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Abstract: Sedimentary descriptions and radiocarbon ages from two cores obtained from coastal
plains along the western margin of the Bahía Blanca Estuary (Argentina) were
integrated with previous information on landscape patterns and plant associations to
infer landscape evolution during the mid-to-late Holocene. The study area comprises at
least two marine terraces of different elevations. The Old marine plain (OMP), at an
average elevation of 5 m above mean tidal level (MTL), is a nearly continuous flat
surface. The Recent marine plain (RMP), 2 to 3 m above MTL, is a mosaic of
topographic highs and elongated depressions that may correspond to former tidal
channels. Mollusks at the base of the OMP core (site elevation 5.09 m above MTL),
with ages between 5,660±30 and 5,470±30 years BP, indicate a subtidal setting near
the inland limits of the marine ingression. The sandy bottom of the core is interpreted
as the last stage of the transgressive phase, followed by a tight sequence of dark
laminated muds topped by a thick layer of massive gray muds. The RMP core (site
elevation 1.80 m above MTL) has a similar sedimentary sequence, but unconformities
appear at lower elevations and the massive mud deposits are less developed. The
thickness of the grayish mud layer is a major difference between the OMP and RMP
cores, but deeper layers have similar ages, suggesting a common origin at the end of
the transgressive phase. The overlying massive muds would correspond to rapid
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sedimentation during a high sea-level stillstand or slow regression. It is proposed that,
after a rapid sea-level drop to about 3 m above MTL, a flat and continuous surface
corresponding to the OMP emerged, and more recent coastal dynamics shaped the
dissected landscape of the RMP. For the Bahía Blanca Estuary, smooth regressive
trends have been proposed after the mid-Holocene highstand, but also stepped
curves. A stillstand or slowly dropping sea level was described around 3,850±100
years BP, as well as negative relative sea-level oscillations. In this study, the
differentiation between the OMP and the RMP supports the occurrence of a stepped
regressive trend that, at least locally, presented two different stages.

Response to Reviewers: In this revised version we accepted all changes and corrections proposed by the
editors. As suggested, we added a new figure (Fig. 5) showing a schematic profile of
the study area.  In this figure, the position and depth of both cores were added, as well
as the correlations between facies and discontinuity surfaces. We would like to take the
opportunity to thank the editors for the valuable help in the revision process, and we
hope that our revised version is now suitable for publications in Geo-Marine Letters.
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October 27th, 2016 

 

Dr. Delafontaine & Dr. Flemming  

Editors-in-Chief 

Geo-Marine Letters 

 

Dear Editors, 

  

Enclosed please find a second revised version (R2) of our manuscript formerly entitled 

“Coastal landscape evolution on the western margin of the Bahía Blanca Estuary (Argentina) 

mirrors a non-uniform sea-level fall after the mid-Holocene highstand“, by Paula Pratolongo, 

María Julia Piovan, Diana G. Cuadrado, and Eduardo Gómez.  

 

In this revised version we accepted all changes and corrections proposed by the editors. 

As suggested, we added a new figure (Fig. 5) showing a schematic profile of the study area.  In 

this figure, the position and depth of both cores were added, as well as the correlations between 

facies and discontinuity surfaces. We would like to take the opportunity to thank the editors for 

the valuable help in the revision process, and we hope that our revised version is now suitable for 

publications in Geo-Marine Letters. 

 

 

 

Yours sincerely, 

 

Paula Pratolongo 
IADO-CONICET, Argentina 

 (on behalf of myself and my co-authors) 
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Response to reviewers 

 

R.A. Scasso 

Responsible Guest Editor 
 

Comment 

Large parts of the Introduction must be relocated into the Discussion. 

 

Response 

The introduction was rewritten and shortened 

 

Comment 

The Discussion should tell the readers how the authors harmonize their results with the general 

information they give about the Holocene changes in sea level, and their reasons. The Discussion 

must go from the local problems (i.e. the authors have to address some inconsistencies in the age 

of the deposits and their relation to the local geomorphology) to the global problems like the 

origin of the Holocene transgression(s). 

 

Response 

The discussion was rewritten, and we did our best to follow Dr. Scasso’s suggestions.  

 

Comment 

Both reviewers were rather skeptical about some points and analyses done by the authors, and 

their comments need to be carefully addressed in order for the ms. to be considered for 

publication. 

 

Comment 

I have supplied additional comments in the attached ms. pdf file together with the comments of 

reviewer #1. 

 

Comment in page 5 line 140-248 

 

The paragraph was removed 

 

Comment in page 6 line 191-198 

 

Previous work on landscape patterns and vegetation surveys was moved to Study Area 

 

Comment in page 11 line 380-382 

The original ms stated: “According to Aguirre (1995), a sharp change in climate occurred in the 

study area around 7000 yr BP, establishing a period of warmer and more humid conditions, 

before the transgressive maximum” 

Comment: Sure? 

Response: The paragraph was expanded and additional references provided to support this 

statement 

 



Comment in page 11 line 388 

The original ms stated: “Sediments in this layer, enriched in aged organic matter inherited from 

the fluvial past” 

Comment: Fluvial? 

Response: The paragraph was expanded and additional references provided to support this 

statement 

 

Reviewer #1 

 
Comment 

Abstract 

A model of two transgressions is proposed without references (results, figures) in the text. 

The final sentence is a recommendation, rather than a result or conclusion. 

 

Response 

The abstract was completely rewritten. A major change in the manuscript was the 

reinterpretation of our results. A non-uniform (stepped) regression model is proposed and 

supported through the discussion section  

 

Comment 

Introduction 

* Postglacial maximum and interglacial conditions were described as very rapid intervals. 

 

Response 

The original version stated: 

“After the LGM, interglacial climatic conditions led to the extensive melting of large ice sheets, 

with the associated transfer of mass from continental ice to the ocean. As a result, both the ocean 

volume increased and the Earth crust responded by uplifting, in a process of glacio-isostatic 

adjustment (GIA), that continues to the present day (Peltier 2002).” 

We erroneously assumed that the regular reader of GML knows that several thousand years 

passed from “the LGM… to the present day”.  

The entire paragraph was removed from the revised version, and we hope that the new 

manuscript does not allow for misinterpretations of this kind. 

 

Comment 

* "the tectonic settings of South America with one of the most active continental margins of the 

World". This sentence does not refer to the Atlantic margin, neither to the BB estuarine complex. 

 

Response 

No.  

It was a general description of "the tectonic settings of (entire) South America”, from Suriname 

to south-Patagonia. The paragraph stated in the last sentence “However, the increasing highstand 

elevation from north to south may respond to the local hydro-isostatic loading of the broader 

continental shelf, combined with a tectonic uplift associated with the subduction-related tectonic 

deformation close to the Chilean trench (Rostami et al. 2000).” This statement was related to the 

tectonic settings mentioned at the beginning of the paragraph.  



The entire paragraph was removed from the revised version. 

 

Comment 

* The differences in the highstands of Buenos Aires and Patagonia are mostly related to the tidal 

ranges from these regions, a subject that has been disregarded. 

 

Response 

The entire paragraph was removed from the revised version. 

 

Comment 

* The methods to monitor groundwater are explained in much detail but there are no results 

about the subject. 

 

Response 

As suggested by the editors, previous results on landscape patterns, vegetation and groundwater 

surveys were eliminated from Methods and Results sections. Particularly, information on 

groundwater levels was completely eliminated from the revised version 

 

Comment 

 

* An "old" and "recent" coastal plains are discriminated by their altitudes, and assumed to be of 

different ages. However, Figure 4 does not show any altitude difference, and Table 1 indicates 

similar age intervals (6000-5000 yrs BP). 

 

Response 

There is a difference of more than 3 meters in site elevation. Surface elevation of OMP core is 

5.03 m above MTL and surface elevation of RMP core is 1.80 m above MTL. This was clearly 

stated in the Results section and qualitatively shown in the elevation profile of Figure 3. This is a 

significant difference if we consider that storm deposits corresponding to the transgressive 

maximum formed 6 meters above present mean tidal level. We believe that Reviewer#1 

somehow misinterpreted Figure 4, and confused the core elevation related to the central rule with 

the position of the illustrative photograph. 

Figure 4 was slightly modified. 

 

Comment 

Results 

The interval of the OMP 5660-5470 yrs BP is of the same age as the RMP interval (6170-4710 

yrs BP), actually even younger. 

 

Response 

The similar ages at the core bottoms are compatible with the proposed model for landscape 

evolution. This was explicitly considered in the Discussion section, seventh paragraph.  

 

Comment 



There is no erosional surface at the "assumed older plain" (in Figure 4) to justify the sentence 

from the Abstract: "The lower elevation of the recent marine plain and the less developed mud 

deposits, suggest a later transgressive stage that eroded part of the top mud layer". 

 

Response 

We agree with Reviewer#1. There isn´t sufficient evidence to support a two transgression model. 

A stepped regression was proposed instead. 

Comment 

Discussion 

1. A reference to the climate of the BB estuary is introduced in the Discussion! 

 

Response 

The reference was eliminated 

 

Comment 

2. There are references of the BB evolution that are ignored. And they disagree with the 2-

transgression model (Spagnuolo 2004; Aliotta et al. 2013). 

 

Response 

Spagnuolo 2004 is not a valid reference. We assumed Reviewer#1 meant Spagnuolo 2005. 

References were added in the Introduction and Discussion sections 

 

Comment 

3. Some references about the Australian coast are misinterpreted (Lewis et al. 2008; Sloss et al. 

2005 JCR 21, 5, 943-959). 

 

Response 

Sloss et al 2005 was not cited, but Sloss et al 2007. Actually they do mention oscillating sea 

levels after the transgressive maximum. The original sources were literally quoted to avoid 

misinterpretations. 

 

Comment 

4. The Authors confuse Holocene variations with different Pleistocene highstands (Vilwock et al. 

1986; Frenguelli 1928). This is a huge mistake. 

 

Response 

Both references are no longer part of the manuscript 

 

Comment 

References 

There are references misinterpreted and bibliography not cited in the text. 

 

Response 

The reference list was updated and corrected according to the reference format available in 

instructions for authors: 

Dissertations should not include city and number of pages  



The usage of “et al” in long author lists is optional. We followed the editor’s suggestion and 

added the names of all authors 

 

There are some additional comments in the text that were also addressed 

 

Comment in page 3 line 87 

The original ms stated: “For the Río de la Plata Estuary, between Uruguay and Argentina, a 

maximum RSL of 6.5 m above present, at about 6500 cal yr BP was proposed (Cavallotto et al. 

2004; Gyllencreutz et al. 2010)…“ 

Reviewer#1 states that Gyllencreutz et al. 2010 is a paper about Brazilian climate. 

Gyllencreutz et al. 2010 presented the same sea-level curve from southern Río de la Plata, first 

published by Cavallotto et al. 2004, redrawn using the same sea-level index points but calibrated 
14C ages. It was further clarified 

 

 

Comment in page 11 line 376-379 

 

We did not understand the comment… 

The reference to Espinosa et al 2012 was changed to Isla and Espinosa (2011) and the original 

sources were literally quoted to avoid misinterpretations 

 

Comment in page 11 line 389 

 

The original ms stated: “Sediments in this layer, enriched in aged organic matter inherited from 

the fluvial past, may be also in agreement with the slightly lower δ13C values reported” 

Reviewer#1 asked: In China? 

Response: Tabulated ranges of stable isotopes are used to discriminate freshwater and marine 

sediments worldwide. We expanded the paragraph a provided additional references. 

 

Comment in page 11 line 391 

 

The original ms stated: “A similar evolution was described for a series of creeks crossing the 

Southern Barrier of Buenos Aires” 

Reviewer#1 asked: Thesis Spagnuolo? 

Response: No. Isla et al 1996, as stated in the ms. Spagnuolo 2005 studied the northern shore of 

Canal Principal, within the Bahia Blanca Estuary. The Southern Barrier of Buenos Aires extends 

in the coastal region west of the Bahia Blanca Estuary, from Pehuen Co (out of the Bahía Blanca 

Estuary), to Punta Hermengo (Miramar). We expanded the paragraph. 

 

Comment in page 12 line 400 

 

The reference to Frenguelli 1928 was eliminated (but actually, Frenguelli did say so) 

 

Comment in page 12 line 423-426 

 



Holocene sea level oscillations have been reported for Brazil. We did not include this 

information to keep the manuscript within a reasonable length. 

 

Reviewer#2 

 
General comments were addressed through reorganization of the manuscript. All sections were 

rewritten and comments of Reviewer#2 were taken into consideration.  

 

M.T. Delafontaine & B.W. Flemming 

journal editors 

 
Comment 

The manuscript ignores (does not cite) several recent publications dealing with this subject 

matter in the BB study area and neighbouring study areas. 

In so doing, the authors fail to identify precisely how this Geo-Mar Lett manuscript contributes 

to what is already known. 

 

Response 

All suggested references (and several others) have been included.  

Pratolongo et al. 2016 had not been accepted for publication by the time we prepared the 

manuscript, and we honestly did not know how to include relevant information without a citation 

to a published work. This information was moved to Study Area in the revised manuscript. 

Pratolongo et al 2013 deals with 4 sections of intertidal marshes in the coastal zone of Canal 

Principal. It’s not precisely the same landscape pattern described in Pratolongo et al 2016. Both 

publications are included in the revised manuscript. 

 

Comment 

The present-day coastal landscape has been dealt with extensively in, for example, Pratolongo et 

al. (2013) and Pratolongo et al. (2016). So, this should be removed as a main focus of this Geo-

Mar Lett paper. 

In a section called “Study area” (following the Introduction section), the authors should inform 

the reader of the present-day coastal landscape, based on cross-references to Pratolongo et al. 

(2013) and Pratolongo et al. (2016). For example, Pratolongo et al. (2016, their Fig. 10.3a) 

already provide a map of the “old marine plain”, “the recent marine plain”, etc. 

 

Response 

It was done as suggested 

 

Comment 

In fact, Fig. 2a of this Geo-Mar Lett manuscript has been extracted from Fig. 10.3 of Pratolongo 

et al. (2016), but this has not been identified! 

Data duplication is strictly prohibited. For all data extracted from earlier publications: provide 

the data sources in the main text and in the figure captions (and table legends). 

Fig. 2b of this Geo-Mar Lett manuscript is based largely on Fig. 10.4 of Pratolongo et al. (2016). 

Again, this data source has not been identified! 

The location of that elevation profile is indicated in the bottom plot of Fig. 10.4 of Pratolongo et 



al. (2016). In Fig. 2a of this Geo-Mar Lett manuscript, the location of that same elevation profile 

is not indicated … why? 

Fig. 3a and b of this Geo-Mar Lett manuscript are extracted from Figs. 10.5 and 10.11 of 

Pratolongo et al. (2016). Again, this data source has not been identified! 

 

Response 

We apologize for the omission. As stated before, Pratolongo et al 2016 had not been accepted for 

publication by the time we prepared the manuscript. The figures and figure captions in the 

revised version have been properly modified as suggested. Core positions have been indicated in 

Maps (Fig 2 and 3) 

 

Comment 

This Geo-Mar Lett manuscript should focus on the two cores; as far as we know, those are novel 

data (unpublished). This refocusing should be visible also in the title of the paper. 

 

Response 

It was done as suggested 

 

Comment 

Main title: 

This needs to better reflect some novel thrust of the manuscript (secondary transgressive stage?). 

The current version resembles too much the title of Pratolongo et al. (2016) (which is not cited! 

Cf. above). 

 

Response 

Title was changed 

 

Comment 

Abstract: 

Is this the first study proposing a secondary transgressive stage for the BB study area? Yes or 

no? 

And what about any secondary transgressive stage proposed in earlier work in neighbouring 

study areas / general study region? 

Do your findings confirm earlier work? Do your findings argue against those of earlier work? 

All this needs to be explained unambiguously to the reader already in the Abstract (and, of 

course, throughout the main text of the manuscript). 

 

Response 

We did our best to cope with these valuable suggestions 

 

Comment 

The Introduction section and the Materials and methods section: indicate when the datasets were 

collected (Month? Year?). When were the cores collected? Ensure to indicate the locations of the 

profiles / cores in a map. 

In Fig. 3: the vegetation pattern depicts the situation of which year? The 1990s? More recent? 

 



Response 

This information was added in Meterials and methods and Table 1 

 

Comment 

Materials and methods: 

If this study is to concentrate on the two cores, then this section needs to be strongly shortened. 

Results: 

If this study is to concentrate on the two cores, then this section needs to be strongly shortened. 

Example: in the opening line of the Results, the authors refer to “The 5 landscape units identified 

in the study area” … well, those 5 units have been identified / reported / fully described already 

in Pratolongo et al. (2016). So, this aspect does not belong in the Results section of the present 

study! 

 

Response 

It was done as suggested 

 

Comment 

Figures 1, 2 and 3 would be first-cited and described in the opening sections of the manuscript: 

Introduction, Study area, Materials and methods. Figure 4 would be first-cited and described in 

the Results section. 

 

Response 

Figures were relocated 

 

Comment 

References list: 

Replace “et al.” with the authors’ names. 

 

Response 

It was done as suggested 

 

Comment 

Figures: 

Fig. 1: 

This contains three plots: left, centre, right. 

The right-hand plot: please remove. It is superfluous, because integrated into Figs. 2 and 3. 

The left-hand plot (outline of South America): shift towards the right. Replace with a more 

appropriate zoom map like in Fig. 1 (left) of González Trilla, Pratolongo et al. (2013) J Coastal 

Res 29(1), page 233. 

The central plot: add a simple distance scale: e.g.: 0 … 10 … 20 … km 

 

Fig. 2: 

Simplify the distance scale: e.g.: 0 … 5 … 10 … 15 km 

Part b: remove the outer frame; it is superfluous. 

 

Fig. 3: 



Simplify the distance scale: e.g.: 0 … 5 … 10 … 15 km 

In the legend: G. decorticans … add the “G.” (in italics) 

Part b: remove the outer frame; it is superfluous. 

 

Fig. 4: 

Remove “REFERENCES” … it is superfluous. 

fossil fragments (rather than “broken fossils”) 

ages (rather than “dates”) 

 

Response 

All figures were modified as suggested  
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Abstract 

Sedimentary descriptions and radiocarbon ages from two cores obtained from coastal plains 

along the western margin of the Bahía Blanca Estuary (Argentina) were integrated with 

previous information on landscape patterns and plant associations to infer landscape evolution 

during the mid-to-late Holocene. The study area comprises at least two marine terraces of 

different elevations. The old marine plain (OMP), at an average elevation of 5 m above mean 

tidal level (MTL), is a nearly continuous flat surface. The Recent marine plain (RMP), 2 to 

3 m above MTL, is a mosaic of topographic highs and elongated depressions that may 

correspond to former tidal channels. Mollusks at the base of the OMP core (site elevation 

5.09 m above MTL), with ages between 5,660±30 and 5,470±30 years BP, indicate a subtidal 

setting near the inland limits of the marine ingression. The sandy bottom of the core is 

interpreted as the last stage of the transgressive phase, followed by a tight sequence of dark 

laminated muds topped by a thick layer of massive gray muds. The RMP core (site elevation 

1.80 m above MTL) has a similar sedimentary sequence, but unconformities appear at lower 
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elevations and the massive mud deposits are less developed. The thickness of the grayish mud 

layer is a major difference between the OMP and RMP cores, but deeper layers have similar 

ages, suggesting a common origin at the end of the transgressive phase. The overlying 

massive muds would correspond to rapid sedimentation during a high sea-level stillstand or 

slow regression. It is proposed that, after a rapid sea-level drop to about 3 m above MTL, a 

flat and continuous surface corresponding to the OMP emerged, and more recent coastal 

dynamics shaped the dissected landscape of the RMP. For the Bahía Blanca Estuary, smooth 

regressive trends have been proposed after the mid-Holocene highstand, but also stepped 

curves. A stillstand or slowly dropping sea level was described around 3,850±100 years BP, 

as well as negative relative sea-level oscillations. In this study, the differentiation between the 

OMP and the RMP supports the occurrence of a stepped regressive trend that, at least locally, 

presented two different stages. 

 

<heading1>Introduction 

Coastal settings in Atlantic South America commonly present the relative sea-level (RSL) 

signal of far-field regions, with a mid-Holocene highstand (sea-level maximum) above the 

elevation of present-day shorelines (Milne et al. 2005; Toscano et al. 2011). This Holocene 

marine transgression had a remarkable influence on the coastal landscape evolution of, for 

example, several estuaries such as those of the Río de la Plata and Bahía Blanca in Argentina. 

Geomorphic evidence of the Holocene marine transgression has been reported in extensive 

studies of the Río de la Plata Estuary. For the coastal region between Uruguay and Argentina, 

a maximum RSL of 6.5 m above present at about 6,500 cal years BP was proposed (sea-level 

curve from southern Río de la Plata first published by Cavallotto et al. 2004, redrawn by 

Gyllencreutz et al. 2010 using the same sea-level index points but calibrated 14C ages). The 

coastal landscape comprises a subaerial zone and the subaqueous delta of the Paraná River, as 

well as a series of coastal plains formed during the Holocene (Cavallotto et al. 2004). After 

the mid-Holocene highstand under a falling RSL, coastal progradation formed an extensive 

system of beach ridges. Protected environments behind the ridges transformed into tidal 

mudflats and marshes (Amato and Silva Busso 2009). According to Cavallotto (2002), the 

Paraná River delta began to form at ca. 1,800 cal years BP under intense fluvial–estuarine 

sedimentation related to an increase in precipitation. The progradation of the Parana River 

delta led to the occupation of the former estuarine environment and the establishment of the 

present-day fluvial conditions. The present geomorphic settings, combined with prevailing 
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tidal or fluvial hydrologic regimes, allowed a differentiation of ten landscape units further 

characterized by their dominant plant associations (Kandus and Malvárez 2004). 

Similarly, along the eastern and southern barriers in the Buenos Aires Province, Argentina, 

coastal processes related to RSL changes during the Holocene have produced extensive 

horizontal records of beach ridges interspersed with estuarine environments (Isla et al. 1996). 

During the later stages of the Holocene transgression, wide sand barriers developed as a result 

of high wave energy and abundant sand supply. During the subsequent regressive phase, the 

offshore supply of sand from the shelf diminished, and the seaward migration of shorelines 

created coastal lagoons, tidal flats, marshes, and cheniers (Isla and Espinosa 1995). Based on 

present-day landforms, a landscape zonation for the eastern and southern barriers has been 

proposed, and the regional and local geomorphic settings were further associated with 

different vegetation types (Celsi and Monserrat 2008; Monserrat 2010). 

The Bahía Blanca Estuary of Argentina is a major coastal system in Atlantic South America 

(Fig. 1), and numerous studies have reported geomorphic evidence of the Holocene marine 

transgression based on sedimentological and paleontological analyses of fossiliferous 

horizons and sand-shell ridges along the coastal region north of the Canal Principal, as well as 

acoustic seismic investigation of the marine bottom and sub-bottom of this channel (e.g., 

González 1989; Aliotta and Farinati 1990; Spagnuolo 2005; Giagante et al. 2011; Aliotta et al. 

2013, 2014; Calvo-Marcilese et al. 2013). The present-day landscape dynamics was also 

evaluated in different coastal sections north of the Canal Principal, and major geomorphic 

processes were inferred from variations in various types of marshes (Pratolongo et al. 2013). 

Contrastingly, raised Holocene environments that occupy the gently sloping western margin 

of the estuary have been less studied. Significant contributions are limited to the geomorphic 

description of marine terraces of Holocene origin (González-Uriarte 1984), paleontological 

studies of storm deposits at the inland limits of the marine transgression (Farinati 1983), and 

soil-vegetation surveys at five scattered locations on the coastal plains (Kruger 1989; Kruger 

and Peinemann 1996). More recently, plant associations were regionally described and 

mapped, and further related to geomorphic units and landscape patterns (Piovan 2016; 

Pratolongo et al. 2016). 

The present study provides sedimentological descriptions and radiocarbon dates of two cores 

obtained on the wide coastal plains of the northwestern margin of the Bahía Blanca Estuary. 

The aim is to propose a model of coastal landscape evolution for the western margin of the 

estuary during the mid-to-late Holocene, based on new information from these cores 
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combined with previous results on geomorphic units, landscape patterns, and their 

associations with major vegetation types in this area. 

 

<heading1>Study area and vicinity 

The coastal landscape of the Bahía Blanca Estuary has been deeply molded by the Holocene 

marine transgression. Based on several cores from the Argentinean continental shelf, a 

progressive sea-level rise was described during the late Pleistocene between 9,750 and 8,200 

years BP (Guilderson et al. 2000), and further supported by foraminiferal records from a core 

retrieved on the inner shelf in the coastal region off the Bahía Blanca Estuary (Bernasconi and 

Cusminsky 2015). On the steeply sloping northern shore of the Canal Principal, the oldest and 

highest deposits occur in the inner section of the estuary, and form a spit composed of several 

sand-shell ridges up to 10 m above present sea level (Aliotta and Farinati 1990). González 

(1989) studied a succession of Holocene beach ridges and tidal flat deposits in this area, 

corresponding to high- and low-energy depositional periods. Based on 14C dates, González 

(1989) described at least five beach ridges representing major episodes of high wave energy 

during the regressive phase after the Holocene transgression maximum. These episodes were 

named “transgressive stages” I to V, dated at between 5,990±115 and 3,560±100 years BP 

(uncorrected and uncalibrated measured ages). The term “transgressive stage” was used by 

González (1989) because each beach ridge appeared in a discordant relationship over older 

deposits, but not necessarily representing “… transgressions of thermoeustatic, tectonoeustatic 

or other origin …” (González 1989, p. 69). 

In the middle zone of the Canal Principal, Holocene deposits appear about 6 to 7 m above 

mean sea level, and form relatively continuous sand ridges parallel to the northern shore 

(Aliotta and Farinati 1990). In this area, two well-marked sand-shell ridges were identified, 

and a 14C age of 4,615±110 years BP (uncorrected and uncalibrated measured age) was 

considered to be the upper age limit for the inland ridge. According to Aliotta and Farinati 

(1990), this ridge indicates the culmination of the transgressive episode, after which a 

regressive pulse may have occurred. The second (seaward) ridge, at lower elevation, was 

assigned to “… a new transgressive pulse (that) produced some shelf abrasion, where ridge II 

stands discordantly …” (Aliotta and Farinati 1990, p. 359). Under a falling sea level during 

the regressive stage in the late Holocene, extensive coastal flats prograded seaward from the 

second ridge. Their radiocarbon ages range between 3,300 and 3,900 14C years BP 

(uncorrected and uncalibrated measured age), determined from fossils in life position (Farinati 

et al. 1992). 
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Sea-level oscillations have also affected the hydrological, morphological and sedimentary 

characteristics of old fluvial environments in the Bahía Blanca Estuary, as indicated by, for 

example, palynological and sedimentological data from river terraces in the continental area 

north of the estuary (Quattrocchio et al. 2008). Calvo-Marcilese et al. (2013) studied 

paleoenvironmental conditions during the beginning of the Holocene transgression based on 

sedimentological and micropaleontological analyses of samples from the mouth of the 

Napostá Grande River, debouching in the middle section of the Canal Principal. Those 

authors identified three estuarine paleoenvironmental stages: an estuarine environment with 

stronger marine influence at the base of the sequence, followed upward by massive silty-clays 

and sandy silty-clays with microfossil assemblages suggesting more restricted estuarine 

conditions with higher freshwater input. Finally, the upper part of the succession represents 

the establishment of modern continental freshwater conditions for the river. 

Fluvial events as well as paleochannel structures were described along the Canal Principal 

(Spagnuolo 2005; Giagante et al. 2008, 2011) and the continental shelf (Aliotta et al. 1999) by 

means of seismostratigraphic analyses. In the middle section of the Canal Principal, Giagante 

et al. (2011) studied a sub-bottom sedimentary deposit related to an ancient mouth of a river 

forming an ample alluvial cone or fan-like plain during the mid-to-late Pleistocene under a 

semiarid to arid climate (Quattrocchio et al. 2008). The beginning of sea-level rise during the 

Holocene changed the base level of the hydric system, and the coastal front migrated to the 

continent, partially burying the alluvial sequence with marine and tidal plain sediments. 

Similarly, Aliotta et al. (2014) described a fluvial–deltaic environment associated with old 

deposits of deltaic lobes that were part of a large Pleistocene drainage system. According to 

those authors, during the mid-Holocene sea-level rise the deltaic deposits were partially 

covered with medium sand and biogenic detritus, as well as compacted silty clay sediments in 

shallower zones. The advance of marine sediments as well as the reworking and redistribution 

of fluvial–estuarine sediments filled the paleochannels, until the establishment of a large 

estuarine–marine environment characterized by numerous tidal channels separated by 

emerged sectors forming the present-day banks and islands. 

In the present study area, the northwestern margin of the Bahía Blanca Estuary has a gentler 

slope. Nevertheless, at least two marine terraces of different elevations can be distinguished 

(Fig. 2), which would correspond to different stages during the regressive phase (González-

Uriarte 1984). According to Kruger (1989), an old marine plain that may have formed 

between 7,500 and 6,000 years BP extends at a higher elevation, and a Recent marine plain 

with a slightly convex relief and elongated depressions extends slightly above the present tidal 
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influence. Below this elevation, Kruger and Peinemann (1996) described an upper intertidal 

zone today affected by tides during storm surges. In Verde Erin, Farinati (1983) described a 

shelly ridge at the base of a paleo-cliff that would correspond to storm deposits indicating the 

inland limit of the marine transgression at a 14C age of 5,406±227 years BP (uncorrected and 

uncalibrated measured ages). Unfortunately, most of the studies cited above do not specify 

their choice of vertical datum, and have not considered that dates corresponding to 

radiocarbon measured ages may present uncertainties due to isotopic fractionation or reservoir 

effects. 

Based on the geomorphic map by González-Uriarte (1984) and surface elevation profiles 

constructed from sample points collected during the years 2013 and 2014 with real time 

kinematic (RTK) GPS units, Piovan (2016) identified five major landscape units in the 

present study area. Landscape units reflect dominant geomorphological processes associated 

with the marine transgression (Fig. 2a). The raised Holocene deposits in the coastal zone 

north of the Canal Principal outline the base of a frontal scarp. South of the scarp is a narrow 

depression containing an elongated salt flat locally known as Salitral de la Vidriera. On the 

coastal plain extending along the western margin of the estuary south of the Canal Principal, 

two successive levels were identified (Fig. 2b). The old marine plain (OMP), at an average 

elevation of 5 m above MTL, is an elevated and nearly continuous flat surface. The Recent 

marine plain (RMP), 2 to 3 m above MTL, is a mosaic of topographic highs and elongated 

depressions that may correspond to former tidal channels. From this latter unit, the gentle 

slope creates a gradual transition to the present marine plain (PMP) comprising active tidal 

channels, mudflats and salt marshes affected by modern estuarine dynamics. Remains of a 

highly dissected RMP typically form small elevated islands within the PMP, which are today 

exposed to rapid erosion (Piovan 2016; Pratolongo et al. 2016). 

Considering hydrological characteristics, the study area can be broadly classified into 

intertidal and supratidal environments. An intertidal zone extends from the mean low tide 

(MLT) to the mean high tide (MHT) elevation, and corresponds to the area frequently 

inundated by tides entirely within the PMP. In the RMP, a supralittoral zone can be defined in 

an intermediate position, above the elevation of MHT and below the limits of the highest 

astronomical tide (HAT). Supralittoral environments are irregularly inundated by sea water 

during spring high tides and storm surges. Within the RMP, these supralittoral environments 

form a gently sloping continuum through supratidal environments, beyond the influence of 

tidal inundation. The RMP is dissected by narrow depressions that may correspond to former 
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tidal channels, presently draining rain water. The OMP is entirely occupied by supratidal 

environments, not affected by tidal flooding (Pratolongo et al. 2016). 

Piovan (2016) identified seven plant associations for the study area based on a field survey of 

230 sites carried out from 2012 to 2014. A vegetation map was constructed by on-screen 

digitalization of major plant associations identified in recent (2010–2015) high-resolution 

satellite images (Pratolongo et al. 2016). A clear relationship was observed between plant 

associations and their landscape position (Fig. 3). Thickets of Allenrolfea patagonica 

appeared as a continuous fringe at the base of the scarp, at the inland limits of the OMP. A. 

patagonica was the clearly dominant species, commonly in association with less-abundant 

Cyclolepis genistoides and Atriplex undulata. Bushes of Cyclolepis genistoides, a different 

woody association, occupied a wide continuous area downslope. C. genistoides was the 

dominant species here, and A. undulata was the most common species in the underbrush, 

completely replacing A. patagonica. Sarcocornia perennis was also present with lower 

percent cover. The brushwood of Geoffroea decorticans was the last plant association 

identified in the OMP. 

In the RMP, thickets of A. patagonica and bushes of C. genistoides appeared as discontinuous 

mosaics occupying supratidal topographic highs, and were jointly mapped as halophytic 

shrubs. In the supralittoral zone, irregularly inundated by tides, halophytic steppes were the 

dominant land cover type, characterized by large barren areas between vegetation patches. 

Barren areas lengthen close to the limits of the HAT, and soils develop bright salt crusts. At 

some locations, barren areas are large enough to be mapped as salt flats. S. perennis, 

Heterostachys ritteriana, and A. undulata are common dominant species in halophytic steppes 

but, as tidal inundation increases, the number of species within vegetation patches decreases, 

in a gradual downslope transition to S. perennis marshes in the PMP. Close to the elevation of 

the MHT in the upper intertidal zone, marshes of S. perennis maintain the same patchy 

structure, sometimes in association with H. ritteriana and Spartina densiflora. Salt marshes of 

Spartina alterniflora appear at lower elevations in protected environments subjected to high 

sedimentation rates, but most of the intertidal zone is covered by non-vegetated mudflats 

(Pratolongo et al. 2016). 

 

<heading1>Materials and methods 

Two sediment cores (530 and 310 cm depth) were recovered in May 2015 using a vibracore 

(cf. Table 1). Real time kinematic (RTK) GPS units (base and rover) were used to determine 

site position and surface elevation at both sampling points. Measured GPS elevations were 
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relative to datum WGS84, and values were related afterwards to present mean tide level 

(MTL) at the closest tidal gauge (Ingeniero White Port). Core depths were corrected 

according to sediment compaction during collection by multiplying the depth measured along 

the core by a correction factor (= total borehole depth/total core length). Site stratigraphy was 

described based on sediment color and textural changes throughout the cores. 

Radiocarbon measurements were conducted on mollusk shells and bulk organic matter from 

varying depths down the cores, using accelerator mass spectrometry (AMS) at Beta Analytic 

Lab. Regarding the regional difference in Holocene 14C reservoir (ΔR), Gómez et al. (2008) 

showed that shells collected along the Buenos Aires coast had highly variable ΔR values, 

caused by the mixture of hard water from rivers and groundwater. Therefore, the present 

study mainly considers uncalibrated radiocarbon ages corrected for isotopic fractionation 

using δ13C values. Also reported are calibrated radiocarbon ages (cal BP) converted using 

INTCAL13. Maximum and minimum values are calibrated ages within 2σ uncertainty before 

present (1950 C.E.; Table 1). 

 

<heading1>Results 

The OMP core (Fig. 4) was collected in an area covered by bushes of Cyclolepis genistoides. 

Here, surface elevation was 5.09 m above MTL, and the core extended to a depth of 530 cm 

(base of core at 0.21 m below MTL). The base of the core was dominated by fine sands and 

silts, fining upward to thinly laminated deposits up to a depth of 288 cm (2.21 m above MTL). 

Specimens of Olivella tehuelcha and Nucula nucleus (marine subtidal to intertidal gastropods) 

were dated 5,660±30 and 5,470±30 years BP (cal 6,165–5,980 and cal 5,905–5,760 years BP, 

respectively) at elevations of 0.12 and 0.26 m above MTL, respectively. The top of the 

laminated section, from 288 to 330 cm below surface (elevations between 1.79 and 2.21 m 

above MTL), is composed of a tight sequence of dark laminated muds. This fossiliferous layer 

contains abundant shells of Littoridina australis (brackish subtidal to supratidal gastropod), 

and bulk organic matter was dated 7,590±30 years BP (cal 8,405–8,340 years BP). This layer 

is topped by a 3 m thick layer of massive gray muds, rich in large clumps of reddish-brown 

organic detritus. 

The RMP core was retrieved on a bare salt flat between patches of halophytic steppe 

vegetation. Surface elevation was 1.80 m above MTL, and the core extended to a depth of 

310 cm (base of core at 1.30 m below MTL). The sedimentary sequence of the RMP core is 

similar to that of the OMP core, with laminated sediments topped by massive grayish muds, 

but the unconformities occur at lower elevations (Fig. 5). Fine sands at the base intergrade 
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with silty-clay layers up to 1 cm thick. Bulk organic matter from a thick cohesive layer at the 

base of the core (271 cm depth) was dated 6,170±30 years BP (cal 7,155–6,935 years BP). 

Upward, the lamination becomes finer and extends up to a depth of 211 cm (0.31 m below 

MTL), where a sharp discontinuity separates laminated sediments from the overlying massive 

muds. Bulk organic matter from the top laminated layers (0.35 m below MTL) was dated 

4,710±30 years BP (cal 5,570–5,560 and cal 5,470–5,315 years BP). An overlaying layer, 

about 2 m thick, extends up to the surface. This top layer is composed of massive gray and 

reddish muds rich in large clumps of reddish-brown organic detritus, similar to those observed 

in the top layer of core OMP. Slight variations in matrix shading and texture were observed 

through the layer, with a highly cohesive and more reddish section around 134 cm depth. 

 

<heading1>Discussion 

In this study, well-preserved mollusks at the base of core OMP (530 cm deep), with ages 

between 5,660±30 and 5,470±30 years BP, indicate a subtidal elevation close in time to the 

Holocene transgressive maximum, at a landscape position near the inland limits of the marine 

ingression. The shelly ridge described by Frinati (1983) in Verde Erin corresponds to storm 

deposits indicating the inland limit of the marine transgression, and the OMP core was 

collected about 1,300 m eastward from the base of this shelly ridge.  According to the 

elevation profile, these storm deposits formed at 6–7 m above present MTL and 1–2 m above 

the core surface, which is in agreement with a subtidal elevation slightly above present MTL 

by the time of the transgressive peak. The sandy bottom of the core is therefore interpreted as 

the last stage of the transgressive phase, followed by a lower-energy period during which the 

estuarine system became progressively infilled, as suggested by the thinner laminated 

sediments containing abundant shells of a brackish gastropod species. The overlying massive 

muds would then correspond to rapid sedimentation during a high sea-level stillstand or slow 

regression. 

A similar evolution was described for a series of creeks crossing the southern barrier of 

Buenos Aires (Isla et al. 1996), which extends in the coastal region west of the Bahía Blanca 

Estuary from Pehuen Co (out of the Bahía Blanca Estuary) to Punta Hermengo (Miramar). 

For these inlets, infill estuarine sequences were described with massive, grayish organic-rich 

muds. Grayish muds of the southern barrier form flat plains in coastal lagoons or estuaries, 

rapidly filled during the Holocene transgression. In these estuaries, a significant supply of 

mud became hydrodynamically blocked by the rising sea level, and the massive muds may 

represent environments with a rapid sedimentation rate: “The massive muds of Arroyo Las 
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Brusquitas, Punta Hermengo, Arroyo La Ballenera and Claromeco represent environments of 

rapid sedimentation rate, suggesting the turbidity maxima cited for estuarine depositional 

models” (Isla et al. 1996, p. 839). A more recent paleoenvironmental reconstruction in Arroyo 

Las Brusquitas, based on foraminifera, ostracod and charophyte assemblages, also suggested a 

high sedimentation rate in an oligohaline environment until the end of the transgressive phase 

(Marquez et al. 2016). 

In the OMP core, the bulk organic matter in the laminated sediments was dated 7,590±30 

years BP, which is inconsistent with the younger ages observed in mollusks from the deeper 

layers. For the study area, previously observed discrepancies in radiocarbon ages between 

gastropod shells and organic matter have been interpreted as a regional reservoir effect (Borel 

and Gómez 2006). Marine organisms that assimilate carbon from seawater may have an older 

apparent radiocarbon age than contemporaneous organisms that assimilate carbon from the 

atmosphere. The effect varies among regions, and aging in mollusk shells may be incremented 

by the presence of dissolved carbonates of terrestrial origin (Gómez et al. 2008). In the 

present work, however, dating of mollusk shells yielded an age younger than the overlaying 

organic matter, which is the opposite of the bias expected from reservoir effects. A similar 

pattern was found in a sediment core from the Bahia San Blas estuarine complex 200 km 

south of the study area (Espinosa and Isla 2011), and the older organic matter in that sequence 

was interpreted as “reworked (organic matter) from the marshes surrounding the estuarine 

complex. Lateral migration of the channel and consequent erosion of levees may produce 

concentrations of peat (gyttja) in the sequence” (Espinosa and Isla 2011, p. 418). 

In the Bahía Blanca Estuary, González-Uriarte (1984) described a paleodrainage that 

occupied the aligned depressions Salitral de la Vidriera–Canal Principal, which brought 

sediments to the region within a deltaic environment. Based on geomorphic evidence, Melo 

(2004) also suggested that rivers introduced large amounts of fine sediments (mostly loessic 

pampean silts) to the estuarine area during the early Holocene, via older topographic 

depressions like the Salitral de la Vidriera–Canal Principal. According to Aguirre (1995), a 

sharp change in climate occurred in the study area around 7,000 years BP, establishing a 

period of warmer and more humid conditions before the transgressive maximum. Additional 

evidence of a humid climate during the transgressive phase was found in the coastal zone 

extending up to 100 km west of Bahía Blanca. In this area, continental lakes recorded a rise in 

water levels and higher abundances of freshwater diatoms, fishes, and vascular plants about 

7,100 years BP (Gutiérrez-Téllez and Schillizzi 2002; Aramayo et al. 2002). Moreover, 

palynological assemblages dated at 7,125±75 and 7,030±100 years BP reflect locally humid 
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conditions, and a RSL still lower than present (Quattrocchio et al. 2008). Similar descriptions 

were given by Pardiñas (2014) based on micromammal records. Humid environmental 

conditions may have continued until about 5,000 years BP when the establishment of 

psammophytic and halophytic communities indicates a climatic change toward subhumid–dry 

conditions (Prieto 1996). 

Combining the available paleoclimatic information with results presented in this work, it is 

proposed that a significant amount of mud supplied by continental runoff via the 

paleodrainage aligned with the Salitral de la Vidriera–Canal Principal was reworked at the 

end of the transgressive phase. Enhanced sedimentation under low-energy conditions may 

have filled the estuarine area, and deposited the top massive mud layer observed in both cores. 

This model is in agreement with fluvial paleochannel structures described along the Canal 

Principal (Spagnuolo 2005; Giagante et al. 2008, 2011), and particularly with the fluvial–

deltaic environment described by Aliotta et al. (2014) just in front of the study area, which 

would represent the distal section of a deltaic lobe of the large drainage system occupying the 

aligned Salitral de la Vidriera–Canal Principal during the late Pleistocene to early Holocene. 

According to those authors, “… The constructed seismostratigraphic column shows variations 

in the paleoenvironmental conditions occurring between the late-Pleistocene and the early-

Holocene (…) which were consistent with a period of reactivation and redistribution of the 

drainage system (and) during which paleochannel structures with different seismic 

configurations formed …” (Aliotta et al. 2014, p. 659). 

Sediments in the mud layer in the OMP core were deposited after the Holocene transgressive 

maximum, as evidenced by radiocarbon ages of mollusks found deeper, but it is proposed that 

they are enriched in aged organic matter inherited from the fluvial past described for the study 

area (Melo 2004; Giagante et al. 2008; Aliotta et al. 2014). Fluvial–deltaic paleoenvironments 

have also been found in other inner and outer areas of the estuary (Aliotta et al. 1999; Spalleti 

and Isla 2003; Spagnuolo 2005; Giagante et al. 2011), indicating a regional extension of the 

fluvial influence. The slightly lower (more negative) δ13C values reported for this aged 

organic matter are in agreement with a higher degree of continental influence, larger influx of 

organic matter from terrestrial sources, and lower salinity values (see Yu et al. 2010; Khan et 

al. 2015, and references therein to values observed worldwide). 

Plant associations in the study area were shown to be reliable indicators of the dominant 

hydro-geomorphic conditions imposed by landscape position (Pratolongo et al. 2013, 2016). 

Thus, the distinction between an OMP and a RMP (González-Uriarte 1984; Kruger 1989; 

Kruger and Peinemann 1996) is further supported by (1) the stepped elevation profile across 

http://www.sciencedirect.com/science/article/pii/S1040618207000729#bib58
http://www.sciencedirect.com/science/article/pii/S1040618207000729#bib44
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units, (2) the clearly different landscape patterns, with a continuous and elevated OMP and a 

lower and contrastingly dissected RMP, in which topographic highs and old tidal channels can 

be clearly differentiated, and (3) the sharp distinction between plant associations that cover 

both units. Based on these lines of evidence, it is proposed that the RMP formed at a later 

stage during the regressive phase, under a lower RSL. The thickness of the grayish mud layer 

is a major difference between the OMP and RMP cores, but deeper layers had similar ages, 

suggesting a common origin at the end of the transgressive phase. Deposition of the massive 

muds is proposed to have occurred in an estuarine environment under high sea-level stillstand 

conditions, whereby the thickness of the mud deposits decreases through the distal zone (in 

the direction of the delta lobe limits described by Aliotta et al. 2014). It is also proposed that, 

at a later stage after a rapid sea-level drop to about 3 m above MTL (the approximate highest 

elevation of the RMP), a flat and continuous surface corresponding to the OMP emerged, and 

more recent coastal dynamics shaped the dissected landscape pattern of the RMP. The old 

tidal channels presently occupied by Spartina densiflora marshes formed during this later 

stage, after tidal working dissected the older surface of mud deposits. 

Conversely, there is no well-defined boundary between the RMP and the PMP, but a gradual 

transition reflecting an increasing tidal influence. Both units share similar landscape patterns 

and plant associations, suggesting a common formation under similar environmental 

conditions during the later regressive phase after the OMP emerged. A recent rising trend in 

relative sea level (rate of 1.6 mm/year) was estimated by Lanfredi et al. (1988) based on tidal 

records obtained in Puerto Quequén, 290 km northeast of Bahía Blanca. The differentiation 

between the RMP and PMP is then interpreted as a response to the more recent tidal influence 

over the RMP environments. This is in agreement with the observed erosion of Sarcocornia 

perennis marshes occupying RMP surfaces, due to increasing tidal inundation (Pratolongo et 

al. 2013). 

For the Bahía Blanca Estuary, the evolution of RSL after the Holocene highstand has been a 

controversial topic. Smooth regressive trends have been proposed (e.g., Spagnuolo 2005; 

Aliotta et al. 2013), but also stepped curves characterized by several episodes with 

exceptionally high tide levels and wave energy, which built beach ridges on the northern 

shore of the Canal Principal (e.g., González 1989; Aliotta and Farinati 1990). A stillstand or 

slowly dropping sea level was described around 3,850±100 years BP (González 1989). The 

development of extensive coastal flats (radiocarbon ages between 3,300 and 3,900 years BP; 

Farinati et al. 1992), today located above the spring tide level and subjected to erosion 

(Pratolongo et al. 2013), would correspond to this stillstand. Finally, Gómez et al. (2005) 



 

13 
 

proposed that negative RSL oscillations occurred ca. 7,300, 5,800, and 2,500 cal years BP, in 

phase with variations in Holocene solar irradiance. 

The evidence showed in this work supports the occurrence of a stepped regressive trend that, 

at least locally, presented two different stages enabling the formation of the OMP and RMP. 

A non-uniform regressive trend was also proposed by Cavallotto et al. (2004) for the Río de la 

Plata Estuary, with a first RSL fall of 1 m between 6,000 and 5,000 years BP. A stable period 

occurred between 5,000 and 3,500 years BP, and a rapid sea-level drop during the following 

600 years. The final regressive phase was associated with a continuous and slow RSL fall to 

the present-day level. Similarly, a stepped regression was described for the Patagonian coast 

(Schellmann and Radtke 2010), comprising a RSL maximum at about 6,200–6,900 years BP 

(ca. 6,600–7,400 cal BP) followed by a generally declining trend, with two longer periods of 

stable RSL about 6,200–6,900 years BP (ca. 6,600–7,400 cal BP) and about 2,600–6,000 

years BP (ca. 2,300–6,400 cal BP). During the first period, with a RSL close to its maximum 

level, beach ridge systems, littoral and valley-mouth terraces were formed. Two sea-level falls 

at 6,200–6,000 years BP (ca. 6,600–6,400 cal BP) and 2,600–2,400 years BP (ca. 2,300–2,050 

cal BP) were inferred from the successively lower elevations of coastal forms that developed 

during the stable periods afterward. 

Evidence for sea-level oscillations during the mid-to-late Holocene has been also presented 

from the southern sector of the African continent and Australia. Along the southern coast of 

Namibia, Compton (2006) found that, after a highstand of 3 m above mean sea level (amsl) 

from 7,300 to 6,500 cal years BP), the “sea level fell to near or 1 m below its present-day 

position between 6500 and 4900 cal yr BP (after which) sea level rose to 1 m amsl between 

4800 and 4600 cal yr BP and then fell briefly between 4600 and 4200 cal yr BP before 

returning to 1 m amsl. Since 4200 cal yr BP sea level has remained within one meter of the 

present-day” (Compton 2006, p. 303). Lewis et al. (2008), in a reanalysis of sea-level data 

from eastern Australia, found that a sea-level highstand of 1 to 1.5 m above present occurred 

about 7,000 cal years BP and fell to its present position after 2,000 years BP. During this 

period of high sea level, they described two “short-lived oscillations in sea-level of up to 1 m 

during two intervals, beginning c. 4800 and 3000 cal yr BP. The rates of sea-level rise and fall 

(1–2 mm yr) during these centennial-scale oscillations are comparable with current rates of 

sea-level rise” (Lewis et al. 2008, p. 74). According to those authors, this curve contrasts with 

the smoothly falling hydro-isostatic sea-level model for the eastern Australian coastline, and 

they proposed that “ the origin of the oscillations is (…) most likely the result of 

oceanographic and climatic changes, including wind strengths, ice ablation, and melt-water 
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contributions of both Greenland and Antarctic ice sheets” (Lewis et al. 2008, p. 78). Finally, 

Sloss et al. (2007) combined previously published and new data to provide a revised Holocene 

sea-level curve for the southeast coast of Australia. In that overview, the late Holocene 

oscillating or stepped model proposed by Baker et al. (2001) was considered, and radiocarbon 

dates were calibrated to sidereal years. After calibration, a redrawn oscillating sea-level model 

was presented, and the authors concluded that “a series of minor negative and positive 

oscillations in relative sea level during the mid to late Holocene are superimposed over the 

Holocene sea-level highstand” (Sloss et al. 2007, p. 1012). 

Sea-level oscillations during the mid-to-late Holocene are not in agreement with GIA model 

predictions. Sloss et al. (2007) proposed that minor oscillations would be related to local 

changes in wave climate and tidal range throughout the Holocene. Schellmann and Radtke 

(2010), on the other hand, concluded that there is evidence for two or more sea-level 

oscillations during the mid-to-late Holocene along the Atlantic coast of South America, 

southern Africa, and Australia, and that the consistent timing of these oscillations suggests 

that they would be driven by eustatic changes of ocean volume, as well as thermosteric and 

gravitational changes. Further work on Holocene deposits along the western margin of the 

Bahía Blanca Estuary, which represent a different depositional environment than the well-

studied ridges on the northern shore of the Canal Principal, may contribute valuable 

information to better understand Holocene sea-level changes in the South Atlantic. 

 

<heading1>Conclusions 

In this work, sedimentological descriptions and radiocarbon dates were presented for two 

cores obtained on the wide coastal plains along the northwestern margin of the Bahía Blanca 

Estuary. Based on results from these cores and previous studies carried out in the study area, 

it is concluded that: 

1. In the unit identified as OMP near the inland limits of the area affected by the marine 

ingression, sandy sediments deposited in a subtidal environment, about 5 m down the present 

surface elevation at about 5,660 years BP. This is in agreement with a subtidal elevation 

slightly above the present MTL by the time of the transgressive peak. 

2. The sandy bottom of the OMP core was deposited during the last stage of the 

transgressive phase, followed by a lower-energy period during which the estuarine system 

became progressively infilled. The area today occupied by the OMP and RMP is interpreted 

as a Holocene estuarine environment receiving significant amounts of fine sediments of 

continental origin through the aligned Salitral de la Vidriera–Canal Principal. The overlying 
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layer of massive muds in both cores corresponds to rapid sedimentation during a high sea-

level stillstand or slow regression. This is in agreement with other studies in the area 

describing paleochannels and fluvial–deltaic deposits aligned with the Salitral de la Vidriera–

Canal Principal depression, and corresponds to similar infilling sequences described in 

Holocene estuarine environments of creeks crossing the southern barrier of Buenos Aires. 

3. Considering previous studies in the area, the distinction between an OMP and a RMP 

is further supported by the stepped elevation profile across units, the clearly different 

landscape patterns, and the sharp distinction between plant associations. It is proposed that the 

OMP and RMP had a common origin at the end of the transgressive phase. Deposition of the 

massive muds is proposed to have occurred in an estuarine environment under high sea-level 

stillstand conditions and, in a later stage after a rapid sea-level drop to about 3 m above MTL, 

a flat and continuous surface corresponding to the OMP emerged, and more recent coastal 

dynamics shaped the dissected landscape pattern of the RMP. 

4. These conclusions support the occurrence of a stepped sea-level regressive trend after 

the transgressive maximum. At least two distinct stages can be identified, as suggested by the 

differentiation between the OMP and the RMP. This is consistent with earlier reports of a 

non-uniform regressive trend for the Río de la Plata Estuary and the Patagonian coast. 
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Fig. 1 Geographic location of the study area within the Bahía Blanca Estuary 

Fig. 2 a Landscape units identified in the study area. b Schematic profile showing the relative 

vertical positions of the old marine plain (OMP), Recent marine plain (RMP), and present 

marine plain (PMP). Tidal datums are mean high tide (MHT) and highest astronomical tide 

(HAT). Elevations are referred to the present mean tide level (MTL) at the closest tidal gauge 

(Ingeniero White Port). Redrawn from Fig. 10.3 in Pratolongo et al. (2016) 
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Fig. 3 a Map showing the major plant associations identified by Piovan (2016). b Schematic 

profile showing the relative vertical positions of the different vegetation types. Black arrows 

Positions at which the sediment cores were extracted. Tidal datums are mean high tide (MHT) 

and highest astronomical tide (HAT). Elevations are referred to the present mean tide level 

(MTL) at the closest tidal gauge (Ingeniero White Port). Based on Fig. 10.4 in Pratolongo et 

al. (2016) 

Fig. 4 Characteristics and vertical position of cores RMP and OMP relative to current mean 

tidal level (m above MTL). Depth related to the ground surface (cm) is also shown for each 

core. Positions of dated material and photographs representative of the different sections of 

the cores are included 

Fig. 5 Schematic cross-section of the study area showing the landscape position of cores OMP 

and RMP relative to the shelly ridge that indicates the inland limit of the marine ingression. In 

both units, a layer of massive grayish muds overlies laminated sediments 

 

Table 1 Sample characteristics and radiocarbon dates for material extracted from cores OMP 

and RMP. Sample numbers correspond to sample positions 1 to 5 in Fig. 4 

Sample 

number 

Depth Elevation Number Material–

pretreatment 

Measured 

age 

δ13C Conventional 

age 

2σ 

calibration 

 (cm) (m above 

MTL) 

(Beta)  (years 

BP) 

(‰) (years BP) (cal BP) 

OMP core: 38°52′12.61′′S, 62°26′55.17′′; site elevation: 5.09 m above MTL 

1 310 1.99 415058 Organic-

rich 

sediment 

(reworked)–

acid washes 

7,530±30 –

21.1 

7,590±30 8,405 to 

8340 

2 483 0.26 415057 Gastropod–

acid etch 

5,030±30 +2.0 5,470±30 5,905 to 

5,760 

3 497 0.12 415056 Gastropod–

acid etch 

5,230±30 +1.4 5,660±30 6,165 to 

5,980 

RMP core: 38°51′38.71′′, 62°22′30.46′′; site elevation: 1.80 m above MTL 
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4 214 –0.34 415055 Organic-

rich 

sediment–

acid washes 

4,640±30 –

20.5 

4,710±30 5,570 to 

5,560; 

5,470 to 

5315 

5 271 –1.09 415054 Organic-

rich 

sediment–

acid washes 

6,090±30 –

20.1 

6,170±30 7,155 to 

6,935 
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