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Abstract

This cumul ative thesis r econpsrtorduuccttsi vpi at syt
and carbonat e di ssol uti on i n the western
sout her nmost Brazilian continentalilmargi n,
Comprising two,omwblsiusbhre d teardt imtalneussrectexgrt gt iawn
this PhD thesis aims to contribute to our |
vari at i adrys aam ¢ st lbd ott tha sp aasteq@il att é aajd awydaclalle ,

asts potenti al role in carbon cycle process

The first article explores surface pal a

conditions by analys0A8A,t hepiadndkda moefnrt o nec otr lkee
continent al sl ope of t he sout her nmost B
mi cropal aeontol ogical, geochemical, and se
positive correlation between pal aedpgroduct
demonstrates that higher productivity and ¢
t o i ncrseoasuetdi odhi srates of pl anktonic forami

productividwhaageeri hhahe Atl antic Meridion

The smazmounsecxdrmitnes t hegl asital ntegchéagsiahc

249, spabhh0 niga,30al so recovered from the con
Brazilian continental mar gi n. |t reconstru
stratificaathioommm,t eamd ssol ution, suggesting a
obliquity cycle. Enhanced productivity is a
strati fi catriiocrh) woaft em wsp aacnedt tocbal hitgfus etnyi | | sat i
study highlights the role of organic matte
di ssolution and suggests potenti al I nfl uenc

The submitted manuscript quantifies ecol

test size variatiohrom pid®KoBtAahbilcy ,f osrnaanil neirf
during periods of enhanced surface product
carbonate dissolution. It provides a fr ame
di ssol uti on on calcite testrss owhmch eavd t hto



underestimati on of test sizes (by ~25N9 %)

potentially impasteidngcbobogmi antdega@aochemi cal

The integr atPihweh etsa st sogfabtbleissnersi ¢ med ar
and manudarritpter di scussing them in a gl ob
connection between Antarctic systemodés dynam
how they may respond to orbital Chgpdes and
presents aodetakba@8&tsSuwcgadycngum carbonate dis
t hei 37. ka ,i nwhimpaollmlinined t o. b &hissibmhgagpteadsr

carbepmadecti onssdl butoon, add bottom current

E6Nd anal yses in foraminiferal coatings, it
di ssolution and changes in bottom water m
Al togtehihert hesi s hampgesarsb otnhaatte i pdaissti el st udwy
area ar emosdigmartt taer n® i n the oceansrebeasg re
in shallow waters and calcite solubility at

This study highlighted sompmal &aegcegapsgrap
of the western Soutudlt tAtd ameésear amds hdiwelrdc fio
compl ete and | onger temporal records in the
influence of amdiAmtl arpatraaomdsti extgsen@aati ecmsi ¢ a | p
(i .e., continental fertilisation hdadfet o enh
the stiumdyglaoleal carbon cycling.
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Chapter 1
|l ntroducti on

The at mospilienixc dearchomenits ati ghtIl(ypyCOel a
bi ospheric, geol oglic®lalaedct!| mmatccssudt em

pCO |l uctuations duringttehgl Qeavér sanmnygeg!| defi

revolution, with concentrations remaining
yedt s However, antmiepogesi hiaC® resulted ir
i ncreasesmvert htehe ClCast 2,5 @ xyeakdsOn i pefahdiisng p
risei n 2€Ai ssi ons weasihgthedprue ershdwse effect, traj

and |l eading to globadiwaoimveg. i Addeawahalkl ¥

ac,ildowgt he oceanodsingmideand aclhddfhiesat ipornoc e s

destabilise thecclafsanmtachmnmnemat ur a¥ ecosys
land a current climatic!%isis affecting bi

Understanding how the Earthods climate s
CQconcentrations is cribocameotrtieidndtr egyxilng

i mpri ptCeOdemmer ature and i cel avsotl udmeF 8¢t i weess
l8s uggests that these variatildnsThesepondit

vari ati ondgi satfrfiebcut itohner a o s o leha re nrpadlcyng toifo n

significant changes in global <cliinsacleat ilan h
at 65AN, | argely controll ed nhyerpgltaceabi @iy
because it significantly influences whether
The preservation (or melting) of 1ice in tht

climaté®patwhechsis the basil® 1df2°%t he Mil anko

However, the full extent of these <cli ma
cycl eslThelyormeg .e f uagmdcace rbatnegeddibfaicekd meicmalnu & imsg
oceanic physical and . ®hegefocthieeni kay fpeodckrss
ishe biological apummpowhiaomopuleati ng ahmwmopp
pCO evVé&lBhe biologhval vessmphe production of
phytoplankton i whtafet esrurdyicreg ®@egiamlc®hhino t h
processi nemgaeifcomat henanpd etrr d nasyfeeer s 1t to

which in turn ala boswrso i€€hfer airp ptelre | aatgrec s plaesrn e g
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33
34
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37
38
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41
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47
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50
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58

its concentration on it, whil &€°%Bshiosr ipiwrgodets s
i nteracts with other dlrearddas ki meAm@aas cstmsg i
outgaseunpgwwishamsidryon f &r t?°lltiosgaettihoenr, t hese

modul ate at poosmpcdenrdrca iphGgnasc nakbr gl aci al peric

Quaternary

Marine calcifying plankton (e.g., coccol

contrtidupter goafni ¢ matter and carbonate reac-

oce?@nsPl anktonic foraminifera in particular
climate conditions because their calcite te
carbonate chemistry over ti me. However, t he

considerable dissolution as they descend t
sedmentss Thi s dissolution is drdrwdre alsye fianc tschrad
waters and the solubil %yl nnftheal Atiltantiinc d
preservation or dissolution of <carbonate a
state of bottom water masses with respect t
their origin. Northern Component Water (NCV
thereby promoting carbonate preservation.
(SCWwW) i 8ndedtrtitsrrat ed i n carbonat e Il ons, |l ea
di ssolutioid! aThe¢ hepatiadl oemxtend and efficie
have |likely varied through Earthoés history,
and bottom water mass geometry. For instan
been recorded in €%hedehnsdt®3 np Orotaiachu IAd 1l layn td wt
upwel l ing events associated with precessio
matter by bacteria and other microorgani sms
di ssolution by |l owering®*t3¥& pHhefmat he sULl U
the processes influencing carbonate dissol

Figure 1
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Calcium Carbonate Dissolution Processes
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deep waters

Sediment accumulation rates:

SCW vs. NCW:
-carbonate ion
saturation state

-dilution
-time exposure

Currents: Respired CO,:
-damage of shells -more corrosive
-ventilation microenvironment
Planktonic Remineralisation of e Sinking
Foraminifera organic matter ~ ® © particles
Other carbonatic Dissolved < . Continental
shells O shells © o fertilisation

Fi gu.rSehemérepresentingk ey f act ors contri
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Brazilian contTonpenpanelmartgernr estri al fertil
pump by increasing nutrient supply, which ¢
the growth of planktonic foraminifera and
uced iIin the surface ocean sdarklsgnactoent r
olution as it descends and remineralise

es and the oxygen minimum zone (OMZ) a
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@
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ktonic foramimoirfteerma etfefsetcst ss uaflfreera dpyo sitn
ady constitutes t3e Miaph®n ominedl:| yPracwte

ment accumul ation (which affects carbor
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water masssgREGCWetSguNBEMher n Component
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s in carb¥dnaBet tprmesgawvali o®rganic mat

uces co , creating a corrosive microe
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w T unu a o

olution, whil e at t he seafl oor , bottor
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—

onate shells and affect ventil ati on. T

ervation or di ssolution in marine sedin

T O O T

More recentnuwmb e snscurdeifaesst hsgu g goghsl da ygaui d yk ey
ole in modulavangabihli twtent sanmndh'&% n hemi

—r -

ow obliqhavy hbhae¢hmemienke@& mper atures due to

-~

e c ed wreidn g ?%,8%rneedru ¢ ii magnaillcleo wienlgt i ce sheets t
tif™Me This expansion of ice sheaeatfs edl sde bentls
(| RDhe expansi on ocfr esgetaes idciev ¢ lofdeg endcbraeaans i n g

the al bedoté@kefecbol i pagh dd cowmo mohtei nsgu Pnfé&cee i c e
This process adasmoaphectes etxltcd agdeeegaansrsa chugc iorf ¢
circumpol ar deep waters into theoatwihoslpeher ¢
producing m8CW?coThewseégwat or ward expansi on
sheets has been interpr &4%je danfdr osno dli RIDn icrodhecxe
from Vodtowhicohecaspagiival andtiimen of ice sh
l ati tudi nal position of theKeyrsheea fomit
model s are East Antarctica (EPIMeAubDbmasC a
Atl antic (ODP 1090), with tight correlation
fertiilhnhsabheosubantarbboobstednphwbopdamliatven |

response to a nosrotuhtehrwe speegil tyihoma maf rbtei@r n e
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nitrate consumpilioh, foeamir’dieldtehi @by booamidasn

dust fertilisation has been “elslt udld elsmd mtoanr

sout hwest Atlantic are sparse, with studies
Given thibedpaami ¢ 8 @y Ot § mey e MIIENY

have witnessnead wextlr edniec mme h €t h®angesdi ng a

excell ent onpegiigate t bimarplayyb ettoveen f eedback mechesea
Earthos cli mareisuystemy duringlghacwastand
south perantut asd wtdadBmoatgi t han coinmnecmeasad m
produdtuirtingy hNnaetr gl gMamai nper s odoyplea sStmgen ( Ml
weldbcum&hiTdads increase in productivity has
t hat uteil ladtls wviobd ari@lesb i ger i nae Wwturl pphaidde s oni ¢

foramini fteraat sspeercvieess asceonmoiduddt, s‘@aggresof ngur
intepwel | i ay oenhseditt S'®3Tlese events olcacrugrer ed w
expanadided r eat i ng wepsweelrini nsgp asmagatreyroa RS A S,

wemde i ven by variations in seasonal>*@mpl it uc
Addi tional |l y,exspiamidleadr upfwessHharneg edent sg have
ot her i nsttearggelsahc i Bl g h uencdceernsticrioieciintgy | e of or
eccentricity as?Tehedeoemifrianndti nfyactsourggest t h
expanlsiiloemlagi padf i coamdr iime agntodiugamnive t matter
anodar bon aca&lumhtdéhaey hteantwhetee kpaahded regi onal u
evemdars counaembaphmhéerledSOnot been quantifie

Further mor e, i n t he sout her nmost Brazi
productivity has been adto @tirméspgtraegieaf iory t thee |

upwel ling of nutrient rich subsurface water
l i nked toés AdytTéda mitaivee ver , there is a notabl
planktonic foraminifera to study the | ast i
the abovementioned upwelling events in this
the southern Brazilian continent al mar gin
dynamics, such as the northwar’8 dtspbatdmba
enhancedrdestron fertilisation. This proces
terrestri al fluvi al out put s, woul d have fe

| ower rel ati As @eacelsaeVel, sthe enhanced biolo
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udy area

The study area is | ocated on the conti n
rgin in the western South Atlantic. The r
various water masses and currents, i nc
ut hward carrying warm and salty tropical
ansports cold and fresh subantarctic wat
azil/ Mal vinas Confluence near 38AS, C I
viro®Blseurtf ace circulation in the shelf ar
owing Brazil Coast al Current, which mixe
gni ficantly influencing nutrient di strib
clude the R20 de I-Mi rPilmtlaa E&d.APalys taemd t he
Subsurface water masses incl (g8ACWhe Sou
tarctic | ntAAd M dUipaptee Wa trecru n(plbd 3W) NDe @ fh Wa t

l anti c (DNefepW)Wantde rAnt ar c t( IAAQBBY) tTthoem NVaD W ri s
own for promoting carbonate preservatioc
ncentration, while the UCDW and AABW are
e to their under s &Tri ast i dinv eirrs e ¢ arylda magtr ea
ovides a unigue opportunity to study pa:
ssolution, which are critical for under si

obal carbon cyclegldacmnwa@gr vtdle. | ast intergl
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Abouet stthr uadtsurteh exsfi st h

This PhDcompsusdwd pwublished articles (
mi tted manuscerpirptnt()asvaaielgatdktea.vees a pr e

\% Article #1
Calcium carbonate dissolution triggered
gl a-chakrglaci al interval in tHe8rdeezep we
|l barra, Fio¥Yza, C. F., Pal hano, P. L., Petr
M. A.FGont iEar Shiepn cle0 : 8'3098 4
https://doi.org/10. 3389/ feart. 2022.83098

My contri bupaobhicipated in the design of
met hodol ogy) , Il nvestigation (data coll ec
and handled visualisatmangsand mwrortke d heen

Ssubsequent corrections.

V Article #2

Surface fertilisation and organic matter
in the western So8f#daArharktlieddr e2023 M. ,

C. F., Pinho, T. M., Petr.-, S. M., Di as, B.
Cost a, K., Tol ddbheorofr, , TAdE. GaPmideh, M. A

Frontiers in Ec¢bl:oln3&an3zl4 Evol uti on
https://doi.org/10.3389/fevo.2023.123833

My contri bupaobhicipated in the design of
met hodol ogy), formal analysis, cwrated t
wrote the fmansusadrrdapfwto rkfe dt men subsequent

Vv Submitted manuscript #1
Pl anktonic foraminifera test -mmozeenmhi ctat
Susddarra, VleliYr a, I ., FSr.ealztaan € KBR.8LS.Ch a ¢
V.Chal k, AfXjeog § as s, G.-TSh or odnee Qar, i dHoll cov §,
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M. A. GSubmi tted t o Journnal of6 For am
https://doi.orq/10.22541/ au. 171987328. 88

My contri bupaobhicipated in the design of
met hodol ogy), formal analysis, ccwrated t

wrote the first draft of the manuscript

ally, although they are not part this Ph
ol ved dur i nAr tmya hREr D ilsliredgienssat ed from my
earch, specifi €©al8lAy fDauau ngd tcdhre ddrre tSATe
do additional wor kAr toil ayderp a rheess eb ipoaspterrast ip
emes for the Late Quaternd@&ryilidaiheitshda owest
rove the quantification of pl anktonic
vided a foundation for laheolfliakdr aatretdi cw
zcbl Apagueaoencotlt bgi pal i nterpretation o
nktonic tfesfrtraoormnt her aMest egremdiSongt hup Atilna ntt
mi ssi on oSfubamimatneuds chM& nputsatgtay ppt of a col | ab
h Brazilian andweGeprmadu aed eaarmaerersscr i pt
Quadseutnlar Ameega ncaarfBruad isi t t ed MBnusconpti but
extracting aeol it hege Makr ®®’lhalbcked ntshtaitt ut e
vedntdoct isotopic anal gseweltcaabbbpananndct
usrew igrvdl i ¢.i ng

\% Ar til:cl e
Ti sepati al boundaries of bioecozonations
Quaternary: a case study2O0f26la. g+l hlme rwest er
J..Y.Petr -, S. M., FrozzRamds ,F.R. CGr ei Pievyell,
RevuaeMi deopal odBoN0§5E6 4
https://doi.org/10.1016/j.revmic.2021.10
V Artilgl e

Fragment or broken? | mproving t he pl an
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Vv Submitted Manuscript

Where it's worth i1it: frequency and spat.i
in planktonic foraminifera reveal di ffe
C. Busg#darra, Mat VYas, R. , Co iSmbbrmai,t tJe.d, tRoi

Pal eoboamlO4g.y01. 2024.
Vv Submitted MbBnuscript

Fran- a, L.D. Mu,8+iddea rMed ,0Z0 efl,er, M., Robe
Ara‘khjuai or, H., Dant as, M. A. T. Revealing
Brazilian I ntertropical Regi on: Satelli
pal eopathol ogi cal, afdbpmpat eedcobodioualn al

Ameri can E&rctilre neisemmes29. 11. 2023
https://dx.doi.org/10.2139/ssrn. 46555509

15


https://doi.org/10.2110/palo.2020.062
https://dx.doi.org/10.2139/ssrn.4655559

236
237

238
239

240
241
242

243
244
245
246
247

248
249
250
251
252
253
254

255
256
257
258
259
260
261
262
263
264
265

Chapt er
Mat eri al and met hods

Tearticles aofl PilabBes<irs parsd ob d spavdcsmham t he

cor es

T SAD4829ALANASBE4WI| enJ4h; m water depth
T SI-B029A3DNB7NWMO ml18 @b gwaht;er depth) and,
T SI-B4@0A05N] S;1947 A0ORBjOMdt Wat e} depth

The t hrweer ec ocroelfluegcrtoe dBrifaysri Bt B #idlai an Nat i o
Agency of i PeROOWeagmfferemanddeépmesfintbeval s
continental slopemafgiwesseun h8bwmh@Begtal & ntain
tempocoeaMedag®t f ul Ityyeoavlelhcva papsasteisalimant ac e

and seadbdbo@an@ail aphisct ucdhya nagreesa .i n t he

The agefmedelh core i bebtabed orypabl sshbt
dyan'd damesmonospeci fic pl ank®lnThede rdaenti aii
arper esenthedrieppicitsoateisamppl| e mesnTtoao mptutiaet er i al
age mddelachsedr eh® paicKagRst id€odates were
correwct@dn theiphokBaki ne20 cafl’ bT@etian cu
marine radi opRr®&®MMOWasseaweithat @é onl ine toc

www. c albiabs.eadeginonal ‘%&l1 i brations

Planktonic foraminifer dPlweers ws edo u mt sa st

changes in past sea (sub)surface conditior
reconstructed utilisidAfgromet Medér o’eAlshadi o guaT
cal i br atbi3dn cwsreed tlop samples from the Atl an:

from the South Atlantic), ®hedovée-MlaBvhmam th
Confl uebPceTeanpea atures were extract®d from
using the Ocean?®DaPmi warew Eroddwatrievi ty was
rel ative aBubodageeresn®Ifduil deriidreiathnad @.lhet i nat
bull owde®di geri nGi dealblg@s errubearn@r ulrdrongat us
compl ed8t8P Bl an'®t osiot opes were used to recons

stratification and sea surface salinity thr

16


http://www.calib.org/

266
267
268
269
270
271

272
273
274
275
276
277
278
279
280
281
282

283

Benthic to planktonic

f @ h @ migpeadssf tegmean ircat i o

matter expeafaltoor o comEeé pi bn M4 EANATr bonat e

di ssol uti on (-2d0e3e p @ r2d4
f or amitnessftpeaofgrdmy ,s

fragme,nttahte ocnal ci um ¢

OPIMH e Bludmber of
etdlle @reepdl amfk t oni c

aa doasnesali dmre@nal( HOti. et

wereamal ypeantobhybbhate di ssolution.

Neodymium i siNdppéromtipbsanktonic f

wer e measured i n thi

whol e
f or ami
and t I

oramin

s study Ttho sr ddadmsutsreuct

servesefafseqamcsoen s e P& ataicvee for studyasngt hweat e

i sotopic singhatnces dyet he

gedlIraogn avadhli cdir it di

wat er. fWhevws f otreagsntiseitftéerealon the seafl oor, 0:
surfaces, embedding the Nd from the bottor
coatings tWd reifdreaturteheof the water mass.

char acliNer isstgin@ait ns esoc ddto@mmmowamnior th Atl ant.i

Deep )Waytpercal | y s hollg
soutdhemmpowatnAnt grcti c
bet wé ead ¥’

lvead 1 ersa dlido-@g@omigavh r o en

)Blo tstpd na y Wa tneorr e

17

radi og



284
285

286
287
288
289
290
201
292

293

294
295
296
297
298
299
300
301
302
303
304
305

306
307
308
309
310
311
312
313
314

Chapt er
Main resul ts

This section provides an overview of the
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346 Tabl.@8hils ptraolvliedes the geographic coordinate
347 respective depths i n onneetaesrbsy i breel it ivogcederaee sk ev el

Core Longitude Latitude Depth(mbsl)
M125-55 7111 -38.62 -20.36 1,960
GL-75% -40.02 -21.14 1,421
GL-77°° -40.04 -21.2 1,287
GL-74% -40.04 -21.25 1,279
KF-1112 -42.3 -24.44 1,682
KF-H113 -42.54 -24.53 1,695
NAP63-1% -44.31 -24.83 842
GL-1090* -42.51 -24.92 2,225
GL-852? -43.55 -25.01 1,938
GL-8542 -42.61 -25.2 2,220
GeoB21073>®° -46.45 -27.17 1,048
JPG17°® -46.49 -27.69 1,627
SAT-048A84 -47.25 -29.19 1,542
Sis188'14 -47.47 -29.37 1,514
S1S-203 471 -29.5 1,894
SIS 2495 -47.08 -30.08 2,091
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(b) Sea Surface Salinity (psu) Jan-Mar
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350 Figure 2. Geographical distribution ofearbysediment cores along the south€a28°S)

351 and southern~30°S) Brazilian continental margirfTable 1). Top panel shows sea
352 surface temperatut®&(a) andsalinity'!® (b) for austral summerfiom Januaryto March),

353 while bottompanel showsemperaturgc) andsalinity (d) for austral winter (from July to

354 September)The Brazil Current flows southward along the coastline transpostanm

355 water at theMalvinas Current flows northwartlansportingcool water Outflows from

356 De la Plata River affectalinity in the study area on a seasonal b&sggire made with

357 Ocean Data Vief\.
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Figure 3. Heatmap ofslobigerina bulloideselative abundances in sediment cores from
the south/east Brazilian Margiand thet 80 LS16-Globaf!®. Cores areorganised
through a latitudinatransect from north to south: M1&5-7*'%, GL-74, GL-75%, GL-
77, KF-1112 KF-H13 NAP-63-1%, GL-1090"}, GL-852, GL-8542, GeoB21073%°, JPG
17°6, SAT-048A%, SIS188Y, SIS203 and SI49°. Over time, the scale colour shows
the relative abundance Gf. bulloidesin various sediment coreg-éxis) across different
age intervalsx-axis, binned by &yr). Warmer colours (red) indicate lower abundance,
associatedvith lower nutrient availabilitywhile cooler colours (blue) represdrigher
abundancand higher nutrient availabilityA sharp transition occurs at 10%, as this value

serves as a critical threshold indicating significant shifts in nutrient supply and upwelling

intensitf2*53'105'1°'7110.
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Figure 4 Heatmap ofSlobigerina bulloidesandGlobigerinoides ruberatioin sediment
cores from the south/east BraziliaMargin and thet *¥0 LS16-Globaf!®. Cores are
organised through a latitudinal transect from north to sdufi25-55-71%, GL-74, GL-

75%, GL-77° KF-I1''2 KF-HM3 NAP-63-1%, GL-109¢%, GL-852, GL-8547
GeoB21073%, JPG17°5 SAT-048A%, SIS188'Y, SIS203 and SIS24%°. Over time,

the scale colour shows thatio betweerG. bulloidesandG. ruberin various sediment
cores y-axis) across different age intervalsaxis, binned by Xyr). Warmer colours
(red) indicate lower abundanaessociated with lower nutrient availabilityhile cooler
colours (blue) represent higher abundaacel higher nutrient availabilityA sharp
transition occurs d.2%, as this value serves as a critical threshold indicating significant

shifts in nutrient supply and upwelling intensfty?10°>-10710
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Cal cium car boneantaeb odlyinca mieclsatled di ssol uti

Proxies from sediment core SAA8A, recovered at,342 m from the southern
Brazilian margin, suggest that surface primary productivity responded to changes in
summer insolation and NE wirfids Similarly, two long records from the eastern
equatorialAtlantict?? and Indian ocead documented increased carbonate dissolution
during periods of high surface productivity, bdtllowing changes in th@recession
cycles.Although the validity of this mechanisim the western South Atlantghould be
tested with longer temporal recordsyidespread, the expansion of the biological pump
may suggest dynamicof carbontransferbetween the atmosphere amkans reservoirs

clearly modulated by the precession cycle.

Building on this, he remineralisation and subsequent dissolution processes are
important to measure the effectivenesshafbiological pump, as they remove carbon
(organic matter and carbonatiat couldpootentiallybe buried irthe sediments, recycling
it and putting it back to the syst&mNevertheless, high productivity periods have been
associated with higher accumulation rates, as well as with high total organic carbon
fluxes>98:121 Although biologically mediated dissolution was inferred for core 319,
lower temporal resolution of dissolution proxies makes its relationship with surface
productivity ambiguougFigure 5), as there might be a lag of 11 kyr between changes in
surface productivity and carbonate dissolution (both cores2@3Sand SIS249),
suggesting a different mechanism driving carbonate dissolutlargatdepths (~200).
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Precession values were computed from Laskat.®f Highlighted grey barsepresent
Marine Isotope Stages (MIS) 2, 4, andD@ta from cores SAD48A, SIS203, SIS249,
GeoB1105% and MD90-963* illustrate the relationship betweenceanproductivity,
carbonatelissolution, and climatic variatiorer the past 150 kyr
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Figure 6. Multi-proxy records from various Atlantic Ocean sediment cores and

503

504 Antarctic ice cores spanning the last 150,000 years. The figure shows data from the

30



505
506
507
508
509
510
511
512

513

514
515
516
517
518
519
520
521
522

523
524
525
526
527
528
529

530
531
532
533
534
535

Equatorial Atlantic (ODP 10863A), South Atlantic (SI$03,GeoB103%??), and other

key |l ocati ons, highlighting fluctuati ons
fragmentatiof®, CO concent $atiisontso p HcR D&% fn@fje(xNT O
B/Ca® and aut h¥dissolution etbhtsiare marked with grey vertical bars and
arrows. Obliquityand insolation curvé& at 65°S and 65°N are included to illustrate the
influence of Milankovitch cycles on glacial and interglacial periods. Temperature

variations from the EPICA Dome€ ice core provide additional context for climate

changes.
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be differentiated from ecological signal s.

Thet wdy pl ankt ont essifzoeasanfirndm @Roarvee a3 2T t hat

—+

he relationship between size changes and e

and productivity, i's not wuniformly capture
underscores the necessity of wusing multiopl:
size wvariations, particul arUyingn oriblyditelse w
percentil e <can underesti mate the influenc:i
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temperature reconstructions at di fferent (
bet ween t enpesritaztewsr,e easmpde ci aGlloypi gem iubpedess
al bwsndGl obi g éruildai dlehsu s, comprehensi ve un
pal aeoenvironment al effects requires sensi

parameters for reconstructing past environn

Ecologically, the manuscrigf confirms previous studies documentintpat
productivity is the primary driver déstsize variations in planktonic foraminiferahigh
dynamic oceanographareas, where nutrient availability fluctuates significaitlyThe
observed correlation between smak&r ruber albustess and increased productivity
suggests reduced metabolic activity of their symbionts during upwelling p€fiods
Additionally, temperature changes in the upper water column influesstesizes,

reinforcing the need for diverse temperature reconstructions.

On the other handhe studysuggestshe critical role of carbonate dissolution in
alsoreducing planktonic foraminifer@stsizesby shell damageparticularly inG. ruber
albus High productivity periodswhich increase organic matteelivery to the seafloor
andrespiredCO; release)ead to lower pH levels and subsequesstdissolution. This
processmight be able tareducetest sizes by about 25+9%, primarily through the
fragmentation and removal @iinnerterminal chambet§® 162 Such fragmentation can
cause brokentess to be misidentified as smaller whole specimens, leading to
underestimation of size variationScanning electron microscope (SEM) imaging and
opensourceX-ray computed micrdomography (micreCT) revealed that broketess
that often resemble intact onegith standard microscopgre not,making dissolution

effects difficult todetect.
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Chappbt er
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Gl ad¢indler gl &¢,?%dssceydvieedds onbi t alempeclat air ey
angreds ;@ el sApvarceiscbrEriédtricately 1in
anges in the ¢?% dtbbawe vcearr,b otnh ersees eorrvboiitral si
' 'y account for the climatic ebdbgek ob
chah®®*sm% or instance, -idutreirngg aclialt heytt ae¢ -
at er marcyhangfe appnp&OL o@p el fyrom gl aci al to

riodsdbasmbewwadh various feedback mechan

thampl it Theescehaninscrhsude the expdhstifogmherf i c

pr
pa
tr

Wi
ocC
an
ma
Pr
pr
ca
i n
t h
or
to

re

pr

oduofiomorrosive SoutheBEWPComp emesretd Wa tne
t P ahéso | i esmt ifem tand enhanced produgi?i vity

ansferring and stocki?2Ag carbon in between

During the | ast 30,000 years (Marine 1s
tnessed contrasting changes in ice vol ume
ean productivity, particularly during pet
d |tatse de’d 148 cli?altFlod®bwsaggl aci al condition
rked a shiCiQl etvel sl eanatSead dpecearaena Oper oiduct i vi
evious studies forhahwe dhhecumemt eSdo uée mh aArtd
oductivity duri Yy °%°F% Whasth gloadidalacepanh
rbon storage. Neverthel ess, it has been p
the South Atlantic miFh% ®pPedeaei abl powedb
e biologocganipummat asr remi ne.r alHoweaw e ro,n

ganic carbon and calcium carbonate accumu
bé&% hFght her mor e, It has al so been sugge
spond to changes in?4?hgewati ¢rs maseas i qéon
i mary productivity and organic matter exp
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The gl aci al e plroge mersti vef Northern Compol
SCVdt mid and greater dephas oifgnhnihfei Samnut hi M@
f ocrarbonate3prEeisesoaitiédBOWdi ti ons for biologi
di s s olountaitb@ iy ai uts ec oanptparionxsi mat el y | ess oxygen ¢
NCW(1/ 3, | ewhs xh coul d t heoretically reduce
remi saetriaolni, resulting inOdetheavddedi hramldyt
Ssubsaturated in calcr uthioceailr b s anvaedli oanukm h g
carboeattédi ng t het hseegalfaeopoatt hdur i ng

I n dhhapgt @rnv ¢ $deyi gaamicas bomhat e ,a cfcoucnuusliantg oonr
key procespsreosdusudlmnas dil ution ia3hld kda sBRI ut
i nternvatlhe westerUsi&@uti mt Agpbabeigc masivo
how c¢chamgtetsom nwataefff getommedabgname aptr emsiedd vat i

dep.t hs

Study area

The Atlantic Ocean plays an i mportant r
di stributing/transporting salt, and heat a
i mportant characteristics are the producti c
complex vertical 8%ft2t hnftbaetiSonmthnAthanstoba]
domi nated by two oceanographic f-Maltwirreas t h

Confl uence. This confluence (at ~38AS) is
salty (T>r36pigkgsad) Wat er , t hatFidyjalniendtrasnnsphbet ¢
southward in the upper | ayer by the Brazil

(<34.2 psu) Malvinas Water, tra@fAsfported nor

In the southern BrakelowntlcenTi agindg all Weat

South Atlantic Centr ali>’Wad £ 0 c icotodadt i wiatnid an

increase in the photic zone due to upwel |l
st @ge8°Bel ow the South At ISTW é rc oCnepna srsail n gWatt
Antarctic I ntermediate Water, Upper Circum
Water), promoting dissolution of cal cium

carbonats?d .i Fri n(aCdy, between the Upper Circu

Bottom Water, fl ows sout hwar d t he North At
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620 NCW), promoting the pres$lerivmtilbe pdstc,al ch al

621 producti on
622 mas%?els’4. 175
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624 Fi glreLocat
625 UNdst af9% &7fAs

of both NCW and SCW have i mpacte
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<
=
a

E
2
>

Ocean Data
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i 0-0,8f heor meBStTBadl)eddcoeasby seaw:
map )v,i edwvet(aA |l ed map view with me

626 tempef¥umes | atitudisnalg di es ®'l'@eW4d tipehro s p h a
627 masses AAMBVW o&aAneg arctic Bottom Water; AAI W:

628 NADW: North Atlantic Deep Water; TSAQ@W:.caSout

629 Wat;:erUCDW:

Upper Cir . dumualearmalee pvi Waht eQc e an
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Materi al and met hods

This study utilises sed®il®B88t (S8amplimed efnmy
retrieved from the sout he&9Mm4 Bmeatzerlsi abne lcoow tsi
(29A30NjS, 47A7Njw,-20Ri gwerseo v By eadnC adauceei athtoy r a p h
campaign duringsurmmeraucftRuadgBoAaEh Wimg f or t he

Brazilian National Agency of ORuet rrodsewlnt,s Naa
compared to nealratbf. ecores shown in
Tablleocation details of nearby cores compar
Core Reference Frr? tr))stlr; Latitude Longitude
GeoB21073 175 1,050 -27.2 -46.5
KNR1595-36 175 1,268  -27.5 -46.5
GeoB21043 175 1,500  -27.3 -46.4
SAT-408A 64 1542  -291 472
S1S203 This study 1,894  -29.5 -47.1
KNR1595-33 174 2,082 -27.6 -46.2
SI1S-249 65 2,091 -30.0 -47.0
GL-1090 14 2225  -24.9 -42.5
GeoB38086 135 3,213  -30.8 -14.7
MDQ7-3076 178 3,770 -44.1 -14.2
Foraminiferal anal yses

To recover the plankt oniwa sf owaasnhiendi foevrear t
Om sieve, dried below 60AC and weighed. Fo
compositions, 38 samples were analysed witdt
| east -f3r0@g meomt ed pl anktonic foraminifera >1
taxonomy of Bre mmer r @&coseract sea surface
anal yGedobtiger i aadbabi gé diesai{dosb url dYed’% ub)
and the relative€l ambiugdrainrdietd( ¥gpl ud & sneastsa c a |
carbonate dissolution, we used t'R%, 18%kehnet hi c
pl anktoni cf faogmehftidthidtfre cal ci um cafdHonate c
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the number of pl anktérdithbd ftorea miartii foe rba t pveere ng

and csoaanrds e( >63 *®mIe’fraction

Sedi ment ol ogi cal anal yses

Cal cium <car boneetaes fcommt@ht samloss @Ayt emas
reaction with hydrochl|l ©entcroacdal GdcCllggi al 0C
Oce®©nicaUGCEE€O)i dade Feder a(l URRGSRHI-soi @&raa md e
analgfse35 decar bwenraet edde tsearnrmpilneesd usi ng a | as
size anal ysebA9B®Or i Mz alarstorc¢abl e silt was c:
rangie6 31 00m withitfi®°fPhe sampl es

Age model

A previous age model wa2O0dlrkHady wa bpri s
an i mproved age model based on Si X publ i
Spectrometry (AMS) radi ocar bont ideatceosr rced nabtii
poi "Tabdé All AMS radi ocar bmwplna nakfjtesnaiwce ne f sme a .
Gl obi ger i n(oaldle smoruppheat ypes) except at 21 ¢
anal ysGcddobomot al i We cabtral dtbe rteldvi bl én tt hhiec
regi onali®bentalcikc f or i ntermedi ate depths of
| SAY® We ran the apgaec knBogdedolfivi n2t Be3 R whi ch i
Bayesian?swWatusedcan error of 837Taf)pars f ol
estimated as the geometric mean -2003 t(h3e5 Ime a |
years) and the error fromt Tdher &MSr e mae oc @
ages were callintianede?9i agppt/geng a | ocal r e
(deltaR) of 1857 4F0ory etahres ,cablacsuddatdmn of t
Marine Reservoir Correction Database (httop:

Tab2 e Radi ocarbon and oxygen correlation dat
age model -2P0B Bamwmwdé pAlc8age for R software.
number 2 coMarefig@®ds t
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uncalib
14C age Error  Depth

lablD (years) (years) (cm) cC delR dSTD
LAC-UFF170058 6409 27 21 2 -85 40
LAC-UFF170057 7454 31 21 2 -85 40
OxygenTiePointl 14000 837 39 0 0
OxygenTiePoint2 17000 837 53 0 0
LAC-UFF190531 13533 131 58 2 -85 40
LAC-UFF180172 15347 182 124 2 -85 40
LAC-UFF190532 18714 137 1995 2 -85 40
LAC-UFF190533 19751 157 2385 2 -85 40
OxygenTiePoint3 25000 837 285 0 0 0
OxygenTiePoint4 28000 837 309 0 0 0
OxygenTiePoint5 29000 837 3325 O 0 0
OxygenTiePoint6 31500 837 375 0 0 0
Stable isotopes measurements

Oxyg#®) (and Ucta)r bsotnab(l e i sotope anal yses
by Peth' lcaetri @ald-1butt esn sl1®f Wwhieg dmpiptditdhdegent
Stable | sotope Laboratory of -CAhe-BERICYyer si t
on a dual inl et 1 sotope rati o madssotsoppeicct r on
data are reported-Deeel aBteil veemntiot et hMevaPvD Bem msat raPne
(as 198) ol measur emedt §53,anrde sOp.e0cdt geei ya
i® am@@values wer €i borcriuesctinebe sat oc-06 r Wdaoadi on of
0.3'0° correspondingly.

Neodymium i sotopes

Neodymium i sotopes analyses were carri e
foraminifera. Around 60 mg of planktonic fo
>15M E€raction, crushed and wultrasonicated

aut higenic oxide8* fThlel svaimpd eBi ave reet tehle.n di s
acid and centrifuged b&Ehers®upenanatdaoniine dweée o e

befodesselution in 0.3 M nitric acid. Rar e
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el ements usingEEeshnoamndRiepdygmi um was extr
REE using EiEchersSaamphepewere analysed in a

mu kctoil | ect or-cawmpdluecd | pledyma mabE&MIS)peat r 6o met e
University of Cambri dge Melespuaretnmeenntts owfe rEa rct
for mass fr a®ididdh at a®ind2tmd.a Sampl es were b
concenmatac heod solutidrfewi bh atwabdbaedofdndi 512

Statistical anal yses

We applied principall®tompypmietnte iavnaarliyasteiso
the paleoproductivity and carbonaa=l di ssol
proxies are also affecte’d.®6FheteR@aAs ewhvomonrt
the correlati onsmatamidx ssdfadtdlae dcsdthteo enlow ansa | i
done by division of the difference between
dataset standard sdlevpraddwat i Viihtey saymd heiss s o |
extracted from the fd(rpsrtodanGed $/@ b ftruditthired PCAs
G. gl u)i namn @& (CRC Db odniastseol uti on: t he B/ P rat
foraminifera frapmeRPREFEEHISANGESTt he a€@&8EOBON
and multiple wémeacorbucocteddtu Sthrsgerse ono#t @

Resul ts

According toFiogur aganoad ml-2c003 eb eSIloShg t o
31 to iTntkeemwBalPlcorrespond to the | atest Pl eis:
Th@. b/@I druabtFiiog Bfr er anges fl &koam BOP.)0 420k at. BB) ( at
antdas a mean vallhe she®aeherMliodaelkd easéapy tre
bet wlelnka ,BR Ol | swed hldy iancr eid8e klaedBwe enhhenl9
resudmecsreasing7dkai Bfoel8el at i .e @lbywtyh,dnaantcae
Fig®revaries bkkweB8PR)7a8d&a0BP% (atean 12.5
and shows an overall decreasing7tkanBP)xcep

Threumberl amfkt oni cs i elrlagn{(Fridgf@egeaami es bet we
61 (ka BP) and 1960 (at 7 ka BPRBIQRrkeaan 400
BP, foll owed by a2m6Gd3kaat iB/wel ya nsdt a nlcer epaesriinogd t
(7 kalrhBP)poroportion of agglutinant benthic
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742

2115 ka BP, when it oscillates between 0 ar
(Fig®reThe fineOripe &t irominges63bet ween 9 (at
(at 17 ka BP), wiNkHFiag Gndeéhealval um ohrB6ndt e
CaGOh)bentphiamkt oni cr &gimBd Mi)niafnedr apl ankt oni c
fragment at(Fbg wBypaeorael e spaudbyl ibsyRe tr - et’tal . 20
Accumul awegenrecatbdegdynri nh6 3KheBReie2Bc m/Sky r

and then deMIr 8tadk eadB cdouirkFynrg u)rfeheé am sort abl e s
varied 208 34wveénri nl3&ka BP idaereaded tthenv a
bet ween Ot®l drog POhek@1BP period and Klinally
Ondurtimeg M iSgur.e 4

TheNdval ues r-ange( &tr o292 6k a( 7/BIR)art®&®3 i, ng fr o
47 to 22 ka BP and then i Nomeamiong. 66 [he t
0.5 and the analytical error vaMeiaaeadsbet abeér
silt ran@ae(datf rloom k2&mBaPt) 2t9 k3a4 BP), with a me
N1.®m during three different iildat &mv BIPs:t ilme
i nterval and relatiiél mriildi &kiaF Bl b edsomtochue | ng
PCAGs analyses yielded fsms3w 6pfi nbhepahbhr tamg
t fel rst coalpdhement (

40



743

744
745
746

747

-90

Log of Objective

acc.shape: 1.5
acc.mean: 50

-120 -105

0

cal yr BP
15000 20000 25000 30000 35000
| ] ] ] 1

10000
]

T T T I I | I
1000 2000 3000 4000 O 200 400 600 800 1000
Iteration Acc. rate (yricm)

S1S-203

Fi g®r eAge fmoade e-2 BResd

T T
100 200
Depth (cm)

Confidence(at9 5 Pisi n d i c #hégerdenyklgpe.

dar k

bl uetbaadpokpgenin

300

l i ght

bl

ue.

dot shewat hé nemecdap tahg e
Cal 1b rdaat teeds

ar e

41

shov



< D> D
Aliananpoud uonpn|ossig MOS

(T207) '183® 9433d (1707) 'le12 onag  (TT0T) '|B 12 9Nad

(°%) "53¢0 BIEEAES onel d/g (1202) ‘[e 3 o134

(%) uonejuawsely 44

o mn o wn o
N ad-d NN m

(%) paounnib o o
RS nw 79999 8 & R
| | | | | | | | | |

Tl
o~
_

MIS 2 MIS 3

MIS1 !

ll[lll]lllllIllllllllllllllll

m s s g Qe No
™ < ocooco (%) esap1utwieIO)
VSI-9TS1 43qnJ ‘p/saplojing "o a1yluaq ueunn|S8y
to,.‘tSMOle_m m\n_n_
(°%) 0=1Q uonoely aul4

10 15 20 25 30 35

5

Age (ka)

748

r-2@¢d»r dBr d m omidb&e oftr reo NBddSd roem:

antl SSA%16 gl atbiumaGa c b uliGl o urdaetst & ,i n

es

Fi gdreTi me seri

749

750 S I1-50 3

751

f orcaarhicn iufme r .

pl anktonic

of

Uvi gesrpi@ma’.'number

4 2



752
753
754
755
756
757
758

759
760

761

762
763

764
765
766
767
768
769
770

car bocnoanttéd(@a GO %) , abundance of agglutinat
benthic and pl ankffoB/iR) ,f ofriam@® nwisf asoaaiatr ra (i <06 3
fractiOmf(agmhmentati on degree'’bfdMtl afnrkotnoni ¢
planktonic forBmi oii iddc®y respobindgs o 2 stand:
o f reproduci bility @&@Fadlkewdnthiedhaltsi ndgi vd tdaen d
Marine | sotomentdBeapeése( MaB)d, represents the
(LGM)t ars rEpdaesesntand tréeapgiessoxygen

Tab3 f@ummary of the principal component anal

proxi es.

Correlation . _
Group Proxy _ Variance (%) Eigenvalue
with PC1
o G. bull/G. rub 0.81
Productivity ) 64.8 3.2
G. glutinata(%) 0.81
CaCQ (%) -0.87
PF/g -0.89
: _ B/P 0.84
Dissolution 65.1 1.3

<63 pm/>63 pm 0.86

PF fragmentatior

(%) 0.49

Di scussi on

Age model

Al t hough the top core ages between our
model by Pdornottdiafifer si gni £2i0c3a netxlhyi,b itthse
si gni3f0i chasiet The agreement at the top of t he
calibratibh ddatseesd oom pl ank’t@dbeefodr pmeai §e
geochr onolAastghiecsae f ftoococlu.r r i nid 8Wi tctmi imsn tt beas sveadt O
omdi fferetieoxypgenr!| aan omnd@piotianotesat oul d ref i n

mod el at the base of the cor ewe Hopweevde rn o td ut
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pursue this furwédapl an aelryethicse.t disfpéalbge @ lde r

age model s.

Petr- et al . e'Mmplea ykat Ammil ryiSstriicesappr oac
on tie points. This method can produce | ess
pl aced, potenti-aklyaheadbngceotannoveer poin
uti IBaxeédth a Bayesian method that account s
accumul ation rates. The Bayesian model ' s &
suggests a more geologically plausi bl e scen
force an unrealistic slowdown in sedi ment at
ka BP, instead of ~30 ekapoBRt sAsal bgn wgll
sedi mentation rates, our Bayesian age model

Whi | eb eonutih® cs tgaecnker al | y t hred gginosn awlit ®bthent hi ¢
LSHG6SA S5faekhds, there i s24&i03Bdc aunp,li irmdiegs pdiwdre n
correfcan oinsot ophb ect wikivelinfg earnddin dde < L Tdhoiisd edsevi at i o
| i kleeldy Pet’t pl eatheealb.aseabfothe 60rkaof fMoaeteov e
al so tohteSMars i nbtaesrevda |bth dahtreese t hat align with
The mismatch between our coreds icsaon olpa ¢ dze
expl droendt he vari ¢thavacemppuopetOfiB&ABf er en
70AWOE, and specially the study area, | ocat

Carbonate production: surface productivity

To capture the processes related to cartk
applaprdi nci pal cosmpoowe nstumanaal g e the wvarial
productivity and carbonate dissolution. Ou
proxi es gWPgdests an enhawbedhgktaaoi dle @t adu
epi sodic upwelllatneg MIvse Mt Saf@ldg (BGergl byulGl. oi de s
r ubreat i o) , i n agreement with previous studi
mar ¥ n®.°% A28 ecreaise omsehee®PCllowards the deg
i ncrease dur idue ttthe rHeoll aotciemesl,y Glha lgihg earbi unni dt aa
glut{wat a
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Previous studies suggested a bBi#&Fbogicall
the stddyi mgied1.8° T2hi s process occurs due to
|l abile organic carbon fixed by Ph¥ytemldamigt o
to rel ecmaned afecC®ase of pH. #deowepREE not our
positively cowea&Kmapdti Vas(tleiade ara)panar  r el at
PColi s obdgergwealk 9. 3p,alue = 0.04), suggestin
accumul ation at the seafloor could be a dir
the surface. Yet, si nlceantdh e rcoodrurcetliavtiitoyn waasl
to be |l ow during the Holocene for%itthei s owdrh

l i kely that otherlegpatraenetca@arbbortal socdccomaul &t

For i nstance, si milp(rf iwasrti agriiomci pbadt wece
di ssolution proxi eskHi gafirde Ra cevwenudl @< G .o0nl )r act cel
suggest a dilution efFfigudjrednethe thebehavat
fluxes. | f vertical particle fluxes increas
burial rates and decrease exposure to the s
But the benthic planktonic foraminifera (E
fragmentation (PF fragmentation) index poir
of high accumul at iionnd ereadt ecsa,l cs wgrmg ecsatribmogn att hea t
preserved

Al t hough sinking velocities of planktoni
are rel d%iael ympastant part of the biogenic
ocean i s dirsesaoclhviendy K ehfdoortlee Elpi s elaoss has bee
t wo processes: mehiapplh | magppéoicems edfad emad hal l
di ssolution, anmndosolderipfeir Agywatt ee EACOst proc
bi ogeochem?f®Cadl*tr edfattibpensscope of this paper
of chemical properties of the overlaying wa
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Stars rBpdesesntand tiréeapgiessoxygen

Carbonate dissolution: water mass geometry

Distinct stratification patterns, produc
during distinct <climate stages, redistri but
maj or oc®lah®®wiatshi ndi fferent <carbonate ion ¢

replacement of NCW by SCW has the potenti al
the s¥@af’Peirng suggested that higher propo
carbonate dissotdtBeinngtcoheretbuudg bytkiolo
surface (photosynthesis) and W&hbps (bemnner
hi storically utilised t°82.f eWlhinlsé racbr owader
bentiti o aflruem c-208 ISt Sex peNAW da nddp eSaGdal ctt h @ n

n

dynankiicgsu,de s g lraeyl sasttaavwea | i t vy, particularly wh
Hol ocene veit€ipaalfAibgeuytechiBhi s | ack oef varia
attributed hteo Ytelhag sag enianf aunal bendWwekl §or an

within th% bBedngemdomé | peolbab!l py paomrde/ owat er
productitwierythan bottom!Wailér?!“mass charact e
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However, previous studies Qiaiec )scheoiwche & h a
infaun@vi qerigeat hic foramini@&rducangreber d
deglldej?a®% uggest Uwnigg diffffartvaad wres can indeed r €
water mass signals. UVhgsit& nwa Imiegsh t c apet utrhea t.
stable carbon isotopic signature of the bot
falls within a zone where ,ahd theevpragptber
enmdember sdvnral ngisgd acgladcirelsudy samincsa, rel at |
& signal, despite the changes inm&€the wat
measuremesmnts | ovecm o B3T,OIKNRBBHY® oMI8RN and
deepercore?2®3 S( KBRI'39GID %) GeoBFBOBresent ed
mor e nélgatvialeues during the LGM, indicatin

carbon on the water column from 1000 to ~35
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To accurately assess the potenti al of we
dynami cs at our site, WENdAf B 0o mn Cte2rQex .t 81dS t |
Neodymium isotopes serve as valuable trace
characteristic signatures bdédkd omfiheincefo
wat er mas s provenance and the mi Xi ng pr oy
fractionated by ma%i%8 DPhel afNidmagswredesne
foraminiferal coati ng%. 6xoOm Oodu)r acloirgen st owpe | sl
seawdNd®r. 95N0. 19) frdMm AebhbygStméasnr &ment s
30 28re from different Ndealthess foalrl froir@tmt nii f
upper and Fiogdr.e puirntcsor(e top measurement a
with the Hol othdeofbramibhasedadbn nearby sed
3, KNRAGY9 GedB2 1ONRB389 anld0o &t Cor es -652°0B3808
and MDY i g6r eTdb, el ocat &Ad | iamttilce Rimiwddten, al s
the modern seawater Uddvderiolcad e nper od utl leisg e nTi
between2@dhec®l & top to thdeoseawaper sagdgesea
foramiWNidi@araés in our study area Waithfull

conditions rather than b®#fng influenced by

However meanbeendal ues ha’®,?3Padinn@étr tover t
values to proportions of anci ent Sdhotrhédemnn
Component Water {Mme@We,r vm@mé wiefsi Eheddidn go et huet
equation preseéeftea Myt Hwevee tti mat ed NCW/ SCW
for two samples: core top and Last Gl aci al
we empitByelld values-Abkeomi’Béeeztmhe North At
Deep Water (NADW), considered here as NCW,
SCW. The results indicate that NCW constitu
at the core top Ud€F miNdt vea |l L@N, P@m sv@e e 61 at i

North Atlantic Intermediate Water ( GNAIT W,

Water (GAABW, as SCWwW). Her e, the LGM sampl e
down to FAZPNEX%. W{t hout i-membpor atairiNgdbehdt y,
values from the LGM would falsely imply a
assumpti cemsnploét ea cessation of NCW influen

reconstructi ons€bas'éd on benthic
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Furthermore, WdreViealaend mtib@uoratt aoger of t h
corrosive SCW (22N9%) bathed our coring si.t
(fi gs4 eathd | n our pisc emiagh eor, WHHwm af aeamianief ep s
radi ogenic ( mor e -220C3W)i.s Asn otuhre cionrteerSpihSas e b e
mi xi ng, -pouorx ymuwlttuidy suggests that the chang
predominantly affected t he carbonate pr e
fragmentation of planktonic foraminifera, r
8%) and the higher presence of agglutinated
replacement of NCW by SCW could also i mpac
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pported by our mean FsgurabMer soVveéer mealstuh
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inrich St adda&aPh ilvdbasse df namM%t hies Beornncuodra tRa
th our ma x i mg,m tvhailsueiss ofotPCtlhe case for
rt he’reoiPle, vdlrwens t-Atel ami tdiGe oBi3@ &8 s(how no

ri aRtiigounrsa (PYentk, di scussing tise ailamfilaube nlciet yo
th our proxy records is complicated due

pecially dnMd foraminiferal
rbon reservoir effectiveness During Gl aci

The here dogwmearteedd dS WOl mt de p 2(@xBt) cot e
d biologically mBdDaH®d @i°dFplh htsit he @wWatst ¢
uth Atlantic mirror parall!f Deomwietses ewt iflo
fferent methodol ogies (i.e., productivity
rbon and dissolution as sani0o@4ymWt0emt ) an
pth), fhles@autéoogni sed both water masses
rbonate di stslhobd uexoeansipye vi mgac:t of these
| alnntierestingly,ptd@uctmniveirepeet/fagt caf bon
taml e quatwirti mibip wteltrdee s ng zamade i(rbod)lha mioav t i

Bui |l di ngt hoen dtehtiesc,t i on -koyfr ac yacdresiisn elmit olz
di ated di ssoltuitd olnn dpidanmdb@mesamteo d$?Sout h A
g g estt rso hag ncad n tcr o | wi t hi n.Fmwoarj otrh eo cveaxnt ebrans i
|l antic, this precesd$foalathdbogbi hgnbhas bem

e necessary to furthkResproyel thbals patt ¢ anh

e Earth's prheotwvessvsiponanlargyy @lreducti vity an:

tter degradation directly influence car b
e past dynami cs t hat may iFrufratrhne r Mot @ 1
d er st apnhdyicenige nbihcea | properties and dynamics

aci ali spatouentdser st anding the ocean's rol e
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Both, elevated primary productivity and
the calcium carbonat e tdlyen abmd rctsh 6 swha licghima tne t su
feedback mechanisms. During glacial periods
organic matter to the seafl @8r ThwhBi dmci gas
organic matter f 1l ux, coupled with biologic

deegean's role as an effective carbon reser
|l eads to thae&nded edser @®ds&€Oin pH, further en
On top of It SCW' s corrosive nature sigl
promoting dissolution of carbonate sedi men
oceans, which i ncreasest ¢heciamobacknk ad uirniintgy gal

ti e dos. 227

The here documented carbonate (and carbc
remineralisation), makes t hed f ewcetsitveer n ¢ asraob
r es el/rsveog ure stthrraotuigohn enhanced productivity a
Understanding these interactions is cruci al

turn, could better project future states of

Concl usi on

Our analysis of pAdodevenbVetynpmairmled (PG
during MNMoS the Hol oGlemki, g éii ig(i %) a |i gnlecrt eicarisaet sa
PCsl contrary to previous studies #pn oture ar
di ssol uti om) pirmdkii ceast e PtChla t surface particl e
accumul ation, though other f BNt oarnsal ayrseesagt w
hypothesise that the expansion of Southern

Gl aci al Maxi mum had a significant i mpact

reduced oxygen content in SCW could potent
remineralisation, the | abile nature of gl a
velocities |ikely | gacctuomuilmadrn e@ans e d edaicgidr €

enhancing carbonate dissolution.

During gl aci al periods, increased prod
di ssolution enhance the ocean's role as an

Atl antic demonstrates significant carbon se
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Chapot er
Concl usi ons

V Differenti al Fertilisation Mechani sms

The southern and sout heassetenBitaoz ibbeeanedor
by di ff exteinan freedaduhrdinnigs nicshe t Mm8. bThersaut hea:
region is more | ikolax eaf mecthadilsynse c avdantl rei ¢
mar gui g hit ntbleueArctear dtyi dy mazmi Bhexitmi ty to the
al so plays a cruci al rol e, a sa tcioonmt icnaenn tianhp a

sea surfacedpctmaryy.
V Carbonate Dissolution and Buri al

Mi-De pst k5100 mb sl yh proddiegtitvd toyamtl emad t o
di ssol uti on, as evidenced in the western,
bi ol ogically mediatedbdrsabl uoates. aAf ebbs gl
di ssolvedtand the system, overall accumul a
sequestering carbon i n botulr i ©sga fhliogohr pw aotdeur

i nterval s

Greater( Pt mbaAt ) greater depths, car bone

by the <carbonate ion satotetgbaclsidkaeleyhandg
associated with Antanmatdi dboitd ® ms waeter denaslise
These changes influence physical and biogec
However, |l onger time interval records are n

V Di ssolution I mprint ihedtl anktonic For

The dissolution imprinbnesitaapl aektsoambitdt ef
significant, potentiall yaeaft eetait ng otlemsp

Di ssolution can alter the chemitcegdt avind cihs o't

may | ead to misinterpretRddemgnsg aadrcdpuarstti noge e
for these subtle dissolution i mprints IS
padoenvironment al proxies.
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explored. The changes in wind patterns and
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Chapter 7
Future Research

Building on the findings from this study
|l onger tempor al sedi ment thretso epami hecab
sout hernmost Brazilian continent al mar gin r
productivity, organi c matter cexlpdrpt owindle c
clearer understanding of how these processe
on the global carbon cycl e.

Further research is needed to explore th
mechani sms in the southwestern Atlanti c, p é
both coast al and open ocean settings. This
terrestrial i nputs and marine processes o0bs

Additionally, more complete records are
cyclicity (precession and obliquity) on prao
herhe ghl i ghted as key factors. Understandi
contri bugtaired@er at anding of how they drive |
changes.

l nvestigating the total organic carbon i
mechani sms Dbehind carbon export from enha
suggested to be critical for carbon sequest

Mor eover, examining how the southwester
Ant ar cti ¢ oitche isnheeetrsms Jwfi Itli nbien gc rauncd ail mp anc tu

the regionds role inbgtabaeboéi makieon ymfa mi a

vari a

proce

Fu
| ast
i deep

water

tions in productivityhiaghu tchaatbiothiades d
sses.

rther research should also investigate
interglaci al edmotcdr atnide ait beo nalt @e tddD B s b i
watdemyg-deast hThi s hedwlndhgehti nt eracti ons
masses and carbonate chemistry.
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