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DISTINGUISHING ICE-RAFTED DEBRIS WHILE ESTIMATING PALEOCURRENT
STRENGTH IN SEDIMENTS: REVIEW OF EXISTING METHODS
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The work covers different methods applied to consider presence of the coarse ice-rafted
particles in marine sediments subject to current sorting. This is needed while reconstructing the
strength of the bottom currents in the past as a main proxy is based on grain size data. Issue of the
problem is explained and main methods of estimation paleocurrent activity are described shortly
here as well.
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Introduction and origin of the issue. One of the most effective ways to reconstruct near-
bottom water flow strength is to study fluctuations of the certain fine fraction content, as only
sediments of a particular size can be moved by the current. This technique is easy to implement
in low latitudes where water flow intensity is the dominating factor of grain size, except for
microbiota which can be deleted by dissolution prior to the analysis. In high latitudes, though,
sediments carried by the ice are ubiquitous due to the presence of glaciers and sea ice, and the
size of particles varies significantly thus interfering with the sediments carried via bottom
currents. This poses a problem of considering the ice-rafted debris while using grain size as a
proxy for paleocurrents. The present work studies the methods of solving this task which are
used nowadays.

Sortable silt mean grain size as a palaeocurrent proxy. One of the proxies for

paleocurrent strength is the sortable silt (10-63 um) mean size (SS mean, $5) which has been
widely used [e. g., Hoffmann et al., 2019; Thomas et al., 2006; Lamy et al., 2015; Li et al., 2019;
McCave et al, 2017] since the moment of its introduction by McCave et al. in 1995. There are
several reasons why specifically this grain size interval is used. Size of 63 um has been
traditionally used as a boundary between sand and mud (the updated Udden-Wentworth
classification is used [Folk and Ward, 1957]), and sand is considered to be too large and heavy to
be transported by currents long-distance; thus, particles larger than 63 um are excluded from the
current-transportable fraction despite that very strong currents can transport them [Lamy et al.,
2015]. It has been noted that silt particles less than 10 um in diameter behave like clay: they are
cohesive and form aggregates easily [McCave et al., 1995]. To detect flow speed, only primary
size should be considered, that is why the finest fraction is excluded. Due to these conditions, the
size window 10-63 pm is called “sortable silt”.

Definition of the ice-rafted debris. Ice-rafted debris is usually defined as particles larger
than 150 um (the number of grains per gram bulk sediment). Another definition sees IRD as a
weight percentage of material coarser than coarse silt (>63 um). Particles of all grain sizes may
potentially be ice-rafted [Andrews, 2000], so the precise size range cannot represent all ice-rafted
debris. Moreover, fine grains generally constitute the main share of IRD in glacimarine
environments [Harff et al., 2016]. This overlap in fine fraction makes it complicated to
distinguish if the particles were deposited from the ice or rather influenced by the currents.

Correlation of the fractions. Hass, 2002, makes an implication that the sand fraction
cannot be transported by currents therefore is represented only by ice-rafted material, and the
main factor influencing the silt fraction accumulation is current-sorting. This simple
approximation allows distinguishing between IRD and current-sorted material. Therefore, a high
correlation between these two fractions can be used as an indicator of the strong IRD influence
on the sediments while low correlation means that the dominating factor of sedimentation is the
water flow sorting. The presence of some correlation between sand and silt does not allow
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considering sand to be composed of IRD only, though it can contain such particles [Hoffmann et
al., 2019]. Moreover, the periods of IRD deposition could coincide with enhanced currents
modes. Considering this, the attempts to eliminate the IRD effect by simply taking sand fraction
as ice-rafted should be taken with extreme care.

Regression function. The more advanced approach based on the same principle is taking
the whole sand fraction as ice-rafted and then using deviations from a regression function created

by plotting the sand fraction content against $5. Hass, 2002, claims that the randomness of the
ice-rafted material incorporation and deposition is the key to differentiate the sediments. Indeed,
ice-rafted sediments can hardly show some clear pattern while the strong water flow makes the
sediments follow steady changes. The regression function (y = a*x"b) describes the correlation

between the sand fraction and 55. Samples lying on the regression line were deposited under
“average” conditions when IRD variations were low while scattering around the line indicates
moved equilibrium with either high IRD input or strong current sorting. Inserting sand content

into the equation as x allows calculating potential ss (ﬁpot) ) supposedly showing the SS record
deposited under the IRD main influence. Subtraction of 85, from SS gives the so-called

delta 85 — the equivalent of 85, only without IRD input. The method is applied and interpreted
by the authors as valid in the articles by Jonkers, 2015, Hoffmann et al., 2019, and others.

Considering that the sand fraction can be current-sorted as well as transported by the ice
while in this method all particles larger than 63 pm are considered to be IRD, the results of
distinguishing between IRD and current-sorted material require closer study.

End member modeling. Some authors [Jonkers et al., 2015; Hoffmann et al., 2019; Wu et
al., 2018] use end member decomposition [Weltje, 1997] in order to discover the origin of the
sediments including ice-rafting. They use the algorithm that derives end-members and considers
their contribution. This process — unmixing — does not have one solution, so the choice of the
number of end-members is made by the researcher. Three end-members (EMs) are proved to be
sufficient to explain the variance in the size data. Two of the EMs are well-sorted unlike the third
which represents all qualities of the typical IRD and resembles the pattern of coarse IRD counts.
Jonkers et al., 2015, propose to use the ratio of EM2/EML1 as an independent indicator of the
current sorting degree and therefore current strength.

McCave and Andrews, 2019, though claim this analysis to be ineffective for the ice effect
elimination in current-sorted sediments and demonstrate that the new proxy can show the flow

changes opposite to $5. According to them, end member modeling does not divide the sediments
on a genetic basis, which would be useful in this case, but only on a statistical basis; this seems
to prevent effective usage of the end member decomposition for reflecting the palaeoflow
variations.

Conclusion. Considering the methods described above, we can conclude that there are
basically two main principles of separation of the ice-rafted material in sediments used
nowadays: one is based on bad sorting of IRD, the other tries to discover the origin of the
particles and uses the sorting for verification. They do not always indicate the same changes in
the bottom water flow strength and IRD input, sometimes they are the opposite, and this leaves
the question of the correct method to reduce the IRD influence on the current-sorted sediments
open.

REFERENCES
Andrews J. Icebergs and iceberg rafted detritus (IRD) in the North Atlantic: Facts and
assumptions  //  Oceanography.  2000.  Vol. 13, No. 3. P. 100-108.
https://doi.org/10.5670/oceanog.2000.19
Folk R.L., Ward W.C. Brazos River bar: a study in the significance of grain size
parameters // Journal of Sedimentary Petrology. 1957. Vol. 27. P. 3-26.
https://doi.org/10.1306/74D70646-2B21-11D7-8648000102C1865D

245



Penved u uemsepmuunvie oopasosanus Apkmuxu, Cybapxmuxu u Cesepo-3anada Poccuu. Beinyck 7. 2020

Harff J., Meschede M., Petersen S., Thiede J. Encyclopedia of Marine Geosciences.
(Encyclopedia of Earth Sciences Series). Springer Nature. 2016.

Hass H.C. A method to reduce the influence of ice-rafted debris on a grain size record
from northern Fram Strait, Arctic Ocean // Polar Research. 2002. Vol. 21, No. 2. P. 299-306.
https://doi.org/10.3402/polar.v21i2.6491

Hoffmann S.S., Dalsing R.E., Murphy S.C. Sortable silt records of intermediate-depth
circulation and sedimentation in the Southwest Labrador Sea since the Last Glacial Maximum //
Quaternary Science Reviews. 2019. Vol. 206. P. 99-110.
https://doi.org/10.1016/j.quascirev.2018.12.028

Jonkers, L., Barker, S., Hall, I.R., Prins, M.A. Correcting for the influence of ice- rafted
detritus on grain size-based paleocurrent speed estimates // Paleoceanography and
Paleoclimatology. 2015. Vol. 30, No. 10. P. 1347-1357. https://doi.org/10.1002/2015PA002830

Lamy F., Arz HW.,, Kilian R., Lange C.B., Lembke-Jene L., Wengler M., Kaiser J.,
Wenglera M., Kaiserb J., Baeza-Urreac O., Hallf I. R., Haradag N., Tiedemann R. Glacial
reduction and millennial-scale variations in Drake Passage throughflow // PNAS. 2015. Vol.
112, No. 44. P. 13496-13501. https://doi.org/10.1073/pnas.1509203112

Li N., Yang X., Peng J., Zhou Q., Su Z. Deep-water bottom current evolution in the
northern South China Sea during the last 150 kyr: Evidence from sortable-silt grain size and
sedimentary magnetic fabric // Journal of Asian Earth Sciences. 2019. Vol. 171. P. 78-87.
https://doi.org/10.1016/j.jseaes.2017.06.005

McCave I.N., Andrews J.T. Distinguishing current effects in sediments delivered to the
ocean by ice. I. Principles, methods and examples // Quaternary Science Reviews. 2019. Vol.
212. P. 92-107. https://doi.org/10.1016/j.quascirev.2019.03.031

McCave I.N., Manighetti B., Robinson S.G. Sortable Silt and Fine Sediment Size /
Composition Slicing: Parameters for Palaeocurrent Speed and Palaeoceanography //
Paleoceanography. 1995. Vol. 10, No. 3. P. 593-610. https://doi.org/10.1029/94PA03039

McCave I.N., Thornalley D.J.R., Hall I.R. Relation of sortable silt grain-size to deep-sea
current speeds: Calibration of the ‘Mud Current Meter’ // Deep-Sea Research Part I:
Oceanographic Research Papers. 2017. Vol. 127. P. 1-12.
https://doi.org/10.1016/j.dsr.2017.07.003

Thomas A.L., Henderson G.M., McCave I.N. Constant flow of AABW into the Indian
Ocean over the past 140 ka? Conflict between *'Pa/*°Th and sortable silt records //
Goldschmidt Conference Abstracts. 2006. P. 647.

Weltje G.J. End-member modeling of compositional data: Numerical-statistical
algorithms for solving the explicit mixing problem // Mathematical Geology. 1997. Vol. 29, No.
4. P. 503-549. https://doi.org/10.1007/BF02775085

Wu L., Wang R., Xiao W., Krijgsman W., Li Q., Ge S., M. Late Quaternary deep
stratification-climate coupling in the Southern Ocean: implications for changes in abyssal carbon
storage // Geochem.  Geophys. Geosyst. 2018. Vol. 19. P.  379-395.
https://doi.org/10.1002/2017GC007250

246



Penveg u uemsepmuunvie obpasosanus Apkmuxu, Cybapkmuxu u Cegepo-3anada Poccuu. Buinyck 7. 2020

YYET HPUCYTCTBUA YACTHUIL JIETOBOI'O PASHOCA B TJOHHBIX OCAIKAX
TP OEHKE CHJIbI TAJIEOTEYEHUU: OB30P IPUMEHAEMbIX METOJ10OB

Ilonosa E.A.

OI'BY «BHUNOxkeanreonorus», Cankr-Ilerepoypr, Poccus

B nmanHOW paboTe oOmMCaHBl METOIBI, INPUMEHsEeMble Uil y4€ra TpyObIX YacTHIL
JIETHUKOBOTO Pa3HOCa B MOPCKHX JIOHHBIX OCaJKaX, IOJBEP)KEHHBIX COPTUPOBKE MPUIOHHBIMU
TedeHWsAMH. JlaHHas TeMa aKTyajdbHAa, IIOCKOJIbKY OCHOBHOM NPOKCH (MHIWKATOp) MAJISA
PEKOHCTPYKIIMM CHJIBI TAJICOTEUECHUH OCHOBAaH Ha AAHHBIX T'PaHYJIOMETPHUYECKOTO cocTaBa. B
paboTte oOBsICHEHa CyTh MPOOJIEMBI, a TAaKXKe KpPaTKO ONMHCAHBI OCHOBHBIE METOABI OICHKH
aKTUBHOCTH NaJICOTEUYEHUI.

KiroueBsle ciioBa: 1eonukoswiil pasHoc, naieomeueHus, MopcKue OOHHble 0CAOKU, BbICOKUE
wupomul

YYET HPHCYTCTBUA YACTHL JIETOBOI'O PASHOCA B JOHHBIX OCAJIKAX
IIPU OEHKE CWIbI MAJIEOTEYEHUU: OB30P IPUMEHSAEMbIX METO/10B
(pacmmpenHbIi pedepar)

Opaum u3 Hambomnee A(PPEKTUBHBIX CIIOCOOOB PEKOHCTPYHUPOBAHUS CHIIBI MPUIOHHOTO
MOTOKA BOJIbI SBIISIETCS M3YYEHHE KOJeOaHUU coaep kaHus TOHKOM (pakIiu JOHHBIX OCAJKOB,
MOCKOJIbKY TE€UCHHE MOKET MePEeMeaTh TOJIBKO YaCTHUIIBI OMIPEICIICHHOTO pa3Mepa. DTOT METO]]
¢ NErKOCThI0O MPHUMEHSETCS B HU3KUX IIUPOTAX, INI€ MHTEHCUBHOCTH MOTOKA BOJBI SBISETCS
JTOMHHHPYIOIAM  (aKTOPOM TPaHYJIOMETPHUECKOTO COCTaBa OCAIKOB, 3a WCKJIIOYCHUEM
MUKpPOOUOTHI, KOTOpasi MOKET OBITh yhaneHa mepen aHanu3oM. OIHAaKO B BBICOKHMX HIMPOTax
OTJIOKEHUS, TIEPEHOCHMBIE JIHJJOM, @ HE B IIOTOKE BOBI, IMHPOKO PACIPOCTPAHCHBI H3-3a
HAIUYUS JIETHUKOB, a CIEJA0BaTENbHO, aiicOEproB, ¥ MOPCKOTO JibJa; TAaKHE YaCTHUIIbI, pa3Mep
KOTOPBIX 3HAYUTEIHHO BapPbUPYETCS, CMEIIUBAIOTCS C OCAJKaMH, IEPECHOCUMBIMH TTPHIOHHBIMHU
TEYCHHUSIMH. DTO CTABUT 3aJady y4€Ta 4acTHII JIEJJOBOTO pa3HOCa MPU UCIOIB30BAaHUU pazMepa
3€pEH B KAUECTBE MHAMKATOPA CHUJIBI TAJICOTCYEHU.

Meron [Hass, 2002] ocHoBaH Ha MPEANOIOKEHNUH, YTO BCE YACTHIIBI B OCAJKE pasMEpOM
KpyrmHee yeM 63 MKM ObUIM TTPUHECEHBI JIbJOM, TTO3TOMY KOPPEJSIIIUS MEXITy TpyOol U TOHKON
(GpaKIUsIMU UCTIONB3YETCS JIUIsT YTOYHCHHS BKJIaJa MaTepuaia JieJqoBoro pasHoca. [loctpoeHue
YpaBHEHUS PETPECCHOHHON (YHKIIMH, OMUCHIBAIOIIEH CBS3b (hpakiuid, MO3BOJSET yTOYHUTH
HUCTOYHUK OCAJKOB. METOJ] KOHEYHBIX IJIEMEHTOB — JPYrOM CIOCOO BBISIBUTH MPOUCXOXKICHHE
gactuil. OH MO3BOJISIET MOAETUTh BECh OCAJIOK HA HECKOJBKO KOMIIOHEHTOB B 3aBUCHMOCTH OT
ucrounrka npuHoca. Mccmenosanus [Jonkers et al., 2015; Hoffmann et al., 2019; Wu et al.,
2018] moka3bIBalOT BBIACTICHUE MaTepHala, MPEANOIOKUTENbHO MPUHECEHHOTO JIHIOM, B TOM
YHCIIe B 0CAJIKAX, COPTHPOBAHHBIX TCUCHUEM.

Hexotopeie uccnenoBanus [Hampumep, McCave and Andrews, 2019] moka3biBarT, 4TO
pPacCMOTPEHHBIE BBINIE METOJIBI HE BCETJA YKA3bIBAIOT HA OJHH M T€ K€ HM3MCHCHHS CHIIBI
MPHUIOHHOTO MOTOKA BOABI U MOCTYIJICHHUS MaTepuaia JIeJOBOTO pa3HOCa, MHOTJA Pe3yabTaThl
MIPOTUBOIIOJIOKHBI, H 3TO OCTABIISIET OTKPBITHIM BOIPOC O HanOoJIee MOIXOIAIIEM METOIe yuéTa
MPUCYTCTBHUS MaTepHualia JeI0BOT0O pa3HOca B OCAAKaX, MOJABEPKEHHBIX COPTUPOBKE TCUCHUSMHU.
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