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Introduction
Foraminifers are organisms that, because of their widespread geo-
graphic distribution and specific environmental requirements, are 
used as paleoecological bioindicators of marine environments. 
Several ecological studies of benthic foraminifera have been car-
ried out to explain the patterns of distribution and dynamics of 
communities (Murray, 2001). They are also used to provide data 
to establish proxy relationships with selected factors. At any one 
time, the factor or factors close to the threshold of tolerance for 
any given species are those that will limit its local distribution. 
Benthic foraminifera have the potential to operate as proxies of 
environmental factors; this involves co-variation between either 
the abundance of an organism or the composition of an assem-
blage of organisms and a given environmental parameter (Mur-
ray, 2001). Therefore, these microfossils are potentially excellent 
paleoenvironmental proxies, especially to detect variations which 
occurred in the marine environment because of sea level changes 
during the Holocene (Berkeley et al., 2007; Schnack et al., 2005). 
Different environments characterized by a certain parameter 
could be revealed through foraminifers. Some pioneering 
researchers have used benthic foraminifera as indicators of oce-
anic circulation (Armstrong and Brasier, 2008; Boltovskoy, 1976, 
1981; Boltovskoy et al., 1980; Kahn and Watanabe, 1980), 
whereas others have used them to determine paleoxygenation lev-
els (Bernasconi and Cusminsky, 2009; Bernasconi et al., 2009; 
Kaiho, 1994, 1999). Earlier observations indicated the influence 

of the sediment on the distribution of foraminifera (Boltovskoy, 
1963). Then, the probable incidence of other parameters such as 
temperature, salinity, depth, organic matter was analyzed by sev-
eral authors (Alperin et al., 2008, 2011; Bernasconi and Cusmin-
sky, 2005; Bernhard, 1986; Boltovskoy, 1965; Boltovskoy et al., 
1991; Corliss and Chen, 1988; Gary et al., 1989; Loubere, 1997; 
Yanko et al., 1998). Hayward et al. (1996) considered that the 
mud content was one of the factors that most affects the distribu-
tion of recent foraminifers. Murray (1991) and Hayward et al. 
(2002) analyzed the distribution patterns of benthic foraminifera 
and suggested that the most important parameter was the  
substrate grain size which is related to the depth and the type of 
sediments.
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Numerous researches on foraminifers were carried out in the 
Atlantic coast of South America. In Argentina, Boltovskoy stud-
ied the foraminifera fauna both from restricted areas such as San 
Jorge Gulf and San Blas Bay (Boltovskoy, 1954a, 1954b), and 
from estuary environments like Río de La Plata estuary (Boltovs-
koy, 1957), and also described the most important species and 
assemblages of foraminifers in coastal areas of Argentina 
(Boltovskoy et al., 1980). Other studies have recorded foramini-
fers near the area studied in the present work (Colorado basin) 
and documented paleoecological and paleoenvironmental infer-
ences (Alperin et al., 2008, 2011; Becker and Bertels, 1980; Ber-
nasconi, 2006; Bernasconi and Cusminsky, 2005; Bernasconi et 
al., 2009; Calvo Marcilese et al., 2011; Calvo Marcilese and Pra-
tolongo, 2009; Caramés and Malumián, 2000; Cusminsky et al., 
2006, 2009; Ferrero, 2006, 2009; Laprida, 1998; Laprida and 
Bertels-Psotka, 2003; Laprida et al., 2007, 2011; Malumián and 
Náñez, 1996).

Sedimentological aspects of the core T1, which is located in 
the submarine Colorado Basin were analyzed by Gelós and Chaar 
(1988). They mentioned that the lower levels constituted by silty 
clay sediments corresponded to a deposition in shallow waters of 
the littoral of marshes and ponds. Instead, the upper levels were 
characterized by sandy sediments suggesting a coastal littoral 
environment with tide regimens and coastal currents. In micropa-
leontological T1 core, two zones were recognized, one in the 
lower levels and other in upper levels. The first was represented 
by a dominance of Elphidium discoidale that is common in shal-
low waters and low values of diversity. However, the second zone 
was characterized mainly by Buccella peruviana f. campsi 
together with more high values of diversity which was interpreted 
as a marine condition (Bernasconi and Cusminsky, 2007).

E. discoidale in Argentinean coastal waters was recently reas-
signed as Elphidium aff. poeyanum in marginal marine and 
restricted environments (Calvo Marcilese, 2011; Calvo Marcilese 
et al., 2011, 2013). While B. peruviana f. campsi was considerate 
a stage in the develop of B. peruviana (Calvo Marcilese and 
Langer, 2012).

The purpose of this work was to analyze the relationship 
between the distributions of E. aff. poeyanum and B. peruviana 
with the type of sediments along the core. Paleoenvironmental 
implications such as sea level fluctuations which occurred during 
the early Holocene are described.

Environmental setting
General characteristics
The core T1 is located in the Colorado basin (40° 30′S and 60° 59′ 
05″W). This basin is placed in the SE coast of Buenos Aires prov-
ince (Argentina) and spreads toward the east on the submarine 
continental shelf. The area has a surface of 35,000-km2 inner 
coast and 95,000-km2 outer coast and maximum width of sedi-
ments of 7000 m (Urien and Zambrano, 1996). The Colorado 
basin constitutes a group of basins of Atlantic margin, which 
originated during the Upper Jurassic–early Cretaceous, associated 
with the opening of the South Atlantic ocean (Fryklund et al., 
1996).

The stratigraphical sequence belongs to a Permian basement, 
above of this, Fortín Formation (late Jurassic–early Cretaceous) 
was deposited, after in angular discordance Colorado Formation 
(early–late Cretaceous) was lying. The sequences continue with 
Pedro Luro Formation (deep marine environment) overlying in 
erosive discordance (Maastrichtian–Paleocene), and over it are 
two formations: the Ombucta (Eocene) and Elvira (deep marine 
environment except near of Bahía Blanca; Oligocene) Forma-
tions. Then, the Barranca Final Formation corresponding to the 
Oligocene–Pliocene is superposing in discordance according to a 
shallow to batial environment. The last is the Belén Formation, 

corresponding to the Pliocene–Quaternary characterized by not 
consolidated sediments and shale of marine environment (Cara-
més and Malumián, 2000; Fryklund et al., 1996).

Topography
The topography has a slow NW to SE gradient. The relief is very 
scarce or null up to a depth of 70 m; from there up to 140 m the 
topography presents few undulations. At greater depths up to the 
slope the irregularities are strongly marked (Cortelezzi and 
Mouzo, 1979; Gelós et al., 1988; Mouzo, 1982; Mouzo et al., 
1974; Figure 1).

Hydrography
The hydrology of this area is complex. This area is wide from the 
coast up to the isobaths 80–100 m and is related to the Argentinean 
Coast water system, called Patagonian current, and influenced by 
winds and currents in North direction (Cortelezzi and Mouzo, 
1979; Mouzo et al., 1974). This water mass has sub-Antarctic ori-
gin, its surface temperature varies between 9°C and 20°C, and its 
salinity presents a seasonal and latitudinal variation, between 33 
and 33.5 psu (Boltovskoy, 1981). Martos and Piccolo (1988) dif-
ferentiated two water mass domains on the shelf: a coastal or inner 
domain and an outer domain. The first one includes the littoral zone 
down to the isobaths of 40–50 m with vertically homogeneous 
waters. In this area, Guerrero and Piola (1997) and Lucas et al. 
(2005) recognized a first coastal water in El Rincón estuary with 
low salinity (S < 33.4 psu) formed by the discharge from the Negro 
and Colorado rivers and a second coastal water with high salinity 
(33.8–34.0 psu) located near the coast area east of El Rincón estu-
ary. The coastal area is bounded to the east by the coastal front 
(Guerrero, 1998; Guerrero and Piola, 1997; Lucas et al., 2005), 
which separates it from the continental waters of the shelf. Coastal 
circulation is from SSW to NNE. The outer domain lies between 
40–50 m and 100-m depth at the top of the continental slope. This 
domain is characterized by the Middle Shelf Water (S between 33.4 
and 33.6–33.7 psu), comprising the northwards-flowing Patagonian 
current (Guerrero and Piola, 1997). These waters are homogeneous 
in winter and stratified in summer. Surface waters have tempera-
tures and salinity typical of the de la Plata River (T° > 15°C; 
S < 33 psu) in the spring–summer months, flowing southwestward. 
In the autumn–winter months, the surface waters are cooler (T° 
mean 12°C) and the water column is vertically mixed by convec-
tion and influenced by the cold waters (<15°C) and has relatively 
low salinity (34.2 psu) from Malvinas current. The salinity values 
are typical of a continental shelf (Alperin et al., 2008, 2011; Martos 
and Piccolo, 1988). The water masses control zoogeographical dis-
tribution (Boltovskoy et al., 1980). A zoogeographic division of 
South America on the basis of foraminifera was presented by 
Boltovskoy (1976), who determinates four provinces: West Indian, 
Argentine, Chilean–Peruvian, and Panamanian. The Colorado 
basin is in Argentine province that is divided into two subprov-
inces, Nord Patagonic and South Patagonic. These subprovinces 
are mainly distinguished by two species of genus Elphidium (E. 
discoidale and E. macellum) that is common to the shallow shelf 
areas (Boltovskoy, 1981). The T1 core is located specifically in the 
Nord Patagonic subprovince placed between 32° and 42–43°  S, 
and the southern limit coincides with Valdez peninsula which is 
characterized fundamentally by E. aff. poeyanum. South from this 
area, in the South Patagonic subprovince, Elphidium macellum is 
characteristic.

Sediments
The sediment is texturally mature and compositionally homoge-
neous. It is well-selected and constituted by fine to very fine sand. 
The present distributive dynamics would be related to the shelf 
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currents with N and NE directions (Gelós et al., 1988). The sedi-
ments from deltaic and estuary deposits are re-transported by the 
littoral drift of semi-permanent currents along the coastline (Gelós 
et al., 1988). In this zone, the Colorado and Negro Rivers have a 
great influence because of their currents and suspended load 
capacity in the Holocene. The migration of the coastline toward 
the west and the invasion of the coastal flats occur during the 
transgressive stage. The current littoral morphology is dominated 
by destructive characters because of the influence of waves and 
tides, particularly in the delta of the Colorado River to the south 
of Bahía Blanca (Gelós et al., 1988).

Materials and methods
Samples
The T1 core, located at 40° 30′ S and 60° 59′ 05″ W, is 4.33-m 
long. It was extracted by the Puerto Deseado ship during the cam-
paign in 1984 by Argentine Institute of Oceanography, at a depth 
of 45 m below sea level (Bernasconi and Cusminsky, 2007; Figure 
1). From the base of the core up to 425 cm, there are fine and 
washed materials with a predominance of rest of shells, sand, and 
clayey sediment. Between 425 and 230 cm, a sequence of dark 
silty clay to gray-greenish clay with rest of shells is observed. 
Between 230 and 185 cm, the size of sediments increases from 
sandy silt to silty clay. From 185 cm up to the top of the core, 
sandy sediments are recognized. When wet, their color changed 
from light grayish to dark grayish, and they had rest of shells with 
intercalation of silty clay materials (Gelós and Chaar, 1988).

Radiocarbon dating (AMS) set the age of the sequence at 
10,027 ± 56 yr BP for the lower section (Level 385 cm – AA61785; 
9427 ± 56 cal. yr BP) and at 9514 ± 86 yr BP for the upper section 
(Level 85 cm – AA61786; 8914 ± 86 cal. yr BP; Bernasconi and 
Cusminsky, 2007).

Benthic foraminiferal and sedimentological analyses
The core was sampled approximately each 10 cm from bottom to 
the top. Thirty-one samples were washed through a 63 µm (Tyler 
Screen System N° 230). Systematic analysis of genera was based 
on Loeblich and Tappan (1992), for species was based on ade-
quate bibliography. Scanning electron microscope (Philips SEM 
515) pictures were taken at Centro Atómico Bariloche, Argentina. 
Quantitative values such as total abundance, relative abundance, 
and diversity index were determined (Bernasconi and Cusminsky, 
2007). The specimens collected are stored at the repository of the 
Museum of Natural Sciences and National University of La Plata 
(Buenos Aires, Argentina) under the initials MLP-Mi and num-
bers 1784–1795. Bulk sediment was applied to analyze the grain 
size. Sieve n° 30 and 10 were used to separate the different frac-
tions (gravel, sand, and silt).

Statistical analysis
In order to analyze joint variations of the two predominant spe-
cies, and the type of sediment, the ratios between percentages of 
E. aff. poeyanum and B. peruviana and percentages of silt and 
sand content were determined. Also, to determinate the relation-
ship between E. aff. poeyanum and B. peruviana with the sedi-
ment, the correlation between both ratios was calculated and 
expressed as the following correlation (percentage E.p./percent-
age B.p., percentage silt/percentage sand).

Based on these data, the relationship between both species and 
the type of sediments was analyzed. Non-parametric analyses 
were performed using Spearman’s rank correlation coefficient. 
These analyses order and convert the values of Xi and Yi to xi and 
yi ranks, di = rank of xi − rank of yi, and n = number of data. The 
Spearman coefficient is represented by the equation: Rs = 1 − 6(di)2/
(n(n2 − 1)).
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Figure 1.  Location map (bathymetry modified to Gelós et al., 1988).
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The high quantity of E. aff. poeyanum species allowed us to 
make an analysis of size frequency related to the sediment charac-
teristics. Fauna data consisted of 1500 specimens of E. aff. poeya-
num that were measured to document the frequency of sizes. On 
the other hand, in the case of B. peruviana, its abundance was 
very low to analyze frequency of sizes. The correlation between 
range sizes (Max value − Min value) with the sediment character-
istics expressed as the ratio of percentage silt and percentage sand 
of the population at every sampled level was carried out.

Results
The sediments were constituted by mud, sand, and gravel in dif-
ferent proportions. The percentage of mud (clay and silt) varied 
between 99% at 275 cm and 4.7% at 30 cm. The proportion of 
sand varied between 94% at 74 cm and 1% at 275 cm. The gravel 
content was scarcely distributed, varying between 0.1% at 370 cm 
and 40% at 30 cm. At 320, 290, 275, 245, and 230 cm, gravel was 
absent.

The most represented species were Elphidium aff. poeyanum 
and Buccella peruviana. E. aff. poeyanum was found in 26 levels. 

E. aff. poeyanum dominated in the lower levels, representing 
more than 55% of total abundance (Figure 2). Toward the top, the 
relative abundance of B. peruviana, and the diversity increased to 
the detriment of E. aff. poeyanum.

Thus, the ratio between E. aff. poeyanum and B. peruviana 
and the ratio between silt and sand presented values higher in the 
lower levels than in the upper levels, reflecting high percentages 
of E. aff. poeyanum and silt, respectively. Both ratios (percentage 
E.p./percentage B.p.) and (percentage silt/percentage sand) regis-
tered a positive correlation (Rs = 0.73; p = 0.0002). This correla-
tion showed tendencies that reflect a high abundance of E. aff. 
poeyanum in lower levels (400–275 cm) where the percentage of 
silt is higher than the rest of the core and a very low percentage of 
E. aff. poeyanum where the sand content is high (Figure 3).

The distributions of E. aff. poeyanum and B. peruviana along 
the core were heterogeneous; for this reason, the relationship 
between the percentage of both species and the type of sediment 
was analyzed. For this purpose, the nonparametric method of 
Spearman coefficient was applied. Spearman Rank correlations 
comparing sediment sample parameters at all levels indicated that 
E. aff. poeyanum was highly significantly correlated with silt 

Figure 2.  Elphidium aff. poeyanum (d’Orbigny); 1 – MLP-Mi 1784. 2 – MLP-Mi 1785. 3 – MLP-Mi 1786. 4 – MLP-Mi 1787. 5 – MLP-Mi 1788. 6 – 
MLP-Mi 1789. 7 – MLP-Mi 1790. 8 – MLP-Mi 1791. 9 – MLP-Mi 1792. 10 – MLP-Mi 1793. 11 – MLP-Mi 1794. 12 – MLP-Mi1795. Scale 100 µm (1, 
2, 4, 5, 6, 7, 8, 10, 12), 50 µm (3, 9, 11).



814	 The Holocene 25(5) 

content (Rs = 0.72, p = 0.00005). The correlation between E. aff. 
poeyanum and sand content was Rs = −0.69 (p = 0.00001), whereas 
that with gravel content was Rs = −0.52 (p = 0.0001). Spearman 
coefficient between B. peruviana and mud was Rs = −0.62 
(p = 0.0002), whereas that with sand content was Rs = 0.57 
(p = 0.0007) and that with gravel was Rs = 0.3 (p = 0.04). This 
showed that E. aff. poeyanum was positively correlated with silt 
content. E. aff. poeyanum showed a negative correlation with 
sand and gravel content. The opposite occurred with B. peruvi-
ana: its presence was positively associated with sand content and 

negatively associated with mud. The proportion of B. peruviana 
was not correlated with gravel.

With respect to the range of sizes of E. aff. poeyanum, a large 
amplitude was observed. The sizes varied from 100 to 800 µm. 
Larger ranges were recorded at 385 cm up to 320 cm, being the 
median value 400 µm (Figure 4). This distribution agrees with the 
highest percentage of mud, lowest of sand and gravel content. 
Total abundance values at these levels were highest as well. How-
ever, from 433 to 400 cm and 310 cm up to top of the core, the 
amplitude of the range was smaller and the median value was 
280 µm. At these levels, the range decreased, in agreement with 
an increase in sand and gravel content in relation with silt content. 
On the other hand, the correlation between range sizes (Max 
value − Min value) with the ratio (percentage silt/percentage 
sand) was Rs = 0.65 (p = 0.001), showing a positive significant 
correlation (Figure 5).

Discussion
In this study, two well-defined assemblages were shown, one of 
them dominated by E. aff. poeyanum and the other represented 
mainly by individuals of B. peruviana which were significantly 
related with different grain sizes of sediments along the core. The 
genus Elphidium is epifaunal on sand or vegetation, is typical of 
the inner shelf from 0 to 50 m of depth rarely batial and lives in 
temperate-warm waters. In addition, it exhibits wide salinity  
tolerance as eurihaline genus. This genus is found in brackish-
hypersaline bays, marshes, lagoons, estuaries, and inner shelf 
(Murray, 1991).

In particular, E. aff. poeyanum is very common in shallow 
shelf areas of the northern part of the littoral zone of the Argentine 
Province up to 41° S, typical of warm-water species (Boltovskoy, 
1965, 1970; Boltovskoy et al., 1980). This species dominates the 
North Patagonian subprovince (Boltovskoy, 1976, 1979; Boltovs-
koy and Totah, 1985; Boltovskoy et al., 1980). It has been found 
in littoral environments (Alperin et al., 2008; Bernasconi, 2006; 
Bernasconi and Cusminsky, 2005, 2007), and in hyposaline 
lagoons and estuaries and brackish environments, both as modern 
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and fossil sediments (Boltovskoy, 1976; Calvo Marcilese and Pra-
tolongo, 2009; Calvo Marcilese et al., 2011; Cusminsky et al., 
2006; Laprida et al., 2007, 2011; Márquez and Ferrero, 2011).

The genus Buccella is widely distributed in coastal waters of 
Argentina from 32–33°W to 57–58°S (Boltovskoy et al., 1980). 
Buccella is registered in inner shelf between 0 to 100 m and cold 
temperate waters (Murray, 1991). Buccella peruviana is the most 
common species that inhabits the Argentinean zoogeographic 
province (Boltovskoy, 1970, 1976; Boltovskoy et al., 1980; 
Theyer, 1966). This is found in marginal, marine, and restricted 
environments of Argentina, Brazil, and Uruguay (Bernasconi, 
2006; Boltovskoy, 1976; Boltovskoy and Lena, 1974; Boltovskoy 
et al., 1980; Calvo Marcilese et al., 2013; Cusminsky et al., 2006, 
2009; Ferrero, 2006; Márquez and Ferrero, 2011, among others). 
Buccella peruviana included the forms campsi and frigida which 
are different stages of the development of the same species.

The new information led to the determination of two 2-zone 
cores, T1-A which was divided into two subzones T1A-I, T1A-II, 
and T1-B (Figure 6). In the first, T1A-I was represented by a very 
low abundance of B. peruviana associated with sandy silty clay 
sediment. That was probably due to an increase in the energy by 
local issues. In T1A-II, E. aff. poeyanum dominated and higher 
range of size distributions were associated with silty clay  
sediments that reflect characteristics of shallow waters and low-
energy conditions. In contrast, toward the top of the core (T1-B), 
a gradual increase in the abundance of B. peruviana correlated 
with a gradual increase of sand and gravel sediment, and diversity 
values suggested an increase in the energy of environment. The 
passage from a shallow environment of low energy to normal 
marine conditions of higher energy points to a transition and 
change environment related with an increase in the sea level in the 
early Holocene.

All the above mentioned was revealed from benthic foramin-
ifera which can operate as proxies of environmental factors. This 
involves co-variation between either the abundance of an organ-
ism or the composition of an assemblage of organisms and a 
given environmental parameter (Murray, 2001, 2006). The type 
of sediment is considered a relevant parameter that influences the 
development and distribution of benthic foraminifera (Bernhard, 
1986; Boltovskoy, 1963, 1965; Hayward et al., 2002; Schmiedl 

et al., 1997; Severin, 1983; Yanko et al., 1998). Corliss and Chen 
(1988) evaluated epifaunal and infaunal patterns related to water 
mass distribution, grain size composition, and organic carbon 
content and related Elphidium spp. with silty sediments.  
In Argentina, B. peruviana in zones characterized by sand  
sediments was cited (Alperin et al., 2008, 2011). In another 
study, the distribution and size of Nonionella auris (d’Orbigny) 
were positively correlated with muddy sediment, suggesting 
more favorable conditions for its growth (Bernasconi and  
Cusminsky, 2005).

In reference to the association found in this research, E. aff. 
poeyanum together with B. peruviana is mentioned as character-
istic of shallow water species from intertidal estuarine environ-
ments with oligohaline to mesohaline conditions (Brock, 1999; 
Debenay and Guillou, 2002; Hayward and Hollis, 1994; Ishman 
et al., 1996; Poag, 1978; Sen Gupta, 2002). This association was 
cited in some different environments of the Argentinean conti-
nental shelf. For instance, a study carried out by Cusminsky et al. 
(2006) recognized in Bahía Blanca estuary a restricted shallow 
environment with variation of salinity contents and related higher 
abundance of E. aff. poeyanum with high silt content. In a 
research conducted by Calvo Marcilese et al. (2011, 2013), B. 
peruviana and E. aff. poeyanum showed different conditions dur-
ing the Holocene.

Boltovskoy and Totah (1985) cited B. peruviana and E. aff. 
poeyanum in coastal waters, and only B. peruviana in outer shelf 
recognized two water masses related with the variations of physi-
cal parameters. The prevalence of B. peruviana over E. aff. poey-
anum was interpreted by Bernasconi and Cusminsky (2005), 
Cusminsky et al. (2006), and Gómez et al. (2005) as an increase 
in the marine conditions. Also, Laprida et al. (2007) and Cusmin-
sky et al. (2009) related this foraminiferal assemblage with silty 
clay sediments and a low-energy fluvio-marine estuarine to near 
shore brackish environment. Ferrero (2009) reported assemblages 
constituted by E. discoidale (E. aff. poeyanum) and B. peruviana, 
between others, which suggested marginal marine environments 
in Mar Chiquita coastal lagoon (Buenos Aires province). Márquez 
and Ferrero (2011) cited marine influence in the early Holocene 
from Mar Chiquita lagoon related this change with a great silty 
sediments.
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Paleoenvironmental changes and 
sea level fluctuations during the 
early Holocene
The Holocene sea level in southeastern South America is based on 
fluctuations in the sea level position. In Argentina, until the sea 
level reached the current configuration, it was not uniform and had 
strong local components (Fucks et al., 2005; Laprida et al., 2007; 
Schnack et al., 2005). Depositional sequences in the Río de La 
Plata River and adjacent marine and coastal regions were depos-
ited in the context of a significant climate change from the end of 
the glacial epoch (Calvo Marcilese et al., 2011). A progressive sea 
level rise between 9750 and 8200 yr BP was recognized by Guil-
derson et al. (2000) from several cores located along the Argentine 
Continental shelf. Several authors have suggested that the sea level 
rise about 8000 yr BP and that at the age of 7000 yr BP might have 
been at the current level (Cavallotto et al., 2004; Violante and 
Parker, 2000, 2004; Violante et al., 2001). In coastal areas near the 
north of Argentina, the sea level presented a maximum ca. 6000 yr 
BP, when the shoreline was 5–12 m over the current level (Schnack 
et al., 2005). Márquez and Ferrero (2011) recognized the evolution 
of the environment related to sea level changes during the Holo-
cene of Mar Chiquita Lagoon.

Finally, our results corroborated and supported a paleoenvi-
ronmental change based on a rise of the sea level ca. 9634 yr BP.

Conclusion
In this study, a preferential distribution of foraminiferal fauna is 
significantly correlated with the type of sediment. At lower levels, 

E. aff. poeyanum abundance and its wider range of size distribu-
tion were related to the silty substrate more favorable for its 
growth and development. Toward to upper levels of the core, a 
gradual passage from a shallow and low energy environment to 
normal marine conditions.

The paleoecological analysis from the Colorado basin sug-
gests a Holocene evolution, in agreement with the regional trends, 
where deposits were accumulated during the early Holocene. The 
results obtained suggest that combined field data and model pre-
dictions are adequate to provide accurate reconstructions of the 
former sea level.
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