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Estuarine deposits of the Holocene transgression were studied in the Bahia Blanca estuary
(38"50'S and 62"15'W, Argentine Republic). They were called respectively Holocene Clastic
Shelly Beach Ridges and Holocene Pelitic Deposits; the second group was subdivided in Lagoon
Deposits and Tidal Flat Deposits. These names indicate geochronological and paleoecologic dis
tinctions.
At least five major episodes of high wave-energy were found. which built the Holocene Clastic
Shelly Beach Ridges, and were named Transgressive Stages (T.S. I to V). Their respective l4e
ages, with Probable Geological Age (PGA ~ the minimum 14C age) are: TS-l: 5990; TS-II: 5470;
TS-III: 5100; TS-IV: 4470; TS-V: 3560 BP.
The TS·I represents the maximum Holocene Transgression in the inner estuary. The younger
TS (TS·II to TS-V) indicate later high wave·energy episodes, which would appear to be condi·
tioned by culminations of the Progression of the Lunar Perigee Cycle.
The Lagoon Deposits associated with the maximum transgressive episode would indica~e semi·
arid conditions, comparable to the present climate in the area. The Tidal Flat DepOSIts were
developed at different stages of lo~ wave·eneflY in t~~ i~~er.estuary, d.uring eac~ r~gressive

episode. In these Tidal Flat Deposlts, the 180/ 0 and C/ e Isotope ratIOs would IndIcate the
occurrence of the Hypsithermal conditions about 6000BP, which ended about 5300/5200 years
Before Present.

ADDITIONAL INDEX WORDS Argentine Republic; 14C; 13C/12C; eustasy; Holocene; hypsit
hermal; 180/160; progression of the lunar perigee; stable isotopes.

INTRODUCTION

Some evidence of the Holocene transgression
and the subsequent regression in the Bahia
Blanca estuary (38°50'S and 62°15'W, Figure
1), are presented. This work was performed as
part of a larger project named "Geochronology
of the Late Pleistocene and Holocene Paleocli
mate and Paleoeustasy in the Middle Latitudes
of the Argentine Republic". This project is car
ried out by INGElS and other research insti
tutions, with the financial support of the Con
sejo Nacional de Investigaciones Cientificas y
Tecnicas (CONICET). The isotope analyses (l4C,
'3C/ '2C and 180/160) were made in the INGElS
laboratories.

Concerning the terminology that is used in
this paper, the traditional stratigraphic names
for the Argentine Quaternary deposits, such as
Querandinense, Querandino, Platense (or Post-

87032 received 10 August 1987; accepted in revision 9 March 1988.

pampeano), employed by most researchers since
the last century to identify the postglacial
transgressive and regressive deposits of the
coastal areas were applied with many different
criteria to designate genetic, lithologic and
chronologically different deposits. Thus, fol
lowing HEDBERG (1980, p. 10), in the present
work a chronostratigraphic division is
attempted. This terminology also includes a
geomorphologic and sedimentological charac
terization.

Besides the temporal classification of these
deposits, this terminology provides a quick
paleoecologic distinction and an easy field loca
tion, because, at least for the locality in ques
tion, the middle Holocene morphological fea
tures have not changed up to the present. In
this way, the postglacial deposits of the Bahia
Blanca estuary were named:

(a) Holocene Clastic-Shelly Beach Ridges
(b) Holocene Pelitic Deposits_
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In both names, the term Holocene has an
exact chronological significance. In the first for
mation, the term "Clastic-Shelly" has a sedi
mentological and environmental implication,
and indicates a relatively high depositional
energy in the higher part of the normal inter
tidal zone. The term "Beach Ridges" has envi
ronmental significance, and clearly indicate
deposits exceptional tides and storms reaching
above the normal spring-tide ranges.

In the second case, the term "Pelitic Deposits"
also has a sedimentological sense with environ
mental connotations, and indicates estuarine
deposits formed in episodes oflow wave-energy.
They were further divided into "Lagoonal" and
"Tidal-Flat Deposits," both of them with precise
and clear environmental significance.

DATES

Holocene Clastic-Shelly Beach Ridges

These deposits were widely used for building
purposes since the last century, and at present
the shelly material is rather scarse.

Location: At the north and northeast mar
gin, in the innermost estuary, near of General
D. Cerri village, the oldest and highest deposits
form a spit composed of at least six beach ridges
up to 10 meters above sea level (GONZALEZ et
al., 1983a). From General D. Cerri to lng. White
harbor (middle part of the estuary) some
younger beach ridges topographically delineate
a Late Pleistocene fan delta (GONZALEZ,
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1984), and also built up to about the 10 meter
level curve.

Description: (a) Lithology: They are com
posed by clastic sediments and varied amounts
of entire or fragmented mollusk shells. The
clastic material ranges between middle to
coarse sand, with subordinate small to middle
sized pebbles, and isola ted layers of coarse
gravel. These materials are cross-bedded, with
slopes of approximately 5° to 15° seawards, in a
typical fore-shore facies.

The gravelly beds are dominated by clasts of
tosca (local name for the carbonate crusts, cal
iche, or calcrete) from the eroded Plio-Pleisto
cene continental loess and loess-like deposits
forming the northern and northeastern margin
of the estuary (GONZALEZ, 1984). There are
also subordinate Paleozoic quartzitic clasts,
brought by the Sauce Chico and Naposta
Grande rivers from the Sierras Australes of the
Buenos Aires province. Isolated, scarse por
phyric clasts have been brought in by littoral
drift from the open coast areas of southern
Patagonia.

(b) Biologic Elements: Marine and estuarine
mollusk shells are very common in these depos
its. The abundance of Brachydontes rodriguezi
(d'Orbigny) was favored by a well cemented
substratum (fan delta tentatively correlated
with the Sangamon Interglacial; GONZALEZ,
1984), on which those Mytilidae could easily
obtain a holdfast. Thus, in the localities where
the beach ridges are directly overlying this
hard substratum near the Ingeniero White har
bor (see Figures 2 and 4), most of these B. rod
riguezi shells are entire, and often articulated,
indicating little transport after death. In con
trast, in the inner estuary, here there is not
hard substratum, and during the successive
episodes of greater littoral drift, the B. rodri
guezi shells become progressively more frag
mented. In the inner estuary (Figures 2 and 3),
the smallest fragments of shells are also of B.
rodriguezi, because of the greater transport dis
tance from their original sessile habitat.

In the coarse clastic levels that were formed
:luring the greatest wave-energy episodes
storms, principally), are found the larger mol
.usk shells such as Zidona angulata Swaison
md Adelomedon Dall (both are big gastropods)
;ogether with some fragments of large colonies
If Bryozoa.

Other abundant mollusk species of various
habitats are mixed up in the beach ridges,
including: Buccinanops deformis (King), B. gra
datum (Deshayes), B. globulosum (Kiener), and
B. cochlidium (Chemnitz); also, Pitar rostrata
(Koch), Olivella tehuelchana (d'Orbigny), Oli
vancillaria brasiliana (Chemnitz), and many
others. They were described by IHERING
(1907, 1909); FRENGUELLI (1931); and
recently, by FARINATTI (1978). The genus
Buccinanops d'Orbigny is a Mytilidae predator
and its shells are abundant wherever B. rodri
guezi appear.

(c) Stratigraphic Relations: Near Ingeniero
White harbor (Figures 2 and 4), the Holocene
Clastic-Shelly Beach Ridges are discordant over
cemented deposits of the fan delta tentatively
correlated with the Sangamon Interglacial
(GONZALEZ, 1984; GONZALEZ et al., 1986).
In the inner estuary, near General D. Cerri vil
lage (Figures 2 and 3), the beach ridges rest dis
cordantly over older lagoon deposits in a typical
transgressive sequence. In the innermost part
of the estuary (Salitral de la Vidriera and
Estancia Dos Susanas, some kilometers inland
to the south west of General D. CerriJ, the beach
ridges are overlying undifferentiated Cenozoic
continental silts (loess and loess-like deposits,
with carbonate crusts).

Over these beach ridges, generally there are
no younger sediments, and the modern soils are
developed on them. Only in Estancia Dos
Susanas and the neighbouring areas, the beach
ridges are covered by middle Holocene and
younger eolian deposits (dunes coming from
western semi-arid areas, brought by westerly
winds during Holocene arid episodes, such as
around 5300/5200 BP., according to GONZA
LEZ and WEILER, 1984).

(d) Genetic Conditions: The Holocene Clastic
Shelly Beach Ridges would indicate various
major high wave-energy episodes in the inner
estuary, which occurred during a regressive
episode when these geoforms could be built out
side the normal storm and spring-tide ranges.
Thus, the beach ridges are still preserved up till
today. The l4C ages and the field relations (Fig
ures 3, 4 and 5) let us recognize at least five
such episodes of high wave-energy conditions
for the building of beach ridges. These episodes
were named Transgressive Stages (TS) I, II, III,
IV and V (GONZALEZ et al., 1983b; GONZA
LEZ and WEILER, 1983). The expression

Journal of Coastal Research, Vol. 5, No.1, 1989
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Fi9ure 2: Detail of the postglacial <;jeoforms in the northern marllin of the Bahia Blanco estuary
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Figure 2. Detail of the Holocene geoforms in the northern margin of the Bahia Blanca estuary.
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"Transgressive Stage" is used on account of
their basal relations; each beach ridge appears
in a discordant relationship over previous
:leposits such as lagoon facies; but it does not
Ilecessarily mean that these Transgressive
3tages indicate transgressions of thermoeus
,atic, tectonoeustatic or other origin.

GONZALEZ and WEILER (1983) postulate
hat these beach ridges and those present in the
leighbouring Colorado river delta, seem to be a
esponse to two main factors: first, most impor
ant are the solar activity peaks identified by
ISCOE (1978), which conditioned the major
[olocene transgressions (thermoeustatic
'ansgressions), represented by TS-I (probable
?ological age ca. 5990 :+: 115 BP). The second-

factor seems to be the Progression of the Lunar
Perigee Cycle, causing unusual tide episodes
during the maximum Moon-Earth proximity,
along with the regressive episode, They are
represented by the other TS, younger than
TS-I. Concerning this factor, following a
suggestion by Dr. R. W. Fairbridge, GON
ZALEZ and WEILER (1983) found a possi
ble rhythmicity close to 500 years for the
beach ridges built from 7000 BP to 400 BP,
in Bahia Blanca estuary and the Colorado
river delta (see Figure 6L

(e) Geochronology: The 14C age dating was
performed in the INGElS laboratory, according
to the methodology described by ALBERO et aI,
(1980). Analytical data and all the HC ages for

Journal of Coastal Research. Vol. 5. No. I, 1989
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Holocene Pelitic Deposits

Younger TS ha ve the following PGA:

These younger TS deposits would correspond
to high wave-energy episodes and could be
related to the culmination of the Progression
of the Lunar Perigee Cycle, as indicated in the
previous section (Genetic Conditions).

All the clay, mud-clay and sandy-clay depos
its are as much transgresive (Lagoons) as they
are regressive (Tidal Flats). They were depos
ited in the estuary since the maximum devel
opment of the Holocene Transgression. On the
one hand, lagoonal sediments developed inland
of the respective beach ridge belt formed during
each Transgressi ve Stage. On the other hand,

5470 ± 100BP
5100 ± 100 BP
4470 ± 90 BP
3560 ± 100 BP

TS-II:
TS-III:
TS-IV:
TS-V:

each of the five Transgressive Stage deposits,
are presented in Tables 1 and 2.

As GONZALEZ et al. (1982, 1983a) pointed
out, it is very difficult to obtain a representa
tive i1C age for the building time of a high
wave-energy deposit such as these beach ridges.
The mixture of clastic and biogenic material of
very different habitat such as, for example,
Pitar rostrata (koch), Brachydontes rodriguezi
(d'Orbignyl and Tagelus Gray, and probably
different true ages, are deposited altogether.
Thus, GONZALEZ et af. (1983a) defined the
probable geological age (PGAJ criterium, as the
minimum HC age obtained for a high wave
energy deposit. This PGA is the closest age to
the building episode of each deposit.

Therefore, the i4C ages presented in this work
for each Transgressive Stage, are considered as
PGA. Thus, the PGA for TS-I is 5990 ± 115 BP
which corresponds to the maximum postglacial
transgressive episode, represented by the
inland beach ridge.

,Journal of Coastal Research. Vol. 5. No. I. 19R9
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there are tidal flat deposits that are younger
than each minor TS, and, particularly, younger
than TS-V (PGA: 3560 ± 100 BP).

Lagoonal Deposits: (1) Location: These
deposits are well developed in the inner estu
ary, near General D. Cerri village (Figures 1
and 2), from near 10 meters above sea level to
minor height, with more than 2.5 meters thick
(Figure 3).

(2) Description: (a) Lithology: The Lagoonal
Deposits are essentially dark-brownish clays
(wet samples) to rosy brownish clays (dry sam
ples). They have high plasticity and are
interbedded with fine eolian sands, in this lay
ers without bioturbation. There are frequently
little biogenic cylindrical bore-holes (worms?)
lined by thin organic clay films, which are pos
sible evidence of poor edaphic development
such as found at present. Near the local creek
outlets, are found gravel lenses with tosca (cal
iche or calcrete) pebbles.

(b) Biological Contents: The Lagoonal Depos
its contain fragments of the estuarine genus
Tagelus Gray, and a few shells of Littoridina
australis (d'Orbigny), but calcareous microfos-

sils such as ostracods and foraminifers have not
yet been found (Dr. E. Musacchio, personal
comm,J.

(c) Stratigraphic Relations: Figures 3, 4 and
5 show some stratigraphic cross sections of dif
ferent sites along the north and northeast mar
gin of the estuary (their geographic location is
shown in Figure 2).

The Oldest Lagoonal Deposits were found dis
cordantly over Late Pleistocene transgressive
sediments of the Sangamon Interglacial, and
Mid-Wisconsin Interstadial transgressive
deposits (GONZALEZ, 1984; GONZALEZ et al.,
1986). Generally, they are covered with an ero
sional discordance by the Holocene Clastic
Shelly Beach Ridges of all the above-mentioned
Transgressive Stages (see Figures 3, 4 and 5).
Inland of the TS-I and TS-III (see Figure 3), and
also TS-V (see Figure 4) beach ridges, the mod
ern soil is developed over these lagoonal sedi
ments.

(d) Genetic conditions: The name indicates
their lagoonal origin. They were developed
simultaneously with the building of the beach
ridges of each Transgressive Stage. At least, for
each lagoon associated with the TS-I, II and III

Journal of Coastal Research, Vol. 5, No.1, 1989
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Fioure 6· Progression Lunar Perigee cycle and sidereal ages of transgressive and regressive features in

Bahia Blanco and Colorado fiver delta (After Gonzalez and Weller,~983)
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(PGA: 5990 ± 115 BP; 5470 ± 100 BP and 5100
± 100 BP, respectively) the lack of calcareous
microfossils and bioturbation, the scarcity of
mollusk shells, and the presence of interbedded
eolian sands, probably indicate short recurrent
episodes of water cover with brief periods of des
sication, Despite the lack of dessication cracks
or similar structures, and also the lack of eva
poritic deposits, these lagoonal deposits seem to
be similar to the deposits described by BRINK
MANN (1964; pp, 113-114) for arid and semi
arid conditions. The lack of distinctive soil
development levels and organic matter such as
peat also indicates an arid or semi-arid climate,
not very different from the present climate
(mean annual precipitation of around 550 mm),

Tidal Flat Deposits: (1) Location: The
Tidal Flat Deposits are well developed between
the beach ridges of the TS-IV (PGA: 4470 ± 90
BP) and the tidal channels of the present estu
ary, and appear from the inner part (Gral. D,
Cerri, Figures 2 and 3), as far as their external
part,

(2) Description: (al Lithology: Clays of high

plasticity predominate. In the oldest (and high.
est) tidal flats, the color ranges from gray-dark.
ish at depth, to gray-greenish in upper levels,
and to rosy-brownish in shallowest levels. The
younger ones, but including also some high and
thus inactive tidal flats, have gray-darkish sed
iments, with abundant organic matter, In these
deposits, some discontinuity surfaces were
found, Over each of them, there is a size-dimin
ishing (fining-up) sedimentary sequence. From
a profile of 1.56 meters of tidal fiat deposits
about 6 meters above sea level (Figure 2; bridge
of the Bahia Blanca Circunvalation Way, over
the NaposUi Grande River), at least five discon
tinuity surfaces (see Figures 5 and 7) were
found, The fining-up sequences over each of
them generally begin with scattered fine
gravel, pebbles, sands, entire or fragmented
mollusk shells and, also "shell pavements", In
the two younger discontinuity surfaces there is
some paleosoil evidence (GONZALEZ et al.,
1983c).

(b) Biological Elements: The persistence and
continuity of brackish to marine waters sea·
ward from the beach ridges in the estuary,
favoured the biological development, They have

Journal of Coastal Research, Vol. 5. No. 1,1989
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Table WI. Analytical dates of the 14e ages presented in this paper.

Activity
Standard NBS Activity back Age Years

Sample N° Activity l4C% i)1"C Sample cpm 0/,. ground cpm i)13C Standard Before Present

AC-0311 32.67 ± 0.26 0.8 ± 0.3 57.06 ± 0.27 10.56 ± 0.09 -- 19.0 ± 0.2 5990 ± 115
AC-0312 31.46 ± 0.26 1.02 ± 0.3 57.53 ± 0.23 10.91 ± 0.10 - 19.0 ± 0.2 6600 ± 120
AC-0313 32.57 ± 0.30 2.30 ± 0.1 57.37 ± 0.22 10.57 ± 0.08 - 19.0 ± 0.2 6100 ± 120
AC-0314 32.18 ± 0.25 2.60 ± 0.2 57.53 ± 0.23 10.91 ± 0.10 - 19.0 ± 0.2 6350 ± 110
AC-0315 35.18 ± 0.27 2.10 ± 0.1 57.53 ± 0.23 10.91 ± 0.10 - 10.0 ± 0.2 5280 ± 105
AC-0316 35.68 ± 0.27 1.40 ± 0.2 57.53 ± 0.23 10.91 ± 0.10 - 19.0 ± 0.2 5100 ± 100
AC-0316bis 34.26 ± 0.38 3.10 ± 0.1 56.85 ± 0.12 10.38 ± 0.09 - 19.0 ± 0.2 5400 ± 140
AC-0317 34.61 ± 0.27 1.60 ± 0.1 57.53 ± 0.23 10.91 ± 0.10 - 19.0 ± 0.2 5460 ± 105
AC-0337 38.40 ± 0.30 3.00 ± 0.4 57.18 ± 0.23 10.80 ± 0.10 - 19.0 ± 0.2 4220 ± 100
AC-0338 33.69 ± 0.34 1.90 ± 0.3 56.85 ± 0.12 10.38 ± 0.09 - 19.0 ± 0.2 5580 ± 130
AC-0348 39.02 ± 0.28 1.70 ± 0.3 56.85 ± 0.12 10.38 ± 0.09 - 19.0 ± 0.2 3920 ± 90
AC-0349 37.14 ± 0.27 1.00 ± 0.1 57.32 ± 0.17 9.96 ± 0.07 - 18.4 ± 0.2 4470 ± 90
AC-0350 36.92 ± 0.33 3.00 ± 0.3 57.32 ± 0.17 9.96 ± 0.07 - 18.4 ± 0.2 4520 ± 110
AC-0380 33.67 ± 0.26 1.80 ± 0.2 56.58 ± 0.24 9.57 ± 0.10 - 20.0 ± 0.2 5420 ± 110
AC-0381 33.34 ± 0.26 3.00 ± 0.1 57.32 ± 0.17 9.96 ± 0.07 - 18.4 ± 0.2 5720 ± 100
AC-0382 32.21 ± 0.26 1.20 ± 0.4 56.93 ± 0.21 9.77 ± 0.09 -17.6±0.2 6000 ± 110
AC-0383 33.35 ± 0.27 1.30 ± 0.2 58.94 ± 0.10 10.85 ± 0.09 - 19.0 ± 0.2 6130 ± 110
AC-0384 35.33 ± 0.27 2.60 ± 0.2 58.94 ± 0.10 10.85 ± 0.09 - 19.0 ± 0.2 5470 ± 110
AC-0386 40.06 ± 0.33 1.10 ± 0.2 56.93 ± 0.21 9.77 ± 0.09 - 17.6 ± 0.2 3570 ± 100
AC-0387 39.01 ± 0.28 1.90 ± 0.1 57.32 ± 0.17 9.96 ± 0.07 - 18.4 ± 0.2 3950 ± 90
AC-0388 36.00 ± 0.27 2.00 ± 0.3 57.93 ± 0.24 10.07 ± 0.10 - 18.6 ± 0.2 4950 ± 100
AC-0389 36.94 ± 0.27 1.70 ± 0.2 57.93 ± 0.24 10.07 ± 0.10 - 18.6 ± 0.2 4660 ± 100
AC-0390 32.55 ± 0.34 1.53 ± 0.2 58.94 ± 0.10 10.85 ± 0.09 - 19.0 ± 0.2 6420 ± 135
AC-0391 33.78 ± 0.26 3.14 ± 0.2 58.94 ± 0.10 10.85 ± 0.09 19.0 ± 0.2 6000 ± 105
AC-0511 38.92 ± 0.36 2.60 ± 0.2 56.58 ± 0.24 9.57 ± 0.10 - 20.0 ± 0.2 3850 ± 120
AC-0512 39.96 ± 0.28 2.40 ± 0.2 56.58 + 0.24 9.57 ± 0.10 - 20.0 ± 0.2 3560 ± 100
AC-0559 33.68 ± 0.27 3.30 ± 0.2 56.58 + 0.24 9.57 ± 0.10 - 20.0 ± 0.2 5440 ± 110

important calcareous microfossil assemblages
(foraminifera and ostracods).

Marino (in: GONZALEZ et al., 1983c),
employed these microfossil assemblages to
make a paleosalinity diagram for the Holocene
transgressive/regressive episode in the Bahia
Blanca estuary. They have abundant mollusk
shells and in two beds bearing Tagelus Gray
(Figure 7), they are articulated and in life posi
tion (see GONZALEZ et al., 1983c). Also, there
are some articulated shells of Pitar rostrata
(Koch), and shells of B uccinanops deformis
(King), B. cochlidium (Chemnitz), B. globu
losum (Kiener), Crepidula acculeata (Gmelin),
Brachydontes rodriguezi (d'Orbigny), and
Labiosa canaliculata (Say).

(c) Stratigraphic Relations: In the vicinity of
Ingeniero White and Galvan harbors (see Fig
ures 2, 5 and 7), these Tidal Flat Deposits cover
a wave-cut platform eroded about 6000 BP, over
Sangamon deposits (GONZALEZ, 1984; GON
ZALEZ et al., 1986). In the inner estuary, near
the Sauce Chico river, the Tidal Flat Deposits
are discordant over fine and medium grained
beds, composed of Paleozoic quartzite pebbles

brought by this river from Sierras Australes of
the Buenos Aires Province. Also, in other parts
of the inner estuary, these Tidal Flat Deposits
are overlying the Holocene Lagoonal Deposits
described above, that were exposed as a sub
stratum during each high wave-energy episode.

Over the Tidal Flat Deposits, there are thin
layers of eolian sandy silts, or a poorly devel
oped soil, with halophytic communities, such as
Sal icornia, A triplex, Scirpus, H eliotropium,
Sesevium, Limonium and Cressa genus (VER
ETTONI, 1961; PEREZ, 1979).

(d) Genetic Conditions: The name used char
acterizes these deposits genetically. In the
lower part of the 1.56 meters profile described
above, GONZALEZ et al. (1983b), using isotopic
methods on the carbonate mollusk shells of Lit
toridina australis (d'Orbigny), found a maxi
mum fresh water contribution to the estuarine
waters (minimum 13C/12C isotope ratios); these
waters could be allocthonous, brought from the
Sierras Australes by the Sauce Chico and
Naposta Grande Rivers. In the same mollusk
shells of this lower part the minimum 180/160
isotope ratios (Figure 7) seem to indicate the
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Table Ne 2. Ge%rms and Probable Geological Ages of each Transgressive Stage.

Sample location in each profile,
Sample N° Age <BPi and corresponding geoform

AC-0314 6350 c'c 110 u,,", }
AC-0312 6600 c'c 120 middle beach ridge I-fig. 3-

}
. AC-0313 6100 c'c 120 middle -Inland-

AC-0311 5990 c'c 115 lower
beach ridge 2-fig. 3-

AC-0390 6420 c'c 135 middle} beach ridge 3-fig. 3-
AC-0391 6000 c'c 105 middle

AC-0383 6130 c'c 110 m;ddl, }

}
AC-0384 5470 c'c 110 middle beach ridge 4-fig. 3-
AC-0381 5720 ± 100 lower
AC-0382 6000 ± 110 lower
AC-0338 5580 c'c 130 lower- tidal flat -fig. 5-

AC-0317 5460 ± 105 upper

} }
AC-0316bis 5400 ± 140 lower
AC-0315 5280 c'c 105 lower
AC-0380 5420 c'c 110 lower beach ridge 5-fig. 3-
AC-0559 5440 c'c 110 lower
AC-0316 5100 ± 100 lower

}
AC-0388 4950 c'c 100 middle}
AC-0389 4660 c'c 100 middle beach ridge I-fig. 4-
AC-0349 4470 ± 90 middle}
AC-0350 4520 c'c 110 middle beach ridge 2-fig. 4-

AC-0386 3570 c'c 100 lower }

}
AC-0387 3950 ± 90 lower beach ridge -fig. 5-
AC-0337 4220 + 100 m;ddl, }
AC-0348 3920 c'c 90 middle tidal flat -fig. 5-
AC-0511 3850 ± 120 middle
AC-0512 3560 c'c 100 middle

Transgressive Stages and
Probable Geological Ages <BPI

TS-I = 5990 ± U5

TS-II = 5470 ± 100

TS-III = 5100 c'c 100

TS-IV = 4470 ± 90

TS-V = 3560 ± 100

maximum Holocene temperature episode in the
marine water. The authors correlated these iso
topic episodes with the Hypsithermal. In the
same profile, in a younger layer, but older than
the one with Tagelus shells in life position
(3850 ± 100 BP, see Figure 7), a maximum '"01
t"o and also a maximum "C/ 12C isotope ratios
was interpreted as the end of the Hypsithermal
climatic conditions (see Figure 7; see GONZA
LEZ et al., 1983c).

In the surrounding land areas, abundant
eolian sands form a continuous blanket, depos
ited around 5300/5200 BP. These eolian sands
seem to indicate an increase in the arid climatic
conditions, also coinciding with the end of the
Hypsithermal (GONZALEZ and WEILER,
1984; GONZALEZ, 1984).

The Tidal Flat Deposits younger than the bed
with Tagelus shells (3560 ± 100 BP, see Figure
7), and reaching the present-day tidal channels,
were formed during the youthful development
of the estuary, with some yet undated episodes

of relatively high wave-energy, as indicated by
the intercalated discontinuities.

DISCUSSION

From the above evidence, it seems that in the
Bahia Blanca estuary, the Holocene transgres
sion was not marked a single cycle of high sea
level and subsequent continuous drop to the
present sea level. On the contrary, several fac
tors were active in the estuarine facies and here
the sedimentary record shows many complica
tions that permit different interpretations.

In earlier publications many episodes of high
wave-energy were recognized which built the
Holocene Clastic-Shelly Beach Ridges, reach
ing above the normal spring-tidal levels (Trans
gressive Stages, TS 1-Vl.

There is an abundant bibliography concern
ing to relative Holocene sea level oscillations
(FAIRBRIDGE, 1976; FAIRBRIDGE and HIL
LARE MARCEL, 1977; van de PLASCHE, 1982;
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Figure 7. Stable isotope ratios in the Holocene tidal-flats (see A in Figure 51. The sharp decrease in ~180 and ~I:JC values was
interpreted as Hypsithermal signal. The consecutive isotope points across each observed discordance in the deposits, were con
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MORNER, 1976; COLQUHOUN et al., 1981).
All indicated evidences of a probable rhythm of
400-500 years in the sea level oscillations. Spe
cifically it was pointed out the particular impor
tance of the relative high sea levels that
occurred around 4700-4300 BP. and 3800-3500
BP. (COLQUHOUN et al., 1981; COLQU
HOUN, written comm.J.

Likewise in South Carolina (U.S.A.), MOS
LOW and COLQUHOUN (1981) found a still
stand or slowly dropping sea level that occurred
about 4000-3500 BP. The development of tidal
fiats in the Bahia Blanca estuary and neigh
bouring areas (Colorado River delta; WEILER,
1983; GONZALEZ and WEILER, 1983) around

3850 ± 100 BP. and the lack of high wave
energy deposits (beach ridges) at these times,
would indicate an episode of reduced wave
energy that would correspond with the still
stand or slowly dropping sea level at this time.

Finally, and also in coincidence with other
observations of COLQUHOUN et al_ (1981), the
Holocene high wave-energy deposits in the
Bahia Blanca estuary, have shown a probable
rhythmicity close to 500 years, and the respec
tive ages (PGA) of these deposits have some
coincidence with the successive culminations of
the Progression of the Lunar Perigee Cycle, as
was indicated by GONZALEZ and WEILER
(1983).
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CONCLUSIONS

The following conclusions may be expressed:
(1) The maximum Holocene transgression in

the Bahia Blanca estuary occurred at an age
younger than 5990 ± 115 BP. This episode is
represented by the beach ridges of the Trans
gressive Stage I, with a probable geological age
(PGA) of 5990 ± 115 BP.

(2) This maximum transgressive episode coin
cided with a local climatic amelioration, corre
lated with the Hypsithermal episode. At this
time, the Bahia Blanca estuary received the
maximum fresh water input, as is indicated by
the minimum 13C/12C isotope ratios in the car
bonate of mollusk shells. These fresh waters
were probably was brought down from the Sier
ras Australes of the Buenos Aires Province by
the Sauce Chico and the Naposta Grande Riv
ers. Also, at this same time the estuarine
waters reached their maximum Holocene tem
perature, as is indicated by the minimum 180/
160 isotope ratios in the same shell carbonates.

(3) In spite of the fact that the Hypsithermal
is isotopically well defined with the estuarine
sediments being influenced by marine waters,
this climatic warming seems to have only been
accompanied by some precipitation in the
neighhouring inland area, but not more than
the present. This interpretation may be
inferred from the arid or semi-arid environmen
tal characteristics of the lagoonal deposits asso
ciated with the maximum transgressive epi
sode. Likewise, the only good Hypsithermal
(6000 BP; BUSCHIAZZO and PEINEMANN,
1983) soil development in the surrounding land
areas occurred in the lower fluvial terraces
under the influence of river waters.

(4) During the development of the Holocene
transgressive-regressive cycle, there were at
least five episodes with exceptional high wave
energy, which built beach ridges in the inner
parts of the estuary. These five episodes are
named Transgressive Stages (TS) I to V, and the
respective 14C ages of them, with probable geo
logical age (PGA) character, are:

TS-V:

TS-IV: 4470 ± 90 BP (after Holocene
Transgression)
3560 ± 100 BP (after
Holocene Transgression)

(5) The deposits that in this locality represent
high wave-energy episodes, at least according
to the present researches, seem to indicate a
rhythmicity of around 500 years. This rhyth
micity would support the idea of the Progres
sion of the Lunar Perigee Cycle (close to 556
years) in explaining the origin of the local high
wave-energy deposits, as was suggested by R.
W. Fairbridge (written comm.).

(6) There is evidence of a relative still-stand
of sea level (or somewhat slowly dropping sea
level) nearly 3850 ± 100 Before Present.
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