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accommodation space Is considered.
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2 Deltares BGS, Applied Geology and Geophysics, Princetonlaan, Utrecht

Why time scales matter and what we offer...

Stratigraphical architecture and lithological variability of deltaic deposits are
principally determined at syn-depositional time-scales. During delta aggradation, the
properties of strata (thickness, consistency, depth, geometry) change rapidly, with
strong feedbacks on successive sedimentation patterns. Subsidence comes from two
principal sources. compaction of fresh deposits (‘autocompaction’, ‘syn-sedimentary
compaction’) and (2) substrate lowering due to tectonics, isostasy and compaction of

eeply buried deposits. For parameters describing the rates of subsidence (whether
ue to compaction, tectonics or both) It Is especially important to have these
etermined at appropriate time-steps, that match time-scales at which creation of

We determined rates over time-steps of 102 to 103 years, for flood basins of the
Rhine-Meuse delta in the Netherlands. These results come from combining field data
and numerical modelling, facilitated by unique datasets that fully cover the sizable
river-fed barrier-lagoon system that is the Rhine-Meuse delta in the Netherlands. The
poster presents the outcomes and the implications for accommodation space.
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SAMPLING AND DATING HOLOCENE PEATS - INTERPOLATION OF PAST GROUNDWATER TABLES
BASE OF PEAT OVERLIES UNCOMPRESSIBLE SUBSTRATE, REST OF PEAT SEQUENCE IS AUTOCOMPACTED

Rhine-Meuse delta, The Netherlands

3D-interpolated coastal prism groundwater

3D GEOSTATISTICAL INTERPOLATION AND GEOLOGICAL Holocene Rhine-Meuse delta ”@ NSRTHE;N
INTERPRETATION OF PALEO-GROUNDWATER RISE IN THE palaeo-groundwater rise data set DELTA RM |
HOLOCENE COASTAL PRISM IN THE NETHERLANDS o
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Asstract: Cosstal-prism sediments record rising local water levels, forced by sea-level rise. Sea-level rise is the primarny driving
factor, but the anatomy of the coastal prism is a result of a complex interplay of sea level, subsidence, and upstream controls
{essentially sediment load). The sedimentary architecture of 2 coastal prismis linked to pales—groun dwater rise. Groun dw ater rise
i q'u.:ntiﬁ:d far the entire Rhine-Meuse delta {extending 120 km inland, 80 km wide) betwem an 110 kyr BP ground water lowstand
and the present highstand, dating series of organic markers {peats) of paleo—groun dw ater levels at compaction- free locations. The
accumulated datset of paleo—groundwater-level markem (> 300 index points) has a dense spatial and temporal coverage and a
predictive quality that enables geostatistical analysis. The combination of this datasetand a carefully designed interpolation methaod
{a form of 3D kriging) reveak the interplay betwemn upstream (climate, discharge) and downstream (sea level, tides) controls on
gradients of groundwater level and patterns of groundwater dse. Regional effects due to lcal controls { differential subsidenos,
groun dw ater flow o) are also identified.

It s showmn that backfilling of the paleovalley continues into the late Holocene, when eustatic rise had ceased, while atthe sametime the

delta is prograding in the badkbarrier area. The results comoborate earlier results regarding differential subsidence and postglacial
enhanced subsidene rates {relative to long-femm badoground rates) in the delta. Moreover, the 3-D geostatistical interpolafion opens
pnsibilities to test and further develyp process-based models for deltsic deposition.

INTRODUCTION increase of discharge, and changing groundwater hydmlogy
i il undwater level. This providedth

raised the ground | P dthe accommaodation
Haolocene coastal prisms {of. Fosamenlier et al, 1992) have .Epaoe {accumulation space sense Blum and Torngvist, 20000 for
iltup all over the world in response o global deglaciad ecoastal prism. Othercontrols, sue loeal subs

c0as ismm. 5, 1 8,
resulting sea-level rise. Modern coastal prisms in general have a - and fuvial discharge.also affecled the deltaicgroundwatertable,
hase that dates to the beginning of the middle Holocene (-~ 8cal  as did the antecedent topographic and hydrologic setting. All
kyr BP; Stanley and Warne, 1994). Their sedimentary record  these factorsalso contmol the internal sedimentary iectur
shows rapid aggl-adalim1 during the middle Holocene, decreas-  the coastal pr
ing markedly in the late Holocene. Coastal prisms are usually u

alal pism.
h 11y Inder conditions of sea-level rise, peatformed extensively in
underlain by Late-glacial o early Holocene fluvial deposits of  middle Holocene floodbasing. Peal from locations all over the
paleovalleys that had formed during the preceding lowstand  study area has yielded radiocarbon dates ranging from 95 1o 3.0
(Marine Oxygen laotope Stages 4 to 2: 0I5 4-2). cal kyr BF. Pealy sequences from distal flopdbasing provide
Paleo-equivalents of the present-day depositional environ-  excellent organic markers for dating the start of peal formation o5 . ;
wents are recorded in the coastal prism. Cuantitative recon-  and thus for Ei]npﬂinling palec—gmoundwater levels (water-table m) @ SOUTHERN |
ruction of palec—groundwaler surfaces allows identification  elevationsl The geological setting allows reconstruction of DELTARIM ;
these palec-equivalents regionally, and may reflect shiftsin - groundwaler rise and loodbasin aggradation, by dating seriesof ' :
minange of interplaying upstream and downstream contmls  basal peatsamplesal increasingelevaltionsalsites free o foompac- ' |
ring coastal-prism buildup. TT truction of a 40 sel ton (eg., along flanks of buried dunes, Fig. 2; Jelgerama, 1961;
id “prediction” of palec—grou 1 levels {ground van de Flassche, 1982; van Dijk et al
bleelevations) by inle?.)o ation | r thanmodeling) Inthe present highstand situatios 5|l1.|d|nal‘§|ad its in
identify and quantify the interplay between the v groundwalerleveloverthe bower,c upperdellareaches
controls, The aim of this work is interpr e Tec are graded 1o the late Holocene hig sea level (Fig. 1) Sea
palec—groundwater rise in the Rh feuse coastal pris lewel is the dominant control on palec—groundwalerlevels in the
identify controlling factors in lesedimentary reco coastal prism, in particular in the most downstream parls. From
by (2] presenting a methodology for gecs tatistical interpo delta apex o coasl, the concave ce reflects a relatively
of a database of > 300 ground level index poin w  decreasing influence of upsiream controls (discharge and sedi-
available. mentload, which imposeavalley gradient), relalive toanincreas-
ing influence of downstream controls {sea level and tdal ampli-
Geological Setting: Sedimentation tude, which decrease the gradient). Mear the coast, in the lower
during Groundwater-Level Rise delta, marinecontmwlsare dominant. Fartherinland, in the central
and upper delta, downstream controls are less dominant and
The Fhire-Meuse coastal prism IF‘ijg. 1} corsists of coastal  interplay with upstream controls is obvious. Here, loodbasin
barrier depositsand backbarrier deltaic depositsincuding estua- - ageradation forced by relative sea-level rise occurred Torng vist,
rine and fluvial sediments and Aoodbasin peals. Sea-level rise,  1993; Berendsen and Stouthamer, 2000 ), but the sedimentation is
River D:}Lrp—{_'r:m.czph ©Models, and El:.:mp]:i-
SEPM Spedial Pullication No. 83, Copyright & 2005

SEFM (Rocicty for Sedimentary Gedlogy), IS0N 1-5676-1138, p. 341-264. [+"*] primary input data; 321 groundwater index-points 11.0 - 2.0 kyr cal BP

Cohen 2005

Subsidence due to substrate lowering Is quantifled from groundwater rise
reconstructions. Similar to relative sea-level rise reconstructions, dates of begin of
peat formation overlying pre-deltaic sandy strata (notably vertical series of dates
collected along the flanks of isolated inland dunes (figs. above) provide index-points
for past groundwater table rise. Many sites with vertical series of index-points exist,
sufficient for geostatistical interpolation (3D universal block kriging). The interpolation
shows anomalies that match known neotectonic depocentre and faultzones. The
depocentre (40 km?) sank 0.05-0.10 mm/yr faster than downstream parts, and 0.10-
0.15 mm/yr faster than upstream blocks, measured for the period 9000-3000 yr BP.

Interpolated stacks of palaeo-groundwater tables are used to break down
accommodation into components ‘due to absolute sea level rise and regional tectonic
dip’, ‘due to local subsidence’. It also identifies ‘overfilling of accommodation space’
as occurs in the upper part of a delta that aggrades and protrudes under increasec
sediment supply in the last 3000 years. Subsidence rates were higher in the perioc
20,000-6,000 than in the last 6000 yrs, In agreement with isostatical geophysica
predictions, Scandinavian deglaciation and North Sea transgression history.
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Crevassing and avulsion cause sediment-loading and floodbasin-filling histories to
differ per location and affect the degree of compaction in delta subregions. The effect
of autocompaction, i.e. compaction due to loading of peaty strata, Is quantified at 15
sites In the central delta. We compared actual depth of peats of known age with the
palaeo-groundwater table heights at their time of formation (figs. above). Data on bulk-
density, peat composition and organic matter content was also gathered, and used to
hindcast compaction at the 15 sites. These two methods reproduced each other and
resolve compaction-driven subsidence at centennial to millennial timescales. Shorter
timescales are not possible because of resolution limits of the 1#C-dating method.

To bridge the gap between reconstruction and modelling approaches, additional
measurement and quantification of natural load-induced peat compaction on
decadal to centennial scales was needed. Such data was collected in the
Cumberland Marshes (Canada), an inland-delta that developed over the last 135
years, where river clastics buried peats of similar composition as in the Rhine delta
In the Middle Holocene. Parameters calibrated on Canadian peats were used to
simulate local natural compaction histories for synthetic delta successions.
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ACCOMMODATION AND SYN-SEDIMENTARY TIME

There are two ways to look at accommodation space on syn-depositional time-
scales. Depending on the view point, compaction contributes to accommodation
space creation or compaction allows storing sediments in earlier-created
accommodation space (e.g. figure below). This difference is not trivial when
modelling internal alluvial architecture of deltaic wedges at time-steps of 50, 100 or
1000 years. It iIs Insightful to Intercompare quantifications of ‘compaction
subsidence’ and ‘substrate-lowering subsidence’ with the total amount of
accommodation space created and filled during Holocene transgression and high
stand, I.e. the not-eustasy-driven part of delta accommaodation.

Subsidence due to peat compaction has locally (re)created up to 40% of the Rhine
delta’s accommodation space, Iin inner parts of the delta. In transgressive tidal
floodbasin areas this may have been even more (more work needed!).
Substrate subsidence in the last 9000 years has created at least 3 meters (12.5%)
of 24 meters of total vertical accommodation (22%) at the river mouth and 20% (1
meter) of a total 5 meters in the last 7000 years over the Iinland tectonic
depocentre.

i Water level rise
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SAMPLING FRESH PEAT

Cumberland marshes, Canada
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A NEW METHOD FOR DETERMINING THE BULK DENSITY OF UNCOMPACTED PEAT FROM
FIELD SETTINGS

SANMEEE wvaw ASSELEM awn CHRIS RODSEMDAAL
Utrechi University, Faculty of Geosciem s, Depariment of Physicad Gagraphy, PoO0 Box 80005, 3508 TC Ubrechy, The Mether bande
eemaadl s 5 veanies sl e e am

ApTRacT: A pew method for determining the bulk dessity of uncompacted sorficial pest from fldd settings & presented. Most lmportzntly, 2 new
peat sampler wis developed to ensure minfmum distorbance of the peat sample. The main benefits of the new device are (1) fram the moment of Teld
sampling, the peat sample remain odisborbed in o nner collecting liner, which hes & fived volome and fits perfectly in & ooter cutting tabe, natil
the sample & resdy o be analyred in 2 laboratory, (2) the fsk of frecturing or disborbing the sample doring lfting it to the surface & signifl camtly
reduced by using 2 vamum pump o hose to reduce soction &t the base of the pest core, and {3} the ramr-shar p cotting edge of the outer tube exily
cuts through all Kinds of fibers by shont rotatio nal movements. Forthermaore, safficlently large samples can be extracted, thereby scoomnting Tor ihe
heterogeneons character of pest. The device is relatively light and easy to operate, which is a great sdvantage in the often remote and difficul t-to-
access pestlands. The sampler was soccesslully wed during test ivkaks on different types of fen peatin the Biebrza Nationz] Park, Poland

INTRODUCTION

Revently fremed peat hag 2 very loose and heterogeneow structuse; it often
containg different inds of plant remaing and may consist partly of 2 lving
oot meat. Therefore, sampling modern peat without disturbing the peat
atructure o inducing compaction i difficult. Extrading undsturbed 2nd
unoomipacied peat samples i3 neaded, however, for determining physical {e.g,
bulk density, porogity, organic-matter coment, fiber content) and chemical
propenties (22, nutnent concenteations) of pest (Clymo 1988, Buttler ot al
199%), which i important information for, e, carbon atorage, ecological,
and hydrological studiea. Furthemone, determination of physical propentiea
of peat i3 esentisl with regard to understanding and predicting compactional
behavier of peat aoil (e.g., Lefetwre et al. 1984), from both a gedopical and
an engineering perspective. Peat is most compreasible of 30l natural sods, and
hence, peat compaction potentizlly kads to vast amounts of subsidence. In
populated aneas, this may kad to damage to constructions and land
mundation. In natural environments, subadence due to pest compaction
creates accommadation space for either fluvial depasition or peat sccumiu-
Lation, thereby mfluencing the evolutien of, for example, wetlands and
alluvial plaing (Van Aszelen et 2l 209).

An important physical property neganding pest compaction is the dry bulk
demity. The dry bulk density, and initial porosity, of modem pest depends
mainly on (1) organicmatter content, (2) prain-size distribution of the
marganic content, and (3) plant apecies compodition. Dourng oompaction
initial pore volume B reduced and dry bulk density increases. Jo, for 2 apecific
peat type, changes in dry bulk density meflect change in the degres of peat
compaction. The dry bulk density of uncompacted peat can therefore be used
to eatimate the amount of compaction of bured peat, which often has higher
dry bulk densities (eg, Bird ef al. 20M; Van Asden o al 2. A
precondition for this method & that the uneompacted pest ssmple should be
of the same type a3 the compaded peat sample, meaning they should have
aimdlar organic-matier content, texture of the inorganic content, and plant
apecies composition. Furthenmose, it B essentiz] to accurately determine the
dry bulk demity of modem pest, which require ssmping of 2 fixed volume
of peat from field settings without disturbing or compacting the peat. For this
punpose, & new peat sample, presented in this paper, was devdoped. The
meain festures of the sampler that engune minimuwm dsturbance of the peat
samphe ane (1) it conaists of an cuter cutling tube and an imner collecting
liner; the peat sampls remaing ingide the liner with fived volume until it has
bean tranaporied o the lboratory for funther analyses, (2)a manusl vacumm
pump or hose B wed to educe suction at the base of the peat cone, which

provents fracturing of the cons during lifting it to the qurface, and (3) the
ramor-sharnp cutting edge of the outer tube exily cuts through all kind of
fikera by short noetstional movements. Furthe detsil of the sampler ane
diescribed in the next sectionsa.

OONSTRUCTENS AND LSAGE

Thi peat sampler consiats of an cute stainkssatee] tube and an nner PYC
liner which colbacts the pest sample (Fig. 1). The lner fits perfectly in the
outer tube, and the inner surface is pafely smooth (Fig. 24). The shamp
cutting edge of the outer tube kas sinueud teeth, which eaily cuts through 211
kinds of plant remssing without disturbing the internal pest struchure of the
sample. Fibers ke wood and thick reed stems do take a litthe more sswing
time. The sampling device i brought dewnward into 2 peat subatrate by amall
hadi-and-forth rotational sswing movements (* 1 cm), without exerting any
cutradownwand predsune. During coring, daplacad air ingide the peat sampler
ia ventilated through holbyw extensien rods (Fig 1)

Tao detach the peat sample from the underlying peat substrate, the sampler
is first turned arcund its axis several times hefire it iz positioned at an angle
of meximum 75, at which position it is turned seversl time mone (Figs, 2B,
3A) Positicning the ssmpler at an angle while tumning enlarges the bonchole.
Ths allows air to Jow down aleng the sides of the pest sampler unfil the
depth of the groundwater table, which makes it eaier to lift the sample to the
surface 28 suction from the sides of the sampler B reduced. Lifting & peat
sample to the surface & difficulf, because swticn in commonly highly
aaturated peat often cames disruption or fractuning of the sample.

Buction at the base of the peat sample B8 further reduced by using & mane]
vacuuwm pump ceEmnected to the hollow rods (Figa. 1, 3A), which creates a
partial vacoum ingide the sampler. At the szme time, if necesgary, air can be
blosvn directly under the sampler using an ~ 2 cm diameter pipe or hose, The
lower end of the gpe or hoae was brought down to the desired depth undes
the sampler by digging out the pest endosing the sampler by hand. Field
ohservation indicated that in many ez Blowing additional air under the
sample was very effedtive to further reduce the rsk of fracturing while Efting
the samipler to the surface.

Omee the peat sampler is lifted to the surface, the outer tube with the
colleding liner and peat sample inaide & eaaily detached from the tube Stting-
device with extengion rod by turning the bolts dockwise inside (Fig 1), while
atzbilizing the ssmpher in & three-aided cradle (Fig 3B). The lner is removed
frovm the ouer whe by pushing zgainat the edee of the liner using 2 pishing

Cogrysight © 10089, SEFM Socety for Sefmetary Gealagy] 1527 MOMAONT01 8803 00

COMPACTION MODELLING: BACKWARD, FORWARD

Synthetic Sequence

time from start loading (yr)

Legend
—e— LOI 038, Ci4 0, t,6
—e— LOI 038, i3 20, 1,6

—— LOI05,Ciy 0, 1,3
—+— LOI05,Ciy 20, 1,3
—— LOI0.8,Ciy 0, 1,3

Autocompacted floodbasin sites in the Rhine delta show peat surfaces to have locally
lowered up to ~3 meters within 10-m-thick successions. The associated compaction
rates were up to 0.62 mm/yr, averaged over multiple millennia (figs..above). Higher
rates of a few mm/yr occurred over decades to centuries, shortly after loading.
Subsidence rates measured in the Cumberland Marshes: up to ~6 mm/yr, averaged

over ~135 years.

Forward modelling predicts compaction to occur most rapidly in the first decades after
loading a peat sequence. Simulations for ranges of natural conditions vyield
subsidence rates that successfully reproduce field observations. They predict rates up
to 15 mm/yr (averaged over 50 years = time step in model) in 8-m-thick high-organic
peat (LOI=0.8), representative for the most compaction prone areas in the delta.
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