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Impregnation method for detecting annual laminations in sediment cores: An overview
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Abstract

Annually laminated sediments can provide an absaiume scale (by varve counting) and a high-regmiut
palaeoclimate information (from varve thicknessptiBtypes of information may be directly measureshf
sediment core surfaces. In this paper, we stregsvlirve counting and varve thickness measurenusnteed
from fresh core surfaces could not systematicalyeal the internal sedimentary structure, everssisdéed by
high resolution image analysis. We present an el@wipa homogeneous sediment core for which thgegar
were only observable after core impregnation arilpiog steps. Because the impregnation methodadatrget
standardized, the aim of this paper is to give paated review of the methodology. In this revieve, present
the major critical points during impregnation stejpsparticular, we focus on all of the post-treatinsediment
disturbances that can alter the laminated micneciire and, consequently, varve measurements.|¥ivead
propose a modified impregnation protocol, especedlapted for tracking varved intervals in longesor
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1. Introduction

High resolution palaeoclimatological data recong®d from annually banded archives (e.g., tree sting
speleothems, corals, ice cores, varves) constitiliesbasis for inter-comparison of past climateialality
(e.g., Holivar programs: Battarbee, 2003). Of threggaroaches, the marine and lacustrine varved semgences
represent some of the highest-resolution mateunisé$ul for tracking short-term climate changeshralied with
absolute time scales (cf., Kemp, 2003). Becausk atchives are wet and unconsolidated, counting/éinees
directly from the fresh core surface may underestinthe correct number of varve years (Lotter aeohdke,
1999). One particularly attractive method consfsingpregnating the sediment core with polymers iideo to
more easily prepare thin-sections (Kemp et al. 1200his step is essential for being able to caath "varve
year" (e.g., Lamoureux, 2001). Since the 19@@s evolution of impregnation methods has besmgty
linked to the development of innovative technigaay( sampling devices, cryogenic and vacuum tdobies,
polymers, etc.). Originally, sediments were simpbvered by resins, with impregnation assisted tawvity
(Heezen and Johnson, 1962; West, 1966; Shannon@nt 1967; Moreland, 1968; Orlansky, 1968). Later,
total impregnation techniques developed by pedstegfor soil micromorphology (Altmuller, 1962) were
adapted in order to emphasize the muddy materishl@y 1973). At the present there are still two eduting
methods in existence, but they have not been stdizéd (Lotter and Lemcke, 1999). In this paper, firgt
review the available protocols for resin impregoatof varved sediments. We then propose a revissitiod
that may be useful for tracking the internal sedit&ructure in long marine cores. The modifiedecia are
discussed in terms of efficiency for varve idepttion, especially in clayey material.

2. Review of the impregnation methods

Impregnation methods require three major steps,ehasampling, sediment dehydration, and polymeiomat
Descriptions of the protocols are presented irat@mpanying literature review (Table 1). Note thét review
does not include the sediment disturbances retattite different drilling systems (see Lamoure3QD).

2.1. Core sampling

Core sampling is an important part of this procedhecause the cohesion of the muddy material mast b
maintained. Conventional sampling methods (i.eringgs, spatulas, plastic bags) cannot be usedibedaey
are destructive. Published methods to collect uadised samples from the cores used overlappingiaium

foil boxes pushed down the working sections. Theekcare designed to accommodate the dimensiorsnaf t
sections, or longer (e.g., 180 mm long x 20 mm widé mm deep; Francus and Asikainen, 2001). The sub
sampling boxes are easily extruded from the corghowt damage to the sediment material by using a
monofilament, a square of sheet metal (Lamoure@24}, or by using an electro-osmotic core cuttiegice
(Chelmik, 1967; Bouma, 1969; Sturm and Matter, 198éhimmelmann et al., 1990; Francus and Asikainen,
2001; Kemp et al., 2001).

Table 1 Review of published methods for sediment coredgmation
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Impregnation step  Literature protocol References
Core cutting Electro-osmotic core cutting Schimmelmann et al. (1990)
Frozen core cutting Lotter and Lemcke (1999)
Sub-sampling boxes Francus and Asikainen (2001)
Dehydration Acetone in liquid phase Conway (1982), Clark (1988)
Acetone in vapor phase Camuti and McGuire (1999)
Freeze-drying Pike and Kemp (1996)
Impregnation Acetone-resin-exchange Lamoureux (1994)
Under vacuum Lotter and Lemcke (1999)
Polymerization Oven (20-40 °C) Ashley (1973)

See text for explanations.

2.2. Dehydration techniques

Core material composed of fine clays with unstaifigsical properties cannot be air-dried in the savag as
can sandy sediments. Conventional drying proced(ees, oven-drying) are responsible for shrinkagel
distortion of the clay matrices (e.g., Tanner arebrig, 1995). One solution for preserving the sedtme
microfabric during the drying phase is to decretse water content with successive solvent battgs, By
water/acetone removal (e.g., Pusch, 1999). The@aeeixchange method may be done in liquid-phasevw@y,
1982) or vapor-phase (Camuti and McGuire, 1999hénuse of liquid phase exchange, sediment isesbaka
container with acetone. One sample requires eighsecutive acetone baths over a period of one weleile
measuring the baths specific gravity in compariaith pure acetone (Clark, 1988). In the case ofovaghase
methodology, sediment is placed under acetone sapax dry chamber for three weeks (Camuti and MieGu
1999).

The other solution to the shrinkage problem is Iyfuphilization (freeze-drying) technique that evatas the
interstitial water by sublimation (Bouma, 1969; Merl971; Crevello et al., 1981; Kuehl et al., 19B8ancus,
1998; Kemp et al., 2001). First, the liquid phaseadnverted into a solid phase (i.e., ice). Thénseant is floated
over liquid nitrogen at — 196 °C by using, for exae) styrofoam plates (Lotter and Lemcke, 1999y d8d,
the ice is sublimated in a freeze-dryer chambea ptessure level below the triple point. The preduét0

vapors are trapped into a condenser until the éttteadrying cycle (12-24 h).

2.3. Saturation with polymers

Two standards protocols exist for this importaepstThe first method is applied on acetone drieteria, in
which the sediment is impregnated by acetone-resittange (Clark, 1988). The acetone is progregsivel
exchanged for a low viscosity polymer (LamoureuX94; see also the appendix in Dean et al., 19989ynier
resin penetrates by capillary action into the sedinin several stages (i.e., 25%, 50%, 75%, an&cl@0resin-
acetone concentration) to avoid osmotic shock (1B85).

The second method may be applied on acetone arefrdged sediments. The sediments are impregnateer u
vacuum to avoid bubbles. The samples are placddnaat solvent resistant mould in a vacuum chamberder

to be progressively saturated with polymers (eegsin added in four steps). The sediment is imptghunder
vacuum conditions (e.g., 800 mbar, Camuti and Mo&uUi999). Pumping and venting cycles may be used t
achieve the desired saturation (Tiljander et 802).

2.4. Polymers

Numerous impregnation substances have been usedadwmratories specializing in the preparation of
unconsolidated material. For example, Carboax (Rephkl981), Vestopal H (Altmuller, 1962; Ashley, 789,
methyl methacrilate (Palle et al., 1985; Murphy889Pusch, 1999), Crystic (Conway 1982), and LRl venite
resin (Ferrow and Roots, 1989) have all been engoloylThe standard resins most used for sediment
impregnation are Epoxy products (Martin et al., 4;9Crevello et al., 1981; Jim, 1985; Clark, 198&moureux,
1994; Francus, 1998; Kemp et al., 2001).

3. Revised method

We use long plastic U-channels (100 cm length m5xide x 1.5 cm deep) to extract a one meter cegeence
at one time (Fig. 1). The U-channels are slowlyhegsdown the mud by hand and are then extruded avith
monofilament. The cores are inclined 90° to faziétthe extrusion. The samples are immediatelyeframn a
deep-freeze with the initial water content. Once ithiterstitial water is frozen (after few hourgd)e tsediments
may be sectioned without risk of collapse. The dampre dried by the lyophilization (freeze-dryimygthods
proposed previously by Pike and Kemp (1996) or €wan(1998), but with a modified sublimation rate.
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Lyophilization cycles consist of three phases:f(é¢zing, (2) primary drying, and (3) secondaryinigy (Phase
1) U-channel are frozen in a deep-freeze at a teatyoe between — 80 to -20 °C only, depending enfitbeze
dryer aptitude (see discussion paragraph) and waiatent (high-water content samples must be frozen
quickly). (Phase 2) The interstitial ice is subltethaccording to the vapor pressure above icegpisted in Fig.

2. For example, for a sample frozen at -40 °C,véigeor pressure above ice is‘1fbar. (Phase 3) During the
secondary drying, water sublimes and sample terhperadecreases. To compensate for the loss of wrie
heat supply is increased proportionally. After @24 h the sample is dried (sublimation rate istradled from

an ice-track). Because freeze-dried clayey sedisnana soft and sensitive to air-humidity, we alwagat them
without delay for consolidation by impregnation.eTeamples are placed into a vacuum chamber within a
solvent-resistant mould. We use a vacuum appasitugar to that used for the drying step, i.e.,acowum
chamber equipped with a rotary pump (8 xnh%), and a condenser to trap the organic vapors ey and
acetone), that may destroy the pump (Fig. 1). Tdeuum level is applied according to sediment tegua low
vacuum level close to atmospheric pressure is f@dthe dense clays, whereas up to 700 mbar pesswsed
for the coarser textures (empirically determinaxg discussion section). The sediments are satunatldow-
cost resins like Norsodyne S 2010 V (supplier: Cvajley) or TRA (supplier: Finres group) polymersder
vacuum. We mix TRA or Norsodyne with 0.2% of casalfinterox), 0.1% of accelerator (Octoate Cobal, 4
and less than 10% diluents (acetone). The polymesrogressively added in four steps (after 30 nmd a
successively at 1, 2 and 4 h), as the resin rigep by drop from the bottom to the top. During the
polymerization, the temperature increases and dhgmerization rate decreases. The saturated sampgshe
placed in a dry-oven at 40 °C to for compensateetiergy lost and to accelerate the polymerizataa. rThe
accuracy of the varve measurements is improvedtkitreatment is performed on fresh core sampkes having
an initial water content.

Fig. 1. Sediment pre-treatments for core polishing steg fimbers correspond to the different preparation
step: sampling (1-2), dehydration (3), impregnati@), and polymerization (6). 1 and 2: Core cuttiwgh a
fisher wire and sampling with a U-channel (100 cB)Freezing within a deep-freezer at selected txatpire.

4: Ice sublimation in a dry chamber,@ vapor is trapped into a condenser. 5: Dried saangdturated with
resin under vacuum, acetone is trapped into a cosée 6: Polymerization in a dry-oven at 40 °C.\A&cuum
chamber equipped with a manometer; B: Condensés@fC; C: cooler and rotary van vacuum pump (5 ' x
Y: D: Thermic probe. For long sediment core prepioa, note large size chambers will avoid time-aoning
sub-sampling.
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Fig. 2. Diagram for determination of the vapor pressurewa ice to adjust the drying chamber. Note that the
pressure level should be selected as high as gesdibt not higher than the pressure correspondimgdce
temperature.
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Fig. 3. Core scan of biogenic lacustrine sediments (Laggeue, Late Glacial, (PUIl station at 804-812 cm,
Chili, 40° S). The pictures on the left show ddfdrquality of sedimentary resolution accordingt surface of
the core before (A), and after (B) the pre-treatirian polymerization. Macroscopically the sedimeogs not
present apparent seasonal laminations. The enlaggetlires on the right are thin-section images ygfi¢al
seasonal doublets formed by : a light diatom-rigidr (C), and a dark layer enriched with fine-gmdéhorganic
material. It would have not be possible to applsweacounting methods directly from the fresh core.
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4. Discussion

The revised method described herein has been estlmy lacustrine clayey sediments sampled fromthgom
Chile (OSTC-ENSO-Chile project) and from Lake BAikCONTINENT project) sediments. The method, when
applied on sediments assumed homogeneous at asoapio scale, revealed internal finely laminatedcttire
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(see Figs. 3 and 4). The varved sections from thikea&n lake were determined only after the totgdnegnation/
polishing of the core length (Fig. 3). The thinday in Lake Baikal sediments were only evidentratién-
section preparation (Fig. 4). In the discussioWelwe explain our impregnation strategies.

Fig. 4. Optical microscope pictures taken from Lake Baikah-section of clayey material. (A) Note the local
effect of liquid nitrogen shock on the micro-sturet (B) thin laminations tracks are observed franthin-
section prepared with the revised protocol. A: VEER1-3, Acadmician Ridge (290 cm depth); B: CON03-6
5, Continent Ridge (29 cm depth).

4.1. The U-channel sampling strategy

The sub-sampling of a varved sequence is the mffstutt step to perform; and it may cause irrevils
deformation of the material. One disadvantage efshb-sampling box method is the large number difrgent
transfers and hand manipulations, which increaseaf collapse. In addition, the preparation of-saimpling
boxes is a time-consuming and a fastidious opardtiplong cores that increases the risk of airfgfoxidation
of the core surface (i.e., varve alteration). TheHannel, similar to those used for paleomagnétidiss, allows
the sampling of a one meter core section at oremyaing the total number of sediment transfers laamte
reducing the chances of disrupting the primary reedt fabric within the cores. Once frozen, the baed
sediment may be continuously sub-sectioned peredg® if necessary (Fig. 1). Smaller U-channels Ishbe
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used inside a small gravity corer, or sedimentlmtaken within the plastic corer without sub-sanpl
4.2. Selection of the dehydration technique

The use of acetone methods in organic-rich sedsneraty modify the volume of the samples by extractb
the soluble organics. For the preparation of lomgs, the acetone methods are time-consuming @eveeks),
and they require a large volume of volatile, nosi@nd inflammable solvent. For example, four hudditers
of acetone are necessary for a 10 m long coregindiphase, requiring adapted laboratories with qrfiw
extraction hoods. In liquid phase the acetone naaxge sediment collapse. In contrast, the lyophidiramethod
is rapid and safe (no particular safety precaujiombe sediment is dried without dissolution rigkaoganic
phase, and without liquid phase, as the water abigdrozen and then sublimated.

4.3. Selection of the freezing technique

With standard techniques, the water content iskdyifrozen at low temperature in liquid nitrogerig6 °C).
The quick decrease of the temperature allows fergttowth of small cubic ice in the sediment streetuather
than larger hexagonal ice crystals (Francus, 1998yever, we retain two problems with this techmig(l)
liquid nitrogen shock, and (2) sublimation at véaw temperatures. (1) The shock produced by liquiicbgen
may involve development of microscopic cracks otlee sediment matrix that partly erase the laminated
microstructure (Fig. 4A). Although the "shock freedrying” method in liquid nitrogen is a rapid pedcre, we

do not recommend its use as it is a dangerous ptadumanipulate (e.g., anoxia risk). (2) Duringpilization,

the temperature has to be kept constant over theapr drying phase in the freeze-dryer chamber. (&lgai et

al., 2003). However, the temperature of the conelen&40 to -80 °C) is higher than -196 °C, therkagding to

a re-crystallization.

4.4. Temperature and freeze dryer performances

The highest frozen temperature is determined acuptd the collapse/eutectic point, e.g., -22 °Galt water.
Lowest temperature is determined according to thedenser and vacuum equipment performances (e.g.,
Beckett, 1951). The temperature of the condendermees the constant temperature in the chambegr, (60

°C with Lyovac GT3). The pump rate determines tltémate sublimation pressure above ice that may be
reached (e.g., Ombar with Lyovac GT3). The deepest vacuum leviglimed by most of the available freeze-
dryers chambers is no more than*Iibar. This limit corresponds to the highest purfiiziency and pressure
resistance of the chamber. For instance, the maripressure above ice for sublimation at -196 °Migcice)

is 2.2 10°* mbar, which is an unrealistic high vacuum unattbie with existing equipment. At present, the
optimum of sublimation rate is obtainable only femperatures between -20 to -80 °C (i.e., abovetlhé ice
phase — see Fig. 5). Freeze drying devices withidigitrogen used in the condenser for trappingstnoé may

be used for lyophilization at very low temperat{Rindler et al., 1998), but vacuum chamber aptitati
controls the ultimate sublimation pressure. A hibar freeze dryer performance corresponds totieg0a"C.

Fig. 5. Sublimation curve for low ice temperatures. Thadslwed area represents the vapor pressure above ice

that may be attained in the freeze dryer chambeadl@ble at present.
HEXAGONAL ICE Ih CUBIC ICE Ic

100 et L L
10"
102
10
10
108
10°
107
10°®
10°
1010
1011
1012
101
1014
1015
101
1077
1018
101
1020
1021

Pressure (mbar)

VAPOR PHASE

ol ool ol ool vl sonel vl ol vl vl vl vl vomd vl vl vused voned vl el 1ol 1
TR T T TR T TV T I TH T T T Ty T T

T T T T T T I T T T T T T T I T I '
-0  -100 -120 -140 -160 -180  -200

Temperature (°C)

o
N
(=)
.
A
[S)
[or)
o



Published in: Sedimentary Geology (2005), vol. 139,3-4, pp. 185-194.
Status : Postprint (Author’s version)

4.5. Vacuum conditions for the impregnation

The impregnation step has to be performed undectlgtrcontrolled pressure conditions. Based on our
experiments, the pressures to apply vary accotditige sediment textures, and mainly porosity (Bjg.

- for clayey texture, a pressure level close taspheric conditions is sufficient;

- for coarser material, the pressure level hdmetocreased up to 700 mbar.

For dense clayey structures, atmospheric presfomsaor satisfactory impregnation to be performed

The sediment is saturated only by capillarity, thet polymer must be low viscosity (Lamoureux, 19%jower

pressure will produce a faster resin flux that daldmage the sediment fine texture, due to theplonsity. For
silts and fine grained materials, the vacuum Iéesl to be lower than 1013 mbar. Indeed, the vadaueh must
produce a slow flux of resin able to saturate tighdr sediment porosity. Coarser material requineshighest
vacuum levels, as the resin flux must fill the Esgpores.

The rate of the resin flux may be visually congdlland is based on the boiling point of the resixture under
vacuum conditions. The pressure level should noeea the boiling point otherwise bubbles will degtthe

matrix (i.e., the resin flux is too high for therpalimensions). Note that the boiling point vadesording to the
acetone-resin ratio in the mixture, and also topmature-pressure conditions in the chamber. Fin maixed
with 10% acetone at 15 °C, we empirically obsertret the boiling point is reached at around 700 mibay.

6).

Fig. 6. Diagram for determination of the vacuum level faply according to the different sediment textures.
Note that the limits are determined from a 700 mix@iling point of the acetone-resin mixture.
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4.6. Polymer mixtures

One of the most widely used Epoxy resins is prop&gurr, which is actually one of the most ava#afilid
resins for the saturation of dense clayey matékiamoureux, 1994; Pike and Kemp, 1996; Kemp et2@Q1).
For the preparation of the polymer mixture, the naacial step is the catalyst/accelerator ratiustchent. A
high catalyst/accelerator percentage ratio resulgsfast rate of polymerization, and a bad qualitpregnation
(see also Ashley, 1973). Moreover, increasing ametdiluents above 10% result in cracks due to sblve
evaporation after polymerization is over (note stgtene monomers as diluents should be avoidedodcencer
risk for the operator). Increased temperature al#v&C leads to fast polymerization rate and ingsleracks
(see also Ashley, 1973).

5. Conclusions

Sediment impregnation is the first step necessarynivestigating laminations in cored sedimentsisTaper
provides an outline of the different proceduresiider to prepare continuous polished cores sectiemseach
step, we emphasize minimizing post-treatment seadligisturbances. Here are the main comments:

(1) The sampling of long sections at once (oneemdtchannels) reduces the risk of disturbances.
(2) Frozen samples may be cut without risk ofaqudk.

(3) The dehydration step is the most importanp $& lamination thickness preservation. Acetoneegigood
results but necessitates hundreds liters of aceflanéong cores, and use of acetone is dangeroosiqus,
inflammable). Moreover, acetone also dissolvesotiganic material (core shrinkage). The sublimatimthod is
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a fast method that should be adjusted accordiragtioal equipment performances (i.e., condenserdeatyre,
pump rate). The freezing step at low temperatuggsires unrealistic vacuum conditions for sublimatiEven
if LN, is used in the condenser for trapping moisture, rtaximum vacuum chamber aptitude i$* ¥@bar,
which correspond to ice at -80 °C.

(4) The frizzing step should be done accordingdndenser temperature, which controls the temperatuthe
chamber.

(5) For the impregnation step, the vacuum levsl teabe adjusted according to sediment texture néte the
vacuum conditions increase with increasing partisiee and porosity. Dense clayey material may be
impregnated at ambient condition, whereas coaesiments require deeper vacuum.

(6) Finally, thin-sections are prepared with staddarotocols such as those used for rock samplespkéfer
large thin-sections (140 x 65 mm) that allow a drettisual control of lateral variations of the |aaied
sediments.

Acknowledgments

X.B. thanks G. Stoops and R. Nijs (RUG) for theitroduction to embedding sediment procedures. This
research was supported by ULg for laboratory itetiah, EU CONTINENT project (EVK2-2000-00057-
coordinator, H. Oberhansli) and OSTC ENSO-Chile 1B\ 0B-coordinator, M. De Batist). Material shown i
the paper was collected during an EU-CAQNENT cruise in Lake Baikal in 2001, and in Lago Elye (South
Chile) in 2002. We thank both coring teams involvedhis research. We particularly thank A. Monjda
providing lyophilizer equipment, F. Boulvain, fadilities in the petrographic laboratory, J.P. Guls. Noebert,
and J.M. Speetjens for technical support (ULg), BaBreuer for images acquisition. Thanks are adud.t
Mackay P. Francus and anonymous reviewers thatwegran earlier version of the manuscript, and éniKg

for helpful comments. X.B. is supported by a PhiIRS-FRIA grant.

References

Altmuller, H.J., 1962. Verbesserung der Einbettungd Schleiftechnik bei der Herstellung von Bodemthkchliffen mit Vestopal. In:
Altemuller, H.J., Frees, H. (Eds.), Arbeiten aumdgebiet der Mikromorphologie des Bodens. Verlagi@ie GMBH, Weinheim/Bergstr,
pp. 230-243.

Ashley, G.M., 1973. Impregnation of fine-sedimewith a polyester resin: a modification of Altemulemethod. J. Sediment. Petrol. 43,
298-301.

Battarbee, R.W., 2003. HOLIVAR (Holocene climateiahility). Pages Newsletter 11, 4-5.
Beckett, L.G., 1951. Freeze drying- vacuum subliomat]. Sci. Instrum. 28, 66-68.
Bouma, A.H., 1969. Method for the Study of SedinaenStructures. Wiley and Sons, New York.

Camuti, K.S., McGuire, P.T., 1999. Preparation ofighed thin-sections from poorly consolidated f#goand sediment materials.
Sediment. Geol. 128, 171-178.

Chelmik, F.B., 1967. Electro-osmaotic core cuttinar. Geol. 5, 321-325.
Clark, J.S., 1988. Particle motion and the thedmgharcoal analysis: source area, transport, déposind sampling. Quat. Res. 30, 67-80.
Conway, J.S., 1982. A simplified method for impration of soils and similar clay-rich sedimentsSddiment. Petrol. 52, 650-651.

Crevello, P.D., Rine, J.M., Lanesky, D.E., 1981méathod for impregnating unconsolidated cores aabssbf calcareous and terrigenous
mud. J. Sediment. Petrol. 51, 658-660.

Dean, J.M., Kemp, A.E.S., Bull, D., Pike, J., Psib@, G, Zolitschka, B., 1999. Taking varves ta.hit Paleolimnol. 22, 121-136.
Ferrow, E., Roots, W., 1989. A preparation techaifpr TEM specimens, application to synthetic Mdpdke. Eur. J. Mineral. 1, 815-819.

Francus, P., 1998. An image-analysis technique @asure grain-size variation in thin-sections of stidstic sediments. Sediment. Geol.
121, 289-298.

Francus, P., Asikainen, C.A., 2001. Sub-samplingpusolidated sediments: a solution for the prearaif undisturbed thin-sections from
clay-rich sediments. J. Paleolimnol. 26, 323-326.

Heezen, B.C., Johnson, G.L., 1962. A peel techniguenconsolidated sediments. J. Sediment. Pe@@®-613.

Jim, C.Y., 1985. Impregnation of moist and dry umgidated clay samples using Spur resin for matractural studies. J. Sediment.
Petrol. 55, 597-599.

Kemp, A.E.S., 2003. Evidence for abrupt climateng&s in annually laminated marine sediments. Phileans. R. Soc. Lond. 361, 1851-
1870.

Kemp, A.E.S., Dean, J., Pearce, R.B., Pike, J.12B@cognition and analysis of bedding and sedirfadmic features. In: Last, W.M., Smol,
J.P. (Eds.), Tracking Environmental Change UsinkeL&ediments. Physical and Gechemical Methods2vélluwer Academic Publishers,
Dordrecht, The Netherlands, pp. 7-22.

Kuehl, S.A., Nittrouer, C.A., DeMaster, D.J., 1988crofabric study of fine-grained sediments: olvs¢ions from the Amazon subaqueous
delta. J. Sediment. Petrol. 58, 12-23.



Published in: Sedimentary Geology (2005), vol. 139,3-4, pp. 185-194.
Status : Postprint (Author’s version)

Lamoureux, S.F., 1994. Embedding unfrozen lakensedis for thin-section preparation. J. Paleolimt6|.141-146.

Lamoureux, S.F., 2001. Varve chronology technigues.Last, W.M., Smol, J.P. (Eds.), Tracking Enwineental Change Using Lake
Sediments. Basin Analysis, and Chronological Tegpies, vol. 1. Kluwer Academic Publishers, Dordre@hie Nederlands, pp. 247-260.

Lotter, A.F., Lemcke, G, 1999. Methods for prepgrémd counting biochemical varves. Boreas. 28, Z81R8-
Martin, P., Litz, P.E., Huff, W.D., 1979. A new tetdque for making thin-sections of clayey sedimedtSediment. Petrol. 49, 641-643.

Merkt, J., 1971. Zuverlassige auszéhlungen voregaohichen in Seesedmenten mit hilfe von Grosssatinfffen. Arch. Fir. Hydrobiol. 69,
145-154.

Moreland, G.C., 1968. Preparation of polished gentions. Am. Mineral. 53, 2070-2074.
Murphy, C.P., 1986. Thin-section preparation ofssand sediments. AB Academic Publishers, Berkhadnsierts, United Kingdoms.

Orlansky, R., 1968. Method for making slides ofefigrained unconsolidated sediment and ooze (Regriinbm the J. Sedim. Petrol, for
December, 1968).

Palle, S.D., Chappard, C, Orsini, J.B., 1985. Feiabck embedding in methyl methacrylate for théwt®oning in geological preparations. J.
Microbiol. 141, 193-198.

Pike, J., Kemp, AEE.S., 1996. Preparation and amalyechniques for studies of laminated sedimehts.Kemp, A.E.S. (Ed.),
Palaeoclimatology and Palaeoceanography from Laetn@ediments. Geol. Soc. Spec. Publ., vol. 1163p#8.

Pusch, R., 1999. Experience from preparation anestigation of clay microstructure. Eng. Geol. 587-194.
Renberg, I., 1981. Improved methods for samplitgtpgraphing, and varve-counting of varved lakersedts. Boreas. 10, 255-258.

Rindler, V, Schwindke, P., Heschel, I., Rau, G, 89%echnical description of a new low-temperatusefe-drying device description
technique (d'un nouveau matériel de lyophilisatidrasse température). Int. J. Refrig. 21, 535-541.

Schimmelmann, A., Lange, C.B., Berger, W.H., 13%matically controlled marker layers in Santa Bedbbasin sediments, and fine-scale
core-to-core correlation. Limnol. Oceanogr. 35,-163.

Shannon, J.P., Lord, C.W., 1967. Preservation obusolidated sediment cores in plastics. J. SedirRetrol. 37, 1200-1203.
Sturm, M., Matter, A., 1972. The electro-osmotidigtine, a new device for core curing. J. 3eent. Petrol. 42, 987-989.

Tanner, P.A., Leong, L.S., 1995. The effects offedént drying methods for marine sediment upon tucés content and metal
determination. Mar. Pollut. Bull. 31, 325-329.

Tiljander, M., Ojala, A., Saarinen, T, Snowbal},2002. Documentation of the physical propertiearofually laminated (varved) sediments
at a sub-annual to decadal resolution for envirartaiénterpretation. Quat. Int. 88, 5-12.

West, I.M., 1966. A rapid method for thin-sectiogiciays. Sedimentology 6, 339-341.

Zhai, S., Taylor, R., Sanches, R., Slater, N.K2003. Measurement of lyophilisation primary dryiredes by freeze-drying microscopy.
Chem. Eng. Sci. 58, 2313-2323.



