, C and D) which lie at the base of the fresh 
peat. A clear difference in the beginning of the fresh peat forming 
can be seen from his diagram fig. 2 4. The cuspidatum layer is absent 
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from VAN ZEIST'S profiles F and G. The transition to the fresh peat 
is considerably later here, cf. VAN ZEIST 1955 a, fig. 24. These latter 
two profiles were undoubtedly sampled through a hummock, while 
A, B, C and D originate from hollows. In addition, it is not clear 
if we are concerned here with hollows of different ages, or, if 
samples were always taken from the lowest point of the hollow. 

VISSCHER, 193 I, was familiar with the mosaic of highly humified 
hummocks and fresh hollows visible on the peat-faces. He inter- 
preted the wavy line of contact between the more humified and 
the less humified Sphagnum peat as a "wellenartige Grenzhorizont" 
( =  undulating Grenzhorizont). It is obvious that a synchronous 
line is not involved here, and this is also evident from the course 
of the darker bands in EMMEN 9 (fig-42), see also II .2I. ,  p. I64. 

The start of the intermediate peat forming in EMMEN 9 can be 
dated to shortly after 2000 BC. The date of c. 1800 BC for EMMEN I I 
is in agreement with this, see 11.3, p. I41. In EMMEN 17 the inter- 
mediate peat began to form after 19oo BC, see 11.26, p. I74. The 
wooden trackway found in EMMEN 33 (see I 1.5., P. I43 and fig. 59) 
and dated at 2 I5O BC lies in highly humified peat. During the ex- 
cavation in I964, fresh Scheuchzeria-Sphagnum cuspidatum peat was 
found in the hollows only slightly above the level of the wooden 
trackway. This indicates that the intermediate peat forming started 
here at c. 2000 BC or shortly afterwards. 

The sections mentioned above are all from the area of brown- 
black highly humified Sphagnum peat (see also II.7. , p. I45 and 
fig. I3). Observations in this area show that the above dates are 
not exceptional, but that the intermediate peat began to develop 
c. 2ooo BC in a very large part of the brown-black area, with the 
deposition of fresh cuspidatum peat in hollows. 

The hummock and hollow system of EMMEN 22/23 in the blue- 
black Sphagnum peat area started to develop considerably later, see 
i 1.3o. , p. I85. Dating this at c. I2oo BC or somewhat later would 
appear to be reasonable. The beginning of the fresh cuspidatum peat 
formation in the raised bog lake, EMMEN I9, about 400 m north 
of sections 22/23,is a few centuries earlier; this may be deduced from 
the stratigraphical observations on peat-face H, see I I.4I. , p. 209 
and 11.47, P. 2 I8. Intermediate peat probably originated here even 
between 1300 and 1500 BC in the form of an extensive Scheuchzeria- 
Sphagnum cuspidatum deposit. 

C. 2000 BC the Menyanthes-Betula peat in face O was overgrown by 
highly humified Sphagnum peat, see I i.I7. , p. i57. The intermediate 
deposit which consists here of hummocks and hollows of type EMMEN 
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32 (see II.33., P. I88) clearly developed here several centuries after 
this overgrowing, possibly between 15oo and i ooo BC. The transi- 
tion to the intermediate hummock and hollow formation took place 
in the region of the brown-black Sphagnum peat, where hummocks 
and hollows of type" EMMEN 9 and EMMEN 17 were developing, i.e. 
from c. 2ooo BC on. However, in those parts of the blue-black area 
where hummocks and hollows of the types EMMV.N 22/23 and EMMEN 
32 originated,and also in the area of the raised bog lake, EMMEN 19, 
the transition only occurred from c. 15oo BC. Where hummocks and 
hollows of type EMMEN 9 developed on blue-black highly humified 
Sphagnum peat, i.e. mainly in the south-western part of the blue- 
black area (e.g. face K), the transition could be d a t e d - - j u d g i n g  
from stratigraphical observations - -  at c. 15oo BC or somewhat 
later. This, however, is not at all certain. 

The end of the hummock and hollow formation of the interme- 
diate deposits in the region of EMMEN 22/23 (see fig. 16) can be 
dated at c. 500 BC, see 11.3o. , p. 185 and 11.31" p. 186. Round 
about the same time, the differentiation between highly humified 
hummocks and less humified hollows almost or completely 
disappeared in .the region of EMMEN 17 (fig. 16), see 11.26, p. 172. 
This is several centuries later for the region of EMMEN 9: shortly 
after 200 BC, see sections 11.21, p. I64, 11.24, p. 172 and 11.25, 
p. 172. 

A date similar to that of EMMEN 22/23 can be considered for the 
end of the hummock and hollow forming of EMMEN 32: C. 5OO BC, 
see also II.47.I.  , p. 218. 

I 1-34.4 The peat-forming milieu 
The transition from highly humified Sphagnum peat to the inter- 

mediate deposit developed via a fresh cuspidatum layer in the four 
types we differentiated. This points to similar changes in the milieu, 
viz. to an increase in moisture content. 

This transition manifests itself very clearly in all the rhizopod 
diagrams by a tremendous increase of Amphitrema flavum and the 
first appearance of Amphitrema wrightianum which quickly reaches 
large numbers. This is also the level at which Sphagnum papillosum 
and S. imbricatum are present in the moss diagrams for the first 
time (see also I 1.52. , p. 233), and S. cuspidatum massively increases 
in numbers for the first time. 

Without any doubt, these changes indicate a considerable in- 
crease in the water content of the bog surface. These changes are 
completely or almost completely absent from the hummocks; there- 
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fore, the increase in the water content remained limited to the 
hollows. The fresh/highly humified (hollow/hummock) mosaic on 
the bog surface is therefore, in fact, a wet/dry pattern. 

The result of the development of the fresh peat in the hollows 
is a clear divergence in the physiognomy of the bog surface in the 
area investigated: while the highly humified peat forming (H7--8) 
could continue growing more in the central basin of the bog in 
part of the blue-black region (area of types EMMEN 22/23, EMMEN 
32 and the raised bog lake, EMMEN 19, also I 1.48., p. 233), a hum- 
mock and hollow system, with great variations in the humification 
of the peat forming (H 2--8),  developed on the brown-black bog 
surface and the south-western corner of the blue-black bog surface. 
This situation continued from c. 2ooo BC to 15oo BC or even later. 

The increase in the moisture level in the hollows might have been 
caused by changes in the relief as the result of a desiccation, si- 
milar to the development of a wet/dry mosaic due to forming of 
the relief after the desiccation of c. 45oo BC, upon which Scheuch- 
zeria palustris and Pinus could establish themselves (the Middle At- 
lantic Pinus forest, see IO.IO., p. 132 ). 

Stagnant water in the hollows which were well-drained up to 
the suggested desiccation would have formed a suitable milieu for 
Sphagnum cuspidatum. As a result of the very high moisture level 
in the hollows (no longer any drainage), a high degree of humifi- 
cation in the peat-forming from these vegetations did not develop. 
We consider that this type of peat-formation at the level of the 
transition to fresh hollow peat is not very likely, particularly 
because an increase in the moisture content of the topmost 
layers of the highly humified Sphagnum peat can be deduced 
at several places from the rhizopod-moss diagrams of sections 
EMMEN 9 (II.2I., p. I64) , EMMEN I! (II.3. , p. 14I ) and EMMEN 17 
(I I.~6., p. 174 ). Moreover, the forming of the fresh cuspidatum peat 
did not even begin simultaneously within each hummock and 
hollow type, while the variation (in time) between the diffe- 
rent types possibly amounts to Iooo years (from c. 2o0o BC in 
EMMEN I 7 to after c. I~oo BC in EMMEN 22). In our opinion there 
is much more reason to ascribe the increase in the moisture-level 
of the bog surface to an increase in the precipitation. The non- 
simultaneous reaction of the peat-forming vegetations to the change 
in climate could have been caused by localised milieu differentia- 
tion (brown-black or blue-black highly humified Sphagnum peat, 
surface relief, drainage pattern). 

As the water supply to the peat increased (increasing precipita- 
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tion), the hollows particularly would have first become wetter. This 
did not necessarily result in the hummocks becoming wetter; the 
rhizopod investigation clearly shows that considerably "drier"  peat 
growth (in the hummocks) can continue for a very long time along- 
side a pronounced wet peat growth. We presume that the not 
very moist hollows of the highly humified brown-black Sphagnum 
rubellum peat gradually became moister due to increased precipi- 
tation. This would have caused a stagnation of the rubeUum peat 
forming here, since Sphagnum rubellum shuns a wet habitat. The 
rubellum peat forming continued in the hummocks due to which the 
relief could increase somewhat. Eventually, so much water would 
have collected in the hollows that pools would have formed, par- 
ticularly in the lowest-lying places, where only slight drainage, or 
none at all, was possible. As the moisture increased, the pool area 
would have become larger. Sphagnum cuspidatum would have found 
a particularly good habitat in these water accumulations, especially 
because the water would have been highly acidic and extremely 
oligotrophic. The role of S. rubellum in the hollows could therefore 
be taken over by S. cuspidatum which gave rise to the development 
of fresh peat. T.he development of pools was possibly also furthered 
by the fact that S. rebellum cannot retain very much water. 

It will be clear that the transition in the hollows from highly 
humified rubellum peat to fresh cuspidatum peat did not necessarily 
occur simultaneously over the whole brown-black Sphagnum peat 
area. The date of c. 2ooo BC given by us for the lower limit of the 
intermediate deposit holds, strictly speaking, only for the lowest, 
wettest spots, and must therefore be regarded as a terminus post 
quem. The dates for this limit in EMMEN II ( I I .3 ,  p. I41 ) and EM- 
MEN I 7 (XI.26., p. 174 ) are indications of this. VAN Z~.IST'S dates 
(I955a, fig. 24) also show a considerable staggering for the start of 
the fresh cuspidatum peat forming. This in itself, however, does not 
necessarily indicate a later increase in the moisture level of the 
hollow from which the profile concerned came. It is possible that 
the sample was not always taken through the centre of the hollow, 
in which case, instead of the hollow base, a relatively early stage 
of the hollow peat overgrowth of the hummock was dated. 

The lower limit of the intermediate deposit (types EMMEN 9 and 
EMMEN I7) is, as has already been reported at the beginning of 
this section, the immigration-level of Sphagnum papillosum and 
S. imbricatum (see also 11.52" p. 233 where this phenomenon 
will be extensively discussed). Their presence points to a compara- 
tively high humidity, and this can be seen as support for our con- 

195 



tention that the precipitation must have increased c. 2000 BC. The 
increase in the water content of the peat could, however, also have 
been caused by a decrease in the average temperature, especially 
during the growing season of the peat mosses, due to which the 
evaporation greatly decreased. Theoretically, such a change in 
climate could lead to the same results regarding the formation of 
peat. We consider it quite possible that the evaporation may have 
decreased c. 2000 BC, but in addition a larger supply of water 
must have materialized. We cannot, in fact, imagine that the develop- 
ment of the large raised bog lake, EMMF.N I9, which will be discus- 
sed in II.4I.  , p. 209, and II.47. , p. 218, would have been due 
exclusively to decreased evaporation from the bog surface. Sphagnum 
papillosum and S. imbricatum could not have established themselves 
in the pools which contained open water; therefore, their immi- 
gration into the investigation area can possibly be somewhat more 
accurately dated at the beginning of the increase in the moisture 
content in the bog, still before the period with pools. EMMEN ~7 
especially points to this, see 11.26., p. 174. It is possible that these 
most important components of the fresh peat established themselves 
in very many places on the highly humified peat, without being able 
to maintain their growth over so extended an area. In this respect, 
the presence of S. imbricatum in the blue-black peat, cf. 22-Rh/Mo, 
spectrum 2 (fig. 92) is significant. 

In a large part of this blue-black peat the forming of fresh cuspi- 
datum peat only began many centuries later, as already reported 
on p. I93 (types EMMEN 22/23, EMMEN 32 and the raised bog lake, 
EMMEN I9; see their extent in fig. I6). Because of the significantly 
larger quantities of cuspidatum peat, this later transition is strati- 
graphically more clearly observable than the transition which can 
be dated at c. 2ooo BC or shortly afterwards (e.g. EMMEN 9, fig" 42 
and EMMEN I7, fig. 45)" This indicates fairly large supplies 
of open water oll the blue-black bog surface or a much more rapid 
(but later) increase in the moisture level in this area, in comparison 
with the brown-black complex. 

The later change might be ascribed to the more reducing charac- 
ter of the blue-black peat (see i 1.8., p. I47), due to which it was 
not acidic enough for the establishment of Sphagnum cuspidatum when 
the peat became moister c. 2ooo BC. It can be seen from 22-Rh/Mo 
(fig. 92), among others, that the highly humified blue-black peat 
became moister; the highly humified Sphagnum peat (spectra I--4)  
contains both Amphitremaflavum and A. wrightianum. The occurrence 
of Sphagnum imbricatum already reported in spectrum 2 (which can 
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be dated at c. 2000 BC with some degree of probability) is also an 
indication of a fair amount of moisture. 

Another possible explanation for the absence of fresh cuspidatum 
peat in this part of the investigation area in the period from c. 2ooo- 
15oo BC is perhaps to be found in the development of a doming in 
the blue-black complex, as a result of the large accumulation of 
blue-black peat (see i 1.8., p. I47 ) which was unfavourable for the 
retention of water, and which had undergone sufficient alteration 
only after c. 15oo BC. 

The transition to the intermediate deposit clearly displays the 
characteristics of a flooding in faces F, G, H and I. We think that 
this indicates that not only direct precipitation will have acted as 
a supply of water here, but that part of the water on the bog sur- 
face in which the thick and extensive cuspidatum deposits of type 
EMMEN 22/23 and of the raised bog lake, EMMEN I9, formed, must 
have originated in neighbouring bog complexes. The mechanism 
of the flooding will be further discussed in I 1.47.--I 1.49" p. 218 ft. 
We can, however, here remark that this flooding, which can be 
dated between c. 15oo--5oo BC (see p. 212), does not correspond 
with similar phenomena in the hollows of type EMMEN 9, in which, 
notably after c. 15ooo BC, no further cuspidatum forming of any 
significance took place. 

I 1 . 3 5 .  HUMMOCKS AND HOLLOWS OF TYPE EMMEN 9 

The type was found in sections EMMEN 6, 7, 8, 9, I I, I2 and 13. 
EMMEN 33 can also be included in this type as far as the shape and 
dimensions of the hummocks and hollows are concerned, see also 
II.I6., p. I56. For the distribution, see fig. 16. The hummocks 
show very gradual transitions to the less humified hollow peat, and 
due to this they are sometimes difficult to distinguish on the peat- 
faces. They continue almost without exception in the intermediate 
deposit from below to above. 

Little or no shifting of the hummocks occurred during the up- 
ward growth, and, as a result, the pattern of the hummocks is regular, 
see also fig. 6 i. The hummocks are generally slightly oval in shape. 
The measurements at the foot of the deposit are roughly 3--6 m, 
the long axis is N-S or NNW-SSE. There is apparently no arrange- 
ment in rows. The distance between the hummocks, i.e. the width 
of the holes, generally varies from 3--8  m. The very regular pat- 
tern, the generally regular arrangement and the gradual transitions 
in humification point to an uninterrupted growth of these hum- 

I97 



mocks and hollows, cf. I 1.2I., EMMEN 9, P" I64. Eriophorum vaginatum 
and Calluna vulgaris were able to spread out several times in the 
hummocks; darker bands and cuspidatum layers are present in the 
hollows. These phenomena indicate fluctuations in the water con- 
tent of the bog, which were presumably caused both by the climate 
and by changes in the drainage pattern. The often slight thickness 
of these growths in the hollows arouses the suspicion that the cli- 
matic factor would be especially a question of very dry or very wet 
summers. For the rest, the water content of the bog would have had 
a decelerating effect on the development of desiccation phenomena. 

The darker bands which occur frequently, particularly in the 
marginal area, can usually be followed only from the one hummock 
to its neighbour. Desiccations of large parts of the bog surface would 
therefore not generally have occurred. Although the hummocks 
would scarcely have been of any significance by c. 2oo BC, it might 
be concluded from EMMEN 7 (fig. 4 ~ in comparison with EMMEN 33 
(fig" 59) that they hardly decreased in size. However, this effect was 
due to a vary large extent to the extensive shrinkage of the cuspida- 
turn peat, which generally formed only in the centre of the hollow; 
and by extensions of hummock communities over the edges of the 
hollows. Due to this the edges of the hollows give the impression 
of belonging to the hummocks, see also EMMEN 9, fig" 49. 

The growth of cuspidatum peat in the hollows was mainly limited 
to the lowc;most layers of the filling of the hollows, see fig. 4 I, EM- 
MEN 8, fig. 4 2, EMMEN 9 and profile EMMEN I I in I I-Po, fig. 74. 
This level displays a strong similarity to WEBER'S "Grenzhorizont".  
The further filling of the hollows is predominantly papillosum peat. 

The period of open water in the hollows (cuspidatum peat form- 
ing) can be roughly dated between c. 2000 and i5oo BC, see also 
i i.2i., p. i64, the synchronous level a. 

The drainage of the raised bog lake, EMMEN I9, (see II.47.I. , 
p. 218), dated at c. 500 BC, has caused no distinguishable desic- 
cation of the peat in type EMMEN 9" Round about this time or some- 
what later, the milieu changed to such an extent that the different- 
iation between hummocks and hollows (originally a wet/dry pattern) 
largely disappeared. 

The difference in height existing at present between the syn- 
chronous points in EMMEN 9 (see figs. 42 and 43) would have origi- 
nated mainly as a secondary phenomenon. Still, the hummock and 
hollow system would originally have had some relief, which - -  de- 
pending on the water content of the hollow peat and the rate at 
which the hummocks grew upwards - -wou ld  have been variable. 
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I 1.3 6. HUMMOCKS AND HOLLOWS OF TYPE EMMEN I 7 

This type was found in sections i5, I6, i7, and I8. Its presence 
appears to be limited to a comparatively narrow area west of the 
raised bog lake, EMMEN 19, see fig. I6. This type of intermediate 
deposit has a complicated stratigraphy with sharp transitions in 
humification, many cuspidatum layers and centres of highly humi- 
fled Calluna-rich peat, on both fresh cuspidatum peat and moderately 
humified rubellum peat containing little Calluna. It displays a very 
fine, but extremely complicated rhythm, differing widely from 
that of type EMMEN 9, el. fig. 6I. 

EMMEN 1 7 s e e m s  to  c o n s i s t  of two hummock and hollow complexes. 
The lower one can be dated from c. 2ooo BC to 15oo BC, the 
upper one continued from c. 15oo to 5oo BC. As far as this system 
is concerned, we can recognize a relationship with the raised bog 
lake, EMMEN I9, a relationship which is also indicated by the dis- 
tribution of type EMMEN 17. The stratigraphy and vegetational 
development of this type was extensively discussed in i 1.26, p. 174. 
Here, too, a wet/dry pattern in the higly humified Sphagnum peat 
c. 2o0o BC preceded the formation of more humified hummocks 
and fresh cuspidatum peat. 

The shape of the hummocks is not known with certainty; they 
are probably roughly circular, with a diameter of 4- -8  m. The 
width of the hollows varies from 2--6  m. These large, flat-topped 
hummocks were probably not formed in such dry conditions as 
those of e.g. type EMMEN 9" 

Several very thin layers of less highly humified rubellum peat are 
present in the cuspidatum layers. It is possible that the wet/dry pat- 
tern present here was less sharply differentiated than in type EMMEN 
9, which was discussed in the previous section. The transition to the 
uppermost system, which is especially conspicuous because of its 
strongly pronounced hummocks and short hollows, very probably 
did not proceed via a desiccation. It is a radical change in the wet/ 
dry pattern; in this way a dry hummock was able to form within a 
hollow in, among other places, EMMEN I 7. In the uppermost 
system, wide wet/dry variations exist within very short distances. 
While scarcely any more cuspidatum peat formed in the hollows of 
type EMMEN 9 after c. 15oo BC, see preceding section, cuspidatum 
deposits of a considerable thickness still developed in this type, cf. 
EMMEN I 7 and I8 (figs. 45 and 47). This indicates the presence of 
open water, or at least a high water content between c. I5OO--7oo 
BC, cf. i 1.26., p., i74 , which is not present in the hollows of type 
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EMMEN 9" We think that a relationship exists between the absence 
of open water from the hollows of type EMMEN 9 after c. 15oo BC, 
the high moisture level in type EMMEN 17 since c. I5oo BC and the 
roughly synchronous flooding of the highly humified, blue-black 
peat at the position of faces F, G, H and I, which resulted in the 
development of the raised bog lake, EMMEN 19. In sections I 1.47.-- 
II.49. (p. 218--229) , this relationship is the crucial point in the 
discussion of the bog hydrology in the intermediate deposits. 

The hummocks of the uppermost system are approximately 
round, have a diameter of 1--2 m, and are noticeable because of 
their highly humified, Calluna and Eriophorum-rich nuclei. As already 
said, Sphagnum cuspidatum is an important component in the short 
hollows. 

Two desiccation levels are present in EMMEN 17, which can be 
dated at c. 12oo BC and at c. 80o BC, and the first of which es- 
pecially can be described as deep-seated. We consider it unjusti- 
fiable to correlate these desiccations with those which appear to be 
present in EMMEN 9, level/3 and level ), respectively (see figs. 42 and 
43)- The desiccations found here must have been very superficial, 
cf. I 1.2 I., p. 164, while the centres of these desiccations could just as 
well have been found in the marginal area. 

Both wooden trackways X V I I  (Bou), dated at 117o BC (EMMEN 
x6, see II.29. , p. 184) and X V  (Bou), dated at 530 BC (EMMEN 15, 
see I 1.28, p. 184) are situated for the greater part in the uppermost 
hummock and hollow system of EMMEN I 7. Both the rhizopod 
analysis and the construction of the trackways lead to the conclu- 
sion that the peat was very moist here. It is remarkable, however, 
that the trackway in EMMEN 16 dated at I i7 ~ BC goes through a 
pool, while in EMMEN 17, a synchronous desiccation was found. A 
considerable transport of water undoubtedly occurred in the hol- 
lows of the uppermost system of type EMMEN 17. No extensive 
erosion developed with this. On the one hand, the differences in 
level on the bog surface would have been very slight, so that the 
water flowed superficially; on the other hand, cuspidatum vegeta- 
tions, and further west Scheuchzeria vegetations would have been 
present in the hollows (EMMEN 15, see fig. 78) in such abundance 
that formation of real bog streamlets (German: Rtillen) could not 
have taken place. The sharp transition to the fresh peat c. 500 BC 
can undoubtedly be connected with the drainage of the raised bog 
lake, EMMEN I9, (I1.41.1" p. 2IO) which, however, did not lead 
to a desiccation of the peat. See also 11.47. 4 and i 1.47.5. , p. 220. 
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I 1 . 3 7 .  HUMMOCKS AND HOLLOWS OF TYPE EMMEN 22/23 

This type was found only in face H, from which sections EMM~.N 
2O (fig. 50), EMMEN 22 (fig. 5 I) and EMMEN 23 (fig. 52) come, and 
in face F. We can conclude from its distribution that this type is 
closely connected with the raised bog lake, EMMEN 19. 

The few hummocks found in face H appear to be generally com- 
posed of moderately humified peat with a nucleus of highly humi- 
fled peat, which does not have a particularly high Calluna content. 
The shape of the hummock is not exactly known. 6 m was the big- 
gest size we found; the centre of the hummock in EMMEN 23 was not 
found. The topside is remarkably flat, the transition to the fresh 
imbricatum peat is very clear; the gradual overgrowth by hollow 
peat can only be clearly seen on the edge of the hummock. 

The hollows with cuspidatum filling are many times larger than the 
hummocks; measurements of more than 2o m are no exception. 
There is no trace here of a wet/dry pattern on the highly humified 
bog surface such as was the cause of the other types, see also fig. 61. 

The beginning.of the fresh cuspidatum peat forming in EMMEN 22 
can be fixed roughly at 12oo BC or somewhat later. Although the 
cuspidatum deposit in face H is interrupted in several places by hum- 
mocks (e.g. EMMEN 20, see fig. 50), it is, however, fairly certain that 
one large cuspidatum growth is involved here, with the raised bog 
lake, EMMEN ~9, as the centre. 

The fresh layer in the cuspidatum peat of EMMEN 22 would have 
formed during a decrease in the water level in this raised bog lake. 
This thin layer could be traced in almost the whole of the cuspi- 
datum deposit of face H. Although the layer can perhaps be dated 
to c. 800 BC, cf. 22-Po (fig. 9I), we do not consider it justified to 
correlate the drop of the water level with the desiccation in section 
EMMEN I7, which can also be dated to c. 800 BC, see the previous 
section. Apart from this decrease, other fluctuations in the water 
level occurred which led to the development of alternating layers 
of more and less humified peat, e.g. in EMMEN 23. 

Here, too, the peat growth did not come to a stand-still after 
the drainage ofc .  500 BC, see i 1.47.5. , p. 22I. This did change to 
the extent that of the hummocks only a very small area with some- 
what more humified peat remained; cf. EMMEN 2O and 23, figs. 5 ~ 
and 52 . 
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i 1.3 8. HUMMOCKS AND HOLLOWS OF TYPE EMMEN 3 2 

Only section EMMEN 32 (fig. 58) has been drawn in of this type. 
In the investigation area it occurs both in the eastern part of the 
blue-black highly humified peat, and on the highly humified peat 
south of the east-west orientated cover-sand ridge in the Hunze 
depression, cf. fig. I6. Clear humification transitions can be seen 
in this type. The hummocks are predominantly round, the diameter 
is roughly 5 m, the hollows are often 5- -7  m broad, see also fig. 6I. 

A rather thick cuspidatum deposit is present in the hollows. Often 
this lies loosely on the highly humified peat, tailing out into the 
hummock peat. Eriophorum nests are present on the floor of the 
hollow in many places. It is very probable that erosion occurred in 
these hollows, see 11.33" p. i88. This, however, would have been 
completely different in nature from the erosion which will be dis- 
cussed in EMMEN I9, see I 1.47.4. , p. 22o. Probably the topside of the 
highly humified peat in the hollows eroded away at places here, 
due to which the stronger components of the then existing bog sur- 
face, the Eriophorum nests, could offer sufficient resistance to the 
erosion and remain intact. It is obvious to look for a connection 
between this erosion and the Runde which flowed in the neigh- 
bourhood, see also i 1.49. , p. 227. 

The appearance of this type south of the blue-black Sphagnum 
peat deposit makes this connection particularly likely. The drainage 
would also have gone via these hollows, especially at times with a 
high water level. The tailing-off of the cuspidatum peat into the edges 
of the hummocks might indicate a shift of cuspidatum peat into these 
edges, which would be pressed upwards at times of a high water 
level. This would indicate that erosion took place several times. This 
hummock and hollow formation was not dated; a duration between 
c. 1500--500 BC is not improbable on stratigraphical grounds. The 
transition from the highly-humified to the fresh Sphagnum peat 
above the Menyanthes-Betula peat in faces O and P proceeds via a 
hummock and hollow system, which shows a great similarity with 
type EMMEN 32- The quality of this part of peat-faces O and P was 
too poor to make detailed observations. The base of the intermediate 
deposit here can be clearly dated after r5oo BC. Corresponding 
hummocks and hollows are also present in the "Meerstalblok" 
(meerstal = wet place on bog surface, pond or lake), a bog remnant 
lying about 6 km south of the investigation area (see fig. 17). 
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I I . 3 9 .  THE OCCURRENCE AND DISTRIBUTION OF SCHEUCHZERIA 

PALUSTRIS L. 

Pollen and seed of Scheuchzeria palustris L. are generally found only 
occasionally in the peat; this situation is in marked contrast to 
rhizoms and leaf-sheath remains, which can be seen in large quan- 
tities on the peat-faces. In  this section, a summary will be given of 
the types of peat in which, and the places where Scheuchzeria-remains 
appear in the investigation area. The palaeo-oecology of Scheuchzeria 
palustris will be further discussed on the basis of the information 
thus obtained. 

Scheuchzeria does not occur in Boreal and older deposits. Its first 
appearance, just above the early Atlantic desiccation layer (see 
8.5.2, p. 73) on face D (pits I22--I26) ,  face E (pits I78 - - I79  ) 
and face J (pits 331--333) can be dated in the first half of the 
Atlantic. 

The  types of peat mentioned below have already been dealt with 
in the preceding chapters, and as far as the ombrogenous peat is 
concerned, partly in the preceding part of this chapter; a few types 
of peat will be still further discussed later in this chapter. 

non-ferruginous fen and fen-wood peat (p. 70--80) 
Relatively little in face D, pits I22--I26;  face E, pits i78- - i79 ;  

face J, pits 331--333. Dating: first half of the Atlantic. 

Scheuchzeria peat contact zone in face J (p. IO4) 

Abundant  in face J, pits 33o--336. Dating: from c. 4IOO BC (stump 
group MUNAUT B, fig. IO6 and p. I24)tO c. 25ooBC (29-Po , Io.7. , 
p. I3o and fig. 98 and table I, p. 28). 

middle-Atlantic Pinus forest (p. 75 and I32 ) 

In many places frequent to abundant ,  see among others, IO.3. , 
p. x 17; particularly above depressions in the subsoil and in the wood 
peat above the slope of the Hondsrug (face A; face B, pits 3o--35; 
face D, pits 99--I2O). Dating: from c. 45oo--4ooo BC; above the 
slope of the Hondsrug to late in the Subboreal (fig. 66; 3-Po). 

seepage peat (p. 8I) 

Not present. 

seepage peat dopplerite layer (p. 94) 

In many places, but not abundant ,  in all peat-faces with seepage 
peat. Dating: c. 3IOO BC (p. 85). 
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late-Atlantic Pinus forest (p. 135 ) 
In several places extensive vegetations in association with Pinus, 

e.g. face M, pits 4o5--41o. Dating: from c. 31oo--295 ~ BC (stump 
group Munaut A, fig. IO5). 

brown-black facies of the highly humified Sphagnum peat (p. I45 ) 
Forming clear layers, especially in face D, sometimes in associa- 

tion with Pinus (pits 132--136 and I41--I46 ). Similar phenomena 
in faceJ (e.g. pits 313--315), though on a somewhat smaller scale; 
and in face C (pits 52--54), see fig. 77, EMMF.N 14. Dating: possibly 
between c. 30o0--25o0 BC. Along and above the vein with iron- 
rich fen peat in face C, pits 65--69. Dating: probably from c. 4500 
--3000 BC. At and under the level of the wooden trackway of 
EMMF.N 33 (see 11.5. , p. 143 and fig. 59, see also fig. IO2), i.e. near 
the spillway in the east-west orientated cover-sand ridge in the 
Hunze depression (p. x44 and 156 ). Dating: probably from c. 3000 
BC to after c. 2000 BC. 

blue-black facies of the highly humified Sphagnum peat (p. 147 ) 
Not present. 

Menyanthes-Betula peat (p. I57 ) 
Present in a few thin, comparatively pure layers, faces O and P. 

Dating: between 3too--I92O BC (p. 157 ). 

intermediate deposits (p. I62) 
Occurring frequently with Sphagnum cuspidatum as the base of the 

fresh hollows of types EMMF.N 9 (P" I97) and EMMEN 17 (p. I99 ) in 
the western i - - I .5  km of the peat area. Dating: from c. 2ooo--I5OO 
BC (see p. I9I ). Present with Pinus in the intermediate deposits on 
the margin of the bog (face B, pits 3o--44 and fig. 38, EMMEN 5; 
face D, pits 127--128), but, in this case, also present in the highly 
humified peat. Dating: probably from as early as c. 3ooo BC, but 
more extensive from c. 2ooo BC. Occurring abundantly in a num- 
ber of places (EMMEN I9B , EMMEN 19C , fig. 49) in the raised bog 
lake, EMM~N 19 (fig. 48), but not present at other places in the neigh- 
bourhood, e.g. EMMEN 22 (fig. 5 I) and EMMEN 23 (fig. 52). Dating: 
from c. I5OO--5oo BC. Occasionally forming thin layers in the 
hollows of type EMMEN 32 (p. 2O2). Dating: from c. 15oo--5oo BC. 

fresh Sphagnum peat (p. 239) 
Occurring rarely: present mostly in thin cuspidatum layers (EMMEN 
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9, fig. 42). Dating: c. 5oo BC and later; even earlier in the poorly 
or not humified hollow peat, however, probably from c. 15oo BC. 

Roughly speaking, the occurrence of Scheuchzeria in clear layers 
is limited to a I--~.5 km wide zone in the western part  of the peat 
area. Above the slope of the Hondsrug in faces A, B and D, remains 
of Scheuchzeria even form thick deposits. TALLIS and BIRKS (I965) , 
who extensively studied the past and present distribution of Scheuch- 
zeria, found a big increase in this plant during the Atlantic. They 
ascribe this to the increasingly wet climate in this period. According 
to these authors, it would not have spread any further during the 
Subboreal, as a result of considerably drier climatic conditions. Our  
observations point clearly to another conclusion, viz. an increasing 
expansion from the first half of the Atlantic onwards. 

TALLIS and BIRKS (I 965) report that  the occurrence of Scheuchzeria 
is closely connected with peat areas with a high water level, and not 
so closely with a certain ion-content of the water. Our  observations, 
that  Scheuchzeria is present in at least apparently very widely differ- 
ing milieus in that  investigation area, might also point in this 
direction. T h e  question then remains why it is absent from or only 
sporadically present in a number  of other milieus, such as the seepage 
peat, the blue-black highly humified Sphagnum peat, in many hol- 
lows and in the fresh Sphagnum peat. 

Scheuchzeria palustris is present in the fresh Sphagnum cuspidatum peat, 
which was formed between c. 2ooo--I5OO BC in the hollows of peat- 
faces B (e.g. EMMEN 8, fig. 4I; EMMEN 9, fig" 42), C (e.g. EMMEN I I ,  
fig. 74) and D (e.g. EMMEN 15, fig. 78). Scheuchzeria is, however, 
completely absent from the strictly synchronous and apparently 
completely comparable fresh Sphagnum cuspidatum layers of peat- 
faces E (e.g. EMMEN 17, fig. 45; EMMEN 18, fig. 47) and F. Since the 
water level would have been sufficiently high in all these hollows, 
the high level in the undoubtedly rather acidic bog water in both 
groups of hollows, which was considered necessary by TALLIS and 
BmKS, is not sufficient to explain satisfactorily the presence or ab- 
sence of Scheuchzeria in a certain peat deposit. 

We think we can conclude from our observations that  Scheuchzeria 
occurs particularly in rather acidic, somewhat eutrophicated or 
mineralized, very moist to wet milieus. The  fact that  the bog water 
has to have a rather low pH can be deduced from the absence of 
extensive Scheuchzeria vegetations from the non-ferruginous fen peat. 
Since Scheuchzeria is not present in many undoubtedly acidic enough 
hollows with fresh Sphagnum cuspidatum peat (e.g. in faces E and F), 
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a low pH in itself could not have been sufficient for Scheuchzeria 
establishment. The abundant  occurrence of Scheuchzeria along the 
western margin of the bog can very probably be ascribed to the 
eutrophicating influence of the Hondsrug. The Scheuchzeria deposit 
which surrounds the ferruginous "overflow" in face C, pits 65--69 
(see also 9.I6., p. IO8), and the Scheuchzeria deposit in the contact 
zone of face J, pits 333--336, might have originated in a milieu in 
which mixing of acidic bog water with seepage water (with part of 
the iron already removed) was an important factor. Eutrophicating 
of the water of the raised bog lake, EMMEN 19 (face H), as a result 
of both the action of the waves and the presence of birds might have 
made Scheuchzeria growth in this lake possible. Solution of minerals 
from the fen-wood peat or the seepage peat in the acidic bog water 
probably played a part in its establishment in the Middle Atlantic 
Pinus forest and the Late Atlantic Pinus forest. 

The joint appearance of Scheuchzeria and Pinus might possibly be 
ascribed to a common preference for a somewhat mineralized or 
eutrophicated, more or less acidic bog soil. Pinus would prefer the 
somewhat drier and perhaps slightly less acidic places (see io.3. , 
p. I 17 EMMEN I4) , but could have continued growing for a long 
time after the bog surface became wette~. The repeated occurrence 
of Pinus and Scheuchzeria together indicates that factors other than 
climatic ones also played an important part in the establishment of 
these plants in the bog- -p lan t s  which are often regarded as climate 
indicators. 

The relatively rare occurrence of Scheuchzeria in the fresh Sphag- 
num peat possibly points both to a drastic decline in the number of 
possibilities for their establishment, and to this sort of peat being 
unsuitable for Scheuchzeria growth. On the one hand, places with open 
water (pools and bog lakes) became scarce after the drainage of the 
bog surface c. 500 BC (see II.47.5. , p. 22i, the raised bog lake, 
EMMEN I9) ; on the other hand, this peat was probably too oligo- 
trophic for Scheuchzeria. A similar situation also arose earlier, c. 15oo 
BC, in the fresh hollows of e.g. EMMEN 8 (fig. 4I), EMMEN 9 (fig" 42), 
EMMEN I I (fig. 74) and EMMEN 15 (fig. 78), during the development 
of the drainage of these hollows, see I 1.48. , p. 223. 

DRAINAGE AND EROSION PHENOMENA 

I I.40. EMMEN 34 (fig" 60) 

Section from a north-south peat-face (which was not drawn as a 
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whole), about io km south of the investigation area (see fig. IO). 
This section was drawn in using a grid with o. I • o. I m squares. 
The section was interpreted as the cross-section through an erosion 
gulley. Diagrams 34A-Po (fig. lO3) and 34A-Rh/Mo (fig. lO4) were 
made of profile 34A~ sampled through the gulley itself. Profile 34 B 
was sampled just beyond the gulley. 34B-Po (fig. lO3) and 34B-Rh/ 
Mo (fig. lO4) were made from this. 

Numerous gulleys of this type occur in this peat a r e a - -  the most 
southerly part of Bourtanger M o o r -  and they all apparently come 
from the same level: a thick Sphagnum cuspidatum layer which, be- 
cause of its relatively strong horizontal adhesion, was able to offer 
more resistance to an erosion which affected a large surface than the 
highly humified Sphagnum peat lying underneath. This highly humi- 
fled Sphagnum peat was swept away at many places, causing the 
cuspidatum deposit, which was thus undermined, to subside. The 
large spread of the cuspidatum deposit (over several km 2) and the 
occurrence of very many, possibly hundreds of erosion gulleys in 
this cuspidatum peat area indicate that formerly enormous masses of 
water collected on the bog surface, with extensive Sphagnum cuspida- 
tum vegetations, and that this entire pond, or lake, system must have 
been drained within a very short time. 

It appears from 34A-Po, spectra 1--3, that the peat-growth 
began comparatively late in this area. The Scheuchzeria peat layer, 
which covers the sandy subsoil here, was formed as late as the 
Subboreal, when Fagus was already appearing in the pollen diagram. 
This is also indicated by the presence of a pollen grain of Cerealia 
and of Plantago lanceolata. The Scheuchzeria layer was overgrown by 
highly humified Sphagnum peat, in which Scheuchzeria was originally 
still only a minor component. Close to the place where 34 A was 
sampled, there is a crack in the highly humified Sphagnum peat from 
o, 4 ~ to within the Scheuchzeria layer. It is possible that younger, 
allochthonous peat fragments were displaced through this crack to 
the foot of the highly humified Sphagnum peat. This is, however, not 
true for the Amphitrema content of the highly humified Sphagnum 
peat. 

The comparatively high values - -  for highly humified Sphagnum 
peat - -  of Amphitremaflavum in spectra 2--4 are not accompanied 
by Amphitrema wrightianum, which is, however, already present in the 
younger and in the allochthonous peat (34A-Rh/Mo, spectra 7--17; 
34B-Rh/Mo, spectrum 4). Spectra 1--  3 of 34B-Rh/Mo do not con- 
tain rhizopods; it is possible that the topmost highly humified Sphag- 
num peat, containing much Eriophorum and Calluna, was formed 
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under drier conditions than the lower layers (h/i/j/k, I - -25 and 
e/f/g, 83--99 ). The cuspidatum layer, which is still probably in its 
original position from g/h, i - -2o  and from d/e, 9o--99, lies on this 
highly humified Sphagnum peat which was formed under drier 
conditions. 

A gully was formed by erosion in the highly humified Sphagnum 
peat between 3 ~ and 5 o, into which the cuspidatum layer subsided 
from the left and from the right (g/h, 2 5 - - j / k ,  37 and from f, 
85 - -  n, 5 I). The highly humified Sphagnum peat under this cuspi- 
datum slope on the right was badly affected by erosion. The cuspidatum 
layers situated between 5 ~ and 8i in the highly humified Sphagnum 
peat would most probably have been deposited there when the highly 
humified peat was lifted up during the erosion (see EMMEN 24, fig- 
53 and I 1.42. , p. 213). The fresh Sphagnum peat that fills the erosion 
gully up from the base n, 4o--5 I, is a very loose papillosum peat, in 
which both Amphitremaflavum and A. wrightianum are present; strange- 
ly enough, Sphagnum cuspidatum is not present (34A-Rh/Mo, spectra 
7--9). The erosion can be roughly dated by the cuspidatum layer of 34B 
which must have been formed before the erosion. In spectra 4 and 7, 
Fagus has values ofc.  4 % and 3 % resp.,Corylus drops from I3 - -  9 
% and Carpinus is c. o. 3 %. The spectra can be dated in the Subat- 
lantic at about the time of the first large increase ofFagus, c. 5oo BC. 
The rather large difference in pollen content between spectra 2 and 
4 (Alnus, Carpinus, Fraxinus, Cyperaceae and Rumex) indicates the 
possibility of an interval between the highly humified Sphagnum peat 
and the cuspidatum layer. This, however, has nothing to do with the 
dating of the erosion. 

In 34A-Po, there is a clear difference between, on the one hand, 
spectra I--5,  with a low Fagus value, while Carpinus is absent, and 
on the other, spectra 7 and 9, which date clearly from the Subatlan- 
tic. The fresh peat filling of the gulley, therefore, dates, as has already 
been deduced from 34A-Rh/Mo, from after the erosion. The deposit 
of moderately humified peat, from k, 3 ~ to m/n, 4 o, consisting of a 
number of thin layers, is probably material which was redeposited. 
The cuspidatum peat growth came to an end as a result of the erosion 
of c. 5oo BC, and a growth of fresh Sphagnum peat developed. After 
only a fairly short time this fresh Sphagnum peat was overgrown by a 
moderately humified, Calluna-rich peat, e/f, x; d, 2o; I, 5o; d/e, 7o; 
c, 99, that runs as a thin band through the section. It follows from 
34A-Rh/Mo, spectrum Io and from 34B-Rh/Mo, spectrum 7, both 
taken from this layer, that a desiccation of the bog surface occurred 
here. The Amphitrema content considerably decreased, possibly as a 
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result of the disappearance of the imbricatum-papillosum peat in this 
layer. 

After the desiccation, the fresh Sphagnum peat growth developed 
again; the cuspidatum layer of h, 39 to j, 46, and the fairly high 
Amphitrema content of the peat in the gulley (34A-Rh/Mo, spectra 
I I - - I  5) indicate a type of peat formed under very moist conditions. 
In 34B-Rh/Mo, spectra 8--Io,  Amphitremaflavum is present in much 
smaller numbers, while Amphitrema wrightianum is almost completely 
absent. The peat on the extreme right of the section was, therefore, 
very probably formed under considerably drier conditions, and this 
very probably points to the existence of relief in the bog surface 
during the formation of this fresh Sphagnum peat. The gulley now 
visible in the section (d, 2o; e, 45--5o; h, 55) is therefore not exclu- 
sively the result of shrinkage during the drainage of the preceding 
century. The cuspidatum layer d, 34; g, 47; a, 6o; and the two smaller 
cuspidatum layers indicate a relatively long life-span for this gulley. We 
may not conclude from the present form of these cuspidatum layers 
that the gulley had this relief during the period of the filling-up. The 
thin, darker bands of moderately humified peat on the right of the 
gulley in the fresh peat indicate regularlyrecurring desiccations of the 
bog surface. The bog surface which would have been completely or 
almost completely levelled, will probably have acquired some relief 
again during such a slight desiccation. 

On top of the topmost cuspidatum layer in the gulley, there is a 
deposit of moderately humified peat in which the rhizopods, Phryga- 
nella hemisphaerica and Hyalosphenia sub flava reach comparatively high 
values (34A-Rh/Mo, spectrum i7) , whereas the Amphitremas dis- 
appear almost completely. This undated transition in the peat- 
growth indicates what might be called a serious disturbance in the 
mechanism of the peat-growth. The regular occurrence of Picea in 
rather more than minimal percentages is remarkable in the two 
pollen diagrams. Picea was possibly present a relatively short dis- 
tance away from this section. 

I I.4I. EMMEN 19 (fig. 48), peat-face H, between pits 263--267 

This section was drawn in using a grid with 0. 5 • 0. 5 m squares. 
The clear gulley cross-sections, EMMEN I9A (o--7. 5 m), EMMEN I9B 
(II--I6. 5 m) and EMMEN I9C (19.5--24.2 m), of this section are 
given as slightly larger scale details in fig. 49. Thin, highly or poorly 
humified layers in the moderately humified peat are not further 
differentiated, and neither are the more humified layers in the fresh 
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peat. A profile from EMMEN I9B was sampled, from which I9B-Po 
(fig. 88) and I9B-Rh/Mo (fig. 89) were made. 

One of the Pinus stumps of the Sphagnum peat dopplerite layer 
(see 11.14. , p. 154 ) in EMMEN I9C (fig. 49) was sampled at I4.8o VS 
( =  vertical scale) and 2I.O HS (horizontal scale) and its outermost 
tree rings, 2o--3% were dated to 249 ~ ~ 7 ~ BC (GrN 4625). A 
sample of dopplerite at 48.o m HS of the seepage peat dopplerite 
layer (see 9.8., p. 94) at the transition of seepage peat to ombroge- 
nous peat was dated. Since dopplerite is soluble in alkali, only an 
acid pre-treatment was carried out, so that only the minimum age 
was obtained: 265o • 9 ~ BC (GrN 48o2). The 14C-dates given here 
are also given in table I. 

I 1.4I.I. The bog development 

After the desiccation of c. 31oo BC (see 9.14., p. IO3), highly 
humified Sphagnum rubellum peat tbrmed on the seepage peat. The 
contact level between the two types of peat, visible at c. 14.3o m @ 
N.A.P. as a seepage peat dopplerite layer, runs remarkably horizon- 
tally. The drying cracks which developed because of the desiccation 
have not been drawn in. Our  opinion is that the 14C-date of the 
dopperite is too young; see also 9.8., p. 94- Since the date gives 
only the minimum age, it is not certain that dopplerite is a coagu- 
lated humic colloid originating at a higher level. The Sphagnum peat 
grew upwards, possibly only very slowly, as very highly humified 
peat (at places, H 9). The few examples of Amphitrema wrightianum 
(I9B-Rh/Mo , spectra 3 and 4) probably reached this level in the 
peat by flooding due to the erosion which caused the development 
of the big gulleys, 19A , I9B and 19C. This is presumably not the case 
with Trigonopyxis arcula, which would undoubtedly have found a 
habitat in this slowly growing, highly humified Sphagnum peat (c. 20 
cm in 600 years). 

The desiccation of the highly humified Sphagnum peat which can 
be dated at c. 2500 BC and which resulted in a saucer or gulley- 
shaped desiccation surface (the Sphagnum peat dopplerite layer, see 
also 9.8., p. 94), made the establishment of Pinus on the peat pos- 
sible for a short time; see figs. 48 and 49. The relatively small spread 
of the Sphagnum peat dopplerite layer (EMMEN I9, fig. 48; EMMEN 24, 
fig" 53 and EMMEN 25, fig. 54) indicates a localized desiccation, 
which can very probably be ascribed to a drainage via the drying 
crack network in the seepage peat, which is very extensive at this 
particular point. It is possible that this drainage followed the same 
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course as the drainage of the seepage peat basin of 31oo BC, see 
9 . I4 ,  p. IO3. 

The peat growth re-established itself again after this desiccation. 
Highly humified Sphagnum peat with, originally, Aulacomnium palus- 
tre ( 19B-Rh/Mo, si~ectra 5 and 6) as an important component formed 
again, just as was the case in the topmost seepage peat (spectra I 
and 2) and in the highly humified Sphagnum peat which was formed 
before 25oo BC (spectra 3 and 4). Amphitrema flavum appears 
somewhat higher in the highly humified Sphagnum peat (spectra 
6--8).  Although flooding cannot be excluded, it is possible that we 
are here concerned with a somewhat moister or more acidic peat 
type. The disappearance of Aulacomnium palustre might also be a 
pointer in this direction. Since profile I9B was sampled through an 
erosion gully, the subsequent development of the highly humified 
Sphagnum peat here could not be checked further. 

Three centres of erosion where formation of gulleys clearly took 
place, I9A , I9B and 19C , can be seen in the section which was 
drawn in. In view of the position of the Sphagnum cuspidatum layers 
and the atypical course of the curves in I9B-Po , spectra 9--24 (fig. 
88), gulley I9B (fig. 49) must have been filled completely with 
redeposited material. In the part of the erosion gulley system, which 
was not drawn in, north of EMMEN 19 (above pits 267--276), a 
number of gulleys were cut right into the Sphagnum peat dopplerite 
layer. This is in agreement with what was observed in EMMEN 24, 
see following section. 

Nearly all the cuspidatum peat in the extreme left of the section, 
o - -  7 m HS (I9A) has disappeared. The deepest erosion gullies are 
to the left (north) of the section drawn in. These had all caved in. 
It is therefore not unlikely that in section I9 only the southern part 
of the total erosion profile was found. 

Only one erosion level could be established, the upper side of the 
thick Sphagnum cuspidatum layer which had clearly been shifted in the 
gulleys (just as in Er~EN 34, see the preceding section), so that we 
may assume that here, too, a flood of water causing erosion occurred 
only once. 

After the drainage, the fresh Sphagnum peat growth, probably 
especially Sphagnum papillosum, would have developed again com- 
paratively quickly. The drainage caused no desiccation of the peat; 
water must therefore have collected again very quickly in the eroded 
gulleys. 
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Fig. x 7. Situation of the presumed domed bog complexes since c. 15oo B.C. The 
area with hummocks and hollows of the EMMEN 17 type and the raised bog 

lake EMMF.N 19 have been added here for the sake of clarity. 

I 1.41.2. Dating of the phenomena 
The transition from seepage peat to highly humified Sphagnum 

peat might be dated at c. 31oo BC, see 9.5.2, P. 9 TM The desicca- 
tion level at which the Sphagnum peat dopplerite layer formed could 
be reliably dated at c. 25oo BC with the stump sampled in EMMEN 
I9C (see beginning of this section, p. 2xo). 

Diagram I9B-Po cannot be used for a direct dating of the cuspi- 
datum deposit. However, on stratigraphical grounds, the beginning 
of the cuspidatum growth can be dated as follows: 
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The cuspidatum layer of EMMEN 19 (fig. 48) is somewhat thicker 
than that of EMMEN 22 (fig. 5 I). Both belong to one large cuspidatum 
deposit, see I 1.37., p. 2oi. The base of this layer is somewhat lower 
in EMMEN 19 than in EMMEN 22. The lowermost 4--8  cm of the 
deposit near EMMEN" 19 tail Off into face H in the highly humified 
Sphagnum peat, between sections EMMEN 19 and EMMEN 22. We may 
therefore conclude that the cuspidatum growth developed in EMMEN 
19 some time, i.e. some centuries, earlier than in EMMEN 22, where 
it can be dated to c. I2OO BC or somewhat later, see x 1.37. We find 
a date of c. 15oo BC quite acceptable. 

The end of the cuspidatum peat growth in EMMF.N 22 is at the level 
of the first Fagus maximum (fig. 91, 22-Po), i .e .c .  5oo BC. From 
19B-Po (fig. 88), spectrum 24, from one of the redeposited cuspidatum 
layers, can also be dated to c. 5oo BC (Fagus more than 4 %). A 
similar date for the growth of fresh cuspidatum peat can be obtained 
from ~4A-Po (fig. 93), spectrum 6 (see x 1.42. ) and 28B-Po (fig. 96), 
spectrum 7 (see II.46. , p. 216). There are no indications that this 
cuspidatum growth continued for a still longer time. The date of the 
erosion can therefore, in our opinion, be set at c. 5oo BC. 

ii.42. EMMEN 24 (fig. 53), peat-face I, between pits 279--28o 

This section was drawn in by means of a grid with 0. 5 • 0.5 m 
squares. The seepage peat part has already been discussed in 9.2. 
(p. 83). 

It has already been stated in the preceding section that this 
method of drawing does not differentiate between thin, highly 
humified or fresh layers in the moderately humified peat and thin, 
more humified layers in the fresh peat. 24A-Rh/Mo, 24B-Rh/Mo 
(fig. 94) and 24A-Po (fig. 93) were made of this section. 

In the highly humified Sphagnum peat which developed on the 
desiccated seepage peat surface (the seepage peat dopplerite layer), 
Ericaceae and Empetrum are important components (24A-Po, spec- 
t rum 3), in addition to Sphagna and Aulocomnium palustre (24A-Rh/ 
Mo, spectra I - -  3 and 24B-Rh/Mo). 

The Sphagnum peat dopplerite layer indicates the desiccation 
level which can be dated to c. 25oo BC (see preceding section): 
from 14.oo VS ( =  vertical scale) by o HS ( =  horizontal scale) to 
14.2o VS by 7.o HS. Pinus established itself on the desiccated bog 
surface (between o.8--1.6 HS). The fresh Sphagnum cuspidatum layer, 
lying at an angle in the section, which stretches between 1.5 and 1.7 
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VS right to the Sphagnum peat dopplerite layer at x4.oo HS, has a 
layered structure which runs at an angle, parallel to the position of 
the layer. Spectrum 6 of 24A-Po comes from this layer. It  is distin- 
guished by a relatively high value for Fagus (4.3 %) and low values 
for Ericaceae, while Empetrum is absent. Sphagnum has a very high 
value. In spectrum io (from the highly humified Sphagnum peat) 
Fagus has again declined; Calluna displays a max imum here, Fraxinus 
has sharply decreased and Tilia is again present, as in spectrum 3. 
The fresh cuspidatum peat of spectrum 6 clearly dates from a more 
recent period, viz. from about the first Fagus maximum (c. 5oo BC) 
than the highly humified Sphagnum peat (spectra 3 and IO) above 
and below it. We are here dealing with redeposited material. 

The  rhizopod-moss diagrams, too, point clearly to this. Spectra 
5--9  of 24A-Rh/Mo (from the cuspidatum peat) have large quanti- 
ties of Amphitrema flavum and A. wrightianum, Sphagnum papillosum, 
S. imbricatum (spectra 5 and 6 only) and S. cuspidatum. In 
contrast with spectra 1--4, Aulacomnium palustre, which occurs 
especially in slowly-growing highly humified Sphagnum peat, is 
not present in the spectra from the cuspidatum peat. It  is clear that  
the fresh peat of spectra 5--9  was formed under very moist condi- 
tions. Similar changes above the level of the Sphagnum peat dopple- 
rite layer are absent from 24B-Rh/Mo (fig. 94). 

The redeposited peat, which dates from the Subatlantic, corres- 
ponds closely with respect to pollen, rhizopod and moss content 
with the cuspidatum layer of EMMEN X 9 (see preceding section) and of 
EMMEN 22 (II.30., p. 185). It is very likely that this cuspidatum 
deposit would have here reached the position we found it in due to 
the erosion already mentioned in the preceding section. The  Sphag- 
num peat dopplerite layer would have acted as a natural  cleavage 
surface in this process. The  eroding water would have lifted up large 
blocks of highly humified peat, with the result that  this cuspidatum 
deposit was stuck tight between two such blocks when the whole 
of the peat deposit again subsided after having been brought into 
movement.  

The irregular shape of the intermediate deposit in faces H and I 
(see also sections EMMEN 25, fig. 54; EMMEN 26, fig. 55; EMMEN 27, 
fig. 56; EMMEN 28, fig. 57) is undoubtedly the result of this erosion. 

After this erosion came to a stand-still, fresh imbricatum-papillosum 
peat-forming started, in which no differentiation into hummocks and 
hollows occurred. 
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II.43. EMMEN 25 (fig. 54), peat-face I, above pit 280 

This section was drawn in a similar manner to section 24 (see 
preceding section), which lies 15 m west of this section. The seepage 
peat part has already been discussed in 9.2., p. 83. 25Rh/Mo (fig. 
95) was made of this section. 

After the desiccation of c. 3IOO BC (level of the seepage peat 
dopplerite layer), an originally very moist peat growth developed 
(spectrum 2, Sphagnum cuspidatum and Drepanocladus sp.). This dia- 
gram reveals several slight differences with 24B-Rh/Mo (fig. 94) 
which were discussed in the preceding section. Amphitrema flavum is 
present here in all the Sphagnum peat spectra, although in small 
numbers. It is possible that it was somewhat moister here between 
c. 31oo and 25oo BC (level of the Sphagnum peat dopplerite layer). 
Spectrum 5, from this dopplerite layer, is characterized by a mini- 
mal number of rhizopods and the complete absence of recognizable 
Sphagnum remains. Pinus was able to grow on the bog (x 4.25 VS and 
o--o.2 HS) for a short time after the desiccation of 25oo BC; the 
trees were smothered by the upward growing peat within 3o years. 
In this section, too, the disturbance in the intermediate deposit as a 
result of the erosion, which we think can be dated at c. 5oo BC, is 
clearly visible. Hummocks and hollows did not form in the fresh 
Sphagnum imbricatum-papillosum peat. 

ix.44. EMMEN 26 (fig. 55), peat-face I, between pits 28o--28I 

This section, about IO m east of EMMEN 25, was drawn in a similar 
way to section EMMEN 24 (I 1.42. ). For the seepage peat part, see 
p. 83. 

The Sphagnum peat dopplerite layer, which was found in EMMEN 
24 (fig. 53) and EMMEN 25 (fig. 54), is not present in the highly 
humified Sphagnum peat here. The erosion level at the top of the 
highly humified Sphagnum peat is characterized, in this section too, 
by a thick cuspidatum deposit, which, in all probability, was not 
found in its original position. 

I 1.45. EMMEN 27 (fig. 56), peat-face I, between pits 28I and 282 

This section, situated about 35 m east of EMMEN 26, was drawn 
in a similar way to section EMMEN 24 (I 1.42. ). The seepage peat 
part was discussed in 9.2, p. 83. 
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The Sphagnum peat dopplerite layer is missing here, too. The 
intermediate layer here was clearly deformed by the erosion ment- 
ioned already (II.41.2. , p. 2x2) - -  from I4.65 to I5.25 VS over 
the entire length of the section. 

II.46. EMMEN 28 (fig. 57), peat-face I, between pits 288 and 289 

This section was drawn in by means of a grid with o.I x o.x m 
squares. Parts I - -5o HS and xoo--x io HS were drawn in roughly, 
part 5o-- Ioo HS, in more detail. Two profiles were sampled from 
the section, 28A and 28B, of which diagrams 28A-Rh/Mo (fig. 97), 
28A-Po (fig. 96), 28B-Rh/Mo (fig. 97) and 28B-Po (fig. 96) were made. 

In 28A-Po Fagus increases from o. 7 to 1.8 %; Carpinus is present 
in very low percentages (in spectra 4 and 6 only) and there is a 
clear tendency for Corylus to decrease. For these reasons the Sub- 
boreal/Subatlantic transition might be placed between spectra 4 
and 6. 

In view of its rhizopod content with Amphitrema flavum and A. 
wrightianum, among others, and the occurrence of Sphagnum papillo- 
sum (see also 11.52. , p. 233), the Sphagnum cuspidatum layer, d/e, 
8--i/j, 52, is undoubtedly a deposit similar to the cuspidatum layer 
found in EMMEN 19 (I 1.41.I. , p. 2Io);i.e. a deposit of the raised bog 
lake, EMMEN 19, see following section. We are most probably dealing 
with a layer of redeposited peat here, a supposition which is also 
indicated by its position, at a pronounced angle. 

The deposit of moderately humified peat which covers this 
cuspidatumlayer has an unusually low rhizopod content (28A-Rh/Mo, 
spectrum 6). Amphitrema wrightianum is completely absent, only a 
few specimens of A. flavum occur, but Hyalosphenia subflava on the 
contrary, reaches a maximum. From this, and from the appearance 
of Sphagnum imbricatum in this peat, can be concluded that it is, in all 
probability, a displaced hummock of type EMMEN 23 (see I 1.3I. , 
p. I86), which was deposited on the likewise displaced cuspidatum 
layer during the time of the erosion of the intermediate deposit by 
the drainage of the raised bog lake, EMMEN I9, which has already 
been mentioned several times in the preceding section. For this 
reason we drew the curves in 28A-Po (fig. 96) with dotted lines. 

The cuspidatum deposit can be dated towards the end of the 
Subboreal, the hummock peat dates from the early Subatlantic. 

On the basis of the behaviour of the curves for Quercus, Alnus and 
Fagus in 28B-Po (fig. 96), a gap can be demonstrated between spec- 
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tra 4 and 7. This gap does not coincide with the Subboreal/Subat- 
lantic transition, but is clearly younger; see also I9B-Po (fig. 88), 
spectra 8 and 9. The  first Fagus maximum is probably present in 
spectrum 7 of 28B-Po; the erosion must have been very nearly 
simultaneous with this, see also 11.41.2" p. 212. 

It  is not impossible that  the cuspidatum layer, from which spectrum 
7 was taken, was formed only after the erosion. The  cuspidatum layer 
of spectrum 4 is undoubtedly a formation of the raised bog lake 
E~tMEN 19. 

In this section we obviously cut through an erosion gulley. The  
left-hand slope shows up clearly (d, I to j, 45--55). The large Erio- 
phorum tussock, bot tom right in section (g/h/i/j, lO4--1o7)was able 
to maintain its position during the erosion. The deposit of cuspidatum 
peat (d/e, 8 to i/j, 52) and the moderately humified hummock  (d, I I 
to e/f/g/h, 5 ~ ) were deposited successively on the left-hand slope. 
Tufts of uprooted peat settled in the right-hand part  of the section 
too, due to which the Eriophorum tussock was covered. Between these 
moderately humified tussocks (e/f/g/h/i/j, 85-- I  Io) and the cuspi- 
datum layer which was deposited on the left-hand slope, there are 
cuspidatum layers on the highly humified Sphagnum peat, which were 
undoubtedly brought there by the erosion. 

The  rather wide gulley is filled to a large extent with redeposited 
peat. Fresh peat forming communities, of which Sphagnum imbricatum 
was an important  component,  established themselves, see 28B-Rh/ 
Mo (fig. 97), spectra 8--12, in the remnant  of the gulley which had 
originally remained open, with base e, 48 via h, 75 to f, 92. The  
Amphitremas do not occur particularly frequently in this fresh peat. 
In view of its very loose structure, however, the peat was probably 
formed in a very moist milieu. Cuspidatum layers are almost comple- 
tely absent; only at the left-hand side of the gully, d/e/f, 48--65, 
has, mostly insignificant, cuspidatum peat growth taken place. The  
filling of the gulley (the imbricatum peat) was probably well-drained, 
so that  no open water could collect here. 

The  many, somewhat darker, moderately humified layers which 
have a considerably more irregular form than could be drawn in, 
were perhaps caused by short-lived delays in the peat growth as a 
result of slight, but not widespread, desiccations (28B-Rh/Mo, spec- 
t rum 9). This, however, is not certain (28B-Rh/Mo, spectrum 11). 
The  gulley and its immediate neighbourhood were eventually over- 
grown by fresh peat (a/b/c, i - - i  lO). 
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11.47.  THE RAISED BOG LAKE, EMMEN 19 

I I "47" I. Stratigraphical observations and datings 
The transition to less humified peat (the intermediate deposit) is 

characterized, especially in faces H and I, but also in faces F and G, 
by a thick Sphagnum cuspidatum deposit in which Scheuchzeria also 
occurred plentifully. As we have already indicated several times in 
the preceding sections, this points to the presence of large masses of 
water on the bog surface, from c. 15oo BC to c. 5oo BC; for these 
datings, see ii.41.2. , p. 212. The fresh imbricatum-papillosum peat 
overgrowth of this cuspidatum peat which was found on the peat-faces 
can be explained only be assuming that these large masses of water 
largely disappeared within a very short time, without the peat 
drying out. It could be clearly established in sections EMMEN 19 
(II.4I.  , p. 209) and EMMEN 24, EMMEN 25, EMMEN 26, EMMEN 27 
and EMMEN 28 (I 1.42" p. 2 I 3 , - - I I .  46., p. 216) that the disappear- 
ance of the masses of water was accompanied by deep erosion. We 
interpreted the phenomena as a whole as the development of a 
raised bog lake, called EMMEN I9, which disappeared due to eroding 
drainage. Sphagnum cuspidatum vegetation will have been present in 
this lake. 

I 1.47.2. The extent of the raised bog lake 
We have been able to establish this approximately on the basis 

of the following observations and considerations (see also fig. I6): 
On top of the highly humified Sphagnum peat over the whole 

of peat-face H, there are extensive layers of cuspidatum peat, 
which contain Scheuchzeria in many places. In the southern part of 
the face, this cuspidatum deposit is interrupted at a number of places 
by low hummocks (see e.g. EMMEN 20, fig. 5 ~ and EMMEN 23, fig. 52). 
The southern limit of the lake is not present in face H; it is, however, 
probable that this limit, in view of the occurrence of these flat- 
topped hummocks, would not have been much further south than 
the southern point of face H, i.e. pit 22o. Peat-face G is the intact 
remainder of a long peat-face which largely collapsed as a result 
of the peat slipping down the cuspidatum layers. The northern limit 
of the lake must have been here, approximately above pits 212--219 
of face G. 

The northern half of peat-face F (pits 194--2 x I ) has no strikingly 
large quantities of cuspidatum in the intermediate deposit; this is in 
contrast with the southern part of face F. There was a clear hum- 
mock and hollow system present in peat-face E between c. x 5oo and 
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Fig. i8. Some /~og finds from the area studied: i - -  7 = wooden trackways 
8 = peat body; 9 = bronze dagger; ]o = small wooden sanctuary (129o B.C.) 
surrounded by a circle of stones; ii = bronze dagger; i2 = disc wheel; 13 = 
bronze dagger; 14 = mesolithic hearths with microliths. Only the numbers 

I, 2, 3, 7 and 14 were found by us. 

500 BC (EMMEN 17, see i 1.26., p. 174 and fig. 45) ; the lake, there- 
fore, p robab ly  did not extend much  fur ther  westwards than  to faceF. 

T h e  wooden track, X V  (Bou), the nor thern  wooden p a th w ay  
da ted  at 53o BC (see also 11.28., p. I84), which possibly ran  to the 
eastern bounda ry  of  "Bour tanger  M o o r "  (see also fig. 18), would 
have run  alongside, and not through,  the thick cuspidaturn deposits, 
irrespective of  whether  it was built  before or after the t ime of  the 
dra inage of  the raised bog lake (see fur ther  on in this section, p. 2~2). 
About  3oo m nor th  of  pit 276 , the foot-path intersects the line of  
cont inuat ion  of  peat-face H,  which more  or less defines the nor thern  
extent  of  the bog lake here. F rom this informat ion it is possible to 
define the western and nor thern  boundaries  of  the raised bog lake 
at its greatest  extent  with some degree of  certainty.  T h e  southern  
limit can be given somewhat  less accurately,  a l though it can proba-  
bly be found in the region of  the southern ext remi ty  of  face H. No 
trace of  the eastern bank was found.  This must be ascribed to the 
absence of  peat-faces east of  face I. In view of  the qual i ty  of  the 
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intermediate deposit in this face, the eastern bank was, in any case, 
east of face I. For this reason we put question marks in fig. 16. 

11.47. 3. The area of the bank of the lake 
In peat-face H there is no clearly developed bank of the lake 

present. Such formations are also absent from faces F and G. The 
cuspidatum layers in face H, however, were interrupted here and 
there, especially in the southern part of the face, by hummocks of 
type EMMEN 23, see above. The lake, therefore, very probably had 
an extensive marginal area, comprising numerous pools connected 
with each other, and large hollows (e.g. EMMEN 22, see fig. 51 
and I 1.3o. , p. I85) forming a gradual transition to the bog surface 
which was not under water. These phenomena indicate a continuous 
increase in the size of the lake as a result of a rising water level. The 
suggestion that the erosion which will be discussed later was caused 
by the lake overflowing is an obvious one. 

I x.47. 4. The erosion 
The clear erosion gulleys are situated in face H especially, above 

pits 263--267, where section EMMEN 19 (see figs. 48 and 49) was 
drawn in. To the north of this section, face H had collapsed at 
several points, as a result of the peat deposits sliding over discordant- 
ly positioned cuspidatum layers in the gulleys, similar to those found 
in EMMEN 19. The system of erosion gulleys of face H is, therefore, 
at least IOO m wide (above pits 263--276 ). 

The intermediate deposit of face I was affected by erosion through- 
out its entire length. The area affected by erosion in the raised bog 
lake was indicated in fig. x6. The direction is approximately east- 
west. It is fairly certain that the eroding stream of water flowed in 
an easterly direction. I f  the water had disappeared in a westerly 
direction, then peat-faces F and G should have had clear erosion 
phenomena in their cuspidatum deposits. These were not observed. 
We think, therefore, that the lake was drained in an easterly direc- 
tion, i.e. into the river Runde, flowing c. I km east of peat-face H. 
This means that the eastern bank of the raised bog lake would have 
been worn away by erosion (see fig. 16). 

As has already been reported (in, e.g. II.41.2. , p. 212), one ero- 
sion level is present, viz. at the transition from the thick, poorly 
humified cuspidatum deposits to the fresh imbricatum-papillosum peat. 
Fig. 49 clearly demonstrates the erosion in EMMEN 19C took place 
as a single occurrence. In view of the predominantly very loose peat- 
filling in the eroded gulleys, including EMMEN I9A , I9B and I9C 
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(fig. 49), these gulleys must have acted as drainage gulleys for 
a long time. 

I 1.47. 5. The develoPment of the raised bog lake 

i. The origin 

The origin of the lake is clearly connected with a very large 
flooding. We have already mentioned, in i 1.36., p. i99 , the occur- 
rence of movements of water in the peat, which clearly developed 
c. 15oo BC in the region of hummocks and hollows of type EMMEN 
X 7" The water would have come largely from the hollows of type 
EMMEN 9 (see also I 1.35., P. I97) which contained open water up to 
about I5OO BC. Within a relatively short time, the lake must have 
had a considerable size, since the base of the cuspidatum deposit in 
face H is strikingly level, with, of course, the exception of the eroded 
part. From section EMMEN 22, among others (see i 1.3o. , p. I85 and 
also I 1.41.2. , p. 212), we can conclude that the maximum extent 
indicated in fig. 1 6 - - a n  estimated surface area of more than o. 5 km 2 
- -  was not attained at once. Besides the obvious spread observed in 
a southerly direction, the lake would, in all probability, have been 
able to spread out in other directions too. This would have proceeded 
via inundation of the surrounding hollows (such as in EMMEN 22, 
see I 1.3o. , p. I85) , during which the highest hummocks remained 
above water level (EMMEN 23, see IX.31. , p. i86). 

This drainage system was able to continue for a long time; from 
c. I5OO BC to c. 5oo BC, in any case. It is possible that there was a 
short interruption, which might be dated to c. 8oo BC, which 
resulted in a lower water level in the raised bog lake. See, e.g. the 
thin, fresh Sphagnum peat layer in the cuspidatum deposit of EMMEN 22 
(fig. 5 I) which can be dated to c. 8oo BC (i 1.3o. , p. i85) and the 
desiccation layer in EMMEN 17 of approximately the same age, 
which was not drawn in fig. 45, but which was under discussion in 
i 1.26., p. x 74. Since, however, we do not know whether the lower 
water level of the lake was caused by a decreasing supply or by a 
sudden draining off of part of the water of the lake, we will go no 
further here than a statement of the phenomena. 

We have already reported that the blue-black highly humified 
Sphagnum peat must have been formed in a less acidic milieu than 
the brown-black peat, see i 1.8., p. X47. We are of the opinion that 
the development of the poorly humified cuspidatum peat formation 
in the hollows can be ascribed to a milieu which was sufficiently 
acidic here (ii .34.4. , p. I91 ). 
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The very extensive fresh cuspidatum peat forming, which character- 
ised the development of the raised bog lake, EMMEN 19, indicates 
that, within a short time, the blue-black peat became considerably 
more acidic on a very large scale. The conclusion that some eutro- 
phication still took place can be drawn from the abundant  occurrence 
of Scheuchzeria palustris, see I 1.39., P. 203, and from the composition 
of the hummock peat of EMMEN 23, see I x.3I. , p. 186. 

2. The drainage 

Overflow of such a lake can take place if the upward growing of 
the peat which acts as a diffuse bank cannot cope with the rise in 
water level any longer. The overflowing water would have caused 
the lowest-lying part of the bank to be eroded ever more deeply, 
and, therefore, ever more quickly. A drainage which had originated 
in this manner might explain the depth of the erosion gulleys in the 
raised bog lake, EMMEN 19, (down to the Sphagnum peat dopplerite 
layer, see fig. 53, EMMEN 24). Another possibility is that one of the 
banks gave way as a result of too great a one-sided pressure, due to 
which the lake could empty at once. In either case, a lot of organic 
material must have been moved with the water (bog burst, German, 
"Moorausbruch") ,  The actual cause (overflowing or collapse of a 
bank) cannot be determined any longer from the information still 
present in the bog. The phenomenon can, however, be described as 
the single drainage of a raised bog lake which was previously 
predominantly without drainage. When this catastrophic drainage 
occurred, the water disappeared in an easterly direction, into the 
river Runde which flowed about I km east of face H, see also fig. 16. 
This will be further discussed in the following two sections. 

i i .47.6. The raised bog lakes in Weisse Moor nearKirchwalsede (Germany) 
SC~NEEKLOTH (I963b) describes a number of raised bog lakes in 

"Weisse Moor"  near Kirchwalsede. In our case there is no question 
of the connection he suspected between these lakes and the fen and 
fen-wood peat lying underneath. Another very striking difference 
is the clear evidence of a bank that he found. Probably too little 
movement of the waves took place in our raised bog lake (perhaps 
as a result of the cuspidatum vegetations) to form a clear bank in the 
continually extending lake. To this must be added, however, that 
we have only one cross-section of the lake (face H) in which only the 
southern diffuse bank - -  and it is not entirely complete - -  is present, 
while the influence of motion of the waves would be visible on the 
north-eastern bank especially, and not on the southern bank. It is 
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certain, however, that the raised bog lakes described by SCI-rNEE- 
KLOTH did not originate in the same way as the raised bog lake, 
EMMEN 19. 

I 1 . 4 8 .  D R A I N A G E  PATTERNS AND DOMED COMPLEXES 

I 1.48. I. Rates of accumulation in hummock/hollow systems 
The moderately humified Sphagnum rubellum hummock of EMMEN 

17 (I 1.26., p. I74 , see also fig. 46) which was formed between 189o 
and c. I5OO BC, has an average thickness of i8 cm. Consequently, 
the rate of accumulation of this moderately humified peat is 4.5 cm/ 
IOO years. For the roughly 5 ~ cm thick highly humified hummock, 
which was formed between c. I5OO and 54 ~ BC (I 1.26, p. I74 , see 
also fig. 46, the rate of accumulation amounts to a good 5 cm/Ioo 
years. The rate of accumulation for the total, roughly 7 ~ cm thick 
hummock peat deposit of EMMEN I7, formed between I89O and 
54 ~ BC is 5 cm/Ioo years. 

Although less accurate datings are known for the different hum- 
mock levels in EMMEN 9 (I 1.2I,  p. I64, see also figs. 42 and 43), the 
rate of accumulation can be determined in a satisfactory way here, 
too. The corresponding figure for the i IO cm thick hummock peat 
deposit which was formed between 2ooo--15oo BC (level a) and 
c. 5oo BC (level e) is a good 8 cm/xoo years. The rate of accumula- 
tion between 2ooo-- i5oo BC (level a) and i2oo--9oo BC (level fl), 
in which time an approximately 45 cm thick deposit was formed, is 
6. 5 cm/Ioo years. This period shows the closest correspondence 
with that period during which the flat-topped, moderately humified 
Sphagnum rubellum hummock of EMMEN 17 mentioned above was 
formed. 

The rate of accumulation of the hummock of EMMEN 23 (I 1.3I. , 
p. 186, see fig. 52 ) - -  35cm in approximately 7oo years - -  
amounts to 5 cm/loo years. 

Although all the calculations were not carried out with the same 
degree of accuracy, we think we are safe in saying that the hummock 
of EMMEN 9 grew faster than the double hummock of EMMEN 17 
and the hummock of EMMEN 23. It is natural to suppose that this 
will also hold for types EMMEN 9 and EMMEN 17 respectively. The 
faster upward growth of parts of the bog surface, viz. in the areas 
with hummocks and hollows of type EMMEN 9 (see fig. I6, the distri- 
bution of type EMMEN 9), would eventually have resulted in the 
development of a domed bog surface. 
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We can deduce from the fact that drainage of the hollows of type 
EMMEN 9 developed at c. x5oo BC (the end of the fresh Sphagnum 
cuspidatum formation, see i 1.35. , p. i97 ) that, even at this time, 
a certain degree of doming must have come about. 

A complication arises with the development of the domes, in the 
sense that, at c. 2ooo BC, the blue-black bog surface (accumulation 
of peat c. 7 cm/Ioo years) would have been higher than the brown- 
black bog surface (c. 3.5 cm/Ioo years), see i 1.7. , p. i45. We con- 
sider it not impossible that this situation came to an end at roughly 
x5oo BC, which can be concluded from the flooding which caused 
the development of the raised bog lake, EMMEN 19 (see ~x.41.x. , 
p. 2IO). 

I x.48.2. The mechanism of the flooding 
The raised bog lake existed for a long time as a predominantly 

outlet-less lake, see preceding section. It was clearly elongated in 
shape with an approximately east-west long axis, see fig. 16. This 
means that the lake was hemmed in (on the north, south and east 
sides) by a number of raised bog complexes with hummocks and 
hollows of type EMMEN 9 (see fig. 16, see also I 1.35., P. I97)" On the 
western side of the lake, hummocks and hollows of type EMMEN 17 
developed (see fig. x6, see also i 1.36. , p. I99), viz. the pronounced, 
short hummocks and small, cuspidatum-peat-containing hollows. 
This system developed c. I5oo BC. At about the same time, the 
water already present in the hollows of type EMMEN 9, see x 1.35. , p. 
x97 , where this was further described, began to flow off. 

The following reconstruction of the mechanism of the formation 
of the raised bog lake can be deduced from the complete picture of 
the phenomena observed: at c. 2ooo BC, the bog surface became 
so much moister that open water could collect in hollows, where 
formation of fresh cuspidatum peat (hummocks and hollows of type 
EMMF.N 9, see I 1.35. , p. I97 ) could begin. The disappearance of the 
open water from the hollows of type EMMEN 9, which can be dated 
at c. I5oo BC, can be ascribed to the development of drainage in the 
raised bog complexes with hummocks and hollows of this type, due 
to the emergence of domed complexes with peripheral drainage 
(see beginning of this section). From the area of the hummocks and 
hollows of type EMMEN 17 and from the shape and position of the 
raised bog lake, EMM~N X9, between the hummock/hollow complex- 
es of type EMMEN 9 (see fig. 16), we can deduce that the water of the 
hollows of type EMM~.N 9 was drained via the hollows of type EMMF.N 
I 7 to the raised bog lake, EMM~N X9. 
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The hummocks and hollows of type EMMEN 17 and the raised bog 
lake, EMMEN I9, can therefore be regarded as drainage zones (con- 
tact zones) of the raised bog complexes with hummocks and hollows 
of type EMMEN 9, which, after c. I5oo BC, were no longer able to 
retain the surplus of water in the hollows, undoubtedly because of 
the domed surface. 

I 1.48. 3. The changed drainage pattern 
We have stated in I 1.7., P- I45, that we supposed that there was, 

in the brown-black highly humified Sphagnum peat, a movement of 
water in a northerly direction, viz. the drainage of the southern 
part of the Hunze depression via the spillway in the east-west orien- 
tated cover-sand ridge in the Hunze valley, see fig. 6. Such a drain- 
age pattern has also already been suggested for the Late-glacial 
Braunmoostorf formation and the post glacial non-ferruginous fen 
peat  formations (6.8., p. 64). In so far as a drainage pattern de- 
veloped in the blue-black highly hurnified Sphagnum peat, formed in 
the lee of the cover-sand ridge, see fig. 13 and 11.8, p. 158 , it was 
of a completely different nature to that in the brown-black complex. 
It will be obvious that the fact that the subsoil slopes downwards in a 
northerly direction would have favoured a movement of water in 
that direction, also in the blue-black deposit. 

It clearly appears from the preceding section and from what we 
have said in the present section, that the drainage of the bog was 
drastically changed in the intermediate deposit, and that, due to this 
the flooding which caused the formation of the raised bog lake, 
EMMEN 19, became possible. This change can undoubtedly be partly 
ascribed to the development of the growth mechanism (with domed 
complexes) in this intermediate peat. On the other hand, the over- 
growing of the east-west orientated cover-sand ridge with highly 
humified Sphagnum peat (which can be dated between c. 25oo and 
2ooo BC) would have been an important factor in the changes in the 
drainage pattern. Because the peat-forming surface grew to a higher 
level than this barrier, northerly-directed drainage then became 
possible over a considerably broader front. The overgrowing of the 
Menyanthes-Betula peat of faces O and P by highly humified Sphagnum 
peat (see x i.i8., p. i58 ) dated to c. 2ooo BC, points to water move- 
ments in the blue-black area. It is possible that the water became 
somewhat more acidic after c. 2ooo BC; the process of the overgrow- 
ing did, in fact, proceed simultaneously with the incresae of the 
(acidic) water content in the brown-black, highly humified Sphag- 
num peat area (hummock and hollow systems EMME~r 9 and EMMEN 
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i7, see II.35. and ii.36. , p. i97ff. ). The hummock and hollow 
system, EMMEN 32 (see I 1.38" p. 202), is also a clear indication of 
water movements in the blue-black area. From c. I5oo BC, the sur- 
plus of water would have been drained into this via a northwards- 
directed water stream over the east-west orientated cover-sand 
ridge (see the distribution of type EMMEN 32, in fig. I6). 

We think that it is very likely that this water transport (area of 
type EMMEN 32) originated in the contact zone of domed complexes. 
We can now determine the position and extent of a number of 
domed complexes with some degree of reliability. 

11.48. 4. Position and description of domed complexes 
A domed complex exists both to the north and to the south of the 

area of EMMEN 17 and EMMEN 19, see II.47.2. , p. 218 and fig. I6. 
The EMMEN 32 area encloses the more southerly of these two com- 
plexes on the eastern side. On the western side, the two complexes 
were bordered by the marginal area, see 11.51. , p. 231 . Pro- 
ceeding from the assumption that we are dealing with concentric 
domed complexes, the diameter of the southern complex can be 
established at c. 3 km. It was no longer possible to check the eastern 
border of the northern complex. We consider that it is not a coinci- 
dence that the bed of the Runde is situated within the area of 
EMMEN 32 (see fig. I6), see the following section. We consider it a 
plausible suggestion that the bed of the Runde also indicates the 
eastern border of the raised bog complex north of the area EMMEN 17 
and EMMEN 19 (see fig. I6), which would have had a diameter of 
c. 4 km in that case. 

The raised bog complex east of the raised bog lake, EMMEN I9, 
which partly caused stagnation of the drainage of the contact-zone 
EMMEN I 7 and EMMEN 19 (see p. 224), was probably situated imme- 
diately east of the Runde. The Runde must, however, have been the 
eastern limit to which the raised bog lake extended, i.e. the bed of 
the Runde undoubtedly indicates the western edge of the eastern 
raised bog complex. In our opinion, the clearly curving course of the 
Runde is connected with the development of this river on a peat 
forming surface, that consisted to a large extent of domed complex- 
es. It appears from fig. 17 that from its source, the "Zwarte  Meer",  
to where it leaves the bog and cuts into the mineral subsoil (just 
south of Roswinkel, see fig. 17) , the Runde curves for over IO km, a 
fact which points to the presence of presumably 6 domed complexes, 
each with a diameter of 3 to 4 km. The development of the Runde 
will be further gone into in the following section. 
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I 1.48.5 . The drainage pattern in the domed complexes 

The drainage of each complex separately did not lead to the devel- 
opment of streams within the complexes; several times, however, 
it did cause erosion, such as was observed in EMMEN 8 (X 1.22., p. 168) 
and EMMEN 9 (X I. 2 I ,  p. 164). Considering the enormous supplies 
of water in the bog, however, the extent of this erosion is negligible. 
In all probability, the drainage pattern (via the hollows) would 
have been sufficiently flexible to deal with the rather large varia- 
tions in the water transport. From the thick Sphagnum cuspidatum- 
and-Scheuchzeria layers in the hollow of EMMEN 7, we can conclude 
that, for a longer time, the water transport must have gone through 
predominantly the same hollows, see fig. 4o and 11.24, p. 172. The 
absence of rivulets in the intermediate peat with hummocks and 
hollows of type EMMEN 9, of which the domed centres mainly consist, 
can be ascribed fairly certainly to the strongly delaying influence of 
the hollow vegetation on the water transport. 

On the other hand, the catastrophic drainage of the raised bog 
lake, EMMEN I9, dated at c. 5oo BC (I1.47.5. , p. 221) did clearly 
alter the hydrological conditions, but not so radically (e.g. thorough 
desiccation, establishment of plants which were not present in the 
intermediate deposit until the time of the drainage) as the extent 
of the resulting erosion would lead us to assume. That  can presum- 
ably be ascribed to the fact that only that water surplus disappear- 
ed which had already been drained from the domed complexes. 
In 11.55., the change which had taken place will be further dealt 
with. 

11.49. THE D E V E L O P M E N T  OF T H E  R I V E R  R U N D E  

We reported in I I . I 9 ,  p. 16o, that the river Runde would have 
originated at the area of contact between two highly humified peat 
complexes, the blue-black complex, described in I 1.8., p. I47 , and 
a complex lying to the east of that, which we did not investigate. In 
our opinion, a clear indication of the fact that we are dealing here 
with a raised bog river (in the strictest sence of the word) which 
developed only after c. 31oo BC, can be found in the deposit of 
Menyanthes-Betula peat of faces O and P, see i i. 19., P. 160. We thought 
that we had found a precursor of the bed of the Runde in the hollows 
of type EMMEN 32 (I 1.38. , p. 202); there was indeed a water move- 
ment which was clearly directed in a northerly direction, but pre- 
sumably there was still no question of a river bed. This precursor 
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can have developed at c. 2500 BC at the earliest (overgrowing of 
the east-west orientated cover-sand ridge by ombrogenous peat). It 
actually happened, however, probably only after c. 15oo BC (earliest 
dating for type EMMEN 32). The Runde would probably not have 
been of much significance up to c. 5oo BC (drainage of EMMEN I9) , 
since, up to that time, the west-east drainage of the two domed 
complexes north and south of the contact zone EMMEN 17 and 
EMMEN 19 (see fig. 16) was still stagnant in this contact zone. We think 
that it was actually about  5oo BC that bog bursts developed, so that 
the Runde as a river with a bed (not, therefore, exclusively or main- 
ly diffuse water transport) originated. 

The drainage of the raised bog lake, EMMEN I9, see I 1.47.5. , p. 
22 I, is very probably not a special case; enormous erosion also took 
place c. 5oo BC in the bog on the highest-lying places of the Hunze 
depression, about io km south of the investigation area, see EMMEN 
34, I 1.40., p. 2O6. The extent of the water displacement at that time 
in the southern part of Bourtanger Moor, see fig. I, is many times 
larger than with the drainage of EMMF.N 19. The fresh Sphagnum 
cuspidatum-Scheuchzeria peat deposit (sometimes more than 25 cm 
thick) present in this southern part, which lies on the highly humi- 
fled Sphagnum peat, is interrupted at dozens (possibly hundreds) of 
places by erosion gulleys of the type discussed in EtaMEN 34 (fig. 60, 
see also I 1.40., p. 2O6). The total erosion area could not be accura- 
tely determined, but it comprises, in any case, an area ofseveralkm *. 
Since we are here dealing with a drainage in the highest-lying part 
of the Hunze depression, it will be clear that the water supplies must 
have been drained off in a northerly direction, i.e. via the investi- 
gation area. 

We also found many similar gulleys at the same level in the thick, 
fresh cuspidatum deposit situated on top of the highly humified Sphag- 
num peat in an east-west peat-face, some hundreds of metres long, 
just south of the former "Zwarte  Meer"  (fig. 17) halfway between 
EMMEN 34 and the investigation area. Enormous movements of 
water occurred here, too, which can also possibly be dated at c. 5oo 
BC. 

From our information, the fairly certain conclusion can be drawn 
that, at c. 5oo BC, there was a short-lived period of considerable 
erosion in the southern part of Bourtanger Moor in the Hunze 
depression, over a distance of more than Io km, as a result of very 
large water movements over the surface of the bog. As has already 
been said above, the masses of water would have been drained off 
in a northerly direction. We believe that a clear river bed for the 
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Runde developed because of this. West-east and east-west contact 
zones such as in the area of EMMEN 17 and EMMEN 19 (see fig. I6) 
formed side branches of the main drainage river. 

The cause O f the  erosion, which affected the highest-lying parts 
of the then existing bog surface too, was undoubtedly the presence 
of large masses of water on this surface, which could no longer be 
retained by the peat-forming vegetations. One of the streamlets 
which fed the "Zwarte  Meer" up to the time of the artificial drain- 
age of Bourtanger Moor in the previous century can - -  proceeding 
from the argument above - -  be regarded as the real upper reaches 
of the Runde. 

It is very probable that the "Zwarte  Meer" developed only well 
after c. 500 BC, as a result of water stagnation due to the further 
upward growth of the domed complexes to the north. No date for 
the origin of the lake can be deduced from diagram 3 of the "Zwarte  
Meer", published by FLORSCH/.~TZ et al. (1932). These authors assume 
that the origin of the lake was due to drainage of higher (domed?) 
bog surfaces to a central point. 

THE MARGINAL A R E A  

I 1.50. EMMEN 5 (fig" 38), face B, above pit 33 

This section was drawn in by means of a grid with o. I • o. I m 
squares. Profile 5 B was sampled above pit 34 at about 25 m east of 
section EMMEN 5" 5 B'P~ (fig" 69) and 5B-Rh/Mo (fig. 7 o) were made 
from this. Profile 5 C was sampled about 17 ~ m east of section EMMEN 
5, and 5C-Rh/Mo (fig. 7 o) was made from it. A secondarily weather- 
ed layer which was found in face B is present in the three profiles 
mentioned (5 A, 5 B, 5C). The lithology column of profile 5 A which 
was not investigated is given in the 5 B diagrams. The stumps present 
at the foot of the grid belong to the Pinus stump group, EMMEN 4 
see Io.4., p. 121. 

An originally comparatively dry, highly humified Sphagnum peat 
developed on the Pinus layer between i5.6o and I5.9o m + N.A.P., 
which can be dated at 45oo--4ooo BC (stump group MUNAUT E, 
see Io.5.2., p. I24). After a considerable time (possibly c. 3ooo BC), 
Scheuchzeria palustris established itself (at about I6.25 m + N.A.P.) 
in this Sphagnum peat. Then a less humified peat, rich in Scheuchzeria 
developed; Spahgnum cuspidatum is still of minor importance here. 
Highly humified Sphagnum peat remained just above a large stump 
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(J, 35--44). Pinus established itself on the moderately humified 
Scheuchzeria peat (on the level i/j; see EMMEN 4, IO.4", P. I2I), possi- 
bly as a result of a short-lived slight drying-out of the bog. An 
increase in the moisture content in the marginal area of the bog - -  
which had already become gradually moister - -  also led to the 
development of places with open water, in which Sphagnum cuspida- 
tum started to grow (i, I - -2I  and i, 45--5o). There is moderately 
humified peat in between these cuspidatum layers. A 2o--3o cm thick 
layer of highly humified Calluna-rich Sphagnum peat formed over these 
these rather moist deposits, which must have formed under consider- 
ably drier conditions (f/g/h, 1--5o ). This highly humified deposit 
was overgrown by a moderately humified peat, in which Eriophorum 
vaginatum frequently occurs and Calluna is for the most part absent 
(c/d/e/f, I - -5o  ) . This is possibly an indication of increasing fluctu- 
ations in the moisture content. 

At the left-hand side of the section, part of a secondarily weathered 
layer is just visible, and this could still be followed for a few dozen 
metres in a westerly direction outside the section. This is very likely 
anthropogenous, as is also the similar layer b, i - -5o  , which covers 
the moderately humified peat. From b, 1--  9 and from, b, 35--5 o, 
a division can be distinguished in this secondarily weathered layer 
which is present over the whole section. The layer contains many 
charcoal remains, especially charred Sphagnum leaves, a lot of very 
fine organic material, and some sand. The large spread of the fresh 
Sphagnum imbricatum-papillosum peat and the occurrence of cuspidatum 
peat containing Scheuchzeria (a, I - -a /b ,  5 o) on the layer indicates 
an overgrowing in a very moist to wet milieu. 

The secondarily weathered layer shows rather a high degree of 
similarity with the "buckwheat layer" observed in many places on 
the peat-faces, and whose origin is due to the burning of the some- 
what dried-out bog surface during the last century. It is possible that 
here, too, the relatively dry peat (fig. 7 o, 5B-Rh/Mo, spectra 1-- 3 
and 5C-Rh/Mo, spectrum 4) was ploughed and burned, for the 
purpose of obtaining arable land. One can imagine that, as a result 
of this custom of burning, evidenced by burnt Sphagna, the peat sur- 
face came to lie at a somewhat lower level, due to which the arable 
land was drowned. The division in the layer, left and right of the 
section, might perhaps be regarded as attempts to improve the 
situation by raising the level. Open water must have been present 
in the part which was not raised (b, IO--35), at least during part 
of the year, and, in it, Scheuchzeria and Sphagnum cuspidatum were 
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able to establish themselves, but  a hummock was also able to develop 
(b, 28--29). 

The  fresh peat which overgrew the arable complex could continue 
growing for only a relatively short time. Desiccation of the bog 
surface i nduced ' a  strong expansion of Eriophorum vaginatum-rich 
hummock vegetations from the small hummock,  b, 28--29. This 
moderately humified peat layer, however (at the top of the section), 
was in turn overgrown by fresh peat (visible from a, I I to a, 35), 
which is indicative of a short-lived desiccation. The  arable layer 
is situated just in the part  of the pollen diagram with the first large 
Fagus increase (fig. 69, 5B-Po); the Carpinus percentages present are 
only low and Corylus drops from c. 25 % to 6 %. Because of this the 
layer can be dated with a rather high degree of certainty at the 
transition of the Subboreal to the Subatlantic, about 8oo BC. 

The pollen diagram does not give any information about the 
nature of possible cultivated crops. There is both a clear Gramineae 
maximum and an Urtica maximum in spectrum 4, from the arable 
layer. The  absence of Plantago lanceolata from spectrum 7 is striking. 
The  Scheuchzeria maximum and the high Sphagnum percentage in 
this spectrum can easily be explained stratigraphically. The  arable 
layer lies on moderately humified peat in profile 5B; there is a thin 
cuspidatum layer over it, which was overgrown by an off-shoot of 
a hummock.  It appears from 5B-Rh/Mo (fig. 7 o) that the peat here 
became much moister only after the arable layer; the Amphitremas 
attain a considerable increase in spectrum 5. This phenomenon 
coincides with the establishment of Sphagnum papillosum here. 

In profile 5 C, the layer lies on poorly humified hollow peat. The  
very moist papillosum peat started to develop here even before the 
formation of the layer (fig. 7 o, 5C-Rh/Mo,  spectra 1--4). The  de- 
cline of Amphitrema flavum and the absence of Sphagnum cuspidatum 
in spectrum 4, along with the occurrence of Phryganella hemisphaerica 
and Bullinula indica, provides an indication that the bog surface 
became drier shortly before the artificial layer was produced. Due 
to this, perhaps, the winning of arable land became an attractive 
proposition. After the undoubtedly artificial intervention, as appears 
from 5B-Rh/Mo and 5C-Rh/Mo, the peat growth re-established 
itself relatively quickly (5C-Rh/Mo, spectra 6--8).  

I 1 . 5 I .  THE PEAT GROWTH IN THE MARGINAL AREA 

The absence of hummocks and hollows from the marginal areas, 
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see fig. 16, can undoubtedly be ascribed, to a very significant extent, 
to the eutrophication and mineralizing effect of the neighbouring 
Hondsrug, but also to the clearly distinguishable bog desiccations 
in the marginal area. As a result of these influences, a generally 
somewhat more humified peat developed here, which we, however, 
included in the intermediate deposits, since among them we found 
clearly less humified layers, whose formation points to a consider- 
ably higher moisture level. 

A layer of this type is present in the lower part of section EMMEN 5 
as a moderately humified Scheuchzeria layer, covered by a fresh 
Scheuchzeria-cuspidatum layer. On stratigraphical grounds, we think 
that this deposit can be dated between 3ooo and 2ooo BC. The rate 
of peat accumulation in the marginal area, 13 ~ cm of peat between 
45oo--4ooo BC (the Middle Atlantic stump layer in EMMEN 5, fig" 
38, between 15.6o and 15.9 ~ m + N.A.P.) and 8oo BC (the arable layer, 
see preceding section) amounts to 3.5 cm/ioo years. This is somewhat 
less than the figure which can be calculated for a corresponding 
length of time for the ombrogenous peat further inside the bog. 
It is obvious that we can ascribe this slower peat accumulation to 
the frequent desiccations (which are also visible in EMM~N 9, see 
fig. 42)- One of those desiccations made the Pinus establishment of 
EMMrN 4 (see I o.4. , p. 12 I) possible. The water which collected on 
the surface of the bog after the desiccation made the renewed estab- 
lishment of e.g. Scheuchzeria palustris and Sphagnum cuspidatum pos- 
sible. This might be a possible explanation of the Scheuchzeria-rich, 
moderately humified deposit in EMMEN 5 (fig" 38), i/j, 1--50. The 
overgrowing by the considerably more humified Calluna-rich peat, 
which must have been formed under drier conditions (f/g/h/, I --5o),  
and then by the Eriophorum-rich peat (c/d/e, I - -5o ) might be an 
indication of alterations in the drainage of the water surplus in the 
marginal area; perhaps in connection with the peripheral drainage 
of the domed complexes which developed at c. 15oo BC, see 11.48. 
5-  P. 227. The Calluna-rich peat might then have been formed be- 
fore the water in the hollows of type EMMEY 9 had been drained off, 
i.e. before c. 15oo BC; the Eriophorum-rich peat (possibly indicating 
increasing fluctuations in the moisture content, see the preceding 
section) might have been formed in a milieu of (but slight) water 
movement over the bog surface. 

I f  the arable layer in face B, pits 33--4 ~ (see also fig. 38 and the 
preceding section) is indeed the result of more or less successful 
attempts to make the bog surface suitable for cultivation, its pre- 
sence presents us with problems to which we have been unable to 
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find an answer in the peat investigation. It seems to us that the 
neighbouring higher sandy soils would probably have been able to 
offer sufficient arable land, which would undoubtedly have been 
of better quality, than peat arable ground. Furthermore, we do not 
know of any crops which could have been cultivated on the bog 
at this time, c. 8oo BC. It is possible that an attempt to render the 
peat soil arable was all that was achieved. It appears clearly from 
diagrams 5B-Rh/Mo and 5C-Rh/Mo (fig. 7 o) that the layer was 
literally drowned. 

I f  we are dealing with remains of cultivated peat fields here, then 
we think that it may be concluded that, at the time of the cultiva- 
tion, the bog surface must have been somewhat drier, see also 5 C- 
Rh/Mo, spectra 3 and 4. There are indications present in the bog, 
too, that, c. 8oo BC, the bog surface was possibly somewhat drier, 
or even desiccated, at several places, e.g. EMMEN 9 (I 1.2I., p. I64) , 
EMMEN I 7 (II.26., p. x74 ) and EMMEN 22 (I 1.30., p. I85). We have 
already mentioned (in I 1.48. I .  , p .  223)  that the available dates do 
not all possess the same degree of accuracy; moreover, the indications 
are too vague and too incomplete. 

We think we are justified in saying that the bog surface was rather 
sensitive to slight desiccations between c. t ooo and 6oo BC. 

11.52. THE OCCURRENCE OF SPHAGNUM PAPILLOSUM LINDBEKG AND 

SPHAGNUM IMBRICATUM YfORNSCHUCH 

These two Sphagna are the predominant formers of the fresh 
Sphagnum peat. It is, however, relevant to include them in a discus- 
sion of the intermediate deposit, since the development of the latter 
was caused, to a significant extent, by their establishment and 
spread. 

The repeated use of the term imbricatum-papillosem peat does not 
imply that fresh peat is formed exclusively by these two Sphagna, or 
that they always appear together because of identical ecological 
requirements. The term is a field name, since it turned out that, in 
the field, it was not always possible to identify fresh peat further 
than composed mainly of Sphagna of the C y m b i fo 1 ia group. That  
these are particularly Sphagnum papillosum and S. imbricatum in this 
raised bog, has been known for a long time. Our investigation has 
confirmed this again .Their immigration, dated to c. 2ooo BC (see 
II.35. , p. I97), very likely became possible due to an increasing 
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humidity as a result of increasing precipitation, see also 11.34.4. , 
p. x93. 

The synchronous establishment of the two types on the brown- 
black highly humified bog surface might be an indication of rela- 
tively little divergence in their ecological requirements. The  fact that 
their establishment on the blue-black highly humified bog surface 
was considerably delayed, c. i5oo BC (apart from their presence on 
only one occasion, which can possibly be dated at c. 2oo0 BC, and 
which is indicated in 22-Rh/Mo, spectrum 2, see fig. 92), indicates 
a preference for peat surfaces which have formed in an oxidising 
milieu. Apparently the rather high humidi ty then already present 
could not on its own have been sufficient. 

In the intermediate deposits, S. papillosum appears to be closely 
connected with hollows, whereas S. imbricatum occurs more frequent- 
ly in hummocks,  without, however, being a clear-cut hummock  
builder. We found clearly more remains of S. papillosum than of 
S. imbricatum in the hollows of EMMEN 5 C (fig. 7 o, 5C-Rh/Mo),  
EMMEN 9 (fig" 72, 9A-Rh/Mo),  EMMEN 15 (fig. 78, I5B-Rh/Mo),  
EMMEN I 7 (fig. 87, i7B-macr. ) and EMMEN 22 (fig. 92, 22-Rh/Mo).  
Remains of S. papillosum were also the most commonly found in 
those places where the peat formation developed under really wet 
conditions, such as in E~MEN I9B (fig. 89, I9B-Rh/Mo),  EMMEN 24 
(fig" 94, the redeposited peat in 24A-Rh/Mo),  EMMEN 28 (fig. 97, 
28B-Rh/Mo) and EMMEN 34 (fig. IO4, 34A-Rh/M~ �9 Leaves of S. 
imbricatum do, however, occur in the hollow peat, mostly on a some- 
what higher level or in smaller quantities. This concerns, at least to 
a large extent, formations of after c.i5oo BC, when the hollows of 
type EMMEY 9 (~I'35", P" 197) became somewhat drier as a result 
of the developing peripheral drainage of the domed complexes. 

In the diagrams mentioned, it appears that the combination of 
S. cuspidatum + S. papillosum occurs more frequently than S. cuspida- 
tum+S, imbricatum. S. imbricatum predominates in the hummocks of 
EMMEN 9 (fig. 72, 9B-Rh/Mo), EMMEN 15 (fig. 78, I5A-Rh/Mo),  
EMMEN 17 (fig. 84, I7A-Rh/Mo and fig. 85, I7C-Rh/Mo) and 
E~MEN 23 (fig. 92, 23-Rh/Mo). This peat moss would, therefore, 
have preferred the somewhat drier places, whereas S. papillosum 
would have preferred the wettest places. MiiLLER, (I965) reached 
similar conclusions in his investigation of recent north-west German 
bog surfaces. SC~WtCKERAT~r (1944) , on the contrary, found S. 
imbricatum in the wettest places in the "Hohe  Venn".  

Both Sphagna occur frequently in the undifferentiated, fresh 
Sphagnum peat which will be discussed in I I.55. , p. 239; it is not 
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clear which of the two is predominant. It is clear, however, that, in 
the one place, more S. papillosum grew (e.g. EMMEN 5 C, fig. 7O; 
EMMEN I7B , fig. 87; EMMEN 34 A, fig. IO4), whereas, in another 
place, S. imbricatum predominated (e.g. EMMEN 9 B, fig. 72; EMMEN 
17 C, fig. 85; EMMEN 28, fig. 97)" Pattern-forming possibly occurred 
because of this, in which fresh imbricatum hummocks alternated 
with papillosum hollows. However, we do not have any evidence for 
this. 

I 1.53. THE WOODEN TRACKWAYS 

Of  the four trackways we investigated, only XXI  (Bou)*, dated at 
215o BC (see i 1.5., EMMEN 33, P- 143), is situated in highly humified 
Sphagnum peat; the others lie in or on the intermediate deposit. 

The "southern foot path",  XVII  (Bou), dated to 117o BC and 
to I 195 BC (see table I), lies in the hummock and hollow system, EM- 
MEN 17 (see 11.29, EMMEN I6, p. I84), as well as in system EMMEN 9" 
During an excavation of this trackway in May/June, 1967, it became 
obvious that prehistoric man had taken measures to make the path 
more easily negotiable, especially in the hollows of type EMMEN 17" 
These measures consisted primarily of taking planks from the hum- 
mocks and positioning them in the hollows to raise thelevelofthe path 
there, due to which the path gives a more or less disturbed impres- 
sion. This indicates a higher degree of moisture in the hollows of 
type EMMEN 17 in comparison with the hollows of EMMEN 9, as we 
have already observed, see II.36. , p. 199. 

The use of I to 1.5 m long pins by which both the walking planks 
and the diagonals were anchored to the peat, see fig. I4, proved, in 
several places in area EMMEN I 7, not to have been sufficient to pre- 
vent the components of the path from floating away. The "anchor- 
ing" appears to have been sufficient in the most westerly part of the 
path, situated in the area of EMMEN 9" This, too, indicates a greater 
moisture content in the hollows of type EMMEN I 7, C. I2OO Be. The 
hummock and hollow formation was scarcely or not at all influenced 
by the building of the path. 

The "northern wooden path", XVI (Bou), dated at 53 o BC, see 
table I, see i 1.28, EMMEN 15, P" 184, which was already deliberately 
partly destroyed in prehistoric times (VAN ZEIST I955a , p. 48), con- 
tains walking planks which lie clamped between double diagonals 
connected by pins, see fig. 14 . This anchoring has held together 
less well than that of the southern wooden path. This may be 

* Abbreviation for "Bourtanger Moor", see also 2.6., p. 23. 
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partly ascribed to the less efficient system of non-anchored walking 
planks. But, besides this, the very high water content of the peat 
in the area of EMMEN 17, where the wooden path was investigated, 
would also have been an important factor in the deterioration of the 
path. From the investigation of the wooden pathways we have also 
received the impression that the water content in the area of EMMEN 
17 between c. 12oo BC (southern plank path) and 5oo BC (northern 
plank path) increased significantly. 

The path of 53 ~ BC is overgrown by obviously less humified peat, 
in comparison with the peat underneath; this is not the case with 
the path dating from c. I 17 ~ BC. To what extent this is connected 
with the drainage of the raised bog lake, EMMEN 19 (see I 1.47.I. , p. 
2 I8), which can be dated at about 5oo BC, cannot be accounted for 
without further information. 

Path XIV (Bou) which was built without anchoring, (see I 1.24, 
EMMEN 7, P" I72 and I 1.25. , EMMEN I2, p. I72 , figs. 14 and I5) , and 
which is dated at 17o BC (see table I), has remained in its place; 
presumably the peat in the area of type EMMEN 9 did not have an 
extremely high water content at that time. This cannot, however, be 
ascribed only to the drainage of the raised bog lake, EMMEN 19 
(I 1.47.4, p. 220), since, as early as about I2oo BC, the hummock 
and hollow system of EMMEN 9 formed a considerably more stable 
subsoil than the short, strongly pronounced hummocks and hollows 
of type EMMEN 17. 

The good state of preservation of the elements of these wooden 
trackways indicates a rapid overgrowing by peat; there can there- 
fore be no question of their having been used for a long time. The 
absence of traces of wear is in complete agreement with this, but 
still poses a problem as to the "usefulness" of these paths. 

I 1.54. OTHER VIEWS OF TIlE INTERMEDIATE DEPOSITS 

With the name, "intermediate deposits", as we have already 
stated in i i.I.,  p. i38 , we wanted to indicate that we regard the 
system of highly humified hummocks and fresh hollows and the 
other synchronous formations with clear differences in humification, 
as a transition, in both a stratigraphical and a genetic sense, from 
highly humified Sphagnum peat (H 7--9) to poorly humified Sphag- 
num peat (I-I i - -3) .  

The transition from highly humified to fresh peat, and the pro- 
cesses which played a part  in this, have often been the subject of 
study. Several researchers tried to define the stratigraphical pheno- 
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menon of the peat growth mechanism by means of a name or short 
description. There follows below a short description of a number 
of the best-known ideas in peat investigation which relate to this 
transition. In this, we will emphasize their usefulness in explaining 
the phenomena found in our investigation. 

Grenzhorizont (GH) 

WEBER (I9OO) described the more or less clear-cut contact zone 
between the highly humified and the poorly humified Sphagnum 
peat. The stratigraphical nature of the division of the0mbrogenous 
peat deposit which is present here, too, and its supposed synchro- 
nous forming in large parts of north-west Europe were often the 
subject of critical study in later years. VAN Zv.IST (i955a) showed 
that the humification reversal in the investigation area was not 
simultaneous everywhere, without, however, going in to the strati- 
graphical characteristics of the transition. VlSSCI~ER (I93I) had 
already reported that WEBER'S "grenz" peat layer is not usually 
present in the raised bog of south-eastern Drenthe, and that the 
transition often has an undulating course. According to this author, 
the fresh peat lies discordantly on the highly humified peat. It can 
be deduced even from this information that the use of the concept, 
contact surfaces, to explain the transition from highly humified to 
fresh peat, is a mistaken stand-point. 

Recurrence Surfaces (RY-s) 

As in many other north-west European bogs, there were no syn- 
chronous humification surfaces of the type described by GRANLUND 
(I932) found here either. All the clear humification transitions in 
the intermediate deposit have a very localized distribution (e.g. the 
poorly humified hollow bases), or were caused by local changes, 
such as the desiccation layer ofc.  I2oo BC in EMMEN 17 (II.26., 
p. I74), which is absent from EMMEN X6 (I X.29. , p. I84). Moreover, 
the humification transitions often have no clearly layered structure. 
In the places where this is indeed the case, e.g. the much darker 
bands in EMMEN 9 (fig" 42) which are also visible in EMMEN 6 (fig. 39), 
the extent usually appears to be limited to a few dozen metres. They 
are undoubtedly the result of local fluctuations in the bog hydrology. 
Not a single indication has resulted from the investigation that peat 
growth reacts directly to changes in the precipitation. 

Schwarztorf-WeisstorfoKontakt (SWK) 

AVERDXECK et al. (1957) suggested giving to the sharp humification 
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transition, i.e. the contact zone between the highly humified peat 
and the poorly humified peat, this purely stratigraphical designa- 
tion. It is hardly ever possible to determine an SWK in the 
investigation area. The sharpest humification transitions are to be 
found in the hollow bases of type EMMEN 9 (fig" 42) and of type 
EMMEN 22 (fig. 5I). Both transitions are the result of an increasing 
water content in the bog area. Neither the period of the transition 
(a time difference of more than 5oo years), nor the reason for the 
increasing water content (clearly a flooding in EMMEN 22) is the 
same in these two cases. In practice, the concept, SWK, proved to 
be unworkable since it was able to indicate neither a definite stage 
nor a definite level, while the majority of the transitions are con- 
cerned with smaller differences in humification. 

Humifizierungs-wechsel (HW) 

This term, which was proposed by OLAUSSON (1957) has, in con- 
trast to SWK, such a wide scope that it is not manageable in strati- 
graphical peat investigation. Humification transitions can be indi- 
cated all over the peat-faces in the intermediate deposits. Our field 
observations, in fact, are based, to an important extent, on the 
observation of changes in the humification of the bog. These chan- 
ges can be manifold in nature; moreover, they say nothing about 
local and regional processes in the bog or about changes in the 
composition of the peat. 

Regeneration complex (RC) 

In contrast to the concepts SWK and HW, which are only 
intended to convey narrow stratigraphical characteristics (and 
prove useless for us because of this), this term, suggested by OSVALD 
(1923) tries to define not so much the phenomena, but the 
processes which caused them. This means that the term implies an 
interpretation of the observation, too, which must still be proved. 
We think that we have found sufficient evidence in our investigation 
to prove that the hummock and hollow forming proceeds from 
a stable wet/dry mosaic. The upward growth of the bog surface 
both with hummock and hollow vegetations and with vegetations 
of the marginal areas, does not go via cyclic processes. The whole 
system of hummocks and hollows and of marginal area vegetations 
grew upwards, although the growth rate is variable (I 1.2i ,  EMMEN 
9, P" 164). The only clear reversal of a wet/dry pattern which was 
observed is in EMMEN 17 (I1.26, p. 174), where one hummock- 
hollow mosaic was replaced by another. This reversal, however, 
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was connected with a radical alteration in the drainage pattern, 
viz. the development of the peripheral drainage of domed complexes. 
A strong desiccation of the bog surface, however, such as the desicca- 
tion in EMMEN 17, dated at c. 12oo BC (see 11.26.) brought about 
no change in the existing wet/dry pattern. Our observations com- 
pletely contradict the hypothesis of a cyclic succession. 

Fresh  S p h a g n u m  Pea t  

11.55. THE VRESH AND BUT SLmHTLY nUMIFmD 
S P H A G N U M  P E A T  D E P O S I T S  

The discussion of the fresh Sphagnum peat is based on data which 
have already been the subject of discussion above (p. 162 ff.). 

The predominant formers are Sphagnum papillosum and Sphagnum 
imbricatum, see I 1.52, p. 233. There is apparently very little differ- 
entiation into hummocks and hollows. This deposit may be regarded 
as an extension of communities which form fresh Sphagnum peat 
over communities which form highly humified peat in the inter- 
mediate deposits. 

The presence of this type of peat in the investigation area was 
limited as a consequence of the buck-wheat burning cultivation of 
the Igth and 2oth centuries to the lower-most levels of the deposit 
which undoubtedly was several metres thick, before shrinking. 
Roughly speaking, all the peat which had formed from the be- 
ginning of the ist century AD has disappeared due to this interven- 
tion. Because of this, the surface of the already shrunken peat came 
to lie about a metre lower. A considerable part of the peat which 
disappeared due to fire would have consisted of undifferentiated 
fresh peat. Towards the end of the Middle Ages, however, the peat 
growth would have come to a virtual stand-still as a result of the 
artificial drainage of Bourtanger Moor which was started at that 
time to further the peat digging. This drainage had already pro- 
gressed so far in the I7th century, that it was possible to traverse 
the bog with dykes instead of wooden trackways (Valtherdijk, 1618 
AD). 

Although shortly before the beginning of the first century AD, 
the greater part of the bog surface would have consisted of fresh 
peat, no remains of this peat deposit are present in peat-faces A, L 
and N. This can be ascribed, on the one hand, to the occasional 
absence of good habitats for this peat, e.g. the well-defined marginal 
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area, near the Runde and around raised bog lakes: on the other 
hand, to the removal of this "bolsterveen" - -  the upper metre of 
fresh peat. 

The topmost part of the fresh peat which is still present has a high 
root content (especially of Molinia caerulea and Calluna vulgaris). 
Remains of the buck-wheat burning layer are still present on several 
peat-faces, see EMMEN 9, fig" 42. When drawing the peat-faces we 
have reported the topmost secondarily weathered layer as such, 
without further specification. 

The under-side of the fresh peat deposit given in the peat-face 
drawings is an arbitrary level, see i 1.2o., p. 162. We took c. 5oo BC 
as the start of the forming of this deposit, see i 1.6., p. i44; this is 
later along the margin of the bog, see i 1.5o. , EMMEN 5, P" 229" 

The almost complete absence of differentiation into hummocks 
and hollows does not mean that a homogenous S. imbricatum-papil- 
losum peat was present, see I 1.52, p. 233. Moreover, darker bands 
are in evidence at many places in the fresh peat, and these, just as 
in the intermediate deposits, indicate slight desiccations of the bog 
surface, e.g. in EMMEN 9 (II .2I. ,  p. 164 and fig. 42), EMMEN 23 (II.  
3I., p. 186 and fig. 52), and EMMEN 34 (I 1.40. , p. 206 and fig. 60). 
Thin cuspidaturn layers occur rather frequently, too, e.g. in EMMEN 22 
(fig. 5 x) and in EMMEN 34 (fig" 60). These phenomena indicate 
slight fluctuations in the water content of the bog. The bog surface 
would only locally - -  depending on the r e l i e f - -  have been respec- 
tively somewhat drier or wetter during predominantly very short 
periods. 

Originally there were no large accumulations of water in the 
fresh peat. In the intermediate deposits, the wet/dry variations are 
much more pronounced. On the one hand, the more pronounced 
relief of the hummock and hollow surface would undoubtedly have 
encouraged these larger variations, on the other hand, the very 
high water absorption capacity of the imbricatum-papillosum peat 
would have had a strongly inhibiting effect on the development of 
sharp dry/wet fluctuations in the fresh peat. 

The darker bands in the light-coloured fresh peat are usually 
concentrations of Ericaceae remains. Eriophorura vaginatum was able 
to establish itself in various places in these, somewhat drier, growths. 
It is remarkable that the Amphitrema content in the fresh peat some- 
times declines clearly, e.g. 13-Rh (fig. 75,) spectra 32--34, 34B-Rh/Mo 
(fig. IO4) , spectra 7--9. In i3-Rh (fig. 75), spectrum 33, the growth 
of imbricatum-papillosum peat could re-establish itself after a slight 
desiccation; the milieu, however, became unsuitable for Amphitrema. 
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The desiccation in EMMEN 17, which can be dated at c. 300 BC, 
was more extensive (I 1.26, p. 174). Vegetations which form some- 
what more highly humified peat, containing CaUuna vulgaris, Erica 
tetralix and Eriophorum vaginatum were able to establish themselves 
here (fig. 87, 17B-lfiacr. spectra 74--97), and could maintain their 
position for a longer time. It is possible that this desiccation induced 
hummock forming. The most striking point, however, is that, du- 
ring this process, the wet/dry mosaic which had been present here 
since c. 15oo BC was altered. This means that we are here dealing 
with a fundamental change in the (poorly humified) peat growth. 

Drainage phenomena in the form of streams, gullies with erosion, 
etc. are absent from the fresh peat which is still present. The greater 
part of the precipitation, therefore, would probably have been rather 
quickly bound up in the peat which was f o r m i n g -  at least till 
the beginning of the first century AD - -  due to which no large 
collections of water could develop on the bog surface. Moreover, 
a very large part of the water surplus had disappeared by c. 5oo BC, 
see I 1.47.5., P. 22 i. The drainage courses of the intermediate depo- 
sits, however, perhaps played a part in the drainage of the fresh 
peat, so that our observations could lead to an incorrect conclusion 
on this point. 

II.56. STRATIGRAPHY AND DEVELOPMENT OF THE OMBROGENOUS PEAT 

In the Middle Atlantic Pinus forest (c. 45oo - -  4ooo BC, see 
i o. i o., p. 132), suitable habitats for peat-forming Sphagna developed 
on a large scale, both in the wet Scheuchzeria vegetations in the lower- 
lying parts of the soil of the forest, and in the somewhat higher, 
drier parts. The highly humified Sphagnum peat which was forming 
(H 7--8, occasionally H 9) in which Sphagnum rubellum is the main 
peat-former, overgrew the Pinus forest, thus preserving the lower 
parts of the trees. Sphagnum cuspidatum could also develop in the 
wettest places, such as in EMMEN I I (I 1.3., P" 14 I, see fig. 75, I I-Rh) 
The wet/dry pattern of the Middle Atlantic Pinus forest could init- 
ially maintain itself. It is possible that Sphagnum molluscum was 
regularly present; it is not clear which places it occupied on the 
bog surface. In addition to these Sphagna, Calluna vulgaris, Erica 
tetralix, Oxycoccus palustris, Andromeda poliJblia, Vaccinium spp., Melam- 
pyrum spec., Rumex acetosella, Eriophorum vaginatum and Rhynchospora 
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alba established themselves here. Polytrichum spec., Aulocomnium palus- 
tre and Leucobryum glaucum developed at some places. Drepanocladus 
spec. would have sought the very moist places. 

On the western side of the Sphagnum peat area in the Hunze valley, 
see fig. I3, a belt of the Pinus forest remained as a transition zone 
to the Hondsrug. The seepage peat formation continued on the 
eastern side, see 9.17., p. x i 3 and fig. 8. Scheuchzeria communities, 
at some places extensive, developed in the contact area between the 
two systems, due to which a layered zone originated in the middle 
of the bog area, the Scheuchzeria peat contact zone of face J,  between 
pits 331--336, see 9 . I5 ,  p. io 4. The highly humified Sphagnum peat 
forming can be regarded as a continuation of the non-ferruginous 
fen and fen-wood peat growth, which gradually filled up the Hunze 
valley, which acted as a drainage gulley for the southern part  of the 
Hunze depression. As long as the east-west orientated cover-sand 
ridge in the Hunze depression was not yet overgrown, see fig. 3, 
considerable movements of water would have flowed via its spillway 
in a northerly direction, even during the ombrogenous peat forming; 
see the drainage pattern in fig. 6. This can explain the very moist 
nature of the highly humified peat in EMMEN 33 (fig- 2), which 
originated from the area of the spillway, see also i x.5. , p. i43. This 
bog water was undoubtedly very acidic, since the ombrogenous peat 
growth had developed in the meantime in the southern part of the 
Hunze depression, see IO.i I., p. I33. 

As a result of the somewhat superficial water transport over a 
relatively long distance, this bog water was well-aerated; due to 
this, a fairly thorough oxidation of the remains of the plants which 
had died could take place in the strongly acidic milieu. This fairly 
thorough oxidation can explain both the rather small peat accumu- 
lation (3.5 cm/ioo years, see also I I . 7 ,  p. i45 ) and the brown- 
black colour of the desiccated peat visible on the peat-faces (in 
contrast to the blue-black peat, see I1.8,  p. i47 ). 

Probably the peat accumulation proceeded originally at an even 
considerably slower rate; in face C, between the Middle Atlantic 
stump layer and the "moist phase" which can be dated at c. 25oo 
BC (I 1.12, p. I53), a deposit of peat is present which has an average 
thickness of less than 3 ~ cm. It does not look as if this is an exception. 
Desiccations several times caused stagnation of the peat growth, due 
to which Pinus could sometimes re-establish itself on the bog surface. 
This happened shortly after the overgrowing of the Middle Atlantic 
Pinus forest, and also long after c.4ooo BC. See the several wood- 
rich levels in the Middle Atlantic stump layer of e.g. face B, pits 
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43--5 ~ and face J,  pits 296--299 respectively, and along the Scheuch- 
�9 zeria peat contact zone, pits 331--336. 

C. 31o~ BC, the area of the ombrogenous peat growth extended 
greatly because of.the establishment of peat-forming Sphagna taking 
place on a large scale on the desiccated seepage peat surface, see 
9.I4., p. Io 3. The east-west orientated cover-sand ridge (fig. 3) 
prevented the acidic bog water flowing out of the southern part of 
the Hunze depression, due to which the highly humified Sphagnum 
peat forming took place here in a more strongly reducing milieu 
(blue-black colour and faster peat accumulation: 7 cm/Ioo years), 
see fig. 13, see also 11.8., p. i47. 

Because of the desiccation of the seepage peat, Pinus also had a 
chance to establish itself in the bog again. This Pinus forest, consist- 
ing of scattered groups of trees (Late Atlantic Pinus forest, see 
xo.I2., p. I35 and fig. IO), was overgrown in a relatively short time 
by the Sphagnum peat; after c. I5O years, all the pine trees had dis- 
appeared (stump group MUNAUT A, fig. IO 5 and IO.5.2. , p. I24). 
This indicates a higher moisture content in the blue-black peat- 
forming milieu than that in the brown-black Sphagnum peat, which 
overgrew the Middle Atlantic Pinus forest. This higher degree of 
moisture is also apparent from the occurrence of Scheuchzeria palustris 
in many places in the lower section of the blue-black Sphagnum peat. 
This plant did not generally form a real layer of Scheuchzeria peat 
here, see also IX.39., P. 2o3. 

C. 3ooo BC, Empetrum nigrum, which was, however, already pre- 
sent in the bog, increased tremendously. This is possibly the result 
of an increasing moisture level, both in the brown-black and the 
blue-black peat. That  the moisture level was indeed a factor in this 
increase can be deduced from the present occurrence of Empetrum 
in the bog, where the plant is clearly connected with a pronounced 
wet-dry gradient, see I1.9. , p. 149. 

On the eastern side of the blue-black complex, a Menyanthes- 
Betula peat developed c. 3IOO BC, in place of a Sphagnum peat, 
see faces O and P, see fig. 13 and I I.I8., p. I58. This indicates the 
presence of water with a somewhat higher mineral content here, 
which was possibly just not acidic enough for Sphagnum peat growth. 
The large difference in iron content between this peat and the seep- 
age peat underneath indicates a clear change in the origin of the 
bog water after the desiccation of the seepage peat c. 31 oo BC. The 
east-west orientated cover-sand ridge (fig. 3), the only mineral 
elevation in the whole neighbourhood not yet overgrown, cannot 
be considered as a supplier of water, since, in a shrunken condition, 
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the Menyanthes-Betula peat of faces O and P were higher than the 
cover-sand ridge, while this Menyanthes-Betula peat was not present 
in peat-faces M and N, situated between faces O and P on the one 
hand, and the cover-sand ridge on the other. The relief of the seep- 
age peat surface, see also the schematic cross-section, fig. 34, rules 
out the existence of a river which could supply the necessary water, 
since the Menyanthes-Betula peat forms almost the highest part of the 
desiccated seepage peat surface. Equally unlikely, however, is a 
northerly origin for the higher mineral content water. In this con- 
nection, the difference in height of the base of the Menyanthes-Betula 
peat can be quoted; in the southerly face P, this lies about o. 5 m 
higher than in face O, situated 2oo m to the north. Flow from the 
Hondsrug, the mineral boundary of the bog, must be considered to 
be out of the question. Therefore, we must look for the origin of the 
higher mineral content water in the immediate neighbourhood of 
the Menyanthes-Betula peat, i.e. in the surrounding highly humified 
Sphagnum peat deposits. We believe that we may assume that this 
Menyanthes-Betula peat originated at the line of contact of the two 
ombrogenous peat complexes;the blue-black complex on the west- 
ern side and an uninvestigated complex on the eastern side, a 
fragment of which was found in face Q. The position of this Meny- 
anthes-Betula deposit, at about the highest level of the seepage peat 
surface, can, in our opinion, be regarded as a pointer in this direc- 
tion. 

Alongside Menyanthes and Betula, Polytrichum could also form 
rather extensive vegetations, in which Dryopteris and Rumex occur 
(i i . i7. , p. I57 ). The transition zone between this carr peat and the 
highly humified Sphagnum peat complex situated to the east of it 
(face O, pits 444--446 and face P, pits 471--473) is only about 3 ~ m 
wide. This might indicate both the absence of large movements of 
water and a comparatively regular supply of the higher mineral 
content water. I f  larger variations in the water supply had existed, 
a considerably wider transition zone would undoubtedly have devel- 
oped. A number of desiccations did occur in this system, however. 
One of those was dated at 235 ~ BC, see II .I  7. It is possible that 
this is connected with the desiccation of c. 25oo BC, recognisable 
on faces H and I as the Sphagnum peat dopplerite layer, see ~ ~. 14. 

The drying-out levels in the Menyanthes-Betula peat, characterised 
particularly by the occurrence of many white pieces of Betula bark, 
scarcely differ from the leaf remains of Menyanthes trifoliata which 
dry out white, and this gives the whole peat deposit a striking light- 
brown colour. 
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C. 25oo BC, the large spread of Empetrum nigrum came to an end 
within a relatively short time, see also I 1.9., P. x49. The  overgrow- 
ing of the Scheuchzeria peat contact zone in faceJ  (9.I5., p. lO4) and 
the forming of the moist phase in face C (I 1.12, p. 153 ) took place 
at about the same time. A desiccation was very probably the cause 
of these phenomena.  It  is possible that  the drainage of the highly 
humified Sphagnum peat, c. 25oo BC, observed in faces H and I, 
affected the peat growth over a large surface area. 

Sphagnum rubeUum is the main peat former in the blue-black peat, 
too. This peat was probably somewhat less susceptible to desiccat- 
ions than the brown-black peat, where Pinus sylvestris, sometimes 
accompanied by Scheuchzeria palustris, was able to establish itself a 
few times (io.13.1" p. 136 ). In II.39. , p. 2o3, we explained how 
the occurrence of Scheuchzeria could be related to desiccations of the 
bog surface. The  more laminated stratigraphy of the brown-black 
peat deposit can probably be ascribed to its more clearly observable 
reaction to (often slight) desiccations. At a few places in the brown- 
black peat, there was a large expansion of Calluna vulgaris (i1. io., 
p. I5I) ,  e.g. in face B, pits 49--51 and face E, pits 15o--161. The  
latter case very probably concerns the drier margin of the "liver 
peat" of face E, which formed under  moist to very moist conditions 
(I I. I3. , p. I54), and which perhaps developed simultaneously with 
the spread of Empetrum nigrum, see fig. 86, 17B-Rh and fig. 87, I7B- 
Po/bog plants, spectra 3--1 i. 

Eriophorum vaginatum occurs frequently at several places in the 
blue-black peat, e.g. in face H, above pits 2e4--232, and face K, 
above pits 373--383 . The position of this Eriophorum-rich peat, 
viz. above a rather pronounced relief of the subsoil, leads to the 
assumption that  there is a relationship between this relief and the 
occurrence of Eriophorum. For that  matter,  all the blue-black peat 
became somewhat richer in Eriophorum vaginatum after c. 25oo BC, 
see e.g. face M, which indicates changes in the peat forming milieu. 
Possibly larger fluctuations in the moisture level occurred, see i i. i i., 
p. 152. Eriophorum vaginatum found good habitats along the eastern 
margin of the Menyanthes-Betula peat, see face O, above pits 444--  
446 and face P, above pits 472--474. This occurrence can be dated 
from c. 25oo to 2ooo BC. It is possible that  similar vegetations were 
also present on the western edge of this deposit. The  overgrowing 
of the Menyanthes-Betula peat by highly humified Sphagnum peat, 
dated to shortly after 2ooo BC, see 11.17, p. 157 , took place, as 
appears from the stratigraphical observations, in a relatively short 
time. This indicates significant changes in the bog hydrology. Pro- 
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bably the bog water became somewhat more acidic, and because 
of this Sphagna could establish itself on a large scale in this Menyan- 
thes-Betula peat. The cause of this development was perhaps the 
same change in milieu that caused the development of the inter- 
mediate deposits, see I 1.34.4. , p. 193 , among others. This will be 
discussed later on in this section. 

In the brown-black highly humified Sphagnum peat hummocks 
and hollows developed, at least at some places, see I I . i6 . ,  p. i56 
and fig. 59, EMMEN 33. It seems likely, in our opinion, that their 
occurrence did not remain limited to the area of the spillway in the 
east-west orientated cover-sand ridge (fig. 3), but that they were 
present at many places in the brown-black peat. From the distribut- 
ion of Eriophorum vaginatum in the blue-black peat, e.g. face M, we 
can conclude that possibly hummocks and hollows do not generally 
occur in this peat, see also I I. 16. Great changes occurred c. 2ooo BC 
in the brown-black bog surface; the highly humified Sphagnum rubel- 
lum hollows became so moist that the rubellum growth stagnated. 
Water could then collect in the hollows. The drier hummock growth 
continued, as a result of which a clear wet/dry pattern with a slight 
relief developed on the bog surface (hollows and hummocks, type 
EMMEN 9, see II.35. , p. 197 and type EMMEN 17, see II.36. , p. 199 ) . 
Even before the phase with open water in the hollows (pools), Sphag- 
num papillosum and S. imbricatum immigrated into the investigation 
area, see I 1.39., P. 2o3. It is likely that they established themselves 
on a large scale on the bog surface which was becoming moister, 
without originally being able to oust the rubellum growth. Their 
establishment and the development of pools in the bog (in the hol- 
lows) indicate increasing precipitation and/or increasing humidity, 
see ii.34.4. , p. x93 and I1.52" p. 233. 

On the greater part of the bog surface, hummocks and hollows 
of type EMMEN 9 (fig" 42, and fig. 61) developed from the wet/dry 
pattern. In the wet hollows, the extent of which increased as the 
humidity increased, fresh Sphagnum cuspidatum peat could develop 
on a large scale. 

Hummocks and hollows of the lowermost system of EMMEN 17 
developed between two complexes with hummocks and hollows of 
type EMMEN 9 (IX'36", P" I99, figs. 45, 6I and fig. 16). In this con- 
tact zone, the wet/dry pattern contains somewhat larger units and 
presumably also has a somewhat less pronounced wet-dry division. 
The hummocks of type EMMeN I7 consist of moderately humified 
rubellum peat, without Calluna; the hummocks of EMMEN 9 contain 
highly humified Calluna-rich rubellum peat. 
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Between c. 2000 and 1500 BC, the hummocks of both types grew 
higher, while the hollows filled up with fresh cuspidatum peat. In a 
1--1. 5 km wide zone in the western part of the bog surface, some 
mineralizing of the water of the hollows occurred; Scheuchzeria palus- 
tris could establish itself here, see I 1.39., P. 2o3. Hummocks of type 
EMMEN 9 grew upwards rather more quickly, due to which the bog 
surface became differentiated into a number of domed complexes, 
see i 1.48.5 ., p. 227. The contact zone running east-west (with type 
EMMEN 17) between two of these complexes ended up lying relatively 
somewhat lower. 

These changes did not materialize in large parts of the blue-black 
highly humified Sphagnum peat; probably the more reducing milieu 
in this peat had an inhibiting effect on the development of a wet/dry 
pattern and on the forming of fresh cuspidatum peat. Yet the increas- 
ing moisture level, which became discernible c. 2ooo BC in the 
brown-black area (hollows of type EMMEN 9 and EMMEN 17), had an 
effect on the blue-black milieu. The overgrowth of the Menyanthes- 
Betula peat, dated at 192o BC, is an example of this. A few modera- 
tely humified cuspidatum layers are present at the top of the highly 
humified Sphagnum peat of face H, see e.g. EMMEN 22 (fig. 51), 
indicating a relatively higher moisture level. In our opinion, the 
occurrence of Sphagnum imbricatum in 22-Rh/Mo, spectrum 2, (fig. 
92) can also be explained in this way (I 1.52" p. 233). In the mean- 
time, the east-west orientated cover-sand ridge in the Hunze de- 
pression was alsoovergrown by Sphagnum peat (fig. 3) ; this overgrowth 
can be dated between 25oo and 2ooo BC (ii.38. , p. 2o2). The 
extension of the Sphagnum peat area led to great changes in the bog 
hydrology, see also I 1.48.3 ., p. 225 and fig. 6 (the drainage pattern 
in the Hunze depression, as this existed, with a few breaks, from the 
Late-glacial to c. 2ooo BC). 

C. I5OO BC, doming originated in the areas with hummocks and 
hollows of type EMMEN 9, of such a nature that a peripheral drainage 
of the domed complexes developed, due to which water flowed via 
the area of EMMEN 17 to the lower-lying blue-black bog surface of 
faces F, G, H and I, among others, see also fig. 16. The water surplus 
in the hollows of type EMMEN 9 disappeared; the cuspidatum peat 
growth came to a stand-still and Sphagnum papiUosum could spread 
out in the hollows. S. imbricatum, which formed moderately humified 
peat especially, developed on the hummocks of type EMMEN 9 - -  
probably on the slopes of the hummocks particularly. 

The forming of large, flat-topped, moderately humified hum- 
mocks and large hollows of the lowermost system was broken off 
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in the area of EMMEN 17 (fig. 16); at that time, a fairly pronounced 
pattern emerged with predominantly highly humified, small hum- 
mocks and narrow hollows, in which S. cuspidatum spread greatly 
( I I . 3 6 .  , p. I99 ). CaUuna vulgaris and Eriophorum vaginatum were 
important constituents in the hummocks. The flooding of the area 
of faces F, G, H and I resulted in the development of the extended 
raised bog lake, EMMEN 19 (II.47.2. , p. 218), which formed, to- 
gether with the hummocks and hollows of type EMMEN 17, a clear- 
cut contact zone, between a few domed complexes containing 
hummocks and hollows of type EMMEN 9, see fig. I6. Sphagnum cuspi- 
datum and Scheuchzeria palustris developed extensively in the acidic 
and probably somewhat eutrophicated water of the raised bog lake, 
and due to this, a deposit of fresh peat developed. The presence oI 
the raised bog lake indicates stagnation of the drainage in the con- 
tact zone between a number (3) of domed complexes, see also i 1.48. 
2 ,  p. 224. In a comparatively short time, i.e. within a few centuries, 
the dimensions of the lake were considerable, although the maxi- 
mum extent was reached only c. 50o BC. Because of a constant 
supply of water to the raised bog lake, whose long axis was probably 
situated somewhat to the north of section EMMEN 19 (see fig. I6), a 
continually increasing part of the bog surface came to lie under water. 
A "diffuse bank" originated because of this (I 1.47.3. , p. 22o): pro- 
bably a wide marginal area with large hollows which were inun- 
dated regularly, for shorter or longer periods. There is such a great 
distance between the more humified hummocks which are pre- 
sent here, e.g. EMMEN 22 (fig. 51) and EMMEN 23 (fig. 52), see 
also fig. 61, that there is probably no question of the existence of a 
wet/dry pattern, such as is the cause of types EMMEN 9 and EMMEN 17, 
in the hummocks and hollows of type EMMFN 22/23 (I 1.37" p. 201 
and figs. 61 and 16). 

The raised bog lake reached the area of sections EMMEN 22 and 
EMMEN 23 (fig. 16) about 12oo BC. 

From the increasing size of the raised bog lake it can be concluded 
that the lake was predominantly without drainage. A few times, 
however, lowering of the water level took place, due to which for- 
mers of somewhat less moist peat could establish themselves tempo- 
rarily in the lake (I 1.3o., p. 185). 

In the western margin of the bog (near the Hondsrug), the 
increase of the moisture content of the peat since c. 2ooo BC is 
certainly discernible; however, no hummocks and hollows devel- 
oped, but layered deposits of somewhat drier and somewhat moister 
peat respectively were formed, see I 1.5I. , p. 231 and fig. 38. 
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Great changes took place on the blue-black bog surface, outside 
the area of the raised bog lake and the hummocks and hollows of 
type EMMEN 22/23 (fig. I6), tOO. Analogous with the situation of 
c. 2ooo BC on the brown-black peat, a clear wet/dry pattern origi- 
nated c. i5oo BC on the eastern part of the blue-black complex from 
which the hollows and hummocks of type EMMEN 32 (fig. 58 and 
fig. I6) developed, see i x.33. , p. i88, see also fig. 6i. A flow of water 
occurred regularly in the hollows (I 1.38, p. 2o2) due to which a few 
erosion phenomena developed (i 1.48.3. , p. 225). The occurrence of 
such hollows, and the area to which this type extended, indicate 
that forming of type EMMEN 32 took place in a contact zone between 
domed complexes, see fig. I6. From the occurrence of this type on 
either side of the east-west orientated cover-sand ridge in the Hunze 
depression (fig. 3) - - w h i c h  was in the meantime overgrown by 
ombrogenous peat - -  it can be concluded that, from I5OO BC, the 
drainage of the southern part of the Hunze depression also proceeded 
over this cover-sand ridge. This does not mean that around I5OO 
BC one could already speak of a real drainage river; see below 
in this section. 

The raisec] bog stream, the Runde, flows over a low, indistinct, 
south-north cover-sand ridge, see II.19. , p. I6O. Above this low 
sand ridge in the investigation area two highly humified Sphagnum 
peat complexes are in contact with each other; the blue-black 
complex and the complex lying to the east of this, which we did not 
investigate and of which face O is a fragment. We think that the 
Runde originated from the drainage of these raised bog complexes. 
They were in contact just above the low sand-ridge, causing this 
particular milieu here, in which the Menyanthes-Betula peat (I I. i8., 
p. 158; also discussed already in this section, p. 243), was formed. 
The development of the Runde (I 1.49., P. 227) is closely connected 
with the development of the domed complexes of the intermediate 
deposits (ii.48.4. , p. 226); its curving course, see fig. 17, can be 
explained by assuming that the south-north contact zones of the 
domed complexes formed the bed of the drainage river, see I 1.49., 
p. 227. This would mean that the positioning of the domed com- 
plexes, with their diameter of 3 to 4 km, did not take place indepen- 
dently of the mineral subsoil. We think it unlikely that the Runde, 
as a real drainage river, is just as old as the contact zones of the 
domed complexes (i.e. from c. I5OO BC); presumably the river 
developed very gradually here, in conjunction with the increase of 
the water supplies in the bog. We think it rather certain, however, 
that, since the extensive erosion of the bog surface c. 5oo BC, see 
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I 1.49. , p. 227, the river roughly followed the course (from the 
"Zwarte Meer") indicated in fig. I7. 

Although the large supply of water in the bog would strongly 
delay the desiccations becoming discernible, there are indications 
that the bog surface was rather susceptible to desiccation c. iooo 
to 6oo BC, I I.5i. During the period of hummock and hollow 
formation, prehistoric man made a number of attempts to use the 
bog surface by building wooden trackways (I 17o BC and 53o BC) 
see x 1.53., P. 235, and possibly also by trying to make thepeat in the 
marginal area suitable for cultivation (c. 8oo BC), see I i .5 I., p. 23 I, 
see face B, pits 33--43. These unsuccessful attempts had scarcely 
any effect on the peat growth. 

In all the hummock/hollow types developing, the original, large 
difference in humification between hummocks and hollows gradu- 
ally decreases, since the proportion of S. imbricatum, which forms 
mainly less humified peat, increases during the] peat growth. The 
clear wet/dry pattern which was once present became gradually less 
pronounced in the course of the forming of the intermediate peat, 
undoubtedly due to the effect of the increasing water content of the 
bog. 

C. 5oo BC, the bog could no longer contain the water which had 
collected on the surface; in large parts of the raised bog of south-east 
Drenthe many lakes emptied (i 1.49, P. 227), leaving an enormous 
trail of erosion, see I 1.4o., p. 2o6. In the investigation area, the 
water of the raised bog lake, EMMnN 19, flowed in an easterly direc- 
tion and emptied into the Runde, see fig. i6, due to which the 
underlying highly humified Sphagnum peat was deeply eroded (bog 
burst). In many places, the peat under the felt-like cuspidatum depo- 
sits was washed away, with the result that the layers, thus under- 
mined, were swept into the gulleys, see fig. 48, EMMEN 19, see fig. 60, 
EMMEN 34" This thorough drainage was not accompanied by a 
desiccation of the bog surface; only the surplus of water, in fact, 
was drained off. The milieu did change, because of the develop- 
ment of, among other things, an accelerated drainage of the domed 
complexes to the no longer stagnant contact zone, EMMEN I7 and 
EMMEN 19 (fig" 16). This caused scarcely any change in the drainage 
pattern. Along with the water, many minerals dissolved in it were 
drained off, due to which, the bog surface, seen as a whole, became 
clearly more oligotrophic. This greatly favoured the expansion of 
Sphagnum papillosum and S. imbricatum which form a fresh peat, in 
which scarcely any differentiation into hummocks and hollows takes 
place. Hardly any collections of water in the form of raised bog 
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lakes occur after that on the bog, at least up to the beginning of the 
ISt century AD. 

The surface became somewhat firmer as a result, without, however, 
its load-carrying, capacity being much increased. A hurdle trackway 
dated at 17 ~ BC, see fig. i5, laid on peat, in which hummocks can 
scarcely be distinguished, stayed in place, even without being 
anchored; see i 1.53. , p. 235. 

A situation developed c. 3oo BC in the undifferentiated fresh 
peat surface, which enabled more humified peat to form a g a i n - - a t  
least at places, see I 1.26, p. 174. This indicates a clear change in the 
wet/dry pattern (see also fig. 45, EMMEN I7) , which leads to the 
suggestion that the peat-forming milieu had changed radically, see 
II.55., P. 239. Such a change is not present in EMMEN 9 (II .2I. ,  
p. 164 and fig. 42); it was possibly restricted to the contact zone 
between the domed complexes. The development of the fresh peat 
cannot be followed further after the beginning of the" i st century 
AD, as a result of the disappearance of a peat deposit, about I m 
thick, due to the buck-wheat burning in the I9th and 2oth centuries. 

C H A P T E R  x2.: R E C A P I T U L A T I O N  

I 2 . I .  GENERAL 

In Chapter i. (pp. x-- i4)  , the history of peat investigation 
was first outlined roughly; for this, we used a classification by OVER- 
BECK (I 963) into four periods. The most recent period (from x9I 6) 
was discussed somewhat more deeply. Attention was paid to the 
diversity of views concerning the relative importance of the different 
factors which affect the peat growth (climate, mineral ground water 
level, vegetation processes). 

The principal motive for this peat study was, on the one hand, 
the availibility of potentially good sources of information in the 
form of fine peat-faces which were on the point of disappearing 
c. I96O , and on the other hand, the lack of any study, based on 
modern methods of investigation, of the peat area east of EMMEN, 
to the west of the Dutch-German border (part of the Bourtanger 
Moor). A few of these methods of investigation were also discussed 
in this chapter. The pollen-analytical investigation was directed 
especially towards the dating of phenomena in the peat, the draw- 
ing-up of correlations and the obtaining of an understanding into the 
composition of types of peat. The use of rhizopod analysis enabled 
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us to determine more precisely the characteristics of the ombroge- 
nous peat-forming milieu - -  especially the degree of moisture. 
Mention was also made  in the first chapter of the investigation of 
types of peat - -  of importance in describing the growth mechanisms 
- -  as an addition to pollen analysis and rhizopod analysis. 

In  Chapter  2. (pp. I4--29) , the geographical position of the 
peat area - -  situated in the ice-marginal valley of the Hunze, see 
fig. I - -  was outlined; this chapter contains some geological and 
meteorological information and a brief survey of archaeological 
finds in the investigation area and its surroundings. In the descrip- 
tion of the peat area, the destruction of the bog as a result of the 
continually further-reaching human  intervention in the course of 
the past five centuries, was outlined. This destruction led to the 
landscape we found with desiccated blocks of peat. A detailed de- 
scription was given of the way in which the investigation methods 
were applied (field investigation with surveying, drawing, sampling, 
excavation, borings; and laboratory investigation: pollen analysis, 
rhizopod analysis, moss determination, determination of macrosco- 
pic remains, dendrochronology and 14C-determinations). 

12.2.  T H E  INVESTIGATION 

In Chapter  3. (PP. 29--44), a description was given of the 17 
peat-faces which were drawn in and of the sections taken from peat- 
faces which were not drawn in (14C-diagram, EMMERERFSC~EIDEN- 
VEEN I, EMMEN 32, EMMEN 33 and EMMEN 34)" The  types of peat 
which were differentiated in the drawings of the peat-faces were 
described here. 

In Chapter  4. (PP. 44--52), on the basis of a few pollen diagrams, 
a survey of the vegetational history of the investigation area since 
the end of the last Ice Age was given. In Chapter  5. (PP. 52--55),  
we reported on which sort of subsoil (sand and fluvial loam) the 
peat deposits are situated. In Chapter  6. (pp. 55--65), we dis- 
cussed the deposits which were formed in the Late-glacial and which 
lie in the Hunze valley (Braunmoostorf, brown gyttja, loess and a 
layer of birch twigs). In  Chapter  7. (PP. 65--69), two gyttjas 
(orange gyttja and grey gyttja) were under  discussion, which were 
formed during the Boreal, to the east of the Late-glacial deposits. 
Chapter  8. (pp. 7o--8o) deals with the non-ferruginous fen and 
fen-wood peat present in the Hunze valley, which was formed from 
the Preboreal to half-way in the Atlantic. In Chapter  9- (PP. 8 I - -  
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Ii4) , we discussed the ferruginous seepage peat, situated to the 
east of the non-ferruginous fen and fen-wood peat, which was formed 
during the Atlantic. The Pinus stump layers were dealt with 
in Chapter io. (pp. i I4--I38 ). Three important Pinus establishments 
were observed, viz. one at the beginning of the Atlantic, one in the 
middle of the Atlantic (both establishments in the non-ferruginous 
fen and fen-wood peat) and one at the end of the Atlantic (in the 
seepage peat area). Information was also given in this chapter 
about the dendrochronological investigation by MUNAUT (MuNAUT 
and CASPARm, I97I ) of the stumps of these establishments. The 
ombrogenous peat is the subject of Chapter 1 I. (pp. I38--25I ). In 
this peat, a differentiation was made between a highly humified 
Sphagnum peat deposit, an intermediate deposit and a deposit of 
fresh Sphagnum peat. A Menyanthes-Betula peat deposit found between 
two highly humified Sphagnum peat complexes, and the raised bog 
rivulet, the Runde, were also discussed in this chapter. 

In most of the chapters, usually in the last section, the genesis of 
the peat deposit was dealt with in detail. 

In the following section, a synopsis of the genesis of all the investi- 
gated peat deposits will be given. The diagrammatic cross-section of 
the peat given in fig. 34 will be explained. In fig. 36 , two curves are 
given, by means of which an attempt is made to indicate the moisture 
level (water content) of the peat during its entire development. The 
left-hand curve refers to the area where the base of the peat dates 
from the Late-glacial; the right-hand curve to the area where 
Boreal gyttja lies on the base of the seepage peat. The description 
of the different terms, "dry",  "rather dry", etc. is given in the con- 
text of the peat investigation, see the lower part of fig. 36 . It  will be 
obvious that the curves were not composed from direct observation 
and therefore may not be regarded as an exact reflection of the water 
content present during the peat growth. 

As a clarification of this synopsis, the peat growth since the Late- 
glacial has been illustrated in two diagrams in fig. 35. In the left- 
hand diagram, the height was made the vertical axis, in which only 
average thicknesses were indicated for the deposits. The right- 
hand diagram has time as the vertical axis (same scale as in fig. 
36). The adjusted time scale was plotted against the height (left- 
hand diagram), and the appropriate heights were plotted against 
the time axis (right-hand diagram). Comparison of the two 
diagrams gives, among other things, information about the 
rate of growth of the various peat deposits. The two curves 
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of fig. 36 can, as it were, be projected on the r ight-hand diagram 
of fig. 35, the left-hand curve near the I km point of the horizontal 
scale, the r ight-hand curve at about 2.3 km. 

In the following synopsis, numbers appear in brackets after the 
names of the types of peat. These numbers refer to the symbols for 
these peat types which were indicated in fig. 19. These symbols 
were described in 3.1.2, p. 3 o. 

I2 .  3. SYNTHESIS OF THE GENESIS OF THE BOG COMPLEXES EAST OF 

EMMEN 

Shortly before the beginning of the Aller~d, Hypnaceae (includ- 
ing Scorpidium scorpioides and Calliergon sarmentosum), together with 
several Cyperaceae, established themselves on a large scale in the 
Hunze valley (the almost 2 km wide western part  of the Hunze 
depression) which was becoming more moist (fig. 36). From this, 
a deposit of Braunmoostorf developed (IIa). A brown gyttja was 
deposited on the wettest places (IIb). For the distribution of the 
deposits, see fig. 5. In the course of the Aller0d, a considerable part 
of the Hypnaceae deposit was blown over by loam which came from 
the Hondsrug (western edge of the Hunze depression). The  Hyp- 
naceae communities were smothered by this loess sedimentation 
which ended shortly after the beginning of the Late Dryas. 
Towards the end of this period, this loess deposit (IIc), (for its distri- 
bution, see fig. 5), had a vegetation with probably predominant ly  
small birches, which caused the development of a thin layer of twigs 
(IId). In the Preboreal, possibly even at the beginning of this period, 
a non-ferruginous fen peat (IVa) formed in depressions in the Late- 
glacial deposits, and its extent gradually increased till the end of the 
Boreal (fig. 7). Pinus was possibly able to establish itself several times 
after desiccations in this rather moist sedge peat (fig. 36 ) containing 
Betula and Menyanthes, among others. 

On the southern and eastern flanks of the fen peat deposit which 
was forming, drainage water stagnated in the Hunze valley to an 
increasing extent, due to which some gulleys were inundated here 
during the Boreal, as also happened later to the intervening low 
sand plateaux (fig. 36). An orange gyttja (IIIa) developed originally, 
then a sandy grey gyttja ( I IIb) ;  for their distribution, see fig. 7. C. 
53oo BC, both the non-ferruginous fen peat and the gyttja dried out, 
since the supply of water from the southern part of the Hunze de- 
pression, via the spillway in the east-west orientated cover-sand 
ridge in the Hunze depression near Nieuw Dordrecht  (fig. 5), 
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stagnated. Pinus (IVf) established itself on the desiccated non-ferru- 
ginous fen peat surface, and it was able to continue growing till 
c. 5ooo BC. 

To the east of the non-ferruginous fen peat area in which Pinus 
occurred, ferruginous seepage (fig. 36) developed at the beginning 
of the Atlantic from at least three centres, as a result of which a 
ferruginous Hypnaceae peat growth (Va) developed over a consi- 
derable part of the Hunze depression to the east of Emmen (fig. 8). 
Shortly before 5ooo BC, the supply of water to the Hunze valley via 
the spillway developed again. Alnus established itself on a massive 
scale in the Pinus forest which was rapidly becoming more moist. A 
fast-growing fen-wood peat (IVb), containing mainly Alnus at first, 
but later, more Betula, developed. The very high degree of moisture 
(see the left-hand curve between 5ooo and 45oo BC in fig. 36) is 
evidenced by, among other things, the frequent occurrence of 
Menyanthes, Nymphaea and possibly several Sparganium species in this 
peat. Scheuchzeria palustris could establish itself here and there. The 
non-ferruginous fen peat area changed as a result of the develop- 
ment of seepage; the eastern border shifted westwards (fig. 7). The 
supply of seepage water made especially seepage peat formation 
possible near the seepage centres and in a number of south-north 
orientated drainage flows. Above the sand-ridges situated between the 
drainage flows and shallow gulleys, the seepage peat is rather less fer- 
ruginous and contains rather more Alnus remains. These are possibly 
the last, overgrown remains of the Alnus forest, which covered this 
part of the Hunze depression at the beginning of the seepage. The 
supply of non-ferruginous drainage water in the Hunze valley de- 
creased around 45oo BC (fig. 36); the forming of non-ferruginous 
fen-wood peat came to a stand-still. The fen-wood peat deposit 
shrank a bit, due to which the subsoil relief was reflected in the peat 
surface. Pinus could establish itself on the higher places (Via) ; on the 
lower-lying parts, Scheuchzeria (VIc), was present as well. At about 
the same time, the siderite formation (Vc) developed in the seepage 
peat area. Siderite developed mostly near the seepage centres 
and in south-north drainage flows in isodiametrical lenses, up to 
IO m diameter, in a reducing milieu. The latter indicates anaerobic 
processes during the development. The supply of seepage water was 
so great, that a flooding occurred c. 45oo BC, probably from the 
most westerly seepage centre, into the non-ferruginous fen-wood 
peat area. Due to this, a stream with ferruginous water formed in 
the Pinus forest (fig. i i ) which covered the non-ferruginous fen peat, 
and this stream remained in existence for several centuries. 
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Highly humified peat-forming Sphagna established themselves on 
a large scale in the Pinus forest (VIIc), probably Sphagnum rubellum 
in particular, and due to this the forest was gradually smothered. 
C. 4ooo BC, all that remained of the originally uninterrupted forest 
was some pine trees at a few places. At some places in the contact 
area between the non-ferruginous peat and the seepage peat, a 
large expansion of Scheuchzeria took place (VIb), see fig. 8. 

The seepage stopped c. 3Ioo BC; the seepage peat dried out 
thoroughly (fig. 36 ) and numerous drying cracks appeared in the 
peat which possessed little elasticity. This desiccated peat was super- 
ficially affected by erosion at only one place. Pinus could establish 
itself in those places where the iron content was somewhat lower, 
i.e. above sand-ridges in the subsoil. The rest of the desiccated sur- 
face, which became very moist again within a short time, provided 
good habitats for peat-forming Sphagna, especially Sphagnum rubeUum, 
and for Scheuchzeria, although the latter could not maintain its 
growth. Within i5o years, the highly humified Sphagnum peat 
(VIIc) overgrew the Pinus forest (fig. ix) which consisted of small, 
scattered groups of trees. Later, dopplerite precipitated on the 
transition from the seepage peat to the highly humified Sphagnum 
peat, due to which the seepage peat dopplerite layer (Vd) is present 
at this level. This highly humified Sphagnum peat formed in a more 
reducing milieu (blue-black complex) than the highly humified 
Sphagnum peat, which developed from shortly after 45oo BC in the 
Pinus forest on the non-ferruginous fen peat (brown-black complex). 
Empetrum nigrum developed extensively in both complexes (see fig. I3) 
from c. 3ooo BC to c. 25oo BC. Calluna-rich peat formed at places 
in the brown-black complex (VIIf); Pinus (Via) was able to esta- 
blish itself again a few times sometimes together with Scheuchzeria, 
(VIc). 

Since the Boreal, a belt of Pinus forest was present in the western 
marginal area, where desiccations occurred more frequently than 
further inwards in the bog. In the course of the Atlantic, Pinus could 
establish itself a few times a little further removed from the edge of 
the bog, and it could maintain this position, together with Scheuch- 
zeria, till well into the Subboreah 

A somewhat eutrophicated milieu developed at the highest level 
of the desiccated seepage peat surface in the contact area of the 
blue-black complex and the highly humified Sphagnum peat complex 
situated to the east of it, as a result of drainage towards the edges of 
this two bog complexes. The bog water which collected here was 
not acidic enough for Sphagnum growth. The Menyanthes-Betula peat 
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(VIIa),  see fig. i3, developed here, indicating a high degree of 
moisture. 

At 25oo BC, part of the blue-black Sphagnum peat was drained 
via the drying c.racks in the seepage peat. Pinus could establish 
itself close to the desiccation area and then Empetrum nigrum declined 
sharply. It is possible that, as a result of the somewhat changed 
milieu, Eriophorum vaginatum could increase sharply. Later, the 
Sphagnum peat dopplerite layer (VIIh) precipitated on the desic- 
cation level of c. 25oo BC. 

About 2ooo BC the Menyanthes-Betula peat growth gave way to 
highly humified Sphagnum peat growth. At the same time, water 
collected in the hollows of the brown-black highly humified Sphag- 
num peat, as a result of which the formation of Sphagnum rubellum 
peat stagnated there, and was replaced by growth of fresh Sphagnum 
cuspidatum peat. Sphagnum imbricatum and Sphagnum papillosum immi- 
grated into this bog area. The highly humified Sphagnum peat growth 
was maintained in the hummocks. The clear-cut wet/dry pattern 
manifests itself as a mosaic of poorly humified hollows and highly 
humified hummocks (hummocks and hollows of type EMMEN 9), 
see fig. I6: the intermediate deposit (VIId). In a comparatively 
narrow zone (c. 3oo m wide) between areas with hummocks and 
hollows of type EMMEN 9, a less-pronounced wet/dry pattern is 
present, from which fresh hollows and highly humified hummocks 
also evolved (type EMMEN I7) , see fig. I6. 

The peat surface in the areas with hummocks and hollows of type 
EMMEN 9 grew upwards more rapidly than the surface with type 
EMMEN 17 and the blue-black highly humified Sphagnum peat, due 
to which doming developed on the peat surface. C. I5oo BC, the 
water in the hollows of type EMMEN 9 began to drain off, via the 
zone with type EMMEN 17, to the lower-lying, blue-black, highly 
humified peat surface, which is situated between three complexes 
with type EMMEN 9" The milieu in the area of EMMEN 17 changed 
because of this to  such an extent that a new, considerably more 
pronounced wet/dry pattern developed here. Where water collected 
on the blue-black bog surface, there developed an elongated lake, 
which was practically without outlet, the raised bog lake, EMMEN 19 
(fig. I6). As a result, the blue-black peat became so much more 
acidic here, that fresh Sphagnum cuspidatum could form in the lake. 
The raised bog lake was the lowest-lying and the wettest part of the 
contact zone between domed complexes, which had a diameter of 
3--4  km. 

The lake had an extensive marginal area, with very large hollows 
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and low hummocks (type EMMEN 22/23, see fig. t6), which form a 
diffuse bank. In the north-south contact zones of the domed com- 
plexes a slight, northwards-directed drainage developed; hummocks 
and hollows of type EMMEN 32 evolved here (fig. I6). This north- 
south contact zone coincides with the eastern margin of the blue- 
black complex, where the Menyanthes-Betula peat is present. 

After about I5OO BC, the hollows of type EMMEN 9 filled up with 
mainly Sphagnum papillosum; hardly any additional S. cuspidatum 
formed here. Cuspidatum peat was still developing in the hollows of 
type EMMEN 17, EMMEN 22/23 and EMMEN 32, i.e. in the contact 
zones. The highly humified Sphagnum peat growth, with Sphagnum 
rubellum, Calluna and Eriophorum vaginatum, could initially continue 
growing in the hummocks of the intermediate deposit, but S. imbri- 
catum could gradually increase there, forming less humified bog. 
The moisture content of the peat continuously increased (see also 
the curves in fig. 36), due to which the water level constantly rose 
further, especially in the contact zones without outlet, such as the 
raised bog lake, EMMEN 19. C. 5oo BC, the bog could no longer 
contain the water which had collected on the surface. In the bog 
area east of EMMEN, the raised bog lake EMMEN I9 drained in an 
easterly direction into the bog rivulet, the Runde, (fig. I7) , which 
had developed from the north-south contact zones of six domed 
complexes. The underlying highly humified Sphagnum peat was ex- 
tensively eroded by this drainage. Numerous lakes and pools in a 
large part of the raised bog of south-eastern Drenthe emptied in 
this way, resulting in an enormous trail of erosion. 

Since only the water surplus which had already flowed from the 
domed complexes disappeared, the bog surface was not desiccated 
by this drainage. Many minerals, however, were removed with the 
water, as a result of which the bog surface, considered as a whole, 
became clearly more strongly oligotrophic. This was highly favour- 
able to an increase of Sphagnum papillosum and S. imbricatum. These 
then formed a fresh peat (VIIe), in which scarcely any differentiation 
occurs between hummocks and hollows. The wet/dry pattern, clear- 
ly present c. 2ooo BC, which became considerably less pronounced 
in the period after c. I ooo BC, was then present to only a very slight 
extent. The wet/dry pattern in the contact zone ofEMMEN 17 probably 
altered c. 3oo BC, which might indicate a radical change in the 
peat-forming milieu in the contact zones. 
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