www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Composition and vertical
distribution of organic matter

in Central Indian Ocean sediment
cores

Sruthi Thalayappil*>, Muhammed Nayeem Mullungal?*?, Sajna Peediyakkathodi*,
Ratheesh Kumar C. S.%, Resmi Panikkaveettil?, Salas P. M.! & Sujatha C. H.?

This study aimed to investigate the quality and quantity of organic matter (OM) using biochemical
components (protein, carbohydrate and lipids) in the sediment cores collected from the Central
Indian Ocean (CIOB) under the program Equatorial Indian Ocean Process Study Dynamics and
Biogeochemistry (EIOPS). Total organic carbon (TOC) and biochemical parameters (carbohydrate,
lipid, protein, Tannin and lignin) were determined in core | and core Il, respectively. Total
carbohydrates varied from 4.66 to 2557.32 mg/kg (average 459.31 mg/kg) and 142.23 to 821.56 mg/
kg (average 380.01 mg/kg) in core | and Il, respectively. In core I, PRT varied from 70.95 to 107.05 mg/
kg, and the minimum and maximum content of CHO was 143.23 and 822.56 mg/kg. The maximum
and minimum concentrations of BPC in core Il were 786.32 and 381.07 at 0-10 cm depth, respectively,
which corresponded to the concentrations of PRT, CHO, LPD, and Tannin. The results showed that PRT
was statistically significant with the TOC and negatively correlated with the LPD and CHO, while LPD
was highly significant with clay and silt grains. In most of the samples, the ratio of LPD to CHO ratio
was >1, which indicated higher productivity of benthic organisms inhabiting the CIOB.

The benthic region is vital to the marine environment since it represents the transition zone between the bio-
sphere and the geosphere!. Particulate organic matter produced in the euphotic zone enters the water column,
ultimately reaching the sea floor and fueling the benthic community. Also, bioturbation and biogeochemical
cycling determine the fate of organic matter (OM) accumulated in sediments>?. The quality of OM is essential
from the perspective of both biogeochemical and trophodynamic, in which the former affect its burial rate, and
the latter influences feeding strategies and an ecological link between pelagic and benthic ecosystem®®. The
quantity and quality of OM in sediments are of primary importance in determining the potentially available
fraction to consumer organisms, ultimately influencing the food chain and benthic metabolism®’.

Sedimentary organic matter (SOM) is composed of labile and refractory compounds, and its distribution and
dynamics are controlled by complex biogeochemical processes, such as degradation, heterotrophic utilization,
transformation, accumulation and export®. Refractory organic compounds have been characterized by lower
degradation rates, which generally account for a significant portion of SOM and quickly accumulate in marine
sediments®. Conversely, the labile fraction of OM consists of proteins, carbohydrates and lipids, rapidly mineral-
ized and assumed to represent the fraction of OM more readily available to benthic consumers'®!*,

The Indian Ocean receives more than half (2950 km®) of the runoff from the Bay of Bengal. Thermohaline
alteration in the equatorial Indian Ocean (from 10° S to 10° N) is mainly due to surface circulation, precipita-
tion and fresh water, and annual wind reversal patterns associated with the Asian monsoon system'2. Southwest
monsoon trigger upwelling along the coasts of Arabia, Somalia, Sri Lanka, and the southwest coast of India'®,
but in winter, the NE monsoon inhibits strong upwelling'. Strong seasonal winds during the southwest and
northeast monsoon promote significant seasonal changes in hydrography and particle fluxes. The past varia-
tions in productivity are related to climate change through glacial/interglacial cycles and are linked to global
parameters such as ice volume, deep-water circulation and continental climate. Glacial periods may experience
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less seasonality due to the weaker SW Indian monsoon and the more vigorous NE monsoon', which may also
reflect the productivity pattern in the Indian Ocean.

Recently" studied the dynamics and bioavailability of phosphorous in the Central Indian Ocean (CIOB)
region; however, the composition of OM and its dynamics are poorly understood in this region. The documenta-
tion of deep-sea OM dynamics will help understand the connection between nutrients and the ecosystem, bio-
availability and impacts on marine biota. Hence, this study aimed to investigate the quality and quantity of OM
using biochemical components (protein, carbohydrate and lipids) in the sediment cores collected from CIOB.

Materials and methods

Study area

The investigation was undertaken in the CIOB under the program “Equatorial Indian Ocean Process-Study
Dynamics and Biogeochemistry (EIOPS). The Central Indian Ocean Basin (CIOB) has an area of 5.7 x 10° km?
and is bordered by the 90°E Ridge in the east, the Mid-Indian Ridge in the west and the South-western Ridge
in the south. The samples were collected on board by O.R.V. Sagar Kanya on Equatorial Indian Ocean Cruise
(SK-267) from January to February 2010.

Sediment core samples were collected from two different regions (Fig. 1); core I was 565 cm long, while
core IT was only 30 cm. Core I was collected from the CIOB, dominated by terrigenous sediments derived from
the northwest part of the basin. Core II samples were collected from the eastern side of the Afanasiy-Nikitin
Seamount (ANS), located at 3° 2’ 2.1" S latitude and 83° 5’ 19.2" E in the Equatorial East Indian Ocean'®. Core
IT was obtained from the southern region of the CIOB, known for its significant presence of manganese nodules
and Ferromanganese crusts'’, which posed constraints on the core’s sampling depth.

Sampling and analysis
Gravity corer (10 cm internal diameter and 10 m long) used for the collection of sediment samples. Core I was
sectioned into 57 subsamples, while core II was sectioned only into three subsamples (Fig. 1). The undisturbed
middle portion of each subsample was transferred to wide-mouthed polythene bottles and taken to the labora-
tory for further analysis under ice-cold storage conditions. Furthermore, samples were kept in a deep freezer
at—20 °C prior to analyses. Each subsection of the core was freeze-dried in a flow type of Freeze drier (Beetta
Instruments and Equipment co., India). The dried sediment samples were homogenized and sieved through a
mesh-size screen of 63 um. These sediment samples were subjected to further analysis of total organic carbon
(TOC) and biochemical parameters (Tannin and lignin, protein, carbohydrate and lipid). The Sum of concen-
trations of total protein (PRT), total carbohydrates (CHO), and total lipids (LPD) together constitute the labile
organic matter (LOM).

The percentage composition of sand, silt, and clay was determined by wet sieving'®. TOC level was assessed
by CHNS Analyzer (Vario EL III CHNS Analyzer, Thermo Spectronic) after treating with 10% HCI to remove
inorganic carbon and repeated two/three times in order to ensure the complete exclusion of carbonates'. The
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Figure 1. Study area; core I (C1) and core II (C2), The Map created using the Free and Open Source QGIS” by
using Version 3.32.3 (https://www.qgis.org/en/site/).
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redox potential of the sediment was measured by the potentiometric method?. Spectrophotometric methods
were employed for the determination of CHO, PRT and LPD. The concentration of CHO in sediments was
estimated by the phenol sulphuric acid method?, using glucose as the standard. Protein analyses were carried
out?*? to account for the reactivity of phenolic compounds and use bovine albumin as the standard. Estimation
of total lipid was done by the sulphovanillin method*. Hydroxylated aromatic compounds-Tannin and lignin
(T +L) were estimated by the method detailed in*® and modified by*. Protein, carbohydrate and lipid concen-
trations were converted to carbon equivalents using the following conversion factors: 0.49, 0.40 and 0.75 g of
C/g, respectively”’. The sum of protein, carbohydrate, and lipid carbon was referred to as biopolymeric carbon
(BPC)'*% . All the containers involved in the chemical analysis were cleaned with a nutrient-free detergent, and
the cleaning solution was prepared by dissolving 36 g of ammonium peroxydisulfate (NH,)S,0, in a loosely
stoppered 2.2 L bottle of 98 wt% sulphuric acid®. Containers used in the sampling of sediments (after slicing the
core) were twice with the Milli-Q water before sample collection. Samples were quantified in triplets to ensure
the reproducibility of the data. Measurement/ estimation of all the variables was carried out in triplicate, and
the average value/concentration was reported.

The vertical distribution graph was plotted using Origin Pro. Using Origin Pro, Pearson correlation and
Principal Component Analysis (PCA) were carried out to assess the relationship between OM components with
sediment grain size and total organic carbon (TOC). Pearson correlation analysis was performed to test for pos-
sible relationships among the investigated variables.

Results

Texture analysis revealed the dominance of finer particles along the core, shown in the trilinear diagram (Figs. 2
and 3). Considerable assortments of textural grades were observed in the sediment. The data points in the tri-
linear plot gradually change from silt to silty clay towards the bottom of the core.

The grain size of core I varied from 0 to 1.48% for sand, 22.36 to 93.96% for silt and 5.94 to 77.63% for clay.
Even though a high percentage of fine fractions were exhibited throughout the material, the core exhibited two
different textural facies. The top horizon (0 to 420 cm) in the core I exhibited a higher silty horizon, whereas the
bottom horizon (430-565 cm) dominates in clayey facies.

The core II collected in the eastern part of the basin exhibited dominance of single facies of fine fraction
grains, i.e. silt. The top layer (0-10 cm) of core II was rich in silt (more than 90%), and textural facies in the
bottom layers (20-30 cm) were of clayey silts. The sand fraction was comparatively higher than the core I sam-
pled and varied from 1.89 to 7.15%. Silt and clay fractions varied from 66.35 to 91.77% and 5.84 to 27.08%,
respectively.

Information on (TOC) content in sediments is vital to assess the organic fraction’s role in the transport,
deposition, and retention of metals and nutrients. The distribution pattern of TOC in both the cores with depth
is depicted in Fig. 4. In core I, the maximum TOC content was 0.89%, noted at a depth interval of 10-20 cm. The
minimum was 0.12% observed at a depth interval of 290-300 cm, slightly higher than the global average (0.2%)
of deep-sea sediments®. The observed range for redox potential was noted to be from — 341 (440-450 cm) to
- 18 mV (170-180 cm), providing clues for the degradation of OM in sediments.

TOC content in core I ranged from 0.15 to 0.12% at a depth interval of 10-20 cm and 20-30 cm, respectively.
TOC content was pronounced in silt and clay-dominated sediments with lower E". Higher TOC content in fine-
textured sediments than the coarse-textured can be trumpeted that differences in the carbon sink, rather than
long-term decomposition dynamics. In an aquatic environment, the content of TOC increases as the texture
becomes more delicate. Clay particles act as a shield to rapidly decomposing compounds from microbial activity
through processes of encrustation and entrapment®’.
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Figure 2. Trilinear diagram showing grain size distribution in Core I.
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Figure 3. Trilinear diagram showing the grain size distribution of core IL
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Figure 4. Variations of total organic carbon in core I and core II.

Tables 1 and 2 show the vertical distribution of PRT, CHO, LPD, Tannin & lignin, and BPC. Among the
biochemical constituents (as shown in Tables 1 and 2), the total carbohydrate content recorded from 4.66 to
2557.32 mgkg in core I and from 142.23 to 821.56 mgkg in core II (Fig. 5). Notably, a significant variation was
observed at a depth of 350 cm (1074.7 mg/kg) in core I. In addition, the concentration of CHO is higher in the
surface sediment of core II.

The PRT content in core I ranged between 11.20 and 1268.5 mg/kg for the samples from 370 to 380 cm and
230 to 240 cm depths, respectively. PRT followed an asymmetrical zig-zag pattern and showing evenness in
between 350 and 550 cm. In core II (Fig. 6), the Concentration of PRT varies from 70.95 to 107.05 mg/kg (aver-
age 89.22) follows a straight line.

The surface sediment layer was devoid of LPD, and a maximum of 595 mg/kg was found at 30 cm depth.
Markedly highest concentration at 20 cm of depth (914 mg/kg). The LPD has irregular zig-zag pattern; in which
increase of LPD concentration from 350 to 500 cm and then decrease.

Lignin and tannin concentration (Fig. 7) in core I was 1.15-9.98 mg/kg (average 4.46 mg/kg) showing zig-
zag trend with highest content at the surface sediment. Concentration in core II was 1.62-17.13 mg/kg (average
7.49 mg/kg); considerable amount at the surface.

The percentage of BPC (Fig. 8) was found to be low at 250-260 cm depth (0.02%). Core I observed the maxi-
mum BPC value at 490-500 cm depth (0.20%). The maximum and minimum percentage of BPC in core II were
found as 1145.88 and 842.19 mg/kg, respectively. The contribution of BPC to TOC was lower at bottom layers,
and then it showed a zig-zag trend towards the bottom of the core.

The protein to carbohydrate ratio (PRT: CHO) showed a maximum value of 44.35 at 310-320 cm depth and
a minimum value of 0.02 at 340-350 cm depth in core I. Nevertheless, this PRT: CHO ratio in core II varied
from 0.13 to 0.63. In core I, the highest LPD: CHO ratio is found at 310-320 cm depth, and the value is 262.66,
whereas the minimum value of 0.20 was found at a depth of 330-340 cm. In core II, the highest value, 6.43, was
found at 20 cm depth and was negligible at 0-10 cm depth (Figs. 9, 10).
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Depth (cm) | CHO PRT LPD Tan and lignin | BPC

0-10 58.34+2.31 235.3+1.68 465.2+5.45 9.98+0.32 768.82+6.31
10-20 112+3.11 219.1+£2.94 614.2+5.77 2.55+0.05 947.85+8.63
20-30 1084.94+24.75 | 408.35+3.98 609.7 £5.16 3.48+0.11 2106.47 £24.94
30-40 195.6+3.22 434.45+4.65 601.2+3.94 7.66+1.19 1238.91+16.81
40-50 144.64+2.48 531.5+4.99 835.6+7.64 5.56+1.03 1517.31+18.34
50-60 410.64 £4.57 528+9.00 663.9+£15.37 | 8.11+1.09 1610.66 +£21.56
60-70 401+5.01 1031+£14.31 | 221.3+1.98 3.71+£0.48 1657.01+£20.37
70-80 202.98+2.98 403.35+3.54 1332+23.48 | 1.15%£0.35 1939.49+63.80
80-90 515.64+6.34 183+2.55 591.7+7.14 3.93+0.76 1294.27 £45.19
90-100 21.02+0.95 78.45+1.64 948.5+£28.53 | 4.38+0.87 1052.35+21.11
100-110 49.02+1.02 155.6+4.03 772.3+18.87 |0 976.92+12.20
110-120 21.02+£0.95 509+13.25 682+14.83 |0 1212.02+46.40
120-130 601.96+7.21 661+14.32 | 754.3£9.73 0 2017.26+57.97
130-140 240.32+2.55 209.15+4.87 433.6+12.81 |0 883.07+10.72
140-150 872.64+7.94 169.3+£2.57 298.1+9.41 5.79+1.08 1345.83+42.14
150-160 237.98+£1.32 64.75+£3.73 722.6+£12.07 |0 1025.33£16.06
160-170 1182.94 +28.65 668.5+7.79 975.6+14.39 |0 2827.04+50.33
170-180 146.98 £6.22 981+21.59 | 1247+23.75 |0 2374.98 £74.66
180-190 18.66+1.50 480.55+1.28 49.68+3.44 0 548.89+09.84
190-200 112+3.84 364.75+8.48 1102+16.77 | 4.16+0.98 1582.91+£40.08
200-210 338.32+4.33 618.5+10.81 131+£9.99 0 1087.82+33.21
210-220 226.32+2.15 207.9+£9.87 222+5.61 0 656.22+20.80
220-230 326.64+3.05 140.65+3.17 483.3+8.73 0 950.59£27.84
230-240 189.02+2.61 1268.5+47.48 | 1260+27.19 |0 2717.52+£64.29
240-250 144.64+3.54 778+£19.09 | 1020+24.08 | 1.86+0.36 1944.5+60.75
250-260 34.998+1.33 169.3+£3.67 85.81+6.14 0 290.12+8.13
260-270 189.02 +6.05 698.5+25.75 |284.5+10.11 |0 1172.02£30.59
270-280 72.32+3.33 952.5+24.21 |799.4+9.78 0 1824.22+56.69
280-290 394.32+2.89 783+18.67 |573.6%£6.19 0 1750.92+59.77
290-300 102.66 +3.02 286.35+6.07 2349+3.18 4.18+0.85 628.09+£23.84
300-310 328.98+4.66 297.55+4.37 867.2+£29.79 |0 1493.73 £58.09
310-320 4.66+0.35 206.65+6.67 1224+32.66 |0 1435.31+15.86
320-330 1455.92+56.43 | 216.62+4.31 578.1£16.81 |0 2250.64+61.51
330-340 2557.32+76.32 231.5£5.09 519.4+£9.47 0 3308.22+74.19
340-350 1026.62+53.02 23.65+3.69 1630+21.48 |8.11+1.03 2688.39+65.11
350-360 758.3+£8.69 336.1+£5.37 1700+26.94 |0 2794.4+68.43
360-370 433.98+5.34 220.35£10.22 | 1060£20.11 |0 1714.33+30.06
370-380 321.1+£6.31 11.20+1.59 1280+32.28 |0 1612.30+30.45
380-390 202.98+7.94 338.6+11.84 | 1420+27.74 |0 1961.58 £39.56
390-400 566.98+10.33 97.1+£5.04 240+5.11 2.31£0.19 906.39+19.32
400-410 863.3+13.08 246.5+16.71 1470+38.08 |0 2579.8+100.12
410-420 102.66+5.33 44.815+94.89 | 1320+26.81 |0 1467.47 £50.02
420-430 426.98+6.37 262.7+10.03 1098 +28.55 |0 1787.68 +44.05
430-440 1049.94£73.06 371+4.00 844.6+17.12 |0 2265.54+80.09
440-450 585.64+8.46 296.3+3.08 1459+34.94 |1.63+0.33 2342.57+87.85
450-460 207.66+6.98 242.75+3.84 1440+38.19 |0 1890.41+44.10
460-470 622.96+9.66 465.6£5.16 1427£32.26 |0 2515.56+67.10
470-480 366.32+3.78 244+13.10 | 1283£29.99 |0 1893.32+£62.78
480-490 685.96+4.32 66+5.58 1892+42.74 |0 2643.96+96.89
490-500 702.3+6.20 253.95+£6.01 2186+46.45 |4.84+0.57 3147.09+102.34
500-510 713.96+7.66 174.3+7.63 853.6+£21.64 |0 1741.86+77.44
510-520 797.96+6.35 156.85+10.10 | 1373+20.45 |0 2327.81+98.56
520-530 440.98 +£4.36 287.55+12.09 | 1418+36.57 |0 2146.53+54.93
530-540 277.66+5.31 93.35+2.53 1536+£40.50 |0 1907.01 £44.62
540-550 804+14.33 262.7+3.19 587.1+8.31 1.38+£0.27 1655.19£53.04
Continued
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Depth (cm) | CHO PRT LPD Tan and lignin | BPC
550-560 669.64+7.67 400.85+5.98 867.2+16.88 |0 1937.69 £ 66.32
560-570 557.64+6.22 587.5+6.18 1359£22.92 |0 2504.14+74.19

Table 1. Vertical distribution of organic matter in core I (mg/kg).

Depth (cm) | CHO PRT LPD Tan and lignin | BPC

0-10 821.56+14.03 | 107.05+5.04 |0 17.13+£1.32 928.61+£5.22
10-20 142.23+2.10 89.65+£6.34 |914+19.77 1.62+0.52 1145.88£13.55
20-30 176.24+8.77 70.95+2.14 | 595+12.43 3.71+£0.33 842.19+22.71

Table 2. Vertical distribution of organic matter in core II (mg/kg).
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Figure 5. Down core variation in Organic Matter (CHO, LPD, PRT) in core I.
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Figure 6. Down core variation in Organic Matter (CHO, LPD, PRT) in core II.

Statistical analysis

Principal component analysis (PCA) was performed to identify and interpret the relation among biochemi-
cal compounds, grain size TOC and depth. Pearson correlation was plotted as a heat map (Figs. 11 and 12).
Statistical analysis of core I explained that the total variance was (PC1 and PC2) 72.08%, with PC1 accounting
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Figure 7. Down core variations of Tannin and lignin in core I and core II.
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Figure 8. Vertical distribution of BPC in core I and core II.
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Figure 9. Vertical distribution of PRT: CHO in core I and core II.
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Figure 10. Vertical distribution of LPD: CHO in core I and core II.
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Figure 12. PCA and Pearson correlation matrix (Heat map) for Core II.
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for 54.19% and PC2 accounting for 17.89% of the total variance. According to the Pearson correlation, in core
I (Fig. 11), PRT was statistically significant with the TOC (r=0.695, p=0.011)** and negatively correlated with
the LPD (r= -0.638, p=0.025) and CHO (r= —0.672, p=0.016). LPD is hardly increasing with increasing depth
(r=0.736, p=0.006). LPD is highly significant with the clay (r=0.595, p=0.041)** and negatively correlated with
the silt (r= —0.594, p=0.041) and TOC (r= —0.698, p=0.011). Tannin and lignin decrease with an increase in
depth (r=-0.566, p=0.054).

The total variance of Core II, explained as PC1 and PC2 (Fig. 12), was 100%, with PC1 accounting for 75.77%
and PC2 accounting for 24.23% of the total variance. In the case of core II, CHO is highly correlated with the
clay (r=-0.99 p=0.043)*. Tannin and lignin correlated with the silt grain ((r=0.998, p=0.031) and PRT is
correlated with the depth (r=-0.99 p=0.013).

The strong relationships between texture and TOC with PRT, CHO, LPD and Tannin were pointed towards the
adsorption and diagenetic process controlling the distribution of the biochemical components in the sedimentary
environment. Interrelationships among the biochemical component each other point towards a common source
and similar behaviour in the marine environment.

Discussion

CIOB was a less oxidizing environment with a higher clay supply and high organic carbon content. The abyssal
plains of CIOB were developed by turbidity currents, which disperse the terrigenous sediments from the Gan-
ges—Brahmaputra system as far south as 8°S. It is mainly responsible for the variation in the depositional flux of
clay!'”**. More oxygenation, high productivity and less sedimentation rate were noticed in the southern region
of CIOB*. The monsoon climate in the Himalayan region results in the very rapid transport of sediment to
the Indian Ocean®. The productivity changes are related mainly to the Indian monsoon system, upwelling and
oxygenation changes. Core I was dominated by terrigenous sediments received from the northwest part of the
basin consisting of ~90% of the clay minerals, which are probably derived from the Himalayan Rivers through
the Bay of Bengal. Core II was collected from the eastern part of the basin with abundant nodules, i.e., from the
eastern side of the Afanasiy-Nikitin Seamount.

Textural characteristics in core I showed lower sand content (Fig. 2). The sand fraction was greater than 1% in
only one sample (90-100 cm). The silt was the dominant fraction at the top of the core, and the variation of silt
showed a zigzag pattern. It is likely that such a shift in sediment grain size and OM content could be due to larger
proportions of terrigenous material in the intermediate deposits. The variation was mainly recorded in the finer
fraction, i.e., clay and silt. Low clay flux in the Bay of Bengal could be associated with glacial climatic regimes
and changes in the Indian summer monsoon. From 90 to 240 c¢m, variation in texture was almost constant. The
change in texture was also noticed at 240 cm* reported that slowly accumulating mud turbidites dominated
between 7 to 0.9 Ma and were switching over to silty turbidites younger than 0.9 Ma. Sudden change of TOC
occurred at 240 cm to 350 cm, which may have been caused by variations in sea level, changes in the depocentres
between the proximal and distal basins, internal lobe switching, etc*****. The proportion of silt was found to be
decreased in the 240-350 cm layer. 350-420 cm section of the core (exception 360-370 cm) again showed vari-
ation in texture, with a higher % of silt as compared to the above section. Clay content increased to 500-510 cm
and decreased to the bottom of the core. In core II, the sand fraction was slightly higher than in core 1 (<8%
only). The proportion of silt was found to be high in the surface sample, then decreased slightly (<71%) down
the core. The biochemical composition of the SOM could be assumed as an estimate of the material potentially
available to benthic consumers?44!,

OM can be used qualitatively to assess the nature of the depositional area, which reveals the changes in past
productivity***. The processes controlling the preservation and burial of OM are mainly assumed to be primary
productivity, vertical fluxes, sedimentation, chemical stability, and degradation rates of particulate organic car-
bon and bottom water oxygen concentrations*~*. Higher TOC was noticed towards the mid of core I, and the
down core variation recorded a zigzag pattern. The low productivity at the surface sediments may result either
from weakening the NE monsoon or from the onset of the SW monsoon®’. The sedimentation rate of the study
region (=3 cm/year) has already been reported*®. Higher solar radiation at 9000 years BP leads to a more vigor-
ous Asian summer monsoon circulation, which resulted in higher upwelling in the Arabian Sea. TOC content
decreases due to the weakening of the upwelling process linked to the SW monsoon, which is reinforced at the
beginning of the Holocene®. Reduction in southwest monsoon was reported during ~15.7 ky, which may have
resulted in the low TOC in the deglaciation period*. The prominent peak in TOC was noticed at 140-150 cm
to 170-180 cm. An erosional event in the Himalayas was reported around 0.5 Ma, which may enhance TOC in
the study region®'. OM in the deep layers could be linked to sea surface circulation and NE winter monsoon,
considered the major feature during the last glacial time.

At 230-240 cm, the TOC value recorded the maximum, which indicated a major event happened at that
stage. The layer 250-260 cm also recorded elevated TOC, which resulted from a massive erosional event from the
Himalayas caused by the tectonic activity during ~0.8 Ma*%. From 250 to 560 cm, the down core variation in TOC
displayed a decreasing trend, then increased and followed a zigzag pattern. Decrease in TOC for post—0.9 Ma
was reported due to a lower abundance of C4 plants in the Ganga-Brahmaputra basin®. Another mass landslide
in the Himalayan mountain range =, 1.7 Ma, may contribute to higher TOC** in CIOB at 560-570 cm. In core I1,
TOC was very low due to the geographical features of the region (eastward region of the central Indian Ocean),
which may not receive terrestrial influx from the Ganga-Brahmaputra river basins. In core II, a favourable
condition for nodule development can be inferred.

The average concentration of PRT and LPD were high at an interval of 50-80 cm than at 0-30 cm. The
sediment layer 50-80 cm represents the LGM period, which recorded elevated average concentration for lipid
(573.6 mg/kg) and protein content (696.83 mg/kg) than Holocene (563.03 mg/kg and 287.58 mg/kg for lipid
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and protein content respectively) period (0-30 cm). High PRT levels can be linked to primary productivity'! or
bacterial activity. The depth interval of 300 to 570 cm of the core I was recorded with lower protein content, but
the lipid content was higher in this region. This lower protein content in the region indicated their utilization
by heterotrophic microbes®>®. The higher LPD content may reflect in situ productivity as well as diatoms and
faecal pellets of zooplankton are assumed to be important carriers of lipids to marine sediments®.

The presence of carbohydrates is ubiquitous and can be present >75 wt% in vascular plants, >40 wt% of
bacteria®® and 20-40 wt% in planktons®. The top of the core recorded an elevated average concentration of
carbohydrates (418.42 mg/kg and 318.76 mg/kg during the Holocene and LGM period, respectively). The con-
centration of carbohydrates was found to be higher at a depth interval of 300-570 cm. The concentration of PRT
exhibited its maximum at 330-340 cm due to better preservation. The concentration of biochemical components
was almost consistent at 200-300 cm. Lower carbohydrate levels were observed compared to protein and lipid
throughout core I. In conditions that favour OM accumulation, i.e. high primary production and reducing condi-
tions, efficient sugar consumption by the microbiota prevents the carbohydrates from contributing significantly
to the preserved OM. However, these polymers, present in relatively low amounts in sediments, are a useful tool
for studying biological and physicochemical processes in the aquatic environment.

The protein-to-carbohydrate ratio (PRT: CHO) has been used as an index to determine the origin of material
present in sediments and to determine the age of SOM**%. The samples from the top of the core up to 330 cm
revealed a zig-zag pattern (Fig. 9) for PRT to CHO ratio, with the highest value at 310-320 cm. In the core, a
higher PRT to CHO ratio could be due to better preservation of proteins. In addition, poor mineralized material
tends to be colonized by bacteria rich in proteins®, which would increase the protein content of these materials
and the index value.

An erosional event in the Himalayas was reported around 0.5 Ma, which contributed TOC®’, and organic
materials to the CIOB, which may lead to higher bacterial activity. Degradation of organic material at the
water-sediment interface may lead to low preservation of OM in the sediment core®?. However, the protein
concentration was high, which may be due to higher bacterial activity in the sediment layer and hence showed an
elevated PRT to CHO ratio. The increase in the nutritive value of the sediments is also indicated by the increase in
the protein/carbohydrate ratio. The ratio ranges between <0.1 in oligotrophic deep-sea sediments (500-2400 m
depth) in the Eastern Mediterranean Sea) to higher than 10 in coastal Antarctic sediments®. It was found to be
higher than the Antarctic sediment in some of the subsamples.

LPD content and the LPD/CHO ratio have been used as good indexes to describe the energetic (or food)
quality of the organic contents in the sediment®®*. Furthermore, LPD concentration has been associated with the
most labile fraction of sedimentary organics, and it was considered the best descriptor for meiofauna abundance
and biomass over enzymatically hydrolyzable amino acids (EHAA) or PRT contents®®*’. In most samples, LPD
to CHO ratio was > 1, indicating higher productivity of benthic organisms inhabiting the CIOB. The sample
310-320 cm showed the highest LPD to CHO ratio (Fig. 10).

PRT to CHO ratio recorded higher values in this station so that we may predict plankton bloom followed
by meiofaunal abundance. The elevated PRT:CHO ratio, particularly in core I, signifies heightened detritus
mineralization and an associated augmentation in their protein content as a consequence of bacterial enzymatic
processes, as reported in previous studies®. Conversely, in core II, where the PRT: CHO ratio is below 1, this is
indicative of the presence of more extensively degraded organic matter®. Core samples from 90 to 120 cm also
showed high values, which may be associated with higher productivity during the glacial-interglacial period.
These samples also recorded a high PRT to CHO ratio, indicating the influence of higher productivity. The depth
interval of 170-180 cm also revealed similar observation, which may be associated with higher nutrients con-
tributed by Himalayan erosion around =~ 0.5 Ma might reinforce higher production in the benthic community.
Sample from 230 to 250 cm also showed similar observations, which may be resulted from a massive erosional
event caused by the tectonic activity during ~ 0.8 Ma from Himalaya®*. Sample from depth interval 270-280 cm
also exhibited enhancement for both LPD to CHO and PRT to CHO ratio, which could be due to higher produc-
tion for meiofaunal abundance. Nevertheless, the concentration of biochemical components can be modulated
during settling organic components to the sedimentary environment by diagenesis, even though it is preserved
during anoxic environments. The PRT to CHO, as well as LPD to CHO ratio in core I, displayed the highest value
than the other sediments from the different regions. However, these two ratios in core II are comparatively low
except 10-20 cm (LPD: PRT =0), which shows LPD to CHO ratio > 1.

Several factors can influence the processes that controls erosion, sediment accumulation, organic matter
distribution, and the composition of organic molecules in the oceanic sediments. They are mainly environmental
conditions, biological activity, and sedimentary processes. Erosion on land transports organic matter and miner-
als into rivers and eventually to the oceans. Organic matter, such as plant debris, gets mixed with soil particles
during erosion. The sediments accumulates in ocean basins due to various processes like riverine input, biological
activity (e.g., shell fragments), and aeolian transport. Organic matter in sediments comes from terrestrial plants,
marine algae, phytoplankton, and zooplankton. The type and source of organic matter influence its composition.
Over time, buried organic matter undergoes diagenesis, a series of chemical and biological changes, altering its
composition and structure.

Conclusion

The study depicted the variation of total organic carbon and biochemical parameters in the two core samples
taken from the central Indian Ocean basin. Sediment core sample I was collected from the central Indian Ocean
region dominated by terrigenous sediments, and Core II was collected from the eastern side of the Afanasiy-
Nikitin Seamount in the Equatorial East Indian Ocean. The presence of manganese nodules and Ferromanga-
nese crusts in the region where Core II was collected. These geological formations are notably dense and rigid,
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making it challenging to extract cores from deeper layers or to obtain a larger number of samples. Consequently,
a restricted sample size of three samples due to a constrained sample of only 30 cm in core II.

The subsamples collected from core II also showed a higher % of sand as compared to the core I. Core I was
associated with finer sediment texture with a lower amount of sand (< 1%) fraction. Higher TOC was associated
with erosional events reported in the Himalayas around 0.5 Ma, ~ 0.8 Ma and = 1.7 Ma in the study region.
Then the down core variation of TOC shows a decreasing trend, which could be due to the lower abundance
of C4 plants in the Ganga-Brahmaputra basin®. Down core variation of protein up to 300 cm showed a zigzag
pattern with peaks, which may indicate in situ production of organic matter during upwelling events’®”". The
most important Pleistocene high productivity started at 1.8 Ma and lasted until — 1.2 Ma’?, which is associated
with lower protein but higher lipid content. Low protein content in this section of the core may reflect the lower
bacterial activity. Sample from 270 to 280 cm also showed a higher ratio for LPD to CHO and PRT to CHO,
which could be due to higher production for meiofaunal abundance. Principal component analysis showed that
lipid is the major contributor to BPC in core I. The analysis also suggests that lipids and carbohydrates can be
originated mainly from the oceanic environment. The amount of organic carbon and biochemical parameters
may not be completely preserved in the sedimentary records due to the diagenesis by the microbial community,
even though it can provide some insights into the quality of organic matter. These results can be opened up for
further research with additional parameters to refine the organic source interpretations and to improve our
understanding of the processes that control organic matter preservation in marine sediments during different
geological periods. Changes in the depositional characteristics along a longitude in the central Indian Ocean
can also be inferred from the study.

Data availability
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available from the corresponding author (mmullungal@qu.edu.qa) on reasonable request.
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