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Abstract. Sedimentation dynamics in the Cienfuegos Bay was investigated based on profiles and
inventories of 10Pbex, and ... Cs in cores collected at two sites. The age of sediment layers was
determined using the CRS model. Both cores show changes in sedimentation regime in the last 40
years. Since 1960-1965 sediment accumulation rates have doubled in both cells of the bay, from 0.2 to
0.4 g.cm-2.y- . This change was probably one of the factors that influenced the important
environmental modifications observed in the area.

1. INTRODUCTION

Cienfuegos Bay is a semiclosed bay with a surface area of 90 km 2and an average depth of 14
m, connected to the Caribbean Sea by a narrow channel about 3 km long (Fig. 1). The bay is
divided in two well-defined hydrographic cells, due to the presence of a submerged ridge
about 1 m below the water surface. The northern cell receives most of the anthropic impact
from the outfall of Cienfuegos City, industrial pole in the country, and the fluvial supply of
Damnuji and Salado rivers, draining agricultural areas. The southern cell receives a lower
anthropic impact from the Caonao and Arimao river inputs. Part of this southern cell is a
natural protected park, which represents a niche of migratory birds and marine species in
conservation status.

The bay represents the most important natural resource in the province, due to fishing
activities, maritime transport, tourism industry, and natural parks. In the last three decades,
deleterious ecological signes in the area have been observed. Declining of biodiversity in the
ecosystem, bethonic communities' movement, reduction of size and capture levels of
commercial marine species, erosion of coastline, could be associated with changes of the
sedimentation regime in the bay.

The natural radionuclide 210Pb and the anthropogenic 37Cs have been widely used as tools
studies of sedimentation regime on a time scale less than 100 years [1,2,3].

*Email: carlos~ceac.perla.infcu ; Fax: +53 43 28912.

312



.CCore South

CoeSut

Caribbean Sea
0 3km

FIG. . Location of Cienfuegos Bay and the sampling sites.

In the present study, 21 0Pbe, and ... Cs dating techniques were employed to estimate the recent
sedimentation rates in the Cienfuaegos Bay.

2. METHODS

Two sediment cores, (South and North, Fig. ) have been collected in 1999 using a gravity
corer. The core South was collected at a water depth of 19 mn, and the core North at a water
depth of 9 m. The length of the cores was 0.93 m. The cores were extruded and sliced
immediately in 1.5 cm intervals. Aliquots of 5g of each core sections were used for
complementary analyses like water content, porosity, calcium carbonate, granulometric and
mineralogic compositions. The remaining parts were dried at 60 C prior to radiometric
assay.

Subsamples of dried sediment from each section were sent to the Centro Ricerche Ambiente
Marino, ENEA, Italy, where they were analysed for 210Pb [4], 16Ra, and 137CS contents, by
gamma spectrometry using low background intrinsic germanium coaxial detector coupled
with multichannel analyser. The samples were placed in sealed containers and left for three
weeks before counting to ensure the stabilishment of 222RnI226Ra equilibrium. 210Pb was
determined via its gamma emissions at 46.5 keV, and 226Ra by the 295 key, 352 keV and 609
keV gamma rays emitted by its daughters 214Pb and 214Bi. 137C was measured by its
emissions at 662 keV. Efficiency calibration was performed using a Standard U-Ore
(CANMET) and QCY44 Certificated Solution (Amersham). NBS and IAEA Reference
Material were used to check the accuracy of the results. The reported uncertainty in the
measured activity was calculated from the random counting error at the one standard
deviation level.

Of the two simple models that can be used for calculating 210Pb dates, CIC (Constant Initial
Concentration) and the CRS (Constant Rate Supply), we have selected the second one, which
is more accurate, when the 210Pb vertical profile is irregular, as in our case [5].
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2 10Pb inventories were calculated by integrating from the surface to the deepest detectable
activity. Concentrations in missing intervals were linearly interpolated from adjacent
measured values.

3. RESULTS AND DISCUSSION

In Table and li the concentration of unsupported 2 10Pb and 13CS for the core South and core
North are presented, respectively.

The complementary analyses indicate that there is no evidence of significant variations in the
characteristics of the fluvial supply. The vertical distributions show homogeneous grain-size
and mineralogic composition.

Figure 2 shows the vertical profile of 2 0Pbe, and 13 7 CS in core South.

2 10Pbe, profile is irregular with non-monotonic variations in activity with depth. These
fluctuations indicate that the activity of the sediment reaching the seabed has varied with time.
This core shows two different trends: below about 30 cm depth the profile is quite regular,
with 210Pb activity declining monotonically. Above 30 cm strong irregularities are observed.
In this case, the CRS model is recommended for calculating 21~Pb dates [5,6]. The CRS model
indicated two layers with different sediment accumulation rates. The deeper part of the core is
characterised by a sediment accumulation rate of 0.26 g cm- Y1 ,' while, around 30 cm depth
and towards the surface, the rate increases to 0.42 g CM Y.

The vertical profile Of 1 7CS shows maximum values around 28 cm, corresponding to a CRS
date 1969 and to the discontinuity of the 210 Pb profile.

The major irregularities observed in the layers 10 - 15 cm and 22 - 27 cm might be related to
extreme meteorological events in the area: intense rainfall in June 1988 (1000 mm in 7 days),
that enhanced particle supply from the rivers, and the increased frequency of hurricanes in
1963-1966, that might have led to intense sediment re-suspension. Figure 3 shows the vertical
profile of 2 1&Pbx and 137CS in core North.

As for core South, there is a discontinuity in the 2 10Pb vertical profile at a depth of about 40
cm. Also in this case the CRS model indicated two layers with different sediment

-2 - -2 -1accumulation rates: 0.20 g cmn yl in the deep layer (up to the late fifties) and 0.46 g CM y
in the upper layer. In this case the vertical profile Of 3 7 CS shows a smeared peak
corresponding to CRS dates between 1945-1965.

The irregularities in the radionuclide profiles in the upper layer and the changes in
sedimentation regime in this area may be related to a combination of anthropic factors and the

above mentioned natural events. In fact, in the late fifties, the catchment area of the rivers
flowing into this part of the bay have been interested by intense de-forestation for agricultural
development.

An increase in sedimentation rates is visible in the two cores, documenting changes in the
sedimentation regime in the last four decade in the whole bay.
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Table 1. Cumulative sediment mass, water content (%), concentrations
of 210Pbx and ... Cs in sediment core South.

Deph iteralCumulative H011 b 3c
Deph iteralSediment mass H0 2 0 b

0 -1.5 0.16 79 99 ±6.1
1.5 -3 0.49 76 97+±9.0
3 -4.5 0.87 74 95 ±6.2 9.9 ±0.5

4.5 -6 1.28 73 92 ± 7.1 9.9 ± 0.5
6 -7.5 1.81 70 101 ±8.1 12.7 ±0.6

7.5 -9 2.21 69 89± 7.8 7.9± 0.4
9 - 10.5 2.74 68 67 ±6.3 7.8 ±0.4

10.5 - 12 3.28 65 68 ±4.8 11.3 ±0.6

12 - 12.5 3.87 64 67 ±6.0 12.0 ±0.6

12.5 -15 4.5 62 68± 5.4 11.5±0.6

15 - 16.5 5.18 59 70 ±6.4 10.7 ±0.5

16.5 -18 5.87 59 63 ±4.8 11.9 ±0.6

18 - 19.5 6.58 59 61 ±3.8 10.7 ±0.5

19.5 - 21 7.28 58 59 ±5.7 13.6 ±0.7

21 - 22.5 7.99 59 74 ±5.1 12.1 ±0.6

23.5 - 24.5 8.81 61 65± 3.9 10.7± 0.5

24.5 - 25.5 9.25 59 71 ± 4.9 11.5 ±0.6

25.5 - 26.5 9.7 57 66 ± 5.4 14.0 ±0.7

26.5 - 27.5 10.13 58 64 ± 5.1 12.3 ±0.6

27.5 - 28.5 10.59 58 61 ± 3.5 11.4 ±0.6

29.5 - 30.5 11.48 58 56 ± 3.4 9.2 ± 0.5
3 1.5 - 32.5 12.4 56 54 ± 4.1 9.4 ± 0.5

32.5 - 33.5 12.89 55 8.6 ± 0.4
34.5 - 36.5 14.02 57 7.3 ±A 0.4
36.5 - 37.5 14.52 55 6.7 ± 0.3
47 - 48.5 20.55 59 23 ± 2.3 2.2 ± 0.2
53 -54.5 24.22 58 15 ±1.6
56 -57.3 25.93 64 14 ± 1.2
57.3 - 59 26.78 60 0.3 ± 0.0
62 - 63.5 29.37 58 8 ± 0.8 0.1 ± 0.0
65 -66.5 31.11 58 NM
66.5 -68 31.99 59 7 ± 0.7 NMI
72.5 - 74 35.42 60 6 ± 0.5 NM
81.5 -83 40.81 58 3 ± 0.6 NM
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Table II. Cumulative sediment mass, water content (%), concentrations
of2 2 0Pbex and '37CS in sediment core North.

Cumulative
Depth Sediment H20 2 10Pbex 3c
(cm) mass ()(Bq.kg-1) (Bq.kg-1)

(g.cm2)
0 -1 0.25 86 30±4.0 3.7 ±0.5
4 -5.5 0.87 79 33+4.0 4+±0.5

5.5 -7 1.59 78 38± 5.0 3.4 ± 0.5
10 - 11.5 3.02 78 39± 7.0 3 ± 0.5
13 - 14.5 4.18 76 37 4.5 3.9 ± 0.6

14.5 - 16 4.92 78 36 ±4.3 5.8 ± 0.7
16 - 17.5 5.55 73 36 ±4.3 6.6 ± 0.8

17.5 - 19 6.5 73 25 ±3.0 4.4 ±- 0.7
19 - 20.5 7.22 72 4.1 0.6

20.5 -22 7.87 73 29 3.5 3 0.5
22 - 23.5 8.61 73 1.6 ± 0.3

23.5 - 25 9.23 75 22 ±2.7 1.1 ± 0.1
28 - 29.5 11.14 76 22 ±2.7 0.5 ± 0.1

29.5 -31 11.71 75 22 ±2.6 2.1 ± 0.2
32.4 - 34 12.89 73 22 ± 2.6 7.3 ± 0.9
34 -35.5 13.78 74 27 ± 3.3 9.4 ± 1.1
37 - 38.5 15.24 76 14.9 ± 0.9

41.5 - 42.5 17.03 77 33 ± 4.0 9.4 ± 1.1
45.5 -47 19.1 73 9.7± 1.2 15.7 ± 1.9

50 -51.5 21.47 76 13 ±1.5 15.3 ± 1.8
54.5 - 56 23.79 74 8.6 ±1.0 4.7 ± 0.6
57.5 - 59 25.3 73 7.8 ±1.0 3.1 ± 0.4

65 - 66.5 28.86 76 2.4 ±0.3 0.6 ± 0.1
72 - 73.5 31.58 75 0.82 ± 0.1 0.5 ± 0.1

85.5 - 87.5 3 7.78 76 0.38 ± 0.1 NM

4. CONCLUSIONS

A clear signal of change in sedimentation regime in the last 40 years has been identified from
the vertical radionuclide profiles in the two sediments cores.

Although the two cells of the bay are separated by a shoal and receive different particles
inputs from different sources, the change in sediment accumulation rates are strongly
correlated, and correspond to the same date (1960 - 1965).

2 1isamsdobeta

The recent sediment accumulation rates (0.40 - 0.45 g.cm .y)isamtdobeht
estimated for the period before 1960 (0.26 to 0.42 g.cm- y).Teecagsith
sedimentation processes are probably connected with concomitant changes in the land uses.

The increases in sediment accumulation rates might be one of the factors influencing the
observed important changes in biodiversity of the bay and the spatial migration of benthic
communities.

This work constitutes the first example of application in Cuba of the techniques that uses
21 0Pbex and ... Cs as "clocks for dating" the sedimentation processes.
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FIG. 2. Profies of110Pbex and 13 7CS in core South.
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