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The landscape below Rotterdam (Fig. 1) changed dramatically during the Early and Middle Holocene.

12000 years ago sealevel stood 57 m lower than today. Now buried below15-20 m of Holocene

sediment, lies a wide Rhine river valley bordered by slightly higher terrain (dune fields on river

terraces). 9000 years ago, delta formation set on. 6000 years ago, sea level had risen to within 5

m of the present level. The landscape had evolved into a barrier-lagoon system, with river outlets

functioning as estuaries. In the back-barrier lagoon, the Rhine-Meuse delta developed.

SETTING, STUDY AREA, RESEARCH QUESTION

METHODS: CORES, DATES, SEISMICS
A huge amount of data has been made available: >50000  corings and >50000 cone penetration

tests, detailed offshore seismic data, > 50 new   C and OSL dates, and pollen and diatom analysis.

Three cross sections spanning the entire delta have been constructed. Data was used from the

DINO-database (TNO), Utrecht University-database, muncipalities of Rotterdam and Zoetermeer

and the Ministry of Transport, Public Works and Water Management.

How, where and when did the Rhine-Meuse system transform from

a fluvial to an estuarine system during the Early-Middle Holocene period?

RESULTS

Fig 3. Seismic section from offshore The Hague. The left panel shows the original data, while the right panel shows the tentative interpretation, based on the facies model that has been constructed
for the onshore part and a few offshore cores. A well preserved Early Holocene landscape has been recognized in the seismic data. Drowned aeolian river dunes are visible that are capped by a continuous
peat layer at 20 m -NAP, probably dating from the early Atlantic. Back-barrier tidal channels entered the area between 8000 and 6800 years BP (Rieu et al., 2005). As the coastline migrated landward,
the tidal deposits were truncated and are now overlain by shoreface deposits.

CONCLUSIONS AND OUTLOOK

Onshore, the Early to Middle Holocene transition from a fluvial to an estuarine

system is generally well preserved, but deeply buried and therefore hard to study.

New detailed cross sections provide new insight and understanding of the fluvio-

tidal environment. The established chronological framework allows

palaeogeographical reconstructions.

Offshore, the same stratigraphic sequence is visible in high resolution seismic

data. The upper 5-10 m have been eroded by marine transgressions, but the

base of the Holocene deltaic wedge has been preserved. A detailed time frame

has not been constructed yet, but considering the lower and more seaward

position of the offshore data, deltaic formation and the change to estuarine

environments obviously occurred earlier in time.

Future work will focus on the integration of onshore and offshore data and will

complete the palaeogeographical reconstruction of the Rhine-Meuse delta.

Besides this, sea-level rise during the Early-Middle Holocene in the Rotterdam

area is a major part of the Ph.D.-project of Marc Hijma that will finish late 2009.

Fig 4. A photo of  a core showing the transition from fluvio-
tidal to brackish estuarine -the position of  the core is given
in Fig. 2. The fluvial-tidal deposits (below the yellow line)
are very rich in layered wood fragments. Apparently, large
wood swamps were present upstream of  the fluvial tidal
zone. Shortly after 7.3 cal kyr BP (white numbers indicate
cal kyr BP) a transgression occured and intertidal deposits
were deposited. First rapidly, ~3 m in 500 years, but
gradually sedimentation rates decreased and sometimes peat
could form. After 6 cal kyr BP the coastline started to close,
culminating in large scale peat formation after 5 cal kyr BP.
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Fig. 1. The study area around Rotterdam, The Netherlands, showing the position of
the constructed cross sections. The red line of  C-C� indicates which part is shown in
Fig. 2. West of  The Hague, tidal channels and aeolian dunes have been recognized in
seismic data (yellow line indicates position Fig. 3).

Fig. 2. Cross section from the Delft area (see Fig.1 for location). A transition from fluvial deposits (Echteld Formation) to marine/estuarine deposits (Wormer Member, Naaldwijk Formation) is visible
that differs strongly in time and place. The timelines illustrte the established chronological framework that has been built for the deposits. The fluvial-tidal feature below Delft is identified as a bayhead
delta. After this river outlet became largely abandoned, marine ingression occurred. The low lying area int the upper right corner was formed when the peat was dug away and used as fuel. The striking
channel fill at km 35 is remarkably deep and a poorly understood feature. The interpretation of  the different Kreftenheye units follows and refines Busschers et al. (2007).

We show three examples of transition from fluvial to  estuarine conditions. The cross sections display

the complex nature of the transition in time and space, both onshore and offshore. Fig. 4 shows a

facies change from fluvial to estuarine sediments.
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Cone penetration test

Penetration depth

Boxtel Formation - Aeolian and local deposits

Mainly cover sands

Delwijnen Member: aeolian river dunes

Time lines

2500 cal yr BP

5000 cal yr BP

Miscellaneous

Below Kreftenheye Formation
(all deposits)

Anthropogenic

Water

Vegetation horizon

Borehole location

Mentioned or self performed coring
(with corenumber)

43E0245

  C-sample
(lab number; radiocarbon age; range in cal yr BP)

1414

22 OSL-sample
(number; range in kyr BP

Channel belt ID and
period of activity (cal yr BP)

fault

8000 cal yr BP

7500 cal yr BP

6500 cal yr BP

9000 cal yr BP

8500 cal yr BP

Nieuwkoop Formation - Autochtoneous organics

Oligotrophic peat (sphagnum, erica)

Wood peat (alnus, salix)

Fen peat (phragmites, carex)

Lacustrine deposits (gyttja, detritus)

Kreftenheye Formation - Valley Rhine-Meuse deposits

Channel deposits (sand and gravel)

Floodbasin deposits: Wijchen Bed
(silty or sandy clay, clay)

Channel fill deposits (clastic or organic)

Naaldwijk Formation

Wormer Member

Interchannel deposits
(clay with silt/very fine sand layers)

Tidal channel deposits (predominantly sand)

Fluvial-tidal channel deposits
(sand alternating with clay)

Walcheren Member

All deposits

Echteld Formation - Deltaic Rhine-Meuse deposits

Flood basin deposits (humic clay)

Flood basin deposits (silty clay and clay)

Natural levee and crevasse deposits
(silty and sandy clay)

Channel belt deposits
(sand and gravel)

Base estimated

?

Intertidal flat deposits
(sand/silt with clay layers)

Base estimated
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1. UTC-11763; 8420 ± 80; 9545 - 9150
2. UTC-11764; 9200 ± 60; 10516 - 10237
Busschers et al., 2007

11

1. GrN-13471; 4395 ± 40; 5262 - 4855
2. GrN-13472; 4965 ± 40; 5875 - 5601
3. GrN-13473; 5730 ± 40; 6638 - 6414
4. GrN-13474; 6335 ± 45; 7415 - 7166
5. GrN-14445; 7265 ± 45; 8176 - 7998
De Jong, 1991a
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1. UTC-10757; 8220 ± 60; 9401 - 9021
2. De1;                                  11.1 ± 0.6
3. De2;                                  15.9 ± 1.6
4. De3;                             22.9 ± 1.9
5. De4;                                     22.8 ± 2
6. De5;                                  60.5 ± 5.3
7. De6;                                  73.8 ± 4.6
8. De7;                                    196 ± 21
9. De8;                               190 ± 38
Busschers et al., 2007
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1. GrN-14443; 4270 ± 60; 5033 - 4618
2. GrN-14444; 4710 ± 40; 5582 - 5321
3. GrN-13478; 6040 ± 45; 7004 - 6749
4. GrN-13479; 8250 ± 50; 9409 - 9032
De Jong, 1991b
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1. UTC-9900; 5432 ± 40; 5909 - 5722*
2. UTC-9899; 5687 ± 36; 6185 - 6013*
3. UTC-9894; 5803 ± 47; 6325 - 6121*
4. UTC-9892; 5925 ± 44; 6453 - 6251*
5. Lei1;                                   47.7 ± 4
6. Lei2;                                52.7 ± 4.6
7. Lei3;                              62.7 ± 11.7
1-4. Cleveringa, 2000
5-7. Busschers et al., 2007
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1. GrN-6494; 4290 ± 60; 5042 - 4645
2. GrN-6495; 4685 ± 60; 5583 - 5310
3. GrN-6496; 4995 ± 60; 5894 - 5609
4. GrN-6497; 5470 ± 60; 6405 - 6031
De Jong,1973ab
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1. GrN-12847; 4580 ± 45; 5448 - 5057
2. GrN-12846; 5350 ± 80; 5903 - 5556*
De Jong, 1985
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Late Pleniglacial
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Fig. 4 core

For legend: see Fig. 2
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