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The sedimentation rate (SR) of oceanic sediments can be understood as the layer thickness accumulated by
marine sediments in a certain period of time. The study of SR in the global ocean is pivotal for understanding key
aspects such as oceanic water energy, climate dynamics, terrestrial input, marine environment, and ecosystems

thhology L robustness. However, the evolution characteristics of oceanic sediment SRs at continuous time and spatial scales
Polynomial fitting . . . . . - - .
Paleoclimate are still lacking. This research employs a creative polynomial fitting approach, distinct from conventional

average SR computations, to achieve higher resolution SR analysis. This research extensively examines SR
variations across temporal, spatial and lithological dimensions. Utilizing a comprehensive dataset from 343
globally distributed (DSDP, ODP, IODP), including detailed lithology data from 99 sites, we reconstruct the
evolutionary history of Quaternary oceanic sediment SR. Our findings uncover diverse sedimentation trends
across different oceanic environments. A notable inverse correlation emerges between SR and both the proximity
to continental margin and the depositional period, substantiated by robust quantitative and semi-quantitative
evidence. Additionally, a significant correlation between SR and lithology is observed. We identified the SR of
terrigenous clastic sediments is obviously related to their size, alongside a clear latitudinal differentiation in
biogenic SR between the northern and southern hemispheres. In the northern hemisphere, SR increase with
latitude, marked by a transition from calcium-based to silica-based biogenic sediments. Conversely, in the
southern hemisphere, SRs decrease with latitude following a same transition. This pattern reflects the habitat
preferences of diverse marine organisms and the greater land area in the Northern Hemisphere. Additionally,
we’ve developed a semi-quantitative method for the relationship between sediments and SR considering factors
such as distance to continental margins, ocean and latitude. This method contributes valuable insights to
geological research.

1. Introduction

The investigation of sedimentation rates (SRs) in ocean sediments is
a cornerstone in Earth science, offering unparalleled insights into ocean
dynamics, climate history and environmental change. SRs, especially
during the Quaternary (2.58-0 Ma), provide a window into the past,
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revealing the complex interplay between climates change (Molnar and
England, 1990; 2001, 2004; Zhang et al., 2001), lithology (Ibach, 1982;
Levitan et al., 2012), tectonics (Schwab, 1976; Sadler, 1981; Donnelly,
1982; Cochran, 1990), glacier changes(Baas et al., 1997; Backman et al.,
2004), sea ice variability (Moran et al., 2006; Polyak et al., 2009; Liu
et al., 2012), monsoons (Chen et al., 2017), ocean currents (Goldberg
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and Griffin, 1964; Worsley and Davies, 1979a; Davies et al., 1995),
precipitation patterns(Gard, 1993), weathering conditions (Goldberg
and Griffin, 1964; Bacon, 1984), sea level fluctuations (Worsley and
Davies, 1979b; Baas et al., 1997), and paleobiological fossils (Schott,
1939; Liu et al., 2012; Dutkiewicz et al., 2015). Quaternary was a time of
dramatic geological and biological evolution, characterized by the for-
mation of continents, deep-sea basins, active volcanoes, and high
mountains. It was a period marked by the widespread ice sheets and
significant climate changes, which fostered rapid biological evolution
(Ericson and Wollin, 1968). In contrast to the terrestrial environment,
sediments accumulated on the seafloor in a slow but relatively unin-
terrupted manner throughout the Quaternary (Bell and Walker, 2014).
The consequential environmental transformations, recorded in marine
sediments and geological formations, are evident through the preser-
vation of paleobiological fossils. These historical archives render the
study of Quaternary Ocean sediments and their SRs of profound scien-
tific importance (Chen et al., 2017). Given their relatively recent
geological age, Quaternary sediments often lack lithification, resulting
in a loose and unconsolidated state. This aspect reduces the potential for
errors caused by compaction and deposition interruptions when calcu-
lating SRs, thereby enabling more accurate and realistic assessments
(Davies et al., 1977; Anderson et al., 2013). Quantitative analyses of SRs
in Quaternary Ocean sediments are invaluable for understanding the
ancient oceanic environments and paleoclimatic evolution. They also
play a crucial role in fields such as shale oil and gas exploration (Zhou
et al., 2009; Zhang et al., 2013), and astrochronological research (Li
et al., 2018). Moreover, these studies serve as essential references for
comprehensive global investigations of SRs across extended geological
periods.

Despite significant advancements in global SR data collection, as
exemplified by Restreppo et al. (2020), and the macroscopic under-
standing of seafloor sediment distribution by Dutkiewicz et al. (2016),
the quantitative relationship between SRs and lithology in oceanic en-
vironments remains unclear. This gap is compounded by the significant
challenges in gathering raw data necessary for calculating SRs. The
complexity and extensive labor required to collect these indicators have
led to a notable scarcity in quantitative research that explores SRs on a
continuous timescale with high resolution, particularly on a global scale.
Further complicating this research landscape is the dispersed nature of
global ocean sediment lithology data. Such data are often fragmented
across a wide array of publications and databases, presenting a hetero-
geneous that poses considerable hurdles in data collection and consoli-
dation efforts (Ma et al., 2021). Here, the study utilizes age-depth data
from 343 sites of ocean drilling programs (DSDP, ODP, IODP) and li-
thology data from 99 sites from IODP stages. These sites contain
comprehensive information dating back to the Quaternary, providing a
solution to the challenges proposed above, such as the temporal and
spatial evolution characteristics of SRs in oceanic sediments in contin-
uous time and spatial scale, as well as the coupling relationship with
lithology.

This paper aims to use the age depth data set and lithology data from
ocean drilling voyage reports to address the following objectives: (i)
calculate the average SRs for the five major global oceans since the
Quaternary (2.58-0 Ma) and examine the factors influencing these rates;
(ii) quantify the relationship between distance to continental margins
and SRs at different time points (0.5 Ma, 1 Ma, 1.5 Ma, 2 Ma, 2.5 Ma)
and the relationship between water depth and SRs, analyzing the factors
responsible for these variations; (iii) compute the SR ranges for three
primary sediment categories—terrigenous clastic, biogenic, and car-
bonate sedimentary rocks—and evaluate the spatiotemporal response of
SRs for these lithologies.

Marine and Petroleum Geology 166 (2024) 106900

2. Materials and methods
2.1. Data presentation

Sediment cores from DSDP/ODP/IODP serve as our prime archive for
obtaining continuous records with well-established chronologies. Sedi-
ment from pelagic or semi-pelagic sites also help mitigate potential
biases from turbidite sequences. We review all Initial Reports volumes
up through IODP Expedition 382 to select sites suitable for this study.
Chosen sites needed to have ample data of sufficient quantity, ideally
with complete or near-complete sediment sections cored for the Qua-
ternary, with preference given to sites covering older periods.

Initially, we screened 1000 sites with good age model data from the
Deep Sea Drilling Project (DSDP, Leg1-96), Ocean Drilling Project (ODP,
Leg100-210), and International Ocean Discovery Program (IODP,
Expedition nos. 301-312, 317-382). At each site, we selected the most
suitable hole from each ocean expedition. From these, 343 sites (343
holes) were identified (Fig. 1, light blue dots) with available age and
depth data covering the Quaternary. We adhere to the standards of the
Geological Time Scale 2020; GTS 2020) for age data. These sites span all
major ocean basins and various depositional environments, including
regions with significant terrestrial sediment input, areas of intense up-
welling with high primary productivity, and pelagic and semi-pelagic,
carbonate-rich, open ocean areas, among others. Similarly, lithology
data from 99 holes across 99 IODP sites were also obtained and
analyzed, and these holes contain more complete Quaternary litholog-
ical data (Fig. 1, pink dots). Furthermore, we have collected data on the
water depth (approximate modern water) for these 99 holes to be used in
subsequent analysis and discussions. The detailed attributes of the data
are provided in the attachment (Supplementary data). Analysis of cruise
report proceedings revealed that most hole’s lithological characteristics
are expected to show large, continuous distributions. Therefore, for the
complied lithological data obtained, after arranging them in ascending
depth order, we excluded any lithological data appearing only at specific
depth point instead of within depth intervals.

2.2. Sedimentation rate calculation

Traditional methods for calculating SRs mostly rely on average SRs,
such as determining absolute ages of rocks through methods like
radiocarbon dating, zircon U-Pb dating, K-Ar dating, Rb-Sr dating, and
high-precision Re-Os isotope dating (Anderson et al., 2013; Zhang et al.,
2023). By using the ratio of differences in depth and age, the average SR
over a certain period can be calculated. However, these dating methods
are costly and not universally applicable, yielding only average SRs.
Additionally, utilizing cyclostratigraphy and astronomical dating
methods can depict high-resolution SRs, but uncertainties in parameter
adjustments and the selection of theoretical astronomical cycle models
limit their universality (Zhang et al., 2023). Consequently, based on the
characteristics of Quaternary sediments and the collected DSDP, ODP,
and IODP data, we believe that a polynomial approach and alignment
for the first derivative to calculate SRs is more appropriate due to its
adaptability and accuracy (Li et al., 2023). as illustrated in Fig. 2. In
addition, the advantages of using polynomial fitting to calculate the SR
and the specific details of the formula can be found in the supplemen-
tary. To prevent overfitting, we set the polynomial fitting order to range
from 1 to 6, and the fitting order is taken to ensure that the fitting curve
is monotonous and the R-square value is large. The SRs are measured in
cm/kyr. This approach enables us to determine SRs for 343 holes with
appropriate time resolution, as well as ages and SRs for 99 holes across
various lithologies.

It is essential to verify the calculated results of SRs. Original cruise
reports typically provide average SRs between two depths, which may
be restrictive for high-resolution time scale studies. In contrast, our
polynomial fitting yields a continuous curve, allowing for derivation of
SRs that should exhibit gradual transitional characteristics. As long as
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Fig. 1. Geographic distribution of research sites. This map illustrates a total of 343 study sites, marked in light blue, and an additional 99 sites, marked in pink,
specifically analyzed for lithological composition in this research.
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Fig. 2. Overview of the SR calculation methodology. (a) Depicts the algorithm flowchart used for calculating SR. (b) Presents a polynomial fitting process,
exemplified using data from Hole 1241A, the location of Hole 1241A is indicated by an orange star in Fig. 1. (c) Shows the resulting first derivative of the polynomial
in (b), representing the magnitude of the SR.

the polynomial fitting is effective and overfitting is minimized, we can particular hole within a specific depth range.
ascertain instantaneous SRs at a reasonably higher time resolution. It is
acknowledged that SRs calculated via polynomials might contain some
level of error. To validate our calculated rates, we will compare SRs
reported in the original cruise reports. If the rates in these reports fall
outside our calculated range, we will consider refitting the data or using
the average rate from the cruise reports as the instantaneous rate for that

2.3. Lithology classification

To streamline the statistical analysis of lithology in this study, we
initially undertook data preprocessing for all lithological data. This
involved standardizing data to the predominant lithology and
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simplifying them to their most concise form based on lithological fea-
tures. For instance, “calcareous bearing clayey silt” or “calcareous
bearing clayey silt with nannofossils” are both simplified to “clayey silt”,
given the predominance of this component. Changes in the nomencla-
ture of other sediment types and the finalized list of adopted sediment
types are detailed in Appendix Tablel. Subsequently, the lithological
data are classified into three major categories based on their source and
lithological properties: terrigenous clastic sediments, biogenic sedi-
ments, and carbonate sedimentary rocks (Dutkiewicz et al., 2015).

Terrigenous clastic sediments encompass 15 types: sand, silty sand,
muddy sand, clayey sand, fine sand, interbedded sand and mud, sandy
silt, silt, clayey silt, sandy mud, silty mud, mud, sandy clay, silty clay,
and clay. Their data volume accounts for Fig. 3a. These originate from
land and are deposited on the seabed following process of weathering,
erosion, and transportation. Sand, a granular material, consists of finely
divided rock and mineral particles, primarily quartz in non-tropical and
continental settings. Silt, with a particle size between sand and clay,
primarily comprises quartz and feldspar. It can exist as soil or suspended
sediment in water bodies. Mud is a water-soil mixture, including silt and
clay, which can harden into sedimentary rocks like shale or mudstone
over time. Clay consists of tiny, electrostatically bonded, plate-shaped
particles.

Biogenic ooze, a pelagic sediment containing over 30% skeletal
material, exists mainly as either carbonate or siliceous ooze. Carbonate
ooze covers about half of the world’s seafloor, found chiefly above
depths of 4500 m where it does not dissolve quickly. Siliceous ooze, less
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common, is primarily found around Antarctica and near the Equator.
This paper studies four types of biogenic sediments: biosiliceous ooze,
calcareous ooze, foraminiferal ooze, and nannofossil ooze.

Carbonate rocks, predominantly made of minerals like calcite and
dolomite, vary in texture according to Dunham’s 1962 classification,
from crystalline to mudstone. This paper analyzes SRs of grainstone,
packstone, wackestone, and mudstone. Grainstones are formed by dy-
namic aquatic processes, whereas packstones develop in zones with
varying energy levels. Wackestones consist of particles transported into
calmer settings, and mudstones form in still environments, influenced by
chemical, biological, or mechanical factors. Marl, rich in carbonate
minerals, clays, and silt, forms in aquatic environments, often involving
algae, and solidifies into marlstone.

For each category, polynomial fitting is applied to the depth data
corresponding to their specific lithologies, utilizing age-depth data from
the same hole. This step is crucial for determining the age and SR at the
corresponding depths for each lithology within the same hole, thereby
enabling more detailed analysis and investigation. The distribution and
proportions of these three sediment types, along with the top several
sediment types within each major category, are depicted in Fig. 3.,
providing a clear visual representation of our findings.

silty clay 12.1%

34.9% clay

mud

19.3%
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64.5%
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Fig. 3. Distribution and proportions of lithologic categories. (a) Illustrates the proportion of terrigenous clastic sediments. (b) Shows the lithologic proportions in
biogenic sediments. (c) Details the lithologic composition within carbonate rocks. (d) Displays the overall data quantity for the three primary lithologies.



T. Huang et al.

3. Results
3.1. Average sedimentation rates of five oceanic basins

Informed by a comprehensive literature review, it’s understood that
SRs variations are often intricately linked to climate and tectonic ac-
tivities (Whitman and Davies, 1979; Zhang et al., 2001; Molnar and
England, 1990). Accordingly, this study selected 8 time points in Qua-
ternary, marked by significant geological events and climate shifts, to
calculate the average SRs across five major oceans at specific intervals
(0.15Ma, 0.6Ma, 0.9Ma, 1.2Ma, 1.3Ma, 1.7Ma, 2.2Ma, 2.5Ma) (Don-
nelly, 1982; Zhu et al., 2012; Diesing, 2020).

The calculated average SRs at these 8 time points (Fig. 4) reveal a
consistent trend in the Atlantic, Pacific, and Indian Oceans since the
Quaternary. However, the Arctic and Southern Oceans exhibit distinct
differences due to their unique geographical locations and climatic
conditions. In the Arctic Ocean, the average SR increased from 3.75 cm/
kyr to 5.57 cm/kyr between 2.5 and 1.3 Ma, followed by a decreased to
4.66 cm/kyr. This rate is slightly higher in the late Quaternary compared
to the early period. In the Southern Ocean, a gradual decline from 1.66
cm/kyr to 1.51 cm/kyr was observed from 2.5 to 2.2 Ma. Between 2.2
and 1.2 Ma, the rate increased to 2.16 cm/kyr, the highest in the Qua-
ternary. It then decreased to 1.44 cm/kyr from 1.2 to 0.6 Ma, before
rising to 1.82 cm/kyr, slightly higher than the early Quaternary. In
contrast, the Atlantic, Indian and Pacific Oceans showed a gradual in-
crease in SR from 2.5 to 1.3 Ma. Notably, after 1.2 Ma, the Indian Ocean
displayed a rapid acceleration in SRs, significantly surpassing those of
the Atlantic and Pacific Oceans.

3.2. Relationship between distance to continental margin and
sedimentation rate

In this study, we used the nearest neighbor analysis method in Arc-
GIS statistical tools to calculate the shortest distances from 343 holes to
the nearest continental margin (Fig. 5a; b; c). The kernel density esti-
mate plot (Fig. 5d) of distances from these 343 holes to the nearest
continental margin shows a trend that with the distances to the conti-
nental margin, the number of holes is gradually reduced and meets the
heavy tail distributions. Even though SR generally decreases with dis-
tance to the continental margin, it is possible that sediments at close
distances may have been transported over long distances (Clift et al.,
2008; Peketi et al., 2021).

We conducted calculations for the SRs at various geological ages (0.5
Ma, 1 Ma, 1.5 Ma, 2 Ma and 2.5 Ma) for the 343 holes and five geological
time points were fitted with logarithmic curves to represent the
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relationship between SRs and distances to continental margins (Fig. 5e).
An exploration of relationship between SRs and distances to the nearest
continental margin was subsequently carried out for each time point.The
influence of age on SR varies across different distance ranges (Appendix
Table 2). At the five time points, the relationship between SR and dis-
tance can be divided into four stages: (1) Stage One: For distances
greater than 1.85 x 10° km, the SRs in increasing order are at 1.5 Ma, 1
Ma, 2 Ma, 0.5 Ma, and 2.5 Ma. (2) Stage Two: Within the distance range
of 1.2-1.85 x 10° km, the SRs in increasing order of time are 1.5 Ma, 1
Ma, 2 Ma, 2.5 Ma, and 0.5 Ma. (3) Stage Three: For distances between
0.67 and 1.2 x 10° km, the rates in increasing order of time are 1.5 Ma,
2 Ma, 2.5 Ma, 1 Ma, and 0.5 Ma. (4) Stage Four: When the distance is less
than 0.67 x 10° km, the rates in increasing order of time are 2.5 Ma, 2
Ma, 1.5 Ma, 1 Ma, and 0.5 Ma.

3.3. Relationship between lithology and sedimentation rate
3.3.1. Terrigenous clastic sediments
(i) Globally: Relationship between lithology and SR

The terrigenous clastic sediments are labeled 1-15 according to their
size from largest to smallest and are respectively sand, silty sand, muddy
sand, clayey sand, fine sand, interbedded sand and mud, sandy silt, silt,
clayey silt, sandy mud, silty mud, mud, sandy clay, silty clay, clay. We
have produced box plot for 15 types of terrigenous clastic sediment SRs
(Fig. 6a) and SR kernal density estimates for four typical terrigenous
clastic sediments: sand, silt, mud, clay (Fig. 6b). It can be observed that
the SR of sediments ending in clay increases with size; those ending in
mud generally increase as size increases; similarly, sediments ending in
silt show a rough increase with size; only the median SR of sand
significantly decreases as size increases. The bulk density estimation
charts for these four sediment types also exhibit a characteristic pattern.
The peak of a kernal density curve indicates where the data is most
densely concentrated. Apart from sand, which has a smaller first peak,
the first peak values in the SR bulk density chart for the other three
sediment types increase with particle size: 5.09 cm/kyr, 25.84 cm/kyr,
and 35.72 cm/kyr (Fig. 6b). Both clay and sand, exhibit multiple peaks
in their bulk density estimation charts, indicating areas of concentrated
SR data. Sand shows peaks at 9.11 cm/kyr, 42.95 cm/kyr, 61.3 cm/kyr,
while clay has peaks at 5.09 cm/kyr, 65.26 cm/kyr, and 83 cm/kyr
(Fig. 6b). These peaks represent a clearer view of the overall distribution
of SR for each sediment type.

Global and five Oceans mean sedimentation rate

SR (cm/kyr)

=o= Global Ocean
Atlantic Ocean
Pacific Ocean
Indian Ocean
=®= Arctic Ocean
< Southern Ocean
S 95% Confidence
N Interval

0.5 1.0

1.5
Age (Ma)

2.0 2.5

Fig. 4. Map of mean sedimentation rates of oceanic sediments across the five major oceans worldwide.
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(ii) Regional scale: Relationship between lithology, distance, water
depth and SR

Based on the distance of 15 types of terrigenous clastic sediments
from the continental margin, they are categorized into nine groups to
investigate the relationship between the SR of different terrigenous
clastic sediments and their proximity to the continental edge, as well as
their relationship with the water depth (approximate mean modern
water depth) at the time of sedimentation (Fig. 7). The SR of terrigenous
clastic sediments exhibits a general negative correlation with increasing
water depth across different distances from the continental margin.
Specific details are outlined below.

Groupl: Within 20-70 km from the continental margin, diverse
sediment types are observed. Median SR initially increases then de-
creases with decreasing particle size. Water depth decreases then in-
creases, generally below 1500 m.

Group 2: Within 70-120 km from the margin, sediment types
resemble Group 1. Median SR decreases for various sediments compared
to Group 1, except for fine sand and interbedded sand and mud. SR
follows a pattern of initial increase, decrease, then increase with water
depth fluctuations.

Group 3: Within 120-170 km, fewer sediment types are observed,
including silt and sandy clay. Median SR decreases for silty clay and clay
compared to Group 2, while SR increases for clayey silt. Water depth
shows an initial decrease followed by an increase.

Group 4: Within 170-220 km, fewer sediment types compared to
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Group 3. Median SR increases for silt and clay but decreases for clayey
silt and silty clay. Water depth follows a similar trend.

Group 5: Within 220-250 km, an increase in sediment types is
observed. Median SR decreases for silt and clay but increases for clayey
silt and silty clay. Water depth generally increases, particularly when
median SR for silt is low.

Group 6: Within 300-400 km, an increase in sediment types is
observed. Median SR decreases for silty sand and clay but increases for
sandy silt, silt, clayey silt, and silty clay. Water depth fluctuates,
generally above 2500m.

Group 7: Within 400-500 km, an increase in sediment types with
reduced quantities is observed. Median SR decreases for various sedi-
ments, and the SR range narrows. Water depth is generally close to
4000m.

Group 8: Within 500-700 km, a reduction in sediment types is
observed, with median SR generally less than 10 cm/kyr. Water depth
remains stable, close to 4000m.

Group 9: Beyond 700 km, a sharp reduction in sediment types, with
only clay present. Median SR is less than 1 cm/kyr, and water depth
approaches 5000m. The specific SR range and other statistic parameters
such as min, Q1 (the first quartile), median, Q3 (the third quartile), max
and mean in different distance ranges for each lithology are available in
Appendix Table 3 and Appendix Table 4.

(iii) Regional scale: Relationship between lithology, water depth,
slopes and SR

SR Range and mean water depth for Each Number Type (Lithology)
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Fig. 7. SR variations of terrigenous clastic sediments relative to distances from continental margins and water depth. Refer to Fig. 6 for lithology legends 1-15. This
figure delineates the box plot of SRs for various types of terrigenous clastic sediments at different proximities to the nearest continental margins. The light blue dots
represent the mean water depth for this lithological data. Panels (a) to (j) illustrate the SRs across nine different distance ranges for these terrestrial clastic sediments.
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In different water depth ranges (Fig. S1), there are distinct trends in
the relationship between water depth, terrigenous clastic sediments, and
SR. Generally, as water depth increases, the SR of terrigenous clastic
sediments tends to decrease. The relationship between water depth and
distance to the continental margin (Fig. S2) predominantly shows a
positive correlation across four distance ranges. Considering the influ-
ence of slopes on terrigenous clastic sediments, we calculated the
tangent of the slope angle (tan®) as the ratio of water depth to distance to
the continental margin (supplementary data3). The maximum value,
0.0075, is less than 0.0175 (tanl°), approximating a plain (Tan et al.,
2022). Thus, this study temporarily disregards the influence of slopes on
the SR of terrigenous clastic sediments.

3.3.2. Biogenic sediments

In the Northern Hemisphere, the primary sediment types and SR vary
by latitudes. At low latitudes (0-30°N), sediment types include
calcareous ooze (1.46-16.04 cm/kyr), nannofossil ooze (0.24-17.56
cm/kyr). At mid-latitudes (30-60°N), sediment types such as nanno-
fossil ooze (0.46-56.17 cm/kyr), foraminiferal ooze (0.46-1.68 cm/
kyr), calcareous ooze (3.65-57.31 cm/kyr), biosiliceous ooze
(3.44-55.48 cm/kyr). At high latitudes (60-90°N), the main sediment
type is biosiliceous ooze (49.27-49.74 cm/kyr). In the Southern Hemi-
sphere, the main lithology types and significant variations in SRs differ
considerably across different latitudes. At low latitudes (-30~0°S),
sediment types include foraminiferal ooze (0.26-16.87 cm/kyr), nan-
nofossil ooze (1.26-9.80 cm/kyr). At mid latitudes (-60~-30°S), sed-
iments types such as calcareous ooze (0.59-2.83 cm/kyr), foraminiferal
ooze (1.08-9.28 cm/kyr), nannofossil ooze (0.37-8.99 cm/kyr). At high
latitudes (-90~-60°S), the main sediment type is biosiliceous ooze
(0.70-11.37 cm/kyr). The specific details are available in supplemen-
tary data5.

We categorize calcareous ooze, foraminiferal ooze and nannofossil
ooze as calcareous ooze in Fig. 3b. Globally, the box plot of SR of
calcareous and siliceous biogenic sediments were drawn according to
latitude (Fig. 8). In the Northern Hemisphere, from low to high latitudes,
the type of biogenic sediment transitions from calcareous to siliceous,
and the median of SR gradually increase. In the Southern Hemisphere,
from low to high latitudes, the type of biogenic sediment also transitions
from calcareous to siliceous. However, the median SR of calcareous
biogenic sediments decreases with latitude increases. The median SR of
siliceous sediments at high latitudes in the Southern Hemisphere is
noticeably lower than that at mid to high latitudes in the Northern
Hemisphere. Additionally, the range of SR for biogenic sediments (as
indicated by the length of the box in box plots) in mid to high latitudes of
the Northern Hemisphere exceeds that in the Southern Hemisphere. This
approach allows for a comprehensive understanding of the SRs and
characteristics of biogenic sediments, accounting for the variability due
to latitude and environmental factors.

3.3.3. Carbonate sedimentary rocks

During the Quaternary on a global scale, the study identified the
following carbonate sedimentary rock types along with their respective
SR ranges: marl (4.20-27.55 cm/kyr), mudstone (2.32-27.10 cm/kyr),
wackestone (0.26-29.76 cm/kyr), packstone (0.89-29.02 cm/kyr), and
grainstone (0.79-27.76 cm/kyr). After arranging these carbonate rocks
- grainstone, packstone, wackestone, mudstone, and marl in order from
largest to smallest grain size, there is an increasing trend in their SR
medians (Fig. S3). Detailed statistics for each lithology type, including
minimum, Q1, median, Q3, maximum, and mean SR, are provided in
Appendix Table 6.
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Fig. 8. Box plot of SRs of calcareous and siliceous biogenic sediments. (a).Box
plot of SR of calcareous biogenic sediments. (b). Box plot of SR of siliceous
biogenic sediments.

4. Discussion
4.1. Key factors influencing Quaternary global oceanic SRs

4.1.1. Climate-induced variations in SRs

Since the Quaternary, overall, comparing the mean SRs of the five
oceans at late Quaternary to those at present, there has been a
discernible upward trend in the average SRs of the world’s five major
oceans, with the Atlantic, Pacific, and Indian Oceans exhibiting partic-
ularly obvious increases. This trend is evidenced by remarkable global
consistency in average SR curves (Fig. 4), corroborating findings by
(Davies et al., 1977). Across various global environments, including
both active and inactive mountain belts, there has been an increase in
SRs and sediment grain sizes over the last 2 to 4 Ma. This trend implies
an escalation in erosion rates, attributable to climate change as the
primary globally synchronous process driving the widespread intensi-
fication erosion and deposition (Whitman and Davies, 1979; Zhang
et al., 2001; Lii et al., 2016). The formation of the Arctic ice cap in the
last 2-4 Ma has precipitated significant global climate changes, leading
to fluctuations in temperature, precipitation, sea levels, vegetation, and
other factors. These changes likely expedited weathering and sedimen-
tation processes (Wang, 2018). Research by Hay et al. (1988) indicates a
substantial increase in terrestrial sedimentation over the past 5 Ma. The
rise in SRs is associated with sea level drops during continental ice ages,
which allowed rivers to incise continental margins and augment the
influx of terrestrial clastic debris. Concurrently, periods of low sea levels
coincide with increased SRs of biological sediments, suggesting a pattern
of diminished continental chemical weathering during times of higher
sea levels (Worsley and Davies, 1979b). Furthermore, the growth of
high-altitude glaciers has contributed to heightened incision and erosion
in mountainous regions, while shifts in precipitation patterns have likely
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influenced erosion rates (Molnar and England, 1990; Zhang et al., 2001).
Therefore, the overall trend in the average global ocean SRs since the
Quaternary has been characterized by a significant increase.

4.1.2. Non-climatic contributors induced variations in SRs

The acceleration of tectonic movements is a well-established phe-
nomenon in geoscience, known for its significant impact on enhancing
erosion and deposition processes (Pang et al., 2009; Wang, 2018).
Mountain uplift, in particular, plays a pivotal role in influencing glacier
formation (Raymo and Ruddiman, 1992). A notable example of this is
the substantial uplift observed in regions such as Tibet and North
America, which is believed to have contributed to the formation and
intensification of glaciers in the Northern Hemisphere around 2.4 Ma
(Bacon, 1984). In addition, the process of mountain uplift inevitably
results in increased erosion. This is exemplified by the Late Pleistocene,
where significantly higher SRs were observed in the distal part of the
Bengal Fan. This suggests that during glacial maxima, the continental
shelf was likely completed exposed, resulting in the direct transport of
river sediment loads to the continental slope (Cochran, 1990), thus
providing a source of sediment for the ocean to deposit. Furthermore,
calculations of SRs at different time scales indicate a systematic trend of
decreasing average SRs with increasing time scales. The gradient of this
trend varies with different tectonic backgrounds (Sadler, 1981).

4.1.3. Comparative study of SRs in diverse oceanic basins

Since the Quaternary, between 2.5 and 1.3 Ma, SRs in the Arctic
Ocean have increased from 3.754 cm/kyr to 5.567 cm/kyr, then grad-
ually decreased to 4.662 cm/kyr. This differs slightly from the SR range
calculated by Backman et al. (2004) for the Pliocene to Pleistocene in the
Arctic Ocean, which ranged from 0.04 to 0.40 cm/kyr, likely due to
variations in sampling methodologies and locations of the data we
collect, alongside impacts from distinct seasonal sedimentation and sea
ice dynamics (Polyak and Jakobsson, 2011; Levitan et al., 2012;
Jakobsson et al., 2014). The Southern Ocean, in contrast, shows rela-
tively low SRs, influenced by limited terrestrial sediment input and
predominantly glacial processes in Neogene terrestrial sedimentation
(Latimer and Filippelli, 2001; Salvi et al., 2006). Meanwhile, the Indian
Ocean’s average SRs have increased noticeably since 1.7 Ma, surpassing
the Pacific and Atlantic Oceans, attributed to its geographical position
and geological activities (Fig. 4). Beginning at 2.4Ma, the uplift rate of
the plateau began to slow down. At 1.95-1.77Ma, the Tibet Plateau rose
again, which is the “Tibetan Plateau movement C stage”, this period
marks the major adjustment in the plateau’s internal and surrounding
water systems, and the 0.73Ma Plateau began to rise strongly again.
Extensive glaciation on the plateau began between 0.8 and 0.7 Ma. At
about 0.65 Ma, the main plateau entered the cryosphere at an attitude of
3000~3500m, and the “maximum glacial period” appeared. The strong
uplift of the plateau not only brings a large amount of terrigenous input
to the Indian Ocean, but also has a certain impact on climate. Indian
monsoon and ocean circulation, all of which have a certain impact on
the SR (Zhu et al., 2012). The Atlantic Ocean has also seen a steady
increase in SRs since the Quaternary, with deep-sea clay primarily
sourced from continental erosion and impacted by transport through
rivers and winds (Biscaye, 1965; Kolla et al., 1979; Donnelly, 1982). In
the Pacific Ocean, integral to Cenozoic climate evolution, Late Cenozoic
sediment accumulation rates in the upper sediments of the Atlantic,
Indian, and Pacific Oceans have outpaced earlier periods, with signifi-
cant increases in terrestrial sedimentation since 5 Ma, notably in the
Mississippi Delta since 2 Ma (Hay et al., 1988; Molnar and England,
1990; Singh et al., 2023).

4.2. The coupling relationship between SR and continental margin
distance

In sedimentary basins, both modern and ancient, SRs are influenced
by plate tectonic environments. Generally, basins located in the central
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parts of plates tend to have slower SR compared to those near or at the
plate margins. For example, mid-plate basins located entirely on top of a
single basement type (i.e., cratonic basins) typically have slow SRs
(usually less than 0.006 m/kyr), whereas negative areas near the edges
of continental blocks and adjacent orojenic moutains have faster SRs.
SRs in basins along or adjacent to plate margins almost always exceed
0.04 m/kyr, often much higher than in mid-plate basins (Schwab, 1976).
In this study, the distances of all analyzed holes to the nearest conti-
nental margin exhibit a significant “heavy-tailed distribution” charac-
teristic (Fig. 5d). This distribution pattern results from the strategic
placement of holes in ocean drilling, primarily focused on studying
specific regional features such as monsoons, paleoenvironments, and
paleoclimates, hence the prevalence of holes near continental margins.
A “logarithmic decrease” in SRs is observed as the distance to the con-
tinental margin increases.

When the distance from the continental margin is less than 670 km,
the chronological order of decreasing SRs is 0.5 Ma, 1 Ma, 1.5 Ma, 2 Ma,
and 2.5 Ma (Fig. 5e; Appendix Table 2). This indicates that as we
approach the present, SRs increase, suggesting that near the continental
margin, the influence of terrigenous input is greatest. Since the Qua-
ternary, with the onset of glacial climates, intensified weathering has
increased erosion on land, leading to more terrigenous input (Hay et al.,
1988; Molnar, 2004; Lii et al., 2016). In the deeper oceanic regions,
where the distance from continental margin exceeds 1850 km, the
chronological order of decreasing SRs is 2.5 Ma, 0.5 Ma, 2 Ma, 1 Ma, and
1.5 Ma. This partially reflects the complex mechanism of deep-sea
sediment transport and suggests that the intensity of deep-sea currents
during different periods may also influence SRs (Whitman and Davies,
1979; Tan et al., 2022). Additionally, in the intermediate region,
approximately 670~1850 km from the continental margin, the order of
SRs is quite similar, except for some differences at 1 Ma. We believe that
these areas are influenced by similar factors affecting SRs.

4.3. SRs response to lithology

4.3.1. SRs response to terrigenous clastic sediments

Overall, the deposition of these terrigenous clastic sediments is
significantly influenced by hydrodynamic conditions, proximity to the
continental margin, and water depth (Zhu et al., 2012; Cuthbertson
et al., 2016; Zhao et al., 2017). At a global spatial scale, sand exhibits
deposition median SR characteristics that are inconsistent with those of
the other three sediment types: silt, mud, and clay, and the peak of its
density estimation curve is smaller (Fig. 6). The impact on different
terrigenous clastic sediments also varies across different distance ranges.
For larger particles such as sand, silty sand, muddy sand, and clayey
sand, the SR decreases with increasing distance from the continental
margin. For medium particles such as fine sand, interbedded sand and
mud, sandy silt, silt, clayey silt, and sandy mud, the SR initially increases
and then decreases with increasing distance from the continental
margin. For smaller particles such as silty mud, mud, sandy clay, silty
clay, and clay, the variation in SR with distance may show a complex
trend of initially increasing, then decreasing, followed by further in-
creases and decreases (Fig. 7). In proximity to the continental margin, a
wide variety of sediments are found, and overall SRs are relatively high
(Fig. 7a and b). Within the 120-220 km range from the continental
margin, the variety of sediments decreases (Fig. 7c and d), followed by
an increase in sediment types in deeper marine areas (Fig. 7e, f, 7g).
Subsequently, both the variety of sediments and SRs decline (Fig. 7h and
.

This is partly because, as the distance from the continental margin
increases, the pelagic transport of sediments is influenced by various
factors, such as interactions with deep-sea gravity flows and sediment
re-transportation (Shanmugam, 2000). Larger particles require stronger
currents for transport, and these particles typically originate from
orogenic zones (Gurnis, 1992). Generally, the farther from the conti-
nental margin, the deeper the water and the stronger the hydrodynamic
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forces, which differently affect the SRs of these terrigenous clastic sed-
iments (Pan et al., 2016). On the other hand, sand is a non-cohesive
material, whereas silt, mud, and clay are cohesive, and their transport
processes and interactions with other materials, as well as the extent to
which they are influenced by hydrodynamic forces, are complex
(McCave, 1984; Cuthbertson et al., 2016). Additionally, the influence of
water depth on the SRs of different terrigenous clastic sediments
(Fig. S1) is also complex. However, generally speaking, when the dis-
tance from the continental margin exceeds 500 km and water depths
stabilize near 4000 m, the median SR of these terrigenous clastic sedi-
ments tends to be low, less than 10 cm/kyr. Silt, clayey silt, and clay,
with SRs across various distances (Fig. 7a-h), are widely present in the
ocean, influenced by ocean currents and the resuspension of fine sedi-
ments (Lavelle et al., 1984; Ebukanson and Kinghorn, 1990). This dis-
tribution pattern relates to significant continental shelf exposure during
sea-level glacial periods (Honjo et al., 1982a,b; Chen et al., 2017). In
deep basins, restricted circulation conditions initially led to the rapid
accumulation of fine terrigenous clasts, which reduced as circulation
became more open (Dutkiewicz et al., 2015).

4.3.2. SRs response to biogenic sediments

The SRs of biogenic sediments globally are deeply interconnected
with specific sea surface parameters, with distribution varying signifi-
cantly worldwide (Dutkiewicz et al., 2015). Marine sediments, rich in
both terrestrial and biogenic components and often classified as hemi-
pelagic sediments, typically deposit through slow, continuous processes,
contrasting with the rapid, intermittent sedimentation observed in
phenomena like turbidity currents and landslides (Damuth, 1977).

The distribution and characteristics of biogenic sediments are
determined by the biogeography of organisms in surface currents and
the chemical composition of seawater, which alters the composition of
sediments in deeper areas (Berger, 1967). In marine sediments, the
contribution of biogenic material decreases with depth, and biogenic
sediments have relatively short residence times in the deep-sea water
column. It is expected that there will be minimal dissolution and remi-
neralization upon reaching the deep-sea floor, except for coccolith
particles (Honjo et al., 1982a,b). Given the distinct geographical dif-
ferences between the Northern and Southern Hemispheres and the
impact of ancient environmental variations on organism habitats, it is
crucial to examine the SRs for different biogenic sediments separately
within each hemisphere (Fig. 8). There is a notable hemispherical dif-
ference in SRs, particularly between the Southern and Northern Hemi-
spheres. The Northern Hemisphere, closer to larger landmasses and
more land at high latitudes, sees more ice sheet formation, contributing
to climate cooling through ice-albedo feedback (Anderson et al., 2013).
This hemisphere features prevalent marine biogenic siliceous sediments
in upwelling zones, indicative of high surface water productivity and
influenced by strong ocean currents (Baldauf and Barron, 1990; Ger-
sonde et al., 1999).

In contrast, the Southern Hemisphere, especially at higher latitudes,
shows lower SRs compared to equatorial regions, likely due to increased
material input from tropical rivers and the development of extensive sea
ice around Antarctica, enhancing productivity in Antarctic waters
(Goldberg and Griffin, 1964; Hays, 1965). This distinction is evident in
the equatorial Atlantic, where average SRs for Globigerina ooze and red
clay are notably lower than for diatom ooze, with significant changes
observed during the last ice age (Schott, 1939).

4.3.3. SRs response to carbonate sedimentary rocks

Most carbonate sediments in the ocean originate from the weath-
ering of continental materials, with these carbonates being redistributed
by deposition on continental shelves, in shallow seas, and on the deep-
sea floor (Sclater et al., 1979). The data analysis results in this paper
indicate that as the grain size of carbonate rocks decreases (grainstone,
packstone, wackestone, mudstone, marl), the median SRs in their box
plots progressively increase (Fig. S3). These carbonate sediments display
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varying SRs and distinct regional characteristics. Our analysis in-
corporates data from Expeditions 356 and 359, which focused on
exploring the history of aridity and monsoon history off coast of
Australia and in the central Indian Ocean’s Maldives, respectively. These
expeditions have significantly enhanced our understanding of these li-
thologies (Gallagher et al., 2017; Betzler et al., 2017). However, our
calculated results do not entirely conform to this expected pattern.
Moreover, considering the work of (Bathurst and Tucker, 1990), the
probability of carbonate diagenesis occurring within a span of 2.58 Ma is
relatively low. This leads us to hypothesize that the carbonate sedi-
mentary rocks in this context did not form during the Quaternary. It is
more likely that carbonate calcium biota initially appeared as ooze,
rather than forming into solid rocks like grainstone (Choudhari et al.,
2023).

Additionally, the SR calculated in our study do not match the
anticipated rate based on particle sizes of calcite in the carbonate sedi-
mentary rocks. Although grainstone contains the largest particles, its
median SR is relatively low, a pattern also observed in packstone and
wackestone. Given that these data are derived from only three expedi-
tions; they may not provide a comprehensive global perspective. As a
result, we propose that grainstone and other carbonated sedimentary
rocks may have originated in older geological periods. These rocks could
have been transported to the Australian coast during the Quaternary, a
hypothesis that necessitates further investigation to confirm.

4.4. Semi-quantitative method of SRs

Based on the quantitative results previously discussed, in combina-
tion with supplementary data provided in the article (Supplementary
Data 5), our analysis has enabled us to draw semi-quantitative in-
ferences regarding lithology and SRs. Specifically, for Quaternary ocean
sediments, we have developed a semi-quantitative method that de-
lineates the relationship between SRs and lithology, considering vari-
ables such as proximity to continental margins, water depth, ocean
characteristics, and latitude. This creative method yields valuable in-
sights crucial for advancing geological research. In the realm of terres-
trial clastic sediments, we observe significant variations in SRs across
different particle types, including sand, silt, mud, and clay. These vari-
ations are not just nominal but show distinct trends at various boundary
points. For instance, the most probable SR for clay is concentrated
around 5 cm/kyr, whereas for mud, it’s approximately 25 cm/kyr. Silt
typically has an SR of around 35 cm/kyr, and for sand, the SR is expected
to be about 42 cm/kyr. Furthermore, sandy sediments, which encompass
silty sand, clayey sand, fine sand, silt, clayey silt, and sandy clay, are
predominantly found in the Indian and Pacific Oceans.

When the water depth is less than 1000 m, most terrigenous clastic
SR exceed 10 cm/kyr. When the water depth exceeds 4000 m, most
terrigenous clastic SRs are less than 10 cm/kyr. At water depths
exceeding 5000 m, the sediment type is primarily clay, with SRs below 1
cm/kyr. Within a distance of range from 220 to 250 km from the con-
tinental margin, at water depths ranging from 1000 to 2000 m, terrig-
enous clastic SRs range from 20 to 40 cm/kyr. At distances of range from
300 to 400 km from the continental margin, with water depths ranging
from 2500 to 3500 m, terrigenous clastic SRs range from 10 to 40 cm/
kyr. At distances of range from 400 to 500 km from the continental
margin, with water depths ranging from 3000 to 4000 m, terrigenous
clastic SRs are approximately range from 0 to 30 cm/kyr. At distances of
range from 500 to 700 km from the continental margin, with water
depths between 3000 and 4000 m, terrigenous clastic SRs range from
0 to 10 cm/kyr.

Notably, the SRs in these oceans exhibit significant differences, with
the Pacific Ocean generally presenting higher rates. For example, the SR
for silty sand in the Indian Ocean mainly ranges from 2 to 20 cm/kyr
(the minimum value of the SR range is rounded up and the maximum
value is rounded down), while in the Pacific, it predominantly falls be-
tween 25 and 60 cm/kyr. Additionally, the SR for clayey sand in the
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Indian Ocean hovers mainly around 5 cm/kyr, occasionally reaching up
to 43 cm/kyr. In contrast, the Pacific Ocean displays rates around 50
cm/kyr. The SR for fine sand in the Indian Ocean lies between 10 and 12
cm/kyr, whereas in the Pacific, this range expands significantly, varying
from 58 to 61 cm/kyr. Sandy silt in the Indian Ocean varies from 2 to 18
cm/kyr, while in the Pacific, it ranges from 20 to 48 cm/kyr. Muddy
sediments, including sandy mud, silty mud, and mud, are mainly
distributed across the Atlantic and Pacific Oceans, with the Atlantic
typically showing higher SRs. For instance, sandy mud in the Atlantic
ranges from 17 to 38 cm/kyr, with some instances reaching between 59
and 85 cm/kyr. In contrast, the Pacific Ocean displays a range from 5 to
25 cm/kyr, with occasional readings reaching 43 cm/kyr. In terms of
clay distribution, which is a unique sediment type, it is found across the
Atlantic, Pacific, Indian, and Southern Oceans. The SRs in these regions
are diverse; for example, in the Atlantic, they range from 1 to 14 cm/kyr,
in the Indian Ocean from 1 to 25 cm/kyr, occasionally reaching 43 cm/
kyr and even 83 cm/kyr. In the Pacific, the rates vary from a low of 0-18
cm/kyr, extending up to 34-67 cm/kyr, while in the Southern Ocean,
they range from O to 3 cm/kyr. Moreover, finer particles such as silt,
clayey silt, and sandy clay are generally present within a range of
approximately 700 km from the continental edge. In contrast, sand and
silty sand are more commonly found within a closer range of about 120
km from the continental edge, showcasing a broad spectrum of SRs.
Interestingly, though sandy mud, silty mud, and mud have smaller
particle sizes, they are predominantly distributed in regions nearer to
the continental edge, also exhibiting a wide range of SRs. For sediments
located beyond 400 km from the continental edge, the SR typically falls
below 45 cm/kyr. Sediments positioned beyond 500 km from the con-
tinental edge usually have SRs below 20 cm/kyr, and those beyond 700
km typically feature SRs below 5 cm/kyr.

In the case of biogenic sediments, when combining data from Ap-
pendix Table 5 and Supplementary Data 5, we find that at low latitudes,
calcareous sediments have SRs range from 0 to 17 cm/kyr. In the mid-
latitudes of the Northern Hemisphere, calcareous SRs are higher,
approximately 1-50 cm/kyr, and siliceous sediments range from 4 to 55
cm/kyr. Conversely, in the mid-latitudes of the Southern Hemisphere,
calcareous SRs drop to 0-10 cm/kyr. In the high latitudes of the
Northern Hemisphere, siliceous SRs range from 49 to 50 cm/kyr,
whereas in the Southern Hemisphere, these rates are lower, around from
0 to 10 cm/kyr.

In summary, this extensive analysis allows us to make preliminary
inferences about the SR ranges of terrestrial clastic and biogenic sedi-
ments, taking into account factors such as sediment type, oceanic dis-
tribution, distance from the continental edge, water depth, latitude, and
other relevant factors. These SR values are instrumental in constraining
points that are challenging to determine using paleontological dating.
Furthermore, the relationship between SR, lithology, water depth and
distance provides a valuable reference for scientists in planning and
conducting future scientific investigations.

5. Conclusions

This study offers a creative approach in understanding Quaternary
Ocean sediments by quantifying SRs and examining their relationships
with distance from continental margins and lithology. This research
provides new insights into the study of Quaternary Ocean environments
and climate. The key conclusions are.

(1) Quaternary Sedimentation Rates: This study employed a
polynomial fitting method to calculate SR since the Quaternary at
343 globally distributed sites. Subsequently, the average SRs for
the five major oceans were determined and a brief analysis of
factors influencing SRs was provided. The findings highlight that
the magnitude of SRs results from the complex interaction of
variation Earth system components. This method offers a more
comprehensive understanding of the evolutionary patterns of
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ocean SRs across continuous temporal and spatial scales. It serves

as a valuable reference for gaining insights into the evolution of

SRs in deeper geological time.
(2) Coupling between SR and Distance and Age: SRs were quan-
titatively calculated at different time points (0.5 Ma, 1 Ma, 1.5
Ma, 2 Ma, and 2.5 Ma), examining their relationship with the
distance from continental margins. The study reveals a logarith-
mic decrease in SRs with increasing distance. Notably, the
sequence of the five time points varies depending on the magni-
tude (from large to small) of SRs within different distance ranges
from the continental margin. However, near the continental
margin (less than 670 km), the sequence of time points is 0.5 Ma,
1 Ma, 1.5 Ma and 2.5 Ma. In the deep-sea regions far from the
continental margin (greater than 1850 km), these sequence of
time points is 2.5 Ma, 0.5 Ma, 2 Ma, 1 Ma and 1.5 Ma. In the
intermediate region (670-1850 km), the sequence of time points
is very similar. This reflects the different factors influencing SRs
within different distance segments and the similar characteristics
of influencing factors within the same distance range.
Coupling between SR and lithology: A quantitative analysis of
SRs with three major lithological classes—terrigenous clastic
sediments, biogenic sediments and carbonate sedimentary rocks.
Furthermore, for terrigenous clastic sediments, we can observe
specific changes in their lithology type, distance from the conti-
nental margin, water depth and SR across four-dimensional
scales. Terrigenous clastic sediments ending in sand, silt, mud
and clay showed specific SR box plot rules. With increasing dis-
tance from continental margins, sediment types and SRs gradu-
ally transition, with clay being widely distributed. As water depth
increases, there are notable differences in the types and SRs of
terrigenous clastic sediments. Biogenic SRs exhibit clear lat-
itudinal variations, with a transition from calcium-based to silica-
based sediments in both hemispheres, accompanied by corre-
sponding changes in SRs. In the Northern Hemisphere, from low
to high latitudes, biogenic sediments transition from calcareous
to siliceous, while SRs gradually increase. Conversely, in the
Southern Hemisphere, from low to high latitudes, biogenic sedi-
ments also transition from calcareous to siliceous, but SRs grad-
ually decrease. This may be related to the habitat preferences of
organism and environmental differences between the northern
and southern hemisphere. Based on the analysis of SR statistics
for carbonate rocks, we speculate that the carbonate rock data we
collected may originate from early diagenesis during the early
Quaternary, followed by re-transportation to form. Additionally,
since the quality of carbonate rock data is relatively low, further
research may be needed to validate these conclusions.
Semi-quantitative method of SRs: The semi-quantitative
method for SRs offers an initial inference and assessment range
applicable to both terrigenous clastic sediments and biogenic
sediments. This delineation is particularly valuable in chal-
lenging locations where dating is difficult. It serves as a beneficial
reference point for future scientific expeditions, providing a
framework for preliminary analysis. This study on SRs in the
Quaternary Ocean can serve as a valuable reference for investi-
gating the SRs of deep-time ocean sediments.
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