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ABSTRACT

A coastal area is an area that is very exposed to sea level changes for a long period, especially
during the Holocene. Three marine sediment cores (TRC 3 and TER16-GC13C) in the offshore area
were analysed for radiocarbon ('*C) and some geochemical elements (Na, Al, Ca, Fe, Li, Pb, Zn,
and Ba) in response to the terrigenous-and marine-originated sediment changes of in East Coast
Peninsula Malaysia (ECPM) during the Holocene epoch. Across three Holocene stages, geochemical
elements show a distinct temporal pattern. The average concentrations of the studied metals were
in decreasing order as follows: Al > Na > Ca > Fe > Pb > Zn > Li > Ba. Dominant terrigenous/
marine origin was captured by the ratio Ca/Al and Ca/Fe in the early Holocene/late Holocene. The
present study suggests that sea level transgression is the primary factor controlling the shifting of
terrigenous- and marine-originated sediments in the ECPM.
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INTRODUCTION there was a significant cooling trend caused by
alterations in ocean circulation resulting from glacial

The Holocene epoch is the geological melting and a large amount of freshwater entering

timescale period from 11,700 years ago to
the present, divided into early, mid, and late
Holocene'234, A gradual increase in sea level
after the Last Glacial Maximum marked the early
Holocene period®. In the mid-Holocene period,

the system. The late Holocene ranges from 4200
Cal yrs BP to the present day. Paleoenvironmental
studies have focused on understanding the
Holocene environment because of the period's
importance for grasping the current climate system
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and predicting future global changes'2. Thus,
marine sediment geochemistry can offer valuable
information about climate and ocean changes?.

Sediment records from the ocean floor
have allowed scientists to analyse and reconstruct
information about past climate patterns and types
of sediment in area®’. Aluminium (Al) and Iron
(Fe) in marine sediments are primarily linked to
terrigenous detritus®. Both elements are called
terrigenous elements because they mainly originate
from land. Thus, fluctuations in the input of land-
derived material can be assessed by examining the
composition of those elements®'°. The Ca/Al and
Ca/Fe ratios in marine sediments offer information
on the balance between marine- and terrigenous-
originated materials'':'2.

According to Tam et al., (2018), the
sea level in the East Coast Peninsula Malaysia
(ECPM) rose rapidly during the early Holocene
with an average rate of 16.2 + 4.5mm. Between
9000 and 5000 cal a BP, the rate of rise gradually
slowed until it attained zero. Since the mid-
Holocene, the relative sea level (RSL) dropped
to -0.60 = 0.12m by 800 years. The current phase
is marked by a reduced sedimentation rate and
increased amounts of carbonate'. The Previous
studies indicate that the RSL in Peninsular
Malaysia peaked around 5000 to 6000 cal yr BP
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at ca. +5 metres before gradually decreasing to
its current level'33,

Therefore, the main goal of this study is
to understand the response of Ca/Al and Ca/Fe
ratios on the terrigenous- and marine-originated
sediments in the ECPM during the Holocene
period. Analyzing the distribution of major and trace
elements in marine sediments has increased the
utilization of inorganic indicators for studying past
environments. Our study's results enable us to
evaluate the response of elemental composition
to sea level changes in the ECPM during the
Holocene. This information sheds light on the
historical patterns of environmental changes.

MATERIALS AND METHODS

Sample Collection

In the present study, two sediment
cores, TER16-GC13C (5°39.99' N, 104°15.63'
E, 180 cm long at 73m water depth) and TRC3
(5°30.19'N, 103°32.94’E, water depth 58.3m, 158 cm
in length) were collected by UMT Research Vessel
RV Discovery in Terengganu during the 2016 and
2017 cruise in the East Coast Peninsular Malaysia
(Fig. 1). The core samples were brought to the
Institute of Oceanography and Environment (INOS)
for further treatment and stored at a low temperature
to decrease chemical and biological reactions.

Fig. 1. Map showing the Sampling Locations for TRC3 and TER16-GC13C on the East Coast of Peninsular Malaysia



SHAARI et al., Orient. J. Chem., Vol. 40(5), 1261-1268 (2024)

Radiocarbon dating

The complete shell fragments obtained
from different depths of the cores TER16GC13C
and TRC3 were used for radiocarbon dating. The
shells were identified using the Natural History
Museum Rotterdam online database and then
sent to International Chemical Analysis (ICA)
in Miami, Florida, the United States of America,
for radiocarbon dating. The conventional ages
obtained were converted into cal years BP using
the software Calib 8.1'® and updated MARINE 20
dataset'” with reservoir effect AR =-155, based on
the location of the study area (Table 1). All ages
are given in calendar year BP (cal yr BP). Linear
interpolation is employed to approximate ages at
other locations in AMS dating close by, assuming
a consistent sedimentation rate'®. This method
entails graphing radiocarbon or calibrated ages
versus depth and connecting adjacent dots with
straight lines.

Table 1: The value of accuracy analysis for
standard reference.

Metals NBS1646a Measured Value Accuracy

(ppm) (ppm) Test (%)
Al 2.297 2.2 95.78
Ca 0.519 0.510 98.26
Fe 2.008 1.66 82.67
Pb 11.7 10.02 85.63
Zn 48.9 48.62 99.42
Ba 210 181.61 86.48

Elemental Composition Analysis

The samples were digested and analysed
using the modified methods of Kamaruzzaman
etal., (2008) and Noriki et al., (1980). Approximately
0.25 g of powdered sediment samples were placed
in a Teflon vessel and digested in mixed acid of
1 mL perchloric acid (HCIO,), 1 mL hydrogen
peroxide (H,0,), and 6 mL nitric acid (HNO,) in a
microwave digester. The digestion process was set
at the temperature of 100°C for 7 hours. After cooling,
the clear digested sample was transferred into a
50 mL centrifuge tube, and added with milli-Q
water to 50 mL. After an appropriate dilution, the
samples were analysed for elemental composition
by a Perkin Elmer ELAN 9000 Inductively
Coupled Plasma Mass Spectrometer (ICP-MS)
in the Institute of Oceanography and Environment
(INOS), Universiti Malaysia Terengganu (UMT).
The accuracy of the analytical procedure was
examined by analysing a standard research
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material (SRM) NBS1646a estuarine sediment in
duplicate and blank as control. The recovery test
coincided with the certified values of NBS1646a
(Table 2). The precision test of six elements in
the certified value of NBS1646a ranged from
82.67% 10 99.42%.

Table 2: The established radiocarbon ages (cal year
BP) of cores TRC3 and TER16-GC13C based on the
intact shell fragments

Sediment Depth Material AMS “C  Calibrated age
core (cm) age (year) (cal age year BP)
TRC3 22.5 shell  2080+/-40 1508
TRC3 37.5 shell  3190+/-40 2869
TRC3 63.0 shell  3880+/-40 3687
TRC3 153.0 shell 9550+/-40 10296
TER16-GC13C  32.0 shell  2560+/-40 2249
TER16-GC13C 44.5 shell  3920+/-40 3927
TER16-GC13C  77.0 shell  6310+/-40 6734
TER16-GC13C 167.0  shell 7370+/-40 7799
RESULTS

Age of Sediment

Based on the results obtained, the studied
core samples recorded the Holocene epoch (Table
2).Core TRC3 located in the waters of the nearshore
area of Terengganu represents the entire Holocene
epoch (1508 — 10296 cal yr BP), and TER16-GC13C
located in the offshore area of Terengganu indicates
the mid to late Holocene (2249 — 7799 cal yr BP).
This implies that both core samples depict the
environmental transition within the Holocene epoch.

Geochemical Elements Concentration

The elemental compositions were varied
in the core sediments TRC3 (Fig. 2) and TER16-
GC13C (Fig. 3). The major elements are Na, Al,
Fe, and Ca, whereas minor elements consist of Li,
Pb, Zn, and Ba. The mean concentrations of the
studied metals were in decreasing order as follows:
Al > Na > Ca > Fe > Pb > Zn > Li > Ba. In the
TER16-GC13C and TRC3 cores, Al was the most
abundant major element, with average compositions
of 9.41 + 2.82% and 5.23 = 2.07%, respectively.
Sodium had the lowest content, with percentages
of 0.06 + 0.05%, 0.86 + 0.26%, and 1.30 + 0.45%
in TER16-GC13C and TRCS3. Calcium content
was most significant in the KELC17 sediment core
compared to TER16-GC13C and TRC3. In TER16-
GC13C, Ba is the predominant trace element with
a mean concentration of 185.02 + 42.49 ppm. In
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TRCS, Ba has an average concentration of 131.09
+ 43.42ppm. The lowest composition was Pb, with
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average compositions of 22.00 + 6.27 ppm and 17.70
+ 3.62ppm.

Fig. 2. Variation of Studied Elements in TRC3 Sediment Core during the Holocene

Fig. 3. Variation of Studied Elements in TER16-GC13C Sediment Core during the Holocene

Most elements had similar patterns during
the Holocene, except Ca, which demonstrated an
opposite pattern compared to the other elements.
The TRC3 sediment core from the early Holocene
is distinguished by a substantial presence of
terrigenous elements, including Al, Fe, Pb, Li, Zn,
and Ba. During the mid-Holocene, the concentration

of these elements had a minor increase, followed
by a decline in the late Holocene. The calcium
content showed consistently low levels over the
core, varying from 0.01 to 1.9%, with an average of
0.29%. The data showed an opposite relationship,
with the lowest concentration observed during the
early Holocene and the highest composition during
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the late Holocene. A comparable trend was noted in
TER16-GC13C throughout the mid to late Holocene,
as this sediment core represented only this period.

Elemental Ratios (Ca/Al and Ca/Fe)

The ratios of Ca/Al and Ca/Fe derived
from cores TER16-GC13C and TRC3 showed a
similar trend, rising from the early Holocene to
the late Holocene (Fig. 4). The TRC3 sediment
core showed a mean Ca/Al ratio of 0.010 + 0.005
in the early Holocene, which rose to 0.012 =
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0.010 in the mid-Holocene and then increased
significantly to 0.29 + 0.24 in the late Holocene.
The average Ca/Al ratio of core TER16-GC13C
rose from 0.32 + 0.15 during the mid-Holocene
t0 0.79 = 0.19 in the late Holocene. In TRC3, the
average Ca/Fe ratio was 0.020 + 0.0099 in the
early Holocene, increased to 0.026 = 0.019 in the
mid-Holocene, and peaked at 0.29 + 0.18 in the
late Holocene. In TER16-GC13C, the ratio rose
from 0.58 = 0.24 in the mid-Holocene to 1.49 +
0.38 in the late Holocene.

Fig. 4. Ca/Al and Ca/Fe Profile of TRC3 and TER16-GC13C sediment cores during the Holocene

DISCUSSION

Correlation between studied metals

SPSS version 28 statistical software
was applied to study the correlation between
the variables. In this study, the correlation and
significance level of p < 0.05 was used to determine
the magnitude and direction of the linear relation.
The findings are presented in Tables 2, and 3.
Statistical analysis was frequently used to determine
the relationship between multiple variables to
understand the factors and the sources of chemical
components?'. The magnitude of the correlation
between the variables ranged from weakly negative
to positively significant. Most elements, including Al
and Pb, Na and Ba, Al and Li, Fe and Zn, Zn and
Pb, and Pb and Li, exhibited significant positive
correlations, indicating that they originated from
comparable sources. The correlation among Al,

Pb, and Li suggests a connection with aluminous
clay minerals. Calcium which is a biogenic element
or normally related to marine-originated material
showed a weak or negative correlation with Al, Fe,
Zn, Li, and Pb, suggesting they are derived from
different sources?223,

Table 3: Pearson’s Correlation Matrix for the
Studied Elements in TRC3 Sediment Core

Element Na Al Ca Fe Zn Pb Li Ba

Na 1

Al .180 1

Ca 663 -.447 1

Fe 520  .599 .001 1

Zn 418 676 -.028 .707 1

Pb 167 901 -379 .672 .792 1

Li 317 .808 -205 .561 .516 .727 1

Ba 782 652 .210 .594 .683 .616 .633 1

Correlation is significant at the p<0.05
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Table 4: Pearson’s Correlation Matrix for the Studied
Elements in TER16-GC3C Sediment Core

Element Na Al Ca Fe Zn Pb Li Ba
Na 1
Al 425 1
Ca -.204 -510 1

Fe .489 979 -.483 1

Zn .398 736 -127 743 1

Pb 422 J71 -112 778 963 1

Li .380 .753 -.084 .748 .946 .982 1

Ba .136 .387 .302 .323 .687 .732 .791 1

Correlation is significant at the p<0.05

The Response of Geochemical Elements to
Holocene Sea Level Changes

The sedimentary records in this study
exhibit significant changes over time, as shown
by variations in elemental compositions. Sea level
fluctuations significantly affect the transportation of
land-derived sediments in coastal regions?*. Mann
et al., (2019) observed an increase in sea level in
the Malay-Thai Peninsula of 33m mean sea level
(MSL) between 10,500 and 7000 cal yr BP. The
mid-Holocene high stand occurred between 6000
and 4000 cal yr BP, reaching an estimated 2 to 4
metres above MSL. Tam et al. (2018) reported a
significant increase in sea level from 10,500 cal yr
BP at35+4.3mto 9000 calyrBP at-14.2+1.6 m,
with an average growth rate of 15.8 + 3.9 mm/yr in
the ECPM. From 9000 to 5000 cal yr BP, the rate of
relative sea level decreased steadily until it stabilized
at approximately 3.3 + 0.2m. The sea level declined
from 5000 cal yr BP to a minimum of -0.6 + 0.1m.
The present study results aligned with those of Mann
etal., (2019). These environmental conditions have
significantly impacted the sediment pattern in the
tropical waters of ECPM.

The significant rise in sea level led to a
reduced amount of land-derived material reaching
the TRC3 core, probably due to the greater distance
from the coastline. However, the concentrations
of terrigenous elements (such as Al, Fe, Pb, Li
and Zn) in the TRC3 sediment core suggest a
notable terrigenous input, possibly due to increased
precipitation®*26. Consequently, the variation in
terrigenous input during this period was influenced
by fluctuations in sealevel?”?. The low Ca content
and minima Ca/Al and Ca/Fe ratios indicate an
increased influx of terrigenous materials, which dilute
the marine-originated materials during this period'2°.
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The slightly higher concentration of
terrigenous elements observed at this stage in the
TRCS3 core compared to the early Holocene (Fig. 2)
indicates a higher volume discharge of terrigenous
materials during this interval. This is due to the
beginning of the mid-Holocene, the rate of sea level
rise slowed down and reduced to zero at about 5000
cal yr BP in the ECPM13'%2”. Consequently, the
terrigenous inflow was modulated by the remarkably
stable sea level?®%. The low levels of terrigenous
elements in this period were likely caused by a
decrease in the influx of terrigenous materials.
Conversely, the elevated Ca and the Ca/Al and
Ca/Fe ratios indicate an increase in organic matter
input, reducing terrigenous elements?®.

Higher Ca in the upper core may be due
to the complete or partial dissolution of minerals
during sediment diagenesis or variations in surface
productivity in the past®303'. Sediment diagenesis
is the physical and chemical changes that change
the characteristics of sediment after deposition
processes®2. Furthermore, the different Ca patterns
shown during the Early Holocene to Late Holocene
period indicate high and low energy changes in the
delivery of calcareous material between the soft and
hard tissue microorganisms.

We suppose that in-situ production of
marine products was more extensive in the late
Holocene and this is in line with the increasing
pattern of Ba. Barium is usually used as a proxy
to determine paleoproductivity in the marine
environment. Liguori et al., (2016) stated that Ba
is a trace element that occurs predominantly as a
barite mineral (BaSO,) in the marine environment.
Therefore, the trend of selected geochemical
elements in the marine sediment cores of ECPM is
significantly related to environmental changes that
occurred from the early to late Holocene, which
is from terrigenous (early Holocene) to marine
(late Holocene) dominated environment.

CONCLUSION

The investigation into sediment cores
retrieved from the Terengganu waters in the East
Coast Peninsula Malaysia (ECPM) has provided
valuable insights into the changes of terrigenous-
marine-originated sediment throughout the
Holocene epoch. Based on the data of TRC3
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and TER16-GC13 Ccores, we have effectively
traced the evolution of studied geochemical
elemental compositions which related to the
environmental change. Two significant trends
were observed: a gradual decrease in terrigenous
origin and an increase in marine origin from the
early to late Holocene. The geochemical element
shifts bear witness to the intricate interplay of
sea level transgression. The study provides
insight, enhances understanding of past climatic
and oceanography conditions in the ECPM,
and contributes to the discussion surrounding
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Holocene climate dynamics in tropical waters.
ACKNOWLEDGEMENT

This work was supported by the Ministry of
Higher Education Malaysia through the Fundamental
Research Grant Scheme (FRGS) [grant number
FRGS/1/2018/WAB09/UMT/02/3].

Conflict of interest
The authors declare no competing financial
interest

REFERENCES

1. Gibbard PL. The Quaternary System/Period
and its major subdivisions., Russ. Geol.
Geophys., 2015, 56(4), 686—-688.

2. HangT.;Veski S.; Vassiljev J.; Poska A.; Kriiska
A.; Heinsalu A. A new formal subdivision of
the Holocene Series/Epoch in Estonia., Est.
J. Earth Sci., 2020, 69(4), 269—-280.

3. Head MJ.; The proposed Anthropocene Epoch
/Series is underpinned by an extensive array of
mid-20th-century stratigraphic event signals.,
J. Quat. Sci., 2022, 37(7), 1181-1187.

4. Walker M.; Gibbard P; Head MJ.; Berkelhammer
M.; Bjorck S.; Cheng H.; Cwynar LC.; Fisher
D.; Gkinis V.; Long A.; Lowe J.; Newnham
R.; Rasmussen SO.; Weiss H. Formal
subdivision of the Holocene Series/Epoch:
A Discussion Paper by a Working Group of
INTIMATE (Integration of ice-core, marine and
terrestrial records) and the Subcommission
on Quaternary Stratigraphy (International
Commission on Stratigraphy)., J. Quat. Sci.,
2012, 27(7), 649-659.

5. Bulian F.; Enters D.; Schlitz F.; Scheder
J.; Blume K.; Zolitschka B.; Bittmann F.
Multi-proxy reconstruction of Holocene
paleoenvironments from a sediment core
retrieved from the Wadden Sea near
Norderney, East Frisia, Germany., Estuar.
Coast. Shelf Sci., 2019, 225, 106251.

6. Clift PD.; Wan S.; Blusztajn J. Reconstructing
chemical weathering, physical erosion and
monsoon intensity since 25Ma in the northern
South China Sea: A review of competing
proxies., Earth-Sci. Rev., 2014, 130, 86—102.

7. Pérez-Cruz L. Hydrological changes and
paleoproductivity in the Gulf of California
during the middle and late Holocene and their
relationship with ITCZ and North American
Monsoon variability., Quat. Res., 2013, 79(2),

138-151.

8. Ishfag AM.; Pattan JN.; Matta VM.; Banakar
VK. Variation of paleo-productivity and
terrigenous input in the Eastern Arabian Sea
during the past 100 ka., J. Geol. Soc. India.,
2013, 81(5), 647-654.

9. Plewa K.; Meggers H.; Kuhlmann H.;
Freudenthal T.; Zabel M.; Kasten S.
Geochemical distribution patterns as
indicators for productivity and terrigenous
input off NW Africa. Deep-Sea Res. Part I:
Ocean., Res. Papers., 2012, 66, 51-66.

10. Revel M.; Colin C.; Bernasconi S.; Combourieu-
Nebout N.; Ducassou E.; Grousset FE.; Rolland
Y.; Migeon S.; Bosch D.; Brunet P;; Zhao Y;
Mascle J. 21,000 Years of Ethiopian African
monsoon variability recorded in sediments of
the western Nile deep-sea fan., Reg. Environ.
Change., 2014, 14(5), 1685—1696.

11. Chang F; Li T,; Xiong Z.; Xu Z. Evidence for
sea level and monsoonally driven variations in
terrigenous input to the northern East China
Sea during the last 24.3ka. Paleoceanogr.,
Paleoclimatol., 2015, 30(6), 642—658.

12. Lazzari L.; Wagener ALR.; Carreira RS.;
Godoy JMO:.; Carrasco G.; Lott CT.; Mauad
CR.; Eglinton TI.; MciIntyre C.; Nascimento
GS.; Boyle EA. Climate variability and sea
level change during the Holocene: Insights
from an inorganic multi-proxy approach in
the SE Brazilian continental shelf., Quat. Int.,
2019, 508, 125-141.

13.  TamCY.;ZongY.; Hassan K.; Ismail H.; Jamil
H.; Xiong H.; Wu P;; SunY.; Huang G.; Zheng
Z. A below-the-present late Holocene relative
sea level and the glacial isostatic adjustment
during the Holocene in the Malay Peninsula.,
Quat. Sci. Rev., 2018, 201, 206—222.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

SHAARI et al., Orient. J. Chem., Vol. 40(5), 1261-1268 (2024)

Steinke S.; Kienast M.; Hanebuth T. On
the significance of sea-level variations
and shelf paleo-morphology in governing
sedimentation in the southern South China
Sea during the last deglaciation., Mar. Geol.,
2003, 201(1-3), 179-206.

Zhang.; ZongY.; Xiong H.; Li T.; Fu S.; Huang
G.; Zheng Z. The middle-to-late Holocene
relative sea-level history, highstand and levering
effect on the east coast of Malay Peninsula.,
Glob. Planet. Change., 2021, 196, 103369.
Stuiver M.; Reimer PJ., Extended program.
Radiocarbon., 1993, 35, 215-230.

Reimer PJ.; The IntCal20 Northern
Hemisphere Radiocarbon Age Calibration
Curve (0-55 cal kBP)., Radiocarbon., 2020,
62, 725-757.

Talma AS.; Vogel JC. A simplified approach
to calibrating '“C dates., Radiocarbon., 1993,
35(2), 317-322.

Kamaruzzaman BY.; Ong MC.; Noor Azhar
MS.; Shahbudin S.; Jalal KCA. Geochemistry
of sediment in the major estuarine mangrove
forest of Terengganu region, Malaysia., Am.
J. Appl. Sci., 2008, 5, 1707-1712.

Noriki S.; Use of a sealed Teflon vessel for the
decomposition followed by the determination
of chemical constituents of various marine
samples., Bull. Fac. Fish. Hokkaido Univ.,
1980, 31, 354-361.

Asuero AG.; Sayago A.; Gonzalez AG. The
correlation coefficient: An Overview., Crit.
Rev. Anal. Chem., 2006, 36, 41-59.
Hossain MA.; Ali NM.; Islam MS.; Hossain
HMZ. Spatial distribution and source
apportionment of heavy metals in soils of
Gebeng industrial city, Malaysia., Env. Earth
Sci., 2015, 73(1), 115-126.

Shaari H.; Azmi M.; Hidayu SN.; Sultan K;
Bidai J.; Mohamad Y. Spatial distribution of
selected heavy metals in surface sediments
of the EEZ of the east coast of Peninsular
Malaysia., Int. J. Ocean., 2015, 1-11.
Jiwarungrueangkul T.; Liu Z.; Zhao Y.
Terrigenous sediment input responding to
sea level change and East Asian monsoon
evolution since the last deglaciation in the

25.

26.

27.

28.

29.

30.

31.

32.

33.

1268

southern South China Sea., Glob. Planet.
Change., 2019, 174, 127-137.

Mann T.; Bender M.; Lorscheid T.; Stocchi P;
Vacchi M.; Switzer AD.; Rovere A. Holocene
Sea levels in Southeast Asia, Maldives, India
and Sri Lanka: The SEAMIS database., Quat.
Sci. Rev., 2019, 219, 112—-125.

Huang C.; Zeng T.; Ye F.; Xie L.; Wang Z;
Wei G.; Lo L.; Deng W.; Rao Z. Natural and
anthropogenic impacts on environmental
changes over the past 7500 years based on
the multi-proxy study of shelf sediments in the
northern South China Sea., Quat. Sci. Rev.,
2018, 197, 35—-48.

Twarog MR.; Culver SJ.; Mallinson DJ.; Leorri
E.; Donovan B.; Harrison El.; Hindes H.; Reed
D.;Horsman E.; Azhar N.; Shazili M.; Parham
PR. Depositional environments and sequence
stratigraphy of post-last glacial maximum
incised valley-fill, Malay Basin, northern
Sunda Shelf., Mar. Geol., 2021, 436, 106457.
Wang B.; Lei H.; Huang F; Kong Y.; Pan F;
ChengW.; ChenY.; Guo L. Effect of Sea-Level
Change on Deep-Sea Sedimentary Records
in the Northeastern South China Sea over the
past 42 kyr. Geofluids., 2020, 1-17.

Liu X.; Rendle-Buhring R.; Henrich R.
Geochemical composition of Tanzanian shelf
sediments indicates Holocene climatic and
sea-level changes., Quat. Res., 2017, 87(3),
442-454.

Burdige DJ. Preservation of organic matter
in marine sediment: Controls, mechanisms,
and imbalance in sediment organic carbon
budgets? Chem. Rev., 2007, 107, 407-485.

Morse JW.; Arvidson RS.; Luttge A. Calcium
carbonate formation and dissolution., Chem.
Rev., 2007, 107, 342-381.

Shetye SS.; Sudhakar M.; Mohan R.; Tyagi
A. Implications of organic carbon, trace
elemental and CaCQa3 variations in sediment
core from the Arabian Sea., Indian J. Mar.
Sci., 2009, 38(4), 432—438.

Liguori BTP,; De Almeida MG.; De Rezende
CE. Barium and its importance as an indicator
of (paleo)productivity., Annals Brazilian Acad.
Sci., 2016, 88(4), 2093-2103.



