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Abstract

This work aims to describe the glaciomarine
sedimentation of the Bransfield Basin and to analyze the
behavior of the acoustic impedance in relation to
granulometric data to understand how they are related.
For this purpose, data from six cores from the Antarctic
expeditions OPERANTAR XXXIV and XXXV were carried
out aboard the Polar Admiral Maximiano Ship. The
samples were from 150 to 1400 cm in length and were
collected in the Bransfield Basin located in the South
Shetland Islands archipelago. The methodology consisted
of logging of the cores in Laboratory of Sedimentary and
Environmental Processes (LAPSA) of the Institute of
Geosciences of Fluminense Federal University using
Multi-sensor Core Logger (MSCL-S) of Geotek® Ltd. for
acoustic impedance measurements. In the proximal part,
the results indicate impedance values varying from
2151.98 g/cm3.m/s to 3358.11 g/cm3.m/s with average of
2466.33 g/cmi.m/s and a standard deviation of 310.34
g/lcmi.m/s. The sand content varied between 0% and
77.30%, with a mean of 12.55% and standard deviation of
21.37% The values of clay content ranged from 0% to
85.57%, with a mean of 73.32% and a standard deviation
of 20.55% Regarding the correlations, in the proximal
part, a correlation was found between the acoustic
impedance and the mean grain size (PHI) of R2=0.87.
R2=0.94 between impedance and sand and also silt.
Between impedance and clay, R2=0.82. In the most distal
portion from the Islands, acoustic impedance ranged from
1699.71 g/cm3.m/s to 2580.83 g/cm3.m/s, with a average
of 2125.63 g/ cm3.m/s and standard deviation of 169,81 g/
cm3.m/s In relation to PHI, the results indicate values

between 3.11% and 8.20% with a mean of 6.58% and a
standard deviation of 0.47%. Sand varied between 0%
and 35.17% with a average of 6.18% and a standard
deviation of 5.29%. Silt between 0% and 89.30%, and
average of 79.14% and a standard deviation of 13.23%.
Clay had a variation from 0% to 28.98%, an average of
12.25% and a standard deviation of 3.13%. In the distal
part, we obtained weak correlations among all observed
parameters.

Introduction

Approximately 98% of the Antarctic extent is covered by
ice (INGOLFSSON et al., 1998). How polar areas have
greater environmental sensitivity to climate change, the
study of the region's sedimentary evolution is important to
understanding the consequences of climate change
related environmental changes.

The acoustic impedance has been studied in several
environments because it provides information about the P
wave velocity, density and consequently the type of
sediment studied (Ayres, 1998). In addition, the PHI scale
provides important information about the mean grain size.
As sample are punctual and have several problems in the
acquisition step, it would be convenient to extract sizing
information from acoustic data.

Although there are studies correlating physical
parameters with particle size analysis in different
environments, no work correlates these parameters in
glacial environment analyzing proximal and distal regions.

Therefore, the objective of this work is to describe the
glaciomarine sedimentation of the Bransfield Basin in
distal and proximal environments (Figure 1) and to
analyze the behavior of the acoustic impedance with the
granulometric data to understand how they are related.
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Figure 1 — A. Study area map; B. Bathymetry of
Bransfield Bay.
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Method

The research was conducted in three main
stages:

1. Acquisition of 6 cores from the OPERANTAR
XXXIV and XXXV expeditions carried on board
the Polar Admiral Maximiano Ship, of the
Brazilian Navy. These samples were collected
on a transect from the South Shetland Islands
(ISS) towards the Antarctic Peninsula (PA). Their
sizes vary from 150 to 520 centimeters and were
collected through the Gravity Corer sampler at
depths ranging from 300 to 1400 meters;

2. The second stage consisted of the logging using
the Multi-sensor Core Logger (MSCL-S)
Geotek® Ltd. in the Laboratory of Sedimentary
and Environmental Processes (LAPSA) of the
Institute of Geosciences of Fluminense Federal
University for measurements of physical
properties. The properties used in this work is
acoustic impedance;

3. Granulometric analysis of the samples by
diffraction particle analyzer using the Mastersizer
2000 laser granulometer (Malvern Instruments);

4. Processing and statistical
interpretation of results using R?2 correlation
coefficient and analysis of their relations with
sedimentary processes.

Results

Closest to South Shetland Islands, the results indicate
acoustic impedance values varying from 2151.98
g/cm3.m/s to 3358.11 g/cm3.m/s. For PHI, values between
2.31 and 10.84 were found. Sand varied between 0% and
77.30%, silt between 0% and 87.57% and clay had a
variation from 0% to 25.28%.

In the most distal portion from the Islands, acoustic
impedance results ranged from 1699.71 g/cm3.m/s to
2580.83 g/cm3.m/s. In relation to PHI, the results indicate
values between 3.11 and 8.20. Sand varied between 0
and 35.17%, silt between 0% and 89.30% and clay had a
variation from 0% to 28.98% (Table 1).

Table 1 - Statistical summary of mean impedance
values, mean grain size (PHI), sand, silt and clay content.

PROXIMAL
Acoustic Mean
Sand  Silt Clay
Impedance Grain Size %) (%) (%)
(gfcm®.mis) (@)
Minimum 2151,98 2,31 0,00 0,00 0,00
Maximum 3358,11 10,84 77,30 87,57 2528
Average 2466,33 6,29 12,55 73,32 12,32
Stardard Deviation 310,34 1,42 21,37 20,55 4,54
DISTAL
Acoustic Mean .
P Sand  Silt Clay
Impedance Grain Size %) (%) (%)
(gfcm®.m/s) (@)
Minimum 169971 3,11 0,00 0,00 0,00
Maximum 2580,83 8,20 35,17 89,30 28,98
Average 2125,63 5,58 6,18 79,14 1225
Stardard Deviation 169,81 0,47 5,29 13,23 3,13

It is observed that in all the study area there is a
predominance of silt. However, the proximal region has a
higher sand content in relation to the distal (Figure 2).
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Figure 2 — Ternary diagram of the sand, silt and clay
contents of the proximal and distal portions.

Correlation graphs were plotted between the impedance
and the grain sizes, which demonstrated good correlation
in the region closest to the South Shetland Islands. The
acoustic impedance and PHI had a correlation index
R2=0.8 (Figure 3A). The impedance obtained correlation
R2=0.94 (Figure 3B) with sand also with silt (Figure 3C).
With clay, the correlation with impedance was R2=0.82
(Figure 3D).

The distal part presented weak or no correlation between
the parameters. The acoustic impedance and PHI,
R2=0.08 (Figure 3A). The impedance obtained correlation
R2 = 0.05 with sand (Figure 3B), R2=0.21 with silt (Figure
3C) and R2=0.37 with clay (Figure 3D).
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Figure 3 — Correlation graphs of proximal (red) and distal
(blue) regions. A. Acoustic impedance and PHI; B.
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Acoustic impedance and sand; C. Acoustic impedance
and slte; D. Acoustic impedance and clay.

Conclusions

The results obtained in this work show that there is a
good relation between the impedance, PHI and sand, silt
and clay contents in Antarctic marine sediments in the
region proximal to the South Shetland Islands. The sand
content is higher in this area than in the distal portion and
forms a predominantly silt-sandy sedimentation as
demonstrated by Fabrés et. al (2002) and Garcia et. al.
(2008). It is observed a clear trend of increase of the
impedance with the increase of the sand content. These
factors demonstrate that the proximal region is more
influenced by the sedimentary processes typical of the
continental environment.

In the region distal to the Islands, there is a weak
correlation between the analyzed parameters and the
predominance of silt-clayey sediments, showing that
sedimentation is more influenced by marine processes.
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