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Abstract. two fossil sections (late Quaternary), and a group of modern samples analyzed through pollen and non-pollen palynomorphs,
enabled the reconstruction of the palaeoclimatic and palaeoenvironmental conditions of the lower basin of the Quequén Salado River (Buenos
aires Province). the study was complemented with analysis of sedimentology, malacofauna, ostracods, diatoms, and mammal and archaeo-
logical remains. For the late Pleistocene, the scarce presence of microfossils, associated with eolian palaeoenvironments, allowed inferring
arid/extremely arid climate conditions. in the Pleistocene/Holocene boundary, evidence of a pedogenetic event suggests a brief lapse of climatic
stability. Pollen indicates the development of a halophyte steppe, which remained in the area until the Middle Holocene. During the early
Holocene (8,173 cal yr B) the sedimentology, malacofauna and microfossils evidenced a sea level rise. this event ended with the establishment
of a brackish lacustrine body towards the Middle Holocene. after that, a pulse characterized by high humidity levels, indicate the replacement
of the halophyte steppe by a gramineous steppe. Following that pulse during the 6,799 cal yr BP 5,603 cal yr BP lapse, the microfossils showed
considerable variability, thus reflecting an alternation between relatively more humid and dry pulses. evidence indicates that during the late
Holocene (~ 1,000 yr BP) modern ecosystems began to settle in the lower basin of the Quequén Salado River. two global climate changes, the
Medieval Climate optimum (823 cal yr B- 690 cal yr B) and the little ice age (389 cal yr B) were inferred through pollen and faunistic remains
at QS1 archaeological Site.

Key words. Palaeoenvironmental-palaeoclimatic changes. late Quaternary. Quequén Salado River. argentina.

Resumen. anÁliSiS MUlti-PRoXY De SeDiMentoS Del CUateRnaRio taRDÍo en la CUenCa inFeRioR Del RÍo QUeQUÉn SalaDo
(PRoVinCia De BUenoS aiReS, aRGentina). Una aCtUaliZaCiÓn. el análisis de microfósiles polínicos y no polínicos de dos secciones fósi-
les de edad Cuaternario tardío y de un conjunto de muestras actuales, permitió evaluar las fluctuaciones paleoambientales y paleoclimáticas
en la cuenca inferior del río Quequén Salado (provincia de Buenos aires). el aporte de la sedimentología, malacofauna, ostrácodos, diatomeas,
restos de mamíferos y arqueológicos, complementó el estudio efectuado. Para el Pleistoceno tardío los escasos microfósiles hallados, asoci-
ados a paleoambientes eólicos permitieron inferir condiciones climáticas áridas/extremadamente áridas. en el límite Pleistoceno/Holoceno,
evidencias pedogenéticas se asociaron a un breve episodio de estabilidad climática, el polen reflejó el desarrollo de comunidades halófitas las
cuales permanecieron en el área hasta el Holoceno Medio. Durante el Holoceno temprano (8,173 cal. años aP), el ascenso del nivel marino
manifestado a través de la sedimentología, malacofauna y microfósiles, culminó con la instalación de un cuerpo lagunar salobre hacia el Holo-
ceno Medio. Con posterioridad, un pulso más húmedo inferido a partir del reemplazo de la estepa halófita por graminosa, fue seguido de un lapso
(6,799 cal. años aP–5,603 cal. años aP) con alternancia de períodos húmedos y secos evidenciados a partir de una importante variabilidad en
las asociaciones polínicas, los microfósiles no polínicos (MnPs), ostrácodos y diatomeas. Para el Holoceno tardío se habrían establecido en el
área los ecosistemas actuales, registrándose, en el Sitio arqueológico QS1, dos cambios climáticos globales: Óptimo climático Medieval (823
cal. años aP–690 cal. años aP) y la Pequeña edad de Hielo (389 cal. años aP).

Palabras clave. Cambios paleoambientales-paleoclimáticos. Cuaternario tardío. Río Quequén Salado. argentina.

Continental deposits are usually characterized by unconfor-

mities and marked facies changes. land-based records are

significantly more useful than deep-sea records in terms of

spatial detail and sensitivity. Palaeoenvironmental studies

have, to some degree, been avoided on arid lands due to

their sparse vegetation, poor pollen production, high rates

of deposition in most continental basins, predominantly

clastic sediments, and abundance of carbonate and sulphate

cements (Horowitz, 1992). However, these types of lands

are more sensitive than temperate or tropical ones for regis-

ISSN 2469-0228

Año 2016 - 16(2): 129–147 VOLUMEN TEMÁTICO



130

APA Publicación electrónica - 2016 -Volumen 16(2): 129–147

tering environmental changes, which enables a more accu-

rate reconstruction of global trends (Horowitz, 1992). thus,

the southern Pampean Region of argentina clearly exem-

plifies the relevance of multidisciplinary studies of arid-

semiarid landscapes in reconstructing the evolution of past

climates (Quattrocchio et al., 2008).

in this region, most of the palaeoenvironmental and

palaeoclimatic reconstructions of the late Quaternary were

based on the study of sections exposed along river valleys

and loess sequences. through pollen analysis Borromei

(1995, 1998) studied the climatic and environmental fluc-

tuations since the late Pleistocene–Holocene in the Sauce

Grande Valley. Grill (1995, 1997) conducted similar studies

in the napostá Grande stream basin, and Quattrocchio et al.

(1988, 1998, 2008) carried out multi-proxy studies (sedi-

mentology, palaeontology and micropalaeontology) in the

main superficial fluvial systems southwest of Buenos aires

Province. Stutz et al. (1999) showed the evolution of the

vegetation during the Holocene, affected by eustatic fluc-

tuations at la Ballenera Creek. 

a few studies focus on lacustrine records, among which

Vilanova et al. (2006) stands out as it presents similar

studies to those previously mentioned for the Villa Gesell

headland. Fontana (2005) reconstructed the palaeoenvi-

ronments and vegetation of the Holocene in the locality of

Monte Hermoso (la olla 1 and Sauce Grande lagoon Sites),

based on pollen content, calcareous microfossils (ostracods

and foraminifers) and plant microfossil remains in the

sediments. 

in addition, several palaeoenvironmental and palaeocli-

matic reconstructions associated with archaeological sites

have been carried out in rivers, streams and lacustrine

bodies of south-western Buenos aires Province (Zavala et

al., 1992; Madrid et al., 2002; March et al., 2003; Bayón et al.,

2004; Grill et al., 2007, 2010; Gutiérrez and Martínez, 2008;

Martínez et al., 2009a–c; among others).

Regarding the river valleys of the southern Pampean

Region, they have sporadically functioned as zones of

sediment transport from the ranges (Sierras australes) to

the continental shelf (Zavala and Quattrocchio, 2001, p. 32).

Field evidence shows that these valleys, carved sometime

in the Pleistocene, have acted for a long time as dried de-

pressed areas, subject to no deposition or to aeolian depo-

sition, or have been drained by local, ephemeral streams

(Zavala and Quattrocchio, 2001). it is estimated that the

age of the valley filling, associated with stages 2, 3 and 4

(Zavala and Quattrocchio, 2001, p. 35–36), is early to Middle

Pleistocene, coinciding with an interglacial period, extend-

ing until the late Holocene, when the final incision of the

streams occurred. a good example is the Quequén Salado

River, one of the most important fluvial systems in south-

western Buenos aires (Se of Pampean Region).

Conversely, sequence stratigraphy models that attempt

to relate the incision of valleys with relative sea-level falls

might not be applied to the fluvial systems of the southern

Pampean Region. For the lGM (late Glacial Maximum),

when the sea level was 120 m lower than today (alley,

1990), there is no evidence of incision in the region (there

is evidence of ephemeral deposits and palaeosoils), and it

was probably the climate that played a major role in shaping

the landscapes (Zavala and Quattrocchio, 2001). Hence

the importance of reconstructing palaeoclimates through

different “proxy data”. 

the main aim of this contribution is to provide a pa-

laeoenvironmental and palaeoclimate reconstruction of

the lower basin of the Quequén Salado River (Pampean Re-

gion) from the late Pleistocene to the present. the studies

performed include multiproxy analyses: sporomorphs (spores

and pollen grains), organic-walled marine microplankton,

nPMs (non-pollen microfossils), sedimentological, pa-

laeontological (malacofauna, ostracods and diatoms) and

archaeological studies. among previous geological and

palaeontological research conducted in the study area,

Frenguelli (1928); Farinati and Zavala (1995); Martínez

and Gutiérrez tellez (1998) and alberdi et al. (1995) stand

out. the only palynological studies conducted in this basin

correspond to one of the authors of the present work (Grill,

2003; Grill and lamberto, 2006 and Grill et al., 2010). 

Grill (2003) analyzed the changes in vegetation and eu-

static fluctuations from the late Pleistocene to the present

in the estancia thomas Profile. Grill and lamberto (2006)

studied the palynofacies in seven modern environments of

the lower Quequén Salado River basin, along with the re-

lationship between pollen and vegetation. native and exotic

elements of the existing flora were differentiated with

special emphasis placed on taphonomy for the total paly-
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nological organic matter analysis. in Grill et al. (2010), pa-

laeoenvironmental and palaeoclimatic fluctuations during

the last 1,000 yr BP were analyzed in a stratigraphic se-

quence associated with a human settlement (QS1 archaeo-

logical Site). 

in the present contribution, the previously mentioned

results (fossil: estancia thomas Profile and QS1 archaeo-

logical Site, and modern samples) will be integrated, up-

dated and reinterpreted for the first time. in addition, it is

worth mentioning that new radiometric dating is provided

for the most complete fossil sequence studied in this work

(estancia thomas Profile). in turn, the global climate fluc-

tuations inferred for the last 1,000 yr BP in QS1 archaeo-

logical Site are compared with data from recently studied

archaeological sites in the lower basin of the Colorado River

(300 km south of the Quequén Salado River) (Fernández,

2012). 

Finally, it is important to highlight the relevance of the

use of “modern analogues” from the vicinity of the studied

fossil sequences, in the reconstruction of the evolution of

past environments and climates. in this sense, modern

samples from the Bahía Blanca estuary, approximately

200 km south of the studied area (Grill and Guerstein, 1995)

were used in addition to the modern samples from the

lower basin of the Quequén Salado River. the data obtained

from this group of samples were extremely relevant for

the environmental reconstruction of the area, as they were

obtained at a modern estuarine environment, which is rela-

tively close to the fossil sequence affected by estuarine

fluctuations during the Holocene. 

REGIONAL SETTING

Geomorphology
the Quequén Salado River originates between two

structural heights comprising the “Positivo Bonaerense”

(tandilia to the north and Ventania to the south). its

drainage area corresponds to the Pampa interserrana

(Frengüelli, 1950), which presents, just like the rest of the

Pampean Region, a scarcely elevated landscape, typically

flat, with no significant variations in height. it runs for 162

km and flows into the atlantic ocean as an estuary (Marini,

2002). it can be compared with integrated drainage net-

works (González Uriarte, 1984) or with R1 (main drainage

networks), currently active networks flowing from the Se-

rrano or interserrano System to the atlantic ocean (Zavala

et al., 2005). it is divided into four basins: High Basin, Sie-

rras de Pillahuincó Basin, Middle Basin and lower Basin

(Marini, 2002) (Fig. 1.1). the lower Basin, concerning the

present work (Fig. 1.2), can be associated with Zone 2

(Schumm, 1977), where the system acts as a sort of sedi-

ment “by pass”. the Quequén Salado River has permanent

flow, with autochthony in the high and middle basins, and

allochthony in the lower basin. Further geomorphologic

features of the area include three dune belts (mobile, semi-

fixed and fixed, associated with interdune depressions)

and small lacustrine bodies.

Climate and Vegetation
Buenos aires Province occupies the central-eastern por-

tion of argentina, between 33° and 41° south latitude.

Consequently, it lies within the belt of temperate climate

(Burgos, 1968). Because of its position in argentina and

South america, the oceanity factor is significant (Burgos,

1968), moderating the climate, especially near the coast.

Continentality features intensify away from the coast

(Verettoni and aramayo, 1976).

as regards the pattern of winds, both in warm and cold

months, the ne-SW trend is due to the activity of the South

atlantic and South Pacific anticyclones. Subantartic cold

air masses from the SW and warm air masses from the

north, caused by the occasional recession of the Pacific an-

ticyclone (Burgos, 1968) also affect the climate of Buenos

aires Province. in the study area, the prevailing winds come

from the north, followed by the nW (Marini, 2002). Winds

from the east are less frequent but reach up to 133 km/h.

the annual rainfall in the area of Marisol Beach (1995–

1999) is 668.6 mm, and the mean annual temperature for

the same period is 14.8 ºC (Marini, 2002).

From a phytogeographic perspective, the study area is

located in the Pampean Province (austral Pampean District)

(Cabrera, 1976). according to the census conducted by Grill

and lamberto (2006), in the lower basin of the Quequén

Salado River, the pristine vegetation has been profoundly

modified by crops, grazing and anthropic forests. out of the

56 plant species counted, 37 are native and the rest are in-

troduced.
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Figure 1. 1, Sectorization of the Quequén Salado River basin according to the dynamic of each area (modified from Marini, 2002): 1-High basin
2- Pillahuincó Hill 3- Middle basin and 4-lower basin. in shaded area location of the study sites. 2, Study area. 3, location map of surface
sampling. 4, Present environment of interdune pond. 5, Present environment of lacustrine body.



all seven environments (Fig. 1.3) characterized in this

study by their plant communities and by the pollen con-

tent of their sediments are shown in table 1. the interdune

depressions and the lacustrine bodies are illustrated in

Figures 1.4 and 1.5, respectively. 

STRATIGRAPHY AND AGE

Reig (1957) defined the irene Formation at the margins

of the Quequén Salado River, between the localities of irene

and oriente, which, according to Kraglievich (1960), is com-

posed of reddish silts and clays with remains of impactites

(Schultz et al., 2004). Verzi et al. (2003, 2008) stated that

the levels of this Formation that yielded remains of the

octodontidae rodent Xenodontomys ellipticus (Kraglievich,

1927), can be assigned to the late Miocene. 

the estancia thomas Profile (38° 53’ S, 60° 32’ W)

represents the most complete stratigraphic column of the

present study. it is located at the right margin of the river,

8 km from its mouth (Fig. 2.1). it is 4.50 m thick and is

represented by four units, separated by unconformities

(Farinati and Zavala, 1995). three of them have a continen-

tal origin: Middle and Upper Sections of the agua Blanca

Sequence (Zavala and Quattrocchio, 2001), and Chacra la

Blanqueada Formation (Rabassa, 1989), and one has ma-

rine origin: las escobas Formation (Fidalgo et. al., 1973). 

Due to its stratigraphic position and regional correlation,

the lower section of the profile has been assigned to the

late Pleistocene. towards the top of this section a pedoge-

netic event is evidenced through the record of part of its

“a” horizon (Farinati and Zavala, 1995). Radiocarbon dating

yielded 8,195–8,396 cal. yr BP for these levels. this dating

is presumed to be the minimum age due to the rejuvenation

of the sediments with soil development. in consequence it

was not included in the palaeoenvironmental and palaeocli-

matic reconstruction of the area. the sediments belonging

to the Holocene–historical times have four radiocarbon dat-

ings covering the 8,173–207 cal. yr BP lapse. the section

finishes with a paleosoil, hence, the dating (207 cal. yr BP)

is considered as the minimum age due to the effect caused

by the pedogenetic event. 

the QS1 archaeological Site (38° 49’ S, 60° 32’ W) is

located at the left margin of the Quequén Salado River, 11
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TABLE 1. Vegetation and pollen spectra from surface samples of Quequén Salado river.

Sampling units Vegetation types Pollen

Mobile dunes
Calycera crassifolia, Sporobolus rigens,

Cortaderia selloana
Sterile

Semi-fixed dunes
Tamarix gallica, Sporobolus rigens,

Cortaderia selloana
Tamarix gallica (80%)

Poaceae (10%)

Fixed dunes
Hyalis argentea, Solidago chilensis,
Poa lanuginosa, Pinus radiate*

Poaceae (38%), Asteraceae (16%)
Pinaceae (26,5%), Brassicaceae (4%)

Interdunes
Juncus acutus, Sporobolus rigens,Panicum

urvilleanum, Lagurus ovatus, Hydrocotyle bonariensis

Asteraceae (29%), Poaceae (22%)
Chenopodiaceae-Amaranthaceae (15,5%),

Brassicaceae (4%)

Lacustrine body
Juncus acutus, Cotaderia selloana, Typha sp.,

Zygnemataceae, Scyrpus olnegi, Melilotus albus
Asteraceae (43%), Poaceae  (21%) Cyperaceae, 
Juncaceae, Typha sp. (9%), Brassicaceae (2%)

Anthropic forest
Eucalyptus camaldulensis*, E. tereticornis*,

Pinus radiata*, P. halepensis*,
Oxalis corniculata, Geranium disectum

Myrtaceae (74%),
Poaceae (6%), Brassicaceae (2%)

Alluvial plain
Lolium multiflorium, Festuca arundinaceae,

Cynara carduculus*, Cirsium vulgare*
Presence of Asteraceae, Poaceae, Brassicaceae,
Chenopodiaceae-Amaranthaceae, among others

*introduced forest species.
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km from the atlantic coast (Fig. 2.2). it is represented by

1.10 m of continental sediments, assignable to the Chacra

la Blanqueada Formation (Rabassa, 1989; Zavala and

Quattrocchio, 2001). this section has four radiocarbon

datings covering the last 1,000 yr BP.

MATERIAL AND METHODS 

the fossil pollen records (estancia thomas Profile and

QS1 archaeological Site; Figs. 3.1 and 3.2 respectively) were

interpreted based on environmental data using the modern

pollen-vegetation-climate relationship as analogue. this

information was taken from Grill and lamberto, 2006; Grill

and Guerstein, 1995 (Figs. 4.1 and 4.2 respectively) and Prieto,

1996. Palynological analysis, involved identifying plant

communities, their fluctuations through time and their

classification into pollen assemblage zones. Relative sea

level changes were evaluated in estancia thomas Profile,

taking into account the microplankton preserved in marine

deposits, as well as changes of coastal vegetal communi-

ties. non-pollen microfossils (nPMs) were used to comple-

ment the palaeoenvironmental reconstruction, especially in

the case of sterile palynological samples or when the sam-

ples did not reach the minimum number of pollen grains for

analysis. 

the nPMs remains found in QS-2c Pollen Subzone (es-

tancia thomas Profile) represent the most conspicuous

forms in the profile, and they are illustrated in Figure 5. the

“multi-proxy” analysis performed in the lower basin of the

Quequén Salado River, with its corresponding palaeoenvi-

ronmental and palaeoclimate inferences, are illustrated in

table 4.

the radiocarbon datings presented in this work were

performed at the nSF-arizona laboratory (tab. 2). all the

radiocarbon ages are expressed as years BP (years Before

Present) and cal. years BP (calibrated years Before Present)

with a precision of ± 2σ (Stuiver et al., 2005) (tab. 3), and

the mean calibrated ages are used in the text.

Figure 2. Stratigraphic profiles with details of the palynological sam-
pling. 1, estancia thomas Profile (modified of Farinati and Zavala,
1995) (*average age calibrated). 2, QS1 Archaelogical Site profile
(from Grill et al., 2010). 
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RESULTS AND DISCUSSION

Late Pleistocene
the sediments corresponding to this age, (estancia

thomas Profile) (agua Blanca Sequence, Middle Section)

(Zavala and Quattrocchio, 2001), are composed of poorly

sorted, yellowish to greyish fine sandstones (10YR6/2 to 5

TABLE 2. Radiocarbon datings presented in this work.

Depth Laboratory Code Sample 14Cyears BP Cal. Years BP* δ13C0/00

0.30 m (2) AA-100392 26 sediments 182±39 131–283 -22.7

1.00 m (6) AA-100393 21 sediments 4,905±60 5,466–5,740 -21.3

1.55 m (10) AA-100394 17 sediments 6,004±49 6,670–6,929 -19.1

3.20 m (22) AA-100395 5 sediments 7,542±50 8,195–8,396 -20.5

(2) palynological samples, *Calibrated with CALIB 7.0 at 2σ (Stuiver et al., 2005)

TABLE 3. Radiocarbon dating used in the work.

Profile Sample 14C years BP Cal. years B.P* References

Estancia Thomas Sediments 182±39 131-283 This paper

QS1 Archaeological Site
Lama guanicoe

(Müller, 1776) (bone)
360±40 305-474 Madrid et al. (2002)

Lobería I Mamal (bone) 440±60 320-526 Rabassa et al. (1989)

QS1 Archaeological Site Lama guanicoe (bone) 790±40 642-738 Madrid et al. (2002)

QS1 Archaeological Site Lama guanicoe (bone) 940±40 734-912 Madrid et al. (2002)

QS1 Archaeological Site Lama guanicoe (bone) 960±40 746-919 Madrid et al. (2002)

La Toma Vertebrate (bone) 995±65 735-960 Rabassa et al. (1989)

Estancia Thomas Sediments 4,905±60 5,466-5,740 This paper

Sauce Grande Sediments 5,010±120 5,465-5,949 Borromei (1992)

Estancia Thomas Sediments 6,004±49 6,670-6,929 This paper

Sauce Chico Sediments 6,170±170 6,638-7,417 Prieto (1989)

Estancia Thomas Tagelus plebeius (shells) 7,720±100 7,975-8,371 Farinati and Zavala (1995)

Pehuen-Có Sediments 12,000±100 13,560-14,065
Aramayo and Manera de Bianco

(1996)

Pehuen-Có Vertebrate (bone) 16,440±320 18,995-20,535 Aramayo (1997)

Castelar Sediments 20,180±180 23,724-24,721 Grill and Morrás (2010)

*Calibrated with CALIB 7.0 at 2σ (Stuiver et al., 2005)
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GY6/1), 1.30 m thick, with considerable bioturbation due to

radicular activity. the upper 20 cm contain a dark green

bank of sandstones (5Y2/1) with more intense bioturbation.

Due to the absence of primary sedimentary structures and

according to regional data, these deposits are related to

aeolian dynamics (Farinati and Zavala, 1995). afterwards,

during a more stable period, there is evidence of soil develop-

ment, of which only part of its “a” horizon was preserved. 

at the bottom of the agua Blanca Sequence, Middle

Section, the palynological samples turned out barren (Grill,

2003). Presumably, adverse factors such as chemical oxi-

dation under arid conditions and an alkaline environment

hindered the preservation of palynomorphs (Dimbleby,

1985). Horowitz (1992) suggests that extremely arid cli-

mates prevent the development of plant cover in the re-

sulting landscape. 

Barren pollen samples have been recorded in other late

Pleistocene profiles of the south of the Pampean Region,

Figure 3. non pollinic and pollinic frequency diagram of fossil samples: 1, estancia thomas Profile (modified from Grill, 2003). 2, QS1 Ar-
chaelogical Site profile (modified from Grill et al., 2010). 



such as the napostá Grande Stream (Grill, 1993, 1995) and

the Quequén Grande River (Grill et al., 2007). Commonly, the

remaining pollen assemblages from this age have pre-

dominantly been associated with the Brassicaceae family.

the development of these weeds may imply environmental

disturbance, caused by aridity and strong eolian activity,

which may have also caused the retraction of grasslands

(león and anderson, 1983). 

in accordance with the sedimentology and pollen analy-

sis, Martínez and Gutiérrez tellez (1998) recorded scarce

ostracods and diatoms at estancia thomas Profile for this

geological moment, thus inferring severe environmental

conditions.

Such climate conditions could be related to a lower sea

level than the inferred for the Pehuen-Có Palaeoicnological

Site, in the coast of Buenos aires Province (100 km south

of Quequén Salado), where alluvial plain sediments were

dated in 13,812 cal. yr BP (aramayo and Manera de Bianco,

1996), and a bone remain was dated in 19,765 cal. yr BP

(aramayo, 1997).

north of the Pampean Region (Undulated Pampa),

studies of palynofacies associated with loess sediments
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Figure 4. Pollen frequency diagram of surface samples: 1, Quequén Salado River (modified from Grill and lamberto, 2006). 2, estuary of Bahía
Blanca (modified from Grill and Guerstein, 1995).



suggested arid conditions for the late Pleistocene (Grill

and Morrás, 2010), although they indicate a slightly older

episode (24,222 cal. yr BP) than that recorded for the Que-

quén Salado River. Se of Buenos aires Province (near Mar

del Plata), Zárate (1991) stated that, between lGM and

10,000 yr BP, there was an obliteration in the main valleys

of the region as a consequence of aeolian activity.

towards the top of this unit (late Pleistocene/Holocene

transition) and in connection with the recorded pedogenetic

event, pollen spectrums dominated by Chenopodiaceae

(64%) were found (QS-4 Pollen Zone) (Grill, 2003), which are

analogous to those obtained by Grill and Guerstein (1995)

in pollen surface samples in Bahía Blanca estuary. these

spectrums evidence areas colonized by halophytic steppes

(Verettoni, 1961). these types of plant communities are

typical of coastal marine and continental environments

with highly saline levels.

Considering the low pollen concentration, the scarce di-

versity of pollen and the exiguous palaeosoil associated, this

part of the sequence can be interpreted as a brief episode of

climatic stability indicating relative climate improvement. 

the pedogenetic event recorded at the estancia thomas

Profile might be correlated with the Puesto Callejón Viejo

palaeosoil (Fidalgo et al., 1973), which covers a wide exten-

sion of the Pampean Region and appears frequently de-

capitated or is scarcely developed (Borromei, 1995, 1998;

Grill, 1995, 1997; Quattrocchio et al., 2008, among others).

Early Holocene
During the early Holocene, after an erosive unconformity,

a rise in the sea level was evidenced in the area through the

sedimentology and the content of gastropods and paly-

nomorphs. 

this part of the sequence is assigned to the las escobas

Formation (Fidalgo et al. 1973). it is composed of 0.35 m of

thick and thin bioclastic deposits, finning and thinning up-

wards, in which three marine sedimentary facies were

recognized, “a”, “B” and “C” (Farinati and Zavala 1995).

Facies type “a” is a massive tabular body (2–4 cm thick)

of well-sorted, yellowish orange middle-sized sandstones.

it is interpreted as a transgressive residual deposit (Swift,

1968; Posamentier and allen, 1993). Such deposit is asso-

ciated with a progression of the coastline into the continent

(Farinati and Zavala, 1995). in this facies, QS-3a Pollen Sub-

zone (Grill, 2003) is characterized by scarce pollen grains

and evidences the destruction of littoral communities

following a transgressive event, which is further evidenced

by the presence of Micrhystridium sp. and Cymatiosphaera sp.

acritarchs.

Facies type “B” is characterized by an irregular tabular

body (10–20 cm thick), comprised of skeletal accumulations

of mollusc shells Ostrea spreta (d´orbigny, 1846), Brachidon-

tes rodriguezi (d´orbigny, 1846) and Tagelus plebeius (light-

foot, 1786) with diffuse horizontal lamination and a matrix

of medium-sized/very thick sand. this facies is interpreted

as evidencing an accretion process in a foreshore environ-

ment (Heward, 1981; Farinati and Zavala, 1995). 

Facies type “C” consists of poorly selected fine/medium-

sized sandstones comprising a 20 cm thick tabular body.

it has dispersed gastropods and Tagelus plebeius valves in

living position (Farinati and Zavala, 1995). Radiocarbon

dating on the Tagelus plebeius valves yielded (8,173 cal. yr

BP). this facies is interpreted as the consequence of an

accretion event in a mixed flat plain environment (erikson

et al., 1981; Farinati and Zavala, 1995). 

the pollen spectrum of Facies “B” and “C” is mainly

characterized by Chenopodiaceae (67.5%) (QS-3b Pollen

Zone) (Grill, 2003), while the marine palaeomicroplankton is

characterized by the acritarchs Micrhystridium sp. (Deflan-

dre, 1937), Cymatiosphaera polonica (Górka, 1974) and Cy-

matiosphaera sp. (Wetzel, 1933) and, to a lower extent, by

Spiniferites (Mantel, 1985) dinoflagellate cysts.

all the recorded palynomorphs (pollen and marine

palaeomicroplankton) are similar to those documented in

the modern samples of Bahía Blanca estuary (Grill and

Guerstein, 1995). the genus Spiniferites has also been iden-

tified in modern neritic environments (Wall et al., 1977). in

fossil samples, both the acritarchs and the dinoflagellate

cysts suggest estuarine and neritic environments (Staplin

et al., 1965; Sarjeant et al., 1987; among others).

the low diversity and proportion of marine microplank-

ton, as compared to the total amount of palynomorphs,

suggest unsuitable environments for the preservation of the

specimens, considering the thick granulometry of the sedi-

ments, the moderate-high energy of the tidal action (Facies

“B”) and the occasional storms (Facies “C”) (Farinati and
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Zavala, 1995). at the same time, the low diversity and pro-

portion of cysts over the number of acritarchs illustrates

restricted marine environments (Gibson et al., 1980).

the nPMs, Glomus sp. and Botryococcus sp., indicate

relatively arid pulses. Glomus sp. is particularly indicative of

erosive processes which are active in neighbouring areas

(Medeanic et al., 2008), and Botryococcus sp. is typically

associated with brackish-water oligotrophic environments,

typical of littoral areas such as lagoons and intertidal

marshes (Guy-ohlson, 1992; van Gell and aptroot, 2006;

Medeanic et al., 2008). Pteridophyte spores indicate locally

humid strata.

in the same profile at estancia thomas, Martínez and

Gutiérrez tellez (1998) recorded populations of ostracods

and diatoms in which littoral marine species are dominant

(the ostracods Cytherura dimorphica Bertels and Martínez,

1997, Leptocythere sp., Perissocytheridea sp. and Semixesto-

leberis debueni Hartmann, 1962, and the diatoms Actinopty-

chus splendens Shadbolt, 1854, Actinoptychus senarius

ehrenberg, 1843 and Triceratium sp. ehrenberg, 1839). From

Facies “a” to “C”, the relative frequencies and the diversity

of marine species decrease, while limnic species increase. 

the palynomorphs identified in Facies “a”, “B” and “C”

evidence the permanence of subhumid-dry conditions, de-

veloping in the area since the Pleistocene/Holocene transi-

tion. Some of the nPMs indicate brief arid pulses. 

the transgressive event described herein ends at the

estancia thomas area, with the settlement of a brackish la-

custrine body. Since the transgression flooded the Pleis-

tocene valley, the decreasing energy and the final restriction

would respond to the evolution of a littoral barrier at the

limits of the palaeovalley, thus interrupting the connection

between the marine deposits and those recorded later

(Farinati and Zavala, 1995).

Middle Holocene
the foresaid lacustrine sediments from the Upper Sec-

tion of the agua Blanca Sequence (Zavala and Quattrocchio,

2001) were deposited on top of an erosive unconformity.

they are 2.20 m thick and comprise decreasing layers of

sand and pelites, with Characeae oogonia and a large

amount of shells of Heleobia australis (d’orbigny, 1835),

among others (Farinati and Zavala, 1995). the presence of

this last estuarine species, with high phenotypic plasticity

and an optimal habitat for mesohaline gradient (8–18%),

suggests a significant level of salinity, though insufficient to

reach typical marine levels (aguirre and Fucks, 2004).

in this part of the stratigraphic sequence, the paly-

nomorphs and nPMs are considerably variable in diversity

and concentration of the different taxa. as a consequence,

QS-2 Pollen Zone has been subdivided into 4 Pollen Sub-

zones (QS-2a, b, c, and d) (Grill, 2003).

the lower part (QS-2a and b Pollen Subzones) evidences

a continuity of the halophyte communities developing in

the area since the Pleistocene/Holocene transition (QS-

2a Pollen Subzone), replaced later by grass communities

(Poaceae 48%) (QS-2b Pollen Subzone), thus indicating

relatively more humid conditions, similar to those currently

characterizing the plains and wetlands at the eastern and

southeastern Pampean Region (Prieto, 1996). the presence

of scarce marine microplankton (Micrhystridium sp., Mi-

crhystridium balmei Sarjeant, 1973 and Spiniferites sp.) indi-

cates that, in its dropping to the current position, the sea

invaded occasionally some areas of the basin. 

inland, in other fluvial systems close to the Quequén

Salado, relatively more humid conditions were recorded.

these were associated with hydrophytic communities re-

lated to lacustrine bodies (Sauce Chico stream) (7,027 cal.

yr BP) (Prieto, 1989) and, in somewhat younger sediments,

to the grass steppe (Sauce Grande River) (5,707 cal. yr BP)

(Borromei, 1992).

the top of the sequence (1.60 m thick) shows a signifi-

cant change in microfossil content. at QS-2c Pollen Sub-

zone (6,799 cal. yr BP) only a few pollen taxa were recorded,

indicating shallow brackish flooding surfaces. among

them, Corticiaceae, Glomus sp., Botryococcus sp., Spirogira sp.

and Sigmopollis sp., 28 types of spores (van Geel et al.,

1982/1983) and crustacean eggs (Fig. 5) stand out. Glomus

sp. is a common microfossil identified among the nPMs

of the southern Brazilian coast during arid periods of the

Holocene regressive stages (Medeanic et al., 2008). Spirogira

sp., Sigmopollis sp. and completely oxidized tracheid remains

evidence fluctuations in the water level. the environmental

characteristics presumably unfavoured the preservation

of the pollen grains in this part of the sequence. 

the predominance of Lymnocythere sp. (94%) and the
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presence of the Surirella striatula (turpin, 1828) and Campy-

lodiscus clypeus (ehrenberg ex. Kützing, 1844) (QS-2b Pollen

Subzone and part of QS-2c Pollen Subzone) suggest the de-

velopment of an oligo-mesohaline brackish littoral lagoon

(Martínez and Gutiérrez tellez, 1998). For the rest of QS-2c

Pollen Subzone, the alternance of planktonic diatoms (Hya-

lodiscus laevis ehrenberg, 1845) and benthic diatoms (Suri-

rella striatula) evidences variable precipitations and ongoing

water level fluctuations in the developing water bodies.

this Pollen Zone ends with QS-2d Pollen Subzone (5,603

cal. yr BP), dominated by Myrtaceae (50%). the dominance

of this taxon over the typical herbaceous-shrubby compo-

nents of the steppe and the low pollen concentrations

suggest an increase in the sedimentation rates due to in-

tense erosive processes (QS-2c Pollen Subzone), which

apparently intensified during this stage. the Myrtaceae

family, with characteristics extra-regional for the Pampean

Region, indicates the persistence of considerably intense air

masses, probably from the woodlands of southern Brazil

and northern argentina.

Pollen spectrums with high proportions of Myrtaceae

belonging to the Middle/late Holocene have been recorded

in other alluvial basins of southern Buenos aires (Grill, 1993;

Fernández, 2012).

as regards eustatic fluctuations during the early/Middle

Holocene, plentiful evidence suggests that this event spread

throughout the atlantic coast, affecting not only the Buenos

aires littoral area (Grill and Quattrocchio, 1996; Fontana,

2005; olivera et al., 2006; Vilanova et al., 2006, among

others) but also southern Brazil (Grill and Medeanic, 2004;

Medeanic and Correa, 2007, among others).

Late Holocene–historical times
the last 1,000 yr BP, very well represented in the QS1

archaeological Site, are comprised by alluvial sediments

from the Quequén Salado flood plain (Farinati and Zavala,

1995). these sediments are assigned to the Chacra la Blan-

queada Formation (Rabassa, 1989; Zavala and Quattrocchio,

2001).

the 1.10 m thick sequence starts with 30 cm of dark-

brown clayey silt which yielded 832 cal. yr BP towards the

top. in QS1-4 Pollen Zone, only the presence of pollen grains,

abundant fungal spores (Corticiaceae Microthyriaceae,

Monosporites sp., Dicellaesporites sp., Pluricellaesporites sp.,

Dictyosporites sp., and Glomus sp.) among others, and, to a

lower extent, algae spores (type 181 and 128 a/B) (van

Geel et al., 1982/1983) and Bryophyte (Anthoceros sp.,

Phaeoceros sp., Riccia sp.) were recorded (Grill et al., 2010).

in the palynofacies study of modern sediments from the

Quequén Salado flood plain (sample 7), palynomorphs

were characterized by a scarce proportion of pollen grains,

similarly to QS1-4 Pollen Zone, evidencing a considerable

damage due to mechanical influence, and chemical and

biological oxidation (Grill and lamberto, 2006).

Pollen assemblages from archaeological sites which are

seasonally flooded become more easily altered or barren

than those belonging to constantly dry or humid sites

(Bryant and Holloway, 1983). this condition is related to the

mechanical damage undergone by pollen grains as a conse-

quence of the alternating humidity and drought periods,

which, in turn, enables biological activity (by bacteria and

fungus) and, in time, leads to pollen destruction.

Regarding the nPMs recorded in this Pollen Zone, the

higher proportion and diversity of fungal spores in relation

to algae spores indicates that the exposure periods were

longer than the flooding periods, the first being more re-

sistant to droughts than the latter (Medeanic and Silva,

2010). in addition, Bryophyte Riccia sp, Phaeoceros sp and

Anthoceros sp. spores ratify the locally humid environments

in the proximities to the runoff, and the last two have also

been currently related to cultivated fields (Hässel de

Menéndez, 1962, 1979). For the moment, this hypothesis

is disregarded for the analysis, as there is no concrete evi-

dence of agricultural development in the region (Grill et al.,

2010).

in relation to the conditions of periodic humidity, these

are assumed to have influenced the criteria for human

settlement at the river neighbouring area. there is evidence

to posit that, in dry periods, flooding plains were the en-

vironment preferred for human settlement. Due to the

proximity to the river and considering the regional arid con-

ditions, this choice was favourable during large-mammals

hunting seasons, which is corroborated at QS1 Site by the

significant proportion of archaeological remains found in the

sediments (Grill et al., 2010).

in concordance with the results obtained for the Que-
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quén Salado lower basin, periods with important aeolian ac-

tivity were recorded ne and S of the Pampean grasslands.

these were associated with numerous short, dry episodes

during the late Holocene (Zárate et al., 2000; Muhs and

Zárate, 2001).

QS1-3 Pollen Zone (823-690 cal. yr BP) (Grill et al.,

2010), involving 10 cm of sandy siltstone, presents a pollen

assemblage similar to the surface pollen samples from the

current fixed dunes and interdunes at the Quequén Salado

lower basin (Grill and lamberto, 2006) (samples 3 and 4,

Fig. 4). However, it has a higher proportion of Brassiaceae.

these communities reflect the development of a psammo-

phyte herbaceous steppe (Verettoni, 1965; Verettoni and

aramayo, 1976). in this Pollen Zone, the highest propor-

tion of Poaceae in the profile was recorded, along with

the broadest diversity of pollen from the “shrubby forest”.

accordingly, a high proportion of nPMs was found, with

algae spores (Zygnema sp., and others) and Bryophyte

(Phaceros sp., Anthoceros sp.) outnumbering fungal spores.

this Pollen Zone is also characterized by having the

highest number of vertebrate remains, mainly mammals, in

the sequence (e.g. even-toed ungulates, mostly Lama guani-

coe Müller, 1776), with sediments marked by a strong an-

thropic activity (Grill et al., 2010). among the vertebrates

were Brazilian elements like the rodent Cavia aperea

(erxleben, 1777).

a relative improvement in the climatic conditions is in-

ferred for this geological moment on the basis of the pollen

assemblage, the nPMs (the higher proportion of algae

spores over fungal spores) and the fossil vertebrates.

at la toma archaeological Site (about 180 km from the

study area), the vertebrates (847 cal. yr BP) were also of

Brazilian lineage indicating warmer climate (Dasypus linneo,

1758 and Cavia aperea) (Rabassa et al., 1989).

accordingly, in sediments dated in 1,000–500 yr BP at

el tigre archaeological Site (approximately 300 km south

QS1), the nPMs also record a significant proportion of

zygnematales (Spirogira sp. and Mougeotia sp.) (Fernández,

2012), along with the presence of the sigmodontine rodent

Holochilus brasiliensis (Desmarest, 1819) (Stoessel et al.,

2008).

these data from the QS1, la toma and el tigre sites sug-

gest an improvement of the regional climate, coetaneous to

the global Medieval Climatic optimum (Rabassa et al., 1989).

From 389 cal. yr BP to present time, the last 70 cm of

the QS1 Site profile involve the presence of dense and

compact siltstone ending in the modern soil. the pollen

spectrums (QS1-2 and QS1-1 Pollen Zones) (Grill et al., 2010)

are dominated by the family Brassicaceae (average of 43%),

with an abrupt decrease of the family Poaceae (<2%) and

aquatic plants (<1%).

in the pollen spectrums of modern samples from the

Quequén Salado River, the family Brassicaceae reaches a

maximum representation of 4% (Grill and lamberto, 2006),

as in other superficial samples from the Pampean Region

(wet and dry Pampa), where the values oscillate between

6 and 9%, respectively (Prieto, 2000). However, it reaches

26% at the xerophitic woodland-grassland ecotone, thus

suggesting that semi-arid climates are necessary for the

development of these weeds (Prieto, 2000). in the same

way, in disturbed environments or in dunes dominated by

Cakile maritima (Scopoli, 1772), the values oscillate between

59% and 45% (Stutz, 1996; Fernández, 2012).

approximately 300 km south of QS1 Site, at the loma

Ruiz archaeological Site, pollen spectrums (last 2,000 yr BP)

showed resemblance to those from QS1, although loma

Ruiz presented higher proportions of Brassicaceae (70% on

average). in these environments, associated with dunes

and herbaceous psammophytic grassland, the predomi-

nance of Brassicaceae was interpreted as evidence of the

environmental disturbance of the site caused by the re-

peated departures of the inhabitants (Fernández, 2012).

at the lobería i archaeological Site, approximately 170

km from the study area, the mammal fauna (dated in 423

cal. yr BP) indicated a climatic deterioration correlatable to

the little ice age (Rabassa et al., 1989). 

Further evidence of the little ice age in the Pampean

Region, obtained through the study of mammals, suggests

dry and arid conditions around 449 years BP (tonni et al.,

1999), with a more benign pulse around 300 years BP

(Pardiñas and tonni, 2000), which indicates that there were

climatic variations on the secular scale in this region. Based

on historical data, Moncaut (2001) analysed floodings and

droughts during the 1,576–2,001 lapse, stating that the

droughts were particularly strong during the little ice age.

laprida and Valero Garcés (2009) identified a marked salini-
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zation in the Chascomús lagoon, from the beginning of the

18th century to the middle of the 19th century, based on evi-

dence yielded by sedimentology, geochemistry and ostra-

cods.

in the estancia thomas area, the stratigraphic sequence

ends with 70 cm thick light gray sandy sediments, with

net-erosive base on the preceding unit. this unit is inter-

preted as deposited by overflows at the modern mouth of

the Quequén Salado River and is assigned to Chacra la

Blanqueada Formation (Rabassa, 1989). in these sediments,

at least one former palaeosurface was found, characterized

by the presence of an edaphization level (Farinati and

Zavala, 1995). the sequence ends with the present soil.

Radiocarbon dating on the organic matter of the sediments

at the top of this unit yielded a minimum age of 207 cal. yr BP.

QS-1 Pollen Zone (Grill, 2003), recorded in this unit,

starts with three samples yielding only a presence of pollen

grains, not enough to reconstruct the plant communities.

the nPMs are represented by fungal spores types “B” and

“J” (Romero and Fernández, 1981), Pluricellaesporites sp.

and Glomus sp., among others, and by Botryococcus sp. and

algae type 128 a/B (van Geel et al., 1982/1983). among

these, Glomus sp. indicates active erosive processes, and

Botryococcus sp. evidences arid conditions and oligotrophic

environments (Guy-ohlson, 1992; van Gell and aptroot,

2006).

towards the top of the unit (207 cal. yr BP), the two

samples closest to the surface present an assemblage

analogous to the one currently colonizing the dunes and in-

terdunes depressions at the lower basin of the Quequén

Salado (Grill and lamberto, 2006), but with lower propor-

tions of Poaceae. the anthropic influence of the natural

plant communities is evidenced by tamaricaceae, Brassi-

caceae (7%), Eucalyptus sp. and Pinus sp. among the nPMs,

Bryophytes (Phaceros laevi Proskauer, 1951) and Pterido-

phytes spores stand out, along with some fungal spores

(Glomus sp.).

the human impact evidenced in the assemblages is

similar to that recorded in other equivalent stratigraphic

sequences from rivers and streams of the region (Borromei,
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Figure 5. nPMs remains found in QS-2c Pollinic Subzone (estancia thomas profile). 1, Botryococcus sp. 2, Sigmopollis sp. 3 and 4, Copepods eggs.
5, Rotifers eggs. 6, tracheid. Scale bar= 50 µm, except 1, 2 and 6 scale bar= 20 µm.
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TABLE 4. Synthesis of the palaeoenvironmental and palaeoclimatic fluctuations registered at the lower basin of the Quequén Salado River,
from multi-proxies analysis.

Age
♦ Cal. years BP (average)

Sedimentology
(Farinati and Zavala, 1995;

Grill et al., 2010)

Malacofauna (Farinati
and Zavala, 1995)

Palynomorphs (Grill, 2003; Grill et al., 2010)

Vegetational
palaeocommunities

Marine
Palaeomicroplankton

Late
Holocene/historical

times

♦ 207 Modern soil
Herbaceous steppe with

introduced pollen

♦ 389 Dense and compact silts
Few steppe elements
Brassicaceae (50%)

♦ 690–832 Sandy loams
Psammophyte

herbaceous steppe
Poaceae (20%)

♦ 832 Clayey silts Presence of pollen

Middle Holocene

♦ 4603

Finings upwards sequence

Heleobia australis and
Characeae’s oogonia

Few steppe elements
with arboreal

extra-regional pollen

Presence of pollen

♦ 6,799 Gramineuos steppe

Micrhystridium sp.,
Micrhystridium balmei

and  Spiniferites sp.
(scarce specimens)

Early Holocene ♦ 8,173

Se
di

m
en

ta
ry

 fa
ci

es
 

of
 m

ar
in

e 
or

ig
in

Facies “C” Tagelus plebeius
Halophyte steppe

Chenopodiaceae (67%)

Micrhystridium sp.,
Cymatiosphaera

polonica,
Cymatiosphaera sp.

Facies “B”
Ostrea spetra,

Brachidontes rodriguezi,
Tagelus plebeius

Facies “A” Presence of pollen
Micrhystridium sp. and
Cymatiosphaera sp.

Pleistocene/Holocene
transition

Palaeosoil (horizon A)
Halophyte steppe

Chenopodiaceae (64%)

LGM? Sandstone with bioturbation Sterile samples

1995, 1998; Grill, 1995, 1997, among others).

the palaeoclimatic inferences for the base of the upper

section of the estancia thomas Profile indicate adverse

conditions for pollen preservation but favourable for the de-

velopment of the previously mentioned nPMs (Glomus sp.

and Botryococcus sp.). Such conditions might correlate to

those inferred for the QS1 Site (little ice age?). towards the

top of the estancia thomas Profile, an establishment of

subhumid/dry conditions, reminiscent of today climate, is

inferred by the palynomorph assemblages.

CONCLUSIONS

the steppe communities recorded from the late Pleis-

tocene (lMG?) to present time confirm, as stated by Barreda

et al. (2007), that the argentinian flora of the studied geo-

logical lapse does not differ significantly from the modern

flora. the variations observed in the proportions of the

different pollen types and in the composition of the assem-

blages would be related to the movement of the atlantic

and Pacific anticyclones, to the variations of the west and

east winds, and to sea level fluctuations. 

For the late Pleistocene (lGM?), when the sea level

was lower than today, barren palynological samples illus-

trate adverse conditions for pollen preservation. these

were associated with environments of extreme aeolian

and arid conditions. the scarce populations of ostracods

and diatoms ratified such inferences.

During the late Pleistocene/Holocene transition, a brief

episode of climatic stability, associated with a pedogenetic

event, was inferred for the estancia thomas Profile se-

quence. the halophyte communities were similar to those

currently colonizing the mudflats of Bahía Blanca estuary

(200 km south the study area). this type of vegetal cover

remained in the area approximately until the Middle



Holocene. For this area, the sedimentology, malacofauna

and microfossils (acritarchs, marine palaeomicroplankton,

ostracods and diatoms) evidenced a sea level rise during the

early Holocene (8,173 cal. yr B.P.). Some nPMs indicated

brief arid pulses in a regional context of semiarid conditions.

this transgressive event ended with the establishment of

a brackish lacustrine body towards the Middle Holocene.

Between ~6,799 cal. yr BP and 5,603 cal. yr BP, the pollen

assemblages, nPMs, ostracods and diatoms showed sig-

nificant variability, thus evidencing an alternation between

humid and dry pulses.

During the late Holocene, ~1.000 yr. BP, it can be posited

that the lower basin of the Quequén Salado saw the settle-

ment of modern ecosystems (dunes and interdunes), with

the sea and the river resembling their current position. 

at the QS1 archaeological Site, two global climatic

changes, the Medieval Climatic optimum (823-690 cal. yr

BP) and the little ice age (389 cal. yr BP), were inferred on

the basis of pollen and faunistic remains. 
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