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 a b s t r a c t

Sea-level reconstructions are critical benchmarks for testing models of ice-sheet stability and climate change. 
Their interpretation, however, is complicated by sea-level changes driven by different processes, among which 
include the solid Earth’s response to sediment loading. Here we show that incorporating sediment isostastic 
adjustment reduces long-standing discrepancies among Marine Isotopic Stage (MIS) 5a and 5e records from 
the Río de la Plata estuary by up to an order of magnitude, indicating that regional sedimentary histories can 
shift relative sea-level estimates by several meters compared to traditional glacial isostatic adjustment-based 
approaches. We further emphasize how sediment loading may play an important role in influencing relative sea 
level throughout the Holocene and may continue to affect regional modern tide-gauge records. These findings 
underscore the importance of regionally resolved sedimentation histories, in contrast to approaches based solely 
on global compilations, and highlight the need for expanded shelf coring and seismic surveys.

1.  Introduction

Reconstructing global mean sea-level (GMSL) changes over Quater-
nary timescales requires disentangling the processes that drive sea-level 
change (Rovere et al., 2016; Gregory et al., 2019).To estimate GMSL dur-
ing past periods of the Earth’s history, relative sea-level (RSL) records 
derived from direct sea-level proxies must first be corrected for local 
processes that drive vertical displacement, such as tectonics, mantle dy-
namic topography (vertical deflections of Earth’s surface and sea sur-
face caused by the slow, time-dependent flow within the mantle, Braun 
(2010), Austermann et al. (2017), Stephenson et al. (2019), Rovere et al. 
(2023), and glacial isostatic adjustment due to ice and ocean loading.

Isostatic adjustments caused by the redistribution of surface mass 
loads on Earth can produce significant deviations in relative sea level 
across a wide range of timescales. Glacial Isostatic Adjustment (GIA) 
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refers to the response of the Earth to variations in ice and ocean mass 
loading (Farrell and Clark, 1976). The magnitude of this response de-
pends both on the history of ice and ocean loading and on the rheological 
structure of the mantle (Milne and Mitrovica, 1998). GIA can generate 
substantial departures from GMSL, even at far-field sites located well 
away from former ice margins (Lambeck and Chappell, 2001). Although 
GIA is by far the most studied isostatic process in sea-level science, re-
search has also examined the role of other forms of isostatic adjustment 
and associated sea level change, including those caused by karst disso-
lution (Adams et al., 2010; Creveling et al., 2019), reef growth (Rovere 
et al., 2023; Lin et al., 2023), and sediment redistribution along conti-
nental shelves (Pico, 2020; Ferrier et al., 2015; Dalca et al., 2013; Pico 
et al., 2016).

The sea-level response to sediment loading and compaction has long 
been recognized as a potentially important signal in regional sea level 
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Fig. 1. Coastal area and continental shelf between Uruguay and Brazil (Rio 
Grande do Sul State), with data on MIS5a and MIS5e sites as reported by 
Tomazelli and Dillenburg (2007), Rojas and Martínez (2016), Lopes et al. 
(2024). Blue and red triangles represent, respectively, marine and terrestrial 
limiting data points. Background map data from GMRT (Ryan et al., 2009).

records through time (e.g., Reynolds et al., 1991; Simms et al., 2013). 
Subsidence (sinking of land that results in sea-level rise) from sediment 
compaction, particularly in large deltaic systems (e.g., the Mississippi 
Delta; Törnqvist et al., 2008) may reach several millimeters per year. 
However, sediment loading has only recently been incorporated into a 
gravitationally self-consistent global sea-level model (Dalca et al., 2013; 
Ferrier et al., 2017; Pico et al., 2016). Incorporating the sea level re-
sponse to sediment erosion and deposition in major river deltas with 
high sediment fluxes, such as the Indus River delta (Ferrier et al., 2015) 
and Yellow River delta (Pico et al., 2016), has been shown to be im-
portant for accurate estimates of GMSL since the Last Interglacial (125 
ka). Pico (2020) used global sediment fluxes to simulate delta deposi-
tion globally to assess the sea level response to sediment loading since 
122 ka and found that at some sites sediment loading caused relative sea 
level excursions of ∼ 15 m, although there was no statistically significant 
global signal of sediment loading in the observed elevation compilation 
of Last Interglacial (MIS 5e; 129-116 ka) sea-level proxies.

In this work, we focus on the isostatic adjustment and associated sea 
level signal generated by sediment loading on the continental shelf of 
the Río de la Plata (Argentina and Uruguay). We use sedimentary core 
and bathymetric data to build a sediment loading scenario and calculate 
the sea-level response since 122 ka in the region. We show that incor-
porating sediment isostatic adjustment (SIA) alongside glacial isostatic 
adjustment (GIA) reduces apparent discrepancies among sea-level index 
points (SLIPs) dated to Marine Isotopic Stage (MIS) 5a (80 ka) and im-
proves the fit between MIS 5e (125 ka) observations and prior GMSL 
estimates. We emphasize in our results that the SIA may also influence 
regional Holocene and modern sea-level observations.

2.  Geological and sea-level context of the Río de la Plata

The Río de la Plata region is located on a passive margin (overview 
of the regional geodynamics in Pedoja et al. (2011b) and references 
therein) and is shaped by vast sediment inputs, offering a unique set-
ting to evaluate the impact of sediment isostatic adjustment on relative 
sea-level reconstructions. The Río de la Plata estuary, formed by the 

Uruguay and Paraná rivers, drains the fifth-largest basin globally (more 
than 3 million km2; Laborde and Nagy, 1999) and is associated with one 
of the world’s largest submarine fan-like features (Tagliaro et al., 2024). 
Together, the Uruguay and Paraná rivers deliver an annual mean flow 
of 22,000m3 s-1 and transport between 120 and 199 million tons yr-1
of fine sands, silts, and clays (Depetris and Griffin, 1968; Amsler and 
Drago, 2009; Fossati et al., 2014), which are dispersed across the SW 
Atlantic via the Malvinas current and deposited on the continental shelf 
offshore Argentina, Uruguay and southern Brazil (Perez et al., 2016; 
Michaelovitch De Mahiques et al., 2021).

The coastal plains built by these sediments preserve a rich record 
of past sea-level positions. Along the southern coasts of Brazil, deposits 
extend back at least to Marine Isotope Stage (MIS) 7 (~240 ka) (Lopes 
et al., 2014; Guedes et al., 2020). MIS 5e (~125 ka) deposits are typi-
cally associated with the Pleistocene beach barrier known as "Barreira 
III" (Tomazelli et al., 2006; Tomazelli and Dillenburg, 2007; Villwock, 
1984), which lies 7-10m above present sea level (see the Supplemen-
tary Materials for details). Recent work (Lopes et al., 2024) suggests that 
Barreira III (that outcrops at Osório at ~8m above sea level, Fig. 1) was 
reoccupied during MIS 5a and MIS 5c (~82 and ~96 ka, respectively; 
Fig. 1).

Analysis of relative sea-level (RSL) data reveals an apparent discrep-
ancy. Pedoja et al. (2011b,a) noted that outliers in Pleistocene uplift 
rates between Brazil and Patagonia may be due to sediment loading and 
its associated isostatic response. At the mouth of the Río de la Plata, 
MIS 5a RSL reached at least 12.5m above present (as indicated by a 
nearshore fossil-rich deposit at Puerto de Nueva Palmira; Martínez et al., 
2001), whereas ~450 km to the east, in the Chuy Creek area (sites AC-
01 and G10A08; Lopes et al., 2020, 2024), marine deposits and aeolian 
sediments range from -7 to +5m, likely reflecting reoccupation or re-
working of MIS 5e deposits (e.g., Osório; Fig. 1, see the Supplementary 
Materials for details). The discrepancy between these constraints (i.e., 
the marine limiting indicator should not be at higher elevation than 
the terrestrial limiting indicator) indicates differential post-depositional 
vertical displacement at these two sites. Here we test the hypothesis 
that this apparent discrepancy can be resolved by considering sediment 
isostatic adjustment processes.

3.  Methods

To evaluate the role of isostatic processes in the Río de la Plata re-
gion, we correct direct sea-level proxies with predictions from ensem-
bles of GIA and SIA models. The GIA simulations sample a variety of 
parameters for lithospheric thickness, upper- and lower-mantle viscosi-
ties, and ice-sheet configurations, following approaches previously ap-
plied to MIS 5e reconstructions (Dyer et al., 2021). GIA contributions are 
reported as the mean ±1𝜎 across the 576 model outputs of Dyer et al. 
(2021). For SIA, we developed a model of sediment loading since 122 ka 
by integrating bathymetry data with published core-derived sedimenta-
tion rates based on Late Pleistocene sediment ages (Supplementary Ta-
ble 1, Supplementary Figure 1). We performed simulations to calculate 
the impact of sediment loading on relative sea level as in Ferrier et al. 
(2015), Pico et al. (2016).

3.1.  Glacial isostatic adjustment

Relative sea-level changes are influenced by glacial isostatic adjust-
ment (GIA), that is, the response of the Earth to changes in ice and ocean 
mass loading (Farrell and Clark, 1976). The magnitude of this response 
depends on both the history of ice and ocean loading and the rheologi-
cal properties of the mantle (Milne and Mitrovica, 1998). GIA can cause 
substantial deviations from global mean sea level (GMSL), even at far-
field sites located away from former ice margins (Lambeck and Chappell, 
2001).

To quantify the GIA contribution to RSL at our study sites, we use 
576 GIA predictions from the models developed by Dyer et al. (2021). 
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These models explore variations in the Earth’s viscosity structure and ice 
sheet configurations, and are based on the density and elastic structure 
from Dziewonski and Anderson (1981). Specifically, the models vary 
uniform values for the upper mantle viscosity, lower mantle viscosity, 
and effective elastic lithospheric thickness. The upper mantle extends 
from the base of the lithosphere to 660 km depth, while the lower mantle 
lies between this boundary and the core-mantle interface. The model 
ensemble includes lithospheric thicknesses of either 71 or 96 km, upper 
mantle viscosity from 0.3 to 0.5 × 1021 Pa⋅s, and lower mantle viscosity 
from 3 to 40 × 1021 Pa⋅s.

The ice models employed by Dyer et al. (2021) use the ICE-6G re-
construction for the last deglaciation (Peltier et al., 2015), and follow 
the global sea-level curve of Waelbroeck et al. (2002) prior to the Last 
Glacial Maximum (LGM), shifted back by 3.5 ka to align with coral-
based constraints (see Dyer et al., 2021). To account for uncertainty 
in deglacial timing, two eustatic sea-level curves were tested: one with 
the MIS 6 glacial maximum (minimum sea level) at 135.5 ka, and one 
at 142 ka. It is worth noting that these parameters have limited influ-
ence beyond MIS 5e. The GIA simulations were run with three distinct 
ice sheet configurations: (1) a reconstruction assuming MIS 6 ice extent 
equivalent to MIS 2, with a Laurentide Ice Sheet (LIS) volume of 89 m 
sea-level equivalent (SLE); (2) a reconstruction with a larger Fennoscan-
dian ice sheet and an LIS volume of 59 m SLE (Lambeck et al., 2006); 
and (3) a configuration with an even larger Fennoscandian ice sheet and 
an LIS volume of 43 m SLE (Colleoni et al., 2016).

3.2.  Sediment isostatic adjustment

To account for the effects of sediment loading, we estimated sedi-
ment thickness using core data and modern bathymetry. We first com-
piled published core records (Lantzsch et al., 2014; Pereira De Ávila 
et al., 2020, Supplementry Table 1) and then extrapolated the sedi-
mentation rates to model a cumulative sediment thickness since the 
LIG. We represented regional topography by generating a 10-cell width 
smoothed map from modern bathymetry (Alberoni et al., 2020). Lastly, 
we scaled the smoothed surface to match the cumulative sediment thick-
ness at the core locations. The resulting sediment thickness model rep-
resents the best possible estimate given current data constraints (Sup-
plementary Figure 1).

The sediment thickness model is based on two main assumptions: 
(1) that the general sediment distribution patterns across the Uruguayan 
and southern Brazilian shelves since the Pleistocene resemble modern 
patterns as expressed in bathymetry data; (2) that sedimentation rates at 
core locations are continuous since MIS5e (122 ka). These assumptions 
allow us to consider modern bathymetry as an analogue to MIS5e paleo 
bathymetry, and to extrapolate published Late Pleistocene sedimenta-
tion rates into the MIS5e.

To construct a sediment loading history since MIS 5e (122 ka), we 
apply a sediment loading rate from 122 ka to 10.5 ka, which repre-
sents our glacial sedimentation scenario (Fig. 2A). After the Holocene 
(10.5 ka), we apply a different sediment loading rate, which includes 
sedimentation in the estuary, as would have occurred during times of 
higher sea level (Fig. 2B). To conserve mass, we identify the aerial ex-
tent of the Paranà River drainage basin and uniformly remove a layer 
of sediment with a volume equivalent to the sediment flux deposited in 
the oceans. This procedure accounts for the density difference between 
marine sediments (1750 kg m-3) and terrestrial sediments (2650 kg m-3, 
Bahr et al., 2001). Given the uncertainty on sedimentation rates over 
the last glacial cycle, we consider our reconstructed sediment thick-
ness model derived from core data and modern bathymetry as an upper 
bound (100% scenario). We also considered sediment loading scenarios 
that decreased the uniform sediment loading rate by a factor of 75%, 
50%, and 25%. The resulting sediment deposition over the last glacial 
cycle for the 100% scenario is shown in Fig. 5A.

To calculate relative sea-level (RSL) change due to sediment isostatic 
adjustment, we used a gravitationally self-consistent sea-level model. 

Our calculations are based on the theory and pseudo-spectral algorithm 
described by Dalca et al. (2013) with a spherical harmonic truncation 
at degree and order 512 (spatial resolution of ∼ 34 km). Our predictions 
require models for Earth’s viscoelastic structure. We adopted an earth 
model characterized by a lithospheric thickness of 71 km, and upper and 
lower mantle viscosities of 3 × 1020 Pa⋅s and 3× 1021 Pa⋅s, respectively. 
These Earth structure parameters are consistent with Holocene sea level 
data in Brazil (Supplementary Figure 12), and fall within the range of 
parameters explored in the ensemble of 576 simulations we use to quan-
tify GIA uncertainty. Our simulations ignore ice and ocean load changes 
in order to isolate the effect of sediment loading. We note that we ig-
nore sediment compaction, and its effects on porewater volume, as we 
wish to focus on the relative sea level change due to sediment isostatic 
adjustment on nearby relative sea level markers (rather than the precise 
elevation of any location where sediment deposition rates are high).

4.  Results and discussion

4.1.  Marine isotopic stage 5e

We first assess how the combination of GIA and SIA affects MIS 5e 
deposits at Osório, where coastal deposits with Ophiomorpha ichno-
facies mark paleo-RSL at 7.97 ± 0.55 m (Fig. 3A). Because this fa-
cies is highly susceptible to reworking, we assume deposition occurred 
at the maximum RSL highstand, predicted at ~128 ka based on our 
suite of GIA simulations (Supplementary Figure 2). At this time, GIA 
contributed 5.7 ± 3.3 m to RSL (Supplementary Figure 3), which 
must be subtracted from the observed value. A GIA-only correction 
yields a GMSL range of -1.1 to 5.6 m, whereas adding subsidence 
from SIA (5.4±2.2 m; mean and standard deviation of 25% to 100% 
scenarios; Supplementary Figure 4) shifts the estimate to 3.4-11.8 m 
(1𝜎; Fig. 3B). These values align more closely with global reconstruc-
tions of MIS 5e sea level, which consistently place GMSL above pre-
industrial levels (Dutton et al., 2015). Recent estimates include a 5-
90% confidence interval of 1.2-5.3 m (Dyer et al., 2021), a 68% con-
fidence interval of 3.6-8.7 m (Barnett et al., 2023), and a likely range 
of 5-10 m reported in IPCC AR6 (Gulev et al., 2021). Within this 
context, including SIA brings our average MIS 5e GMSL estimate to 
7.6m, which is within the uncertainty range all the previous GMSL
estimates.

4.2.  Marine isotopic stage 5a

In the study area, the elevation of marine limiting data at Nueva 
Palmira is higher than the terrestrial limiting at Chuy Creek, contrary 
to the expectation that marine indicators should lie below terrestrial 
indicators. What could have caused this discrepancy?

Tectonic motion may provide one possible explanation for the ob-
served mismatch between these MIS 5a limiting points. While the Río 
de la Plata estuary lies on a passive margin with no evidence of sig-
nificant Late Quaternary deformation, Brunetto et al. (2019) reported 
long-term uplift of 0.025-0.05 mm yr-1 in the central Río de la Plata 
Craton near Nueva Palmira. These rates, however, are too small to rec-
oncile the observations: the marine limiting indicator at Nueva Palmira 
requires sea level above +12.5m, while the combination of marine and 
terrestrial limiting indicators at Chuy Creek (AC-01) requires it to be 
between -7 and +5m. Tectonics can only explain up to 2–4m of this 
discrepancy (Fig. 4).

GIA models for MIS 5a (80 ka) capture part of this regional vari-
ability, predicting an average difference of 3.4 m RSL between the two 
sites (Supplementary Figure 5). In both locations, RSL peaks at 81.5 ka 
(Supplementary Figure 6), with a GIA correction (departure from GMSL, 
Supplementary Figure 5) reaching 4.5 ± 2.3 m (total predicted RSL at 
80 ka = -18.7 m) at Nueva Palmira and only 1.1 ± 2.1 m at Chuy Creek 
(Supplementary Figure 5). Yet even this GIA correction does not fully 
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Fig. 2. A. Sedimentation rate applied between 122 ka to 10.5 ka. B. Sedimentation rate applied from 10.5 ka to modern.

Fig. 3. A. MIS 5e relative sea level (RSL) in Osorio as indicated by (from left 
to right) uncorrected sea level index point (SLIP), GIA-corrected and GIA+SIA 
corrected SLIP. B. GMSL in MIS 5e as estimated by Dyer et al. (2021), Barnett 
et al. (2023) and the IPCC AR6 (Gulev et al., 2021).

reconcile the inconsistency between the MLI at Nueva Palmira and the 
TLI at Chuy Creek (Fig. 4).

Including SIA resolves the observed disagreement between these two 
indicators because sediment thickness in our sediment loading scenario 
(Fig. 5A) is concentrated near the Río de la Plata estuary, and therefore 
relative sea level due to SIA is greater near Nueva Palmira compared to 
Chuy Creek (Fig. 5B, Supplementary Figure 7). SIA produces only minor 
subsidence at Nueva Palmira (2 ± 0.9 m) but substantially greater sub-
sidence at Chuy Creek (5.5 ± 2.7 m), restoring the expected relationship 
in which the TLI lies above the MLIs (Fig. 4).

Having resolved the relative discrepancy between the MLI at Nueva 
Palmira and the TLI at Chuy Creek, we next consider what these cor-
rected indicators imply for absolute MIS 5a GMSL. Assuming that GIA, 
tectonics, and SIA are the dominant drivers of relative sea-level change 
in this region, our corrections yield a GMSL between -3.9 and +13.4 m 

Fig. 4. Difference between the marine limiting index point (MLI) in Nueva 
Palmira and the terrestrial limiting point (TLI) in Chuy Creek (AC-01) after ap-
plying different corrections. From left to right: elevation only, Tectonics only, 
GIA+Tectonics, GIA+SIA+Tectonics.

(Supplementary Figure 8). Other processes, such as mantle dynamic to-
pography, may also contribute, but are expected to be less relevant at 
these timescales (Austermann et al., 2017). The upper bound of this 
range appears implausibly high, as a GMSL above +10 m would require 
climate conditions inconsistent with the lower insolation and cooler 
temperatures of MIS 5a compared to MIS 5e (Supplementary Figure 9). 
The lower bound, by contrast, is more consistent with the higher end of 
recent MIS 5a GMSL estimates.

Prior reconstructions based on isotopic records suggest that MIS 5a 
sea levels were much lower than present-day. Planktonic 𝛿18O records 
from the Red Sea indicate sea levels well below present (~-20m), 
though these may be biased by uncertainties related to converting 𝛿18O 
to global ice volume, including temperature, or even RSL corrections 
(Grant et al., 2014; Peak et al., 2022). Benthic 𝛿18O records also place 
MIS 5a GMSL tens of meters below present (Spratt and Lisiecki, 2016), 
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Fig. 5. A. Sediment loading (100% loading scenario) on the Río de la Plata continental shelf between MIS 5a and present-day (100% loading scenario). B. Relative 
sea-level change (for the 100% loading scenario) since 80 ka caused by sediment isostatic adjustment (SIA). Positive values represent subsidence, negative represent 
uplift caused by SIA (see standard deviation in Supplementary Figure 7).

but recent work suggests that such reconstructions may be biased by 
several tens of meters when compared with direct proxies during inter-
stadials (De Gelder et al., 2022; Dalton et al., 2022; Farmer et al., 2023; 
Pico, 2022).

Indeed, converting 𝛿18O to global ice volume requires accurate cor-
rections for ocean temperature (Shackleton et al., 2023), which appear 
to drop early in the last glacial cycle before substantial ice sheet growth 
(Shakun et al., 2015; Shackleton et al., 2021), in addition to assump-
tions about the size and distribution of continental ice sheets (Mix, 1987) 
and/or the influence of diagenesis (Poirier et al., 2021).

Direct proxy compilations provide a different picture. Though there 
are relatively few sites compared to MIS 5e, a global review of MIS 5a 
and 5c proxies found that most index points were above present-day sea 
level (Thompson and Creveling, 2021). After accounting for tectonic 
effects, Creveling et al. (2017) inferred MIS 5a GMSL below present (-
8.5 ± 4.6 m, or -10.5 ± 5.5 m for well-dated sites), consistent with esti-
mates from the Pacific coasts of North America (Simms et al., 2016; 
Muhs et al., 2012). More recently, three-dimensional GIA modeling 
(Thompson et al., 2023) was shown to simultaneously reconcile RSL 
records across the Atlantic and Pacific coasts of North America and in 
the Caribbean with a peak MIS5a GMSL value consistent with (Creveling 
et al., 2017) (-13m). These bounds overlap with the MIS 5a GMSL range 
recently inferred from Barbados (-32.5m to -10.7m) (Tawil-Morsink 
et al., 2022).

Towards the lower side of that range, reconstructions from the Huon 
Peninsula (Papua New Guinea) place peak MIS 5a GMSL at -20 m 
(De Gelder et al., 2022) (Supplementary Figure 9). Murray-Wallace et al. 
(2021) estimated GMSL oscillations around -24 to -26m based on amino 
acid racemization in St. Vincent Gulf (Australia).

Nevertheless, many recent studies have pointed towards the higher 
end of the range, with some placing MIS 5a GMSL near or above present-
day sea level. Weiss et al. (2022) place MIS 5a GMSL above -12m, based 
on the connectivity and depth of shallow straits in the Indo Pacific. Do-
rale et al. (2010) place peak MIS 5a GMSL at +1m based on speleothem 
records in Mallorca (Spain). Kampolis et al. (2025) place relative sea 
level at -0.7m based on speleothem growth in Greece. Relative sea level 
in the Florida Keys (USA) is found to be -6 to -1m, although this does not 

account for GIA (Hsia et al., 2024). In sum, recent peak MIS 5a GMSL 
estimates based on direct sea level proxies vary from ∼-30 to +1m, 
spanning a wide uncertainty range.

While we found that including SIA reconciles the relative mismatch 
between Nueva Palmira and Chuy Creek, comparison to current con-
straints on MIS 5a GMSL places our Rio de la Plata SLIP-based GMSL 
estimates (-3.9 to 13.4  m) on the higher end of the likely MIS 5a GMSL 
range. The lower range of our GMSL estimate is consistent with recent 
direct proxy evidence and global assessments suggesting MIS 5a GMSL 
was close to, or only slightly below, present-day sea level.

4.3.  Late holocene and historical sea level

The magnitude of subsidence caused by SIA in the Río de la Plata 
region at Pleistocene timescales raises the question of whether its ef-
fects might also impact sea-level estimates for more recent time peri-
ods. While our sediment load model was developed specifically to as-
sess the effect of SIA over a full glacial cycle, we show how the response 
to sediment loading might affect more recent sea-level observations by 
considering RSL change caused by SIA on shorelines deposited at 7 ka 
(coinciding with the Holocene highstand in this area) and from 0.1 ka 
to present-day (Fig. 6). In our sediment loading scenario, deposition be-
gins to occur within the estuary starting in the Holocene (10.5 ka; see 
the Methods section for details).

Our models show that SIA may have caused up to 1.4m of subsi-
dence since 7 ka, mostly on sites close to the Río de la Plata estuary 
(Supplementary Figure 11). While this signal is ~5 times lower than 
the magnitude of GIA sea-level changes in the area (Supplementary Fig-
ure 10), it may help explain the discrepancy between sea-level index 
points and GIA predictions in the Río de la Plata region (Supplementary 
Figure 12, see the Supplementary Materials for details).

On shorter time scales, magnitudes of SIA effects (Fig. 6) are not 
negligible compared to spatial variations in RSL and vertical land mo-
tion observed by tide gauges and Global Navigation Satellite Systems 
(Supplementary Figure 13), which have been interpreted in terms of 
other regional processes (Frederikse et al., 2021). Tide-gauge data from 
Buenos Aires and Montevideo, among the longest continuous obser-
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Fig. 6. Rate of Holocene (7 ka- 0 ka) RSL change (positive = land subsidence) 
caused by SIA (50% loading scenario) in the study area. The dots on the map 
mark the locations where data from tide gauges records in the Río de la Plata 
region are available.

vations in the South Atlantic, indicate relative sea-level rise rates of 
~1.5±0.4m ka−1 and 1.0±0.3m ka−1, respectively (Piecuch, 2023). At 
these tide gauges, streamflow forcing over the twentieth century con-
tributed (0.68±0.47 and 0.41±0.19m ka−1 respectively for Buenos Aires 
and Montevideo, Piecuch, 2023), while GIA-driven sea-level fall over the 
last 100 years contributes -0.8±0.1 and -0.7±0.1m ka−1, respectively 
(Dyer et al., 2021). At the same locations, subsidence caused by SIA 
is between 0.08 and 0.32m ka−1 (25–100% sediment load), reaching 
in the most extreme loading scenarios magnitudes that are comparable 
with both GIA and streamflow forcing. On annual to decadal timescales, 
the contribution of sediment loading to relative sea level will vary de-
pending on the annual Paranà River sediment flux, and more detailed 
mapping of sedimentation over these timescales will be required to ac-
curately fingerprint the SIA signal in modern tide gauges.

5.  Conclusions

In this study, we considered the response of relative sea level to sed-
iment loading (sediment isostatic adjustment; SIA) in the Rio de la Plata 
region. High sediment fluxes from the Parana River led to the accumula-
tion of >100m of sediment over the last glacial cycle (122 ka to present 
day). We show that accounting for sediment isostatic adjustment can re-
solve the apparent discrepancies between sea level index points across 
the Rio de la Plata estuary dated to MIS 5a (∼ 80 ka). Furthermore, in-
cluding corrections for both sediment isostatic assessment and glacial 
isostatic adjustment improves the fit between MIS5e proxies and global 
mean sea-level estimates.

The magnitude of sediment isostatic adjustment in the Rio de la Plata 
region is important across multiple timescales. Across the last glacial cy-
cle, sediment loading can explain post-depositional crustal deformation 
that tilted sea level index points. Over the Holocene, sediment loading 
contributes over 1m of RSL, which might help deconvolve the drivers 
of spatial variability in relative sea level patterns across South America. 
Modern tide gauges may record relative sea level variations due to sedi-
ment loading, and further detailed exploration is necessary to determine 
the extent to which sedimentation contributes to observed modern sea 
level gradients between Buenos Aires and Montevideo.

By showing that locally resolved datasets are essential for accu-
rately estimating sediment isostasy, our results highlight the need for 
expanded shelf coring and seismic surveys to capture the spatial and 
temporal variability of sediment deposition. Such efforts will enable the 

development of improved models of sediment isostasy, capable of re-
producing its effects across timescales and refining our understanding 
of past and future relative sea-level change.
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