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ABSTRACT
The Antarctic Bottom Water (AABW) current plays a crucial role in storing and transporting heat,
water, and nutrients around the world. However, it is impossible to monitor AABW in the Plio-
Pleistocene by direct measurement. Hence, abyssal erosion was usually chosen as an effective
indicator of the presence of the AABW in the Indian and Eastern Pacific Oceans during that period.
Here, we report a high-resolution magnetostratigraphy of a gravity core, the JL7KGC-01A from the
south of the Mariana Trench, northwest Pacific Ocean. The main results are as follows: (1) polarity
data suggest that the sequence recorded the late Gauss chron to the early Brunhes chron,
including the Jaramillo, Cobb Mountain, and Olduvai normal subchrons; (2) the sedimentary
processes in the study area since 2.9 Ma show three stages of sedimentation: 83 cm/Ma during
2.9–1.2 Ma, 183 cm/Ma during 1.2–0.7 Ma, and no sedimentation since ~0.7 Ma; (3) the area south
of the Mariana Trench experienced a significant change in the deposition rate at 1.2 Ma, which
could be correlated with the intensified desertification in inland Asia, and experienced a promi-
nent depositional hiatus since the early middle Pleistocene, which likely resulted from the
enhanced/expanded AABW. Based on these new polarity data and comparisons with previous
studies around the Pacific Ocean, we therefore propose that the AABW experienced a notable
change during the early–mid Pleistocene transition.
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Introduction

The ocean bottom waters are characterized by distinct
oxygen content, salinity, temperature, and density, in com-
parison to upper layers, and play a major role in global
transportation of heat and energy. Among themost impor-
tant global bottom waters, the Antarctic Bottom Water
(AABW) is the main source for bottom waters in the
Southern Ocean, northwest Pacific Ocean, and Atlantic
Ocean. The AABW plays an important role in global climate
change by storing and transporting heat, freshwater, and
carbon around the Earth, and has therefore attracted great
scientific attention during the past decade (e.g. Johnson
2008; Marshall and Speer 2012; Ohshima et al. 2013).
However, the bottom water flows so slowly that only a
few proxies are effective in determining its character in the
past (e.g. Jacobs et al. 1970; Whitworth and Orsi 2006;
Gordon et al. 2009, 2010). As a consequence, there are
significant gaps in our understanding of the AABW.

Deep-sea erosion, which was broadly reported in the
Indian and eastern Pacific Oceans (e.g. Kennett and
Watkins 1975; Huang and Watkins 1977; Watkins and
Kennett 1977; Ledbetter and Ciesielski 1982; Keller and
Barron 1983), has provided unique information about
the presence, transportation, and intensity of the AABW.
For instance, based on 187 cores from the southeast
Indian Ocean, Watkins and Kennett (1977) reconstructed
the spatial distribution of surface sediment age and
reported widespread deep-sea erosion in response to
high bottom-water velocity. In the eastern Pacific
Ocean, previous work strongly suggested that the
AABW migrated eastward and northward into the
Clarion–Clipperton fracture zone (C–C zone) several
times in the Cenozoic, which caused considerable ero-
sion in this area (Barron and Keller 1982).

The Mariana Trench lies at the boundary between
the eastern Philippine Sea Plate and the subducting
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Pacific Plate (Figure 1A). The subduction along the
boundary began in the Eocene prior to ~50 Ma (Jurdy
1979; Ranken et al. 1984). The trench is a non-accretion-
ary convergent plate margin, wherein the basement of
the overriding plate is in direct contact with the sub-
ducting plate at the trench axis and no material is
accreted from the subducting plate (Hussong and
Uyeda 1981). As a result, there is no significant infilling
of the trench by accumulating sediments (Fryer et al.
2003), resulting in the deepest part of Earth’s surface.
The Mariana Trench is also a possible key path of the
AABW (Talley et al. 2011), which can migrate northward
and trigger the global thermohaline circulation in the
Pacific (Supplemental data, Figure S4). Due to lack of
evidence from this area, it is hard to know when the
AABW migrated to the region and what the effects of
such migration were. In this study, we investigate a
gravity core collected from the Pacific Plate, at a locality
south of the Mariana Trench, in 2012. We use magne-
tostratigraphy to reconstruct an age model for this core
and assess the potential link between sedimentary his-
tory and abyssal processes and the presence of the
AABW in this region during the late Plio-Pleistocene
Epoch.

Material

The core, JL7KGC-01A, was collected in June 2012, using
a gravity driller on the Pacific Plate, south of the
Mariana Trench (Figure 1). The driller is 6 m long with
a diameter of 7 cm. After coring from an area with a
water depth of 4430 m, a 2.41 m-long sediment was
obtained. About 3 cm-thick sediment from sediment
top was fluid-like and collected for biological studies

on board. The 2.38 m-sediment core was then cut into
three pieces and stored at an air temperature of 4°C.
Due to water loss, pressure change, sediment loss in
cutting, and/or other changes, the sediment shrank
~1.5% in length and finally 2.35 m-sediment was
obtained after the cruise.

The sediment is homogenous carbonate-free muds
with a median grain size of 6–12 μm. Its colour is dark
brown (10YR 3/3) through the whole core with yellow
spots (10YR 7/8). There are some micro-nodules with
<1 mm diameter within 162–165 cm interval of the core
(Figure 2). The sediment contains mineral, quartz grains
and zeolite, and amphibole grains in minority. After the
cruise, the JL7KGC-01A core was sampled at 2 cm inter-
val using non-magnetic plastic cubes (2 × 2 × 2 cm3)
and 115 specimens in total were collected for magnetic
polarity study.

Methods

These 115 specimens from the JL7KGC-01A core were
subjected to stepwise alternating field (AF) demagneti-
zation up to a peak field of 80 mT (17 steps). The natural
remanent magnetization of each specimen was mea-
sured using a three-axis cryogenic magnetometer (2G
Enterprise, USA) installed in magnetically shielded room
(residual fields <300 nT).

Characteristic remanent magnetization (ChRM) direc-
tions were determined using principal component ana-
lysis (PCA, Kirschvink 1980) as implemented by the
palaeomagnetism data analysis software (PGMSC, V4.2)
developed by Randolph J. Enkin. The ChRM directions
were fitted through the origin using at least four con-
secutive demagnetization steps and were only accepted

Figure 1. Tectonic position (A) and schematic map of the Mariana Trench region as well as the location of the JL7KGC-01A core (C).
PAC, Pacific Plate; PHI, Philippine Sea Plate; and CAR, Caroline ridge. The bathymetric data of the Mariana Trench was generated
using the open and free software DIVA-GIS 7.5 (http://www.diva-gis.org/). The magnetic inclination at the drilling site (142.28° E,
10.35° N) has two expectations: 3.46°±0.27° and 7.23°±0.29° according to the International Geomagnetic Reference Field (IGRF12)
model (data covering 1590–2015 AD) (http://www.ngdc.noaa.gov/geomag/) (Supplemental data, Figure S5).
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if the maximum angular deviation (MAD) was less
than 10°.

Rock magnetic measurements, which include iso-
thermal remanent magnetization (IRM), IRM acquisition
curves, hysteresis loops, and the associated ΔM and
dΔM/dB curves, were made on four representative
specimens.

Hysteresis parameters were measured using a
MicroMag 3900 vibrating sample magnetometer (VSM).
The magnetic field was cycled between ±1.5 T for each
specimen. Saturation magnetization (Ms), saturation
remanence (Mrs), and coercivity (Bc) were determined
after the correction for the paramagnetic contribution
identified from the slope at high fields. Specimens were
then demagnetized in alternating fields up to 1.5 T, and
an IRM was imparted from 0 to 1.5 T (IRM1.5 T, hereafter
termed SIRM) also using the MicroMag 3900 VSM.
Subsequently the SIRM was demagnetized in a stepwise
backfield up to −0.4 T to obtain the coercivity of rema-
nence (Bcr).

Results

Magnetic mineralogy

The sediments may consist of a mixture of different
magnetic minerals with variable grain sizes or concen-
trations. Partitioning methods (e.g. Robertson and
France 1994; Kruiver et al. 2001; Egli 2003) were used
in order to analyse the magnetic composition. IRM
acquisition curves of selected specimens were analysed
by using the Matlab@ 7.1 programme, and the deriva-
tive curves were plotted to illustrate the coercivity dis-
tributions (Figure 3). The curves show a one-humped
distribution, whose major coercivities are at 30–60 mT.
This lower-coercivity predominant component is likely
magnetite.

Hysteresis loops and ΔM and dΔM/dB curves were
used to further assess the magnetic mineralogy. All the
selected specimens display pronounced superparamag-
netic or pseudo-single domain behaviour (Figure 4),
implying that the predominant magnetic mineral in
the sediment is low-coercivity magnetite. The ΔM and
dΔM/dB curves, which are sensitive only to the rema-
nence-carrying phases (e.g. Jackson et al. 1990; Tauxe
et al. 1996; Tauxe 2010), were used to reveal the differ-
ent coercivity spectra contained in the hysteresis loops.
There is only one type of dΔM/dB curve for the speci-
mens studied and this is characterized by only one
hump at 30–50 mT, indicating the presence of
magnetite.

Therefore, all rock magnetic measurements are con-
sistent with each other, and the dominant magnetic
mineral in these sample sediments is magnetite.

Palaeomagnetic results

Demagnetization results of representative specimens
are shown as orthogonal diagrams (Zijderveld 1967)
(Figure 5). Generally, the stable ChRM component,
which from the rock magnetic evidence is carried by
magnetite, was isolated between 20 and 50 mT. A total
of 49 specimens (~43%) gave reliable characteristic
remanence directions under the criterion of four
continuous AF points for calculation and an MAD
value ≤10° (Figure 2), and this number changes to 79
(~69%) and 92 (~80%) with the MAD ≤ 15° and 20°,
respectively. Because there is no significant difference
between results in different criteria (Supplemental data,
Figure S1), based on these 49 specimens with a more
restricted criterion, we obtained nine polarity magneto-
zones (Figure 6): four of reverse polarity (R1–R4) and five
of normal polarity (N1–N5). Given that no absolute
declination data are available (Supplemental data,

Figure 2. Photography (A) and some details (B1–B5), lithologi-
cal changes (C), and magnetic inclinations (D) of the
JL7KGC-01A core. The length of the core is 2.35 m, and its
colour is dark brown (10YR 3/3) through the whole core with
yellow spots (10YR 7/8). Some micro-nodules within
162–165 cm interval were observed. Please see details in the
text.
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Figure S2), only the inclination data are used to define
the magnetic polarity stratigraphy (Figure 5).

Discussion

Chronostratigraphic framework of the JL7KGC-01A
core

Given that the sediment through the whole core is fairly
homogeneous and there is no physical evidence indi-
cating the presence of any considerable depositional
hiatus, we therefore have to rely on identification of
any hiatus through the age model. Nannofossil identifi-
cation through the whole core was conducted at 10 cm
intervals, before palaeomagnetic study. Most of the
fossils were completely dissolved, but fortunately two
partially dissolved species were identified: Hemidiscus
cuneiformis at 10 cm and Coscinodiscus nodulifer at
100 cm (Figure 6). A regional nannofossil study in the
southern Mariana Trench by a box sampler found that
Spongaster tetras were dominant in the sediment (Deng
XG, unpublished data). The presence of these nannofos-
sils suggests that these sediments are late Pliocene to
Pleistocene in age. The magnetostratigraphy for

JL7KGC-01A should thus be correlated with the
chrons/subchrons of the late Plio-Pleistocene period.

Subsequently, we correlate the magnetozones deter-
mined from the JL7KGC-01A core to the geomagnetic
polarity timescale (GPTS) of Ogg and Smith (2004) and
Hilgen et al. (2012) (Figure 6). Magnetozones N1 and N5
correspond to the early part of the Brunhes chron and
the late Gauss chron, respectively; magnetozones N2,
N3, and N4 correspond to the Jaramillo, Cobb Mountain
(Supplemental data, Figure S3), and Olduvai normal
subchrons within the Matuyama reverse chron, respec-
tively. The reversed magnetozones, R1–R4, correlate
with the successive reverse polarity parts of the inter-
vening Matuyama chron.

By integrating the magnetostratigraphic results and
biochronologic constraints, a chronostratigraphic frame-
work for the JL7KGC-01A core can be established. Due to
the homogeneous sedimentation and no significant sedi-
mentary boundary within the core, we prefer to set the
transitions between normal and reverse magnetozones
directly to the boundary of the magnetochrons (Ogg and
Smith 2004; Hilgen et al. 2012). The depth-age model is
shown in Figure 5 and indicates sedimentation rates that
range from 80 to 180 cm/Ma for the JL7KGC-01A.

Figure 3. IRM acquisition curves (A–D are normal diagrams, and As–Ds are cut off at ±0.3 T for reasons of clarity) and cercivity
distributions (E–H) for selected specimens from the JL7KGC-01A core, which is calculated using the Matlab@ 7.1 program.
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Sediment accumulation process since the late
Pliocene

From our chronostratigraphic framework of the
JL7KGC-01A core, we identify a distinct change in the
sediment accumulation rate (SAR) from 83 ± 3 to
183 ± 15 cm/Ma across the termination of the Cobb
Mountain normal subchron.

There are two possible mechanisms related to this
large SAR transition: a change (1) in the sediment flux
or (2) in the volume of the infilling basin.

The Mariana system is a non-accretionary convergent
plate margin, in which no material is accreted from the
subducting plate (Hussong and Uyeda 1981) and there
is no significant infilling of the trench by accumulating
sediments (Fryer et al. 2003). Given that the sediment in
the northwest Pacific is dominantly from the inner Asian

continent (e.g. Rea 1994; Asahara et al. 1999; Greaves
et al. 1999; Takebe 2005), the sediment in the study area
can be correlated with aeolian input from inner Asia
(Supplemental data, Figure S4). During the late Plio-
Pleistocene period, according to the study by Sun and
An (2005), the accumulation rate of aeolian deposits
across the Chinese Loess Plateau increased with fluctua-
tions since the late early Pleistocene with a notable
increase during the time interval between 1.5 and
1.2 Ma. This rate jump was also reported by Sun and
Liu (2000), in which the period with significantly
increased aeolian SAR was recognized as 1.1–0.9 Ma.
Therefore, this increase in SAR could be attributed to
aridification of the Asian interior.

On the other hand, the Mariana Trench is the bound-
ary between the eastern Philippine Sea Plate and the

Figure 4. Hysteresis loops (A1–D1 are normal diagrams, and A2–D2 are cut off at ±0.3 T for reasons of clarity) along with the ΔM
curves (A3–D3) and dΔM/dB curves (A4–D4) for selected specimens from the JL7KGC-01A core. The hysteresis loops were measured
in fields up to ±1.5 T. The numbers in figures A3–D3 represent the fields at which humps occur.
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subducting Pacific Plate. As a consequence, the sedi-
ment infilling capacity is determined by the east–west
collision between the Asian and North American plates.
As an indicator, the Japan Alps ascended to peak alti-
tude in central Honshu (Underwood and Fergusson
2005), likely associated with east–west collision at
1.2 Ma (Jolivet et al. 1994). This may have reduced
basin capacity between the Philippine Sea and the sub-
ducting Pacific plates.

There is, however, no direct evidence to verify the
age of collision in the study area, and the indirect
evidence (the Japan Alps) lies thousands of kilometres
away from the Mariana Trench. Therefore, we prefer the
hypothesis that the enhanced aridification of the inner
Asian continent was responsible for the prominent
change in SAR at 1.2 Ma in the south of the Mariana
Trench, and that tectonic activity may have only played
a negligible role.

Figure 5. Orthogonal projections of progressive alternating field demagnetization for representative specimens. The solid (open)
circles represent the horizontal (vertical) planes. The numbers in A–F refer to the alternating fields in mT. NRM is the natural
remanent magnetization. Note that the magnetic declinations are arbitrary.

Figure 6. Lithology and nannofossils (A), magnetostratigraphy (B, C) and age–depth relationships for the JL7KGC-01A core. Dashed
lines between (C) and (D) represent possible correlations of the recognized magnetozones (N1–N5 and R1–R4) to the geomagnetic
polarity timescale (GPTS) (Ogg and Smith 2004; Hilgen et al. 2012). SAR, sediment accumulation rate. In (D), B, Brunhes; J, Jaramillo;
C, Cobb Mountain: O, Olduvai; G, Gauss; M, Matuyama; K, Keana; G/M, Gauss–Matuyama boundary; M/B, Matuyama–Brunhes
boundary. Two major findings ‘(1) SAR transition and (2) depositional hiatus’ are also labelled. See discussion in the text.
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Deep-sea erosion and the presence of the AABW
during the Pleistocene

Due to relatively continuously sedimentary environment
since the late Pliocene, we estimate the ages of the
bottom and the top of the JL7KGC-01A core by extra-
polating the two depositional rates, 83 ± 3–
183 ± 15 cm/Ma, yielding ages of 2.92 ± 0.14 and
0.74 ± 0.03 Ma, respectively. Extrapolation of the SAR
of 183 ± 15 cm/Ma to the present suggests that
134 ± 16 cm of sediments is missing, and this is attrib-
uted to a sedimentary hiatus that affected the south of
the Mariana Trench since the early middle Pleistocene.

In deep-sea sediments, hiatuses may be caused by
erosion as a result of intensified bottom currents or by
non-deposition due to either dissolution (carbonate or
silica) resulting from corrosive deep waters or lowered
surface productivity (Van Andel et al. 1973). In the case
where sediment supply is relatively constant, changes in
the chemical nature and the rate of flow of bottom
waters have been invoked as the primary causes of
deep-sea hiatuses in pelagic sequences (Barron and
Keller 1982). For instance, within and around the C–C
zone, Eastern Pacific, previous studies have indicated
that the sedimentary history in this region is complex
and related to the AABW (Supplemental data, Figure S4)
and calcite compensation depth (CCD) fluctuation (e.g.
Tracer et al. 1971; Van Andel et al. 1973; Barron and
Keller 1982; Ledbetter and Ciesielski 1982; Zhu et al.
2001; Lyle et al. 2002). Because the temperature of the
AABW is relatively low, the oxygen and carbon dioxide
content and water density are both relatively high, and
this can enhance bottom erosion as well as enhance the
productivity of bottom habitat biological communities.
This bottom current subsequently decomposes not only
calcareous shells, but siliceous ones because it is silica
unsaturated (e.g. Zhu et al. 2001). Thereby, during per-
iods of high-latitude cooling, the circulation of bottom
waters was intensified, which would expand these cor-
rosive waters and increase the erosion of sediments in
the C–C zone, Eastern Pacific (e.g. Tracer et al. 1971; Van
Andel et al. 1973; Barron and Keller 1982; Ledbetter and
Ciesielski 1982; Zhu et al. 2001; Lyle et al. 2002). Similar
observations can be found along another possible path
of the AABW in the Indian and Southern oceans (e.g.
Watkins and Kennett 1977; Keller and Barron 1983).

In a theoretical model (e.g. Talley et al. 2011), the
AABW was split into two branches in the Southern
Pacific: one flowing eastward and northeastward into
the C–C zone, Eastern Pacific, and the other transport-
ing westward and northwestward reaching the study
area (Supplemental data, Figure S4). Within a possible
key path of the AABW (Supplemental data, Figure S4),

the Mariana Trench is supposed to be under the influ-
ence of fractions of the AABW (Johnson 2008). Because
of these observations and this hypothesis, as well as
missing sediment in our sequence, we infer that the
hiatus since the early middle Pleistocene in the south
of the Mariana Trench could be related to the invasion
or strength of the AABW. Additionally, sea-floor land-
slide, abyssal earthquake, and other factors might result
in this sedimentary hiatus. Due to lack of evidence and
observation in this area, we prefer to correlate the
134 ± 16 cm interval of missing sediment with the
presence of the AABW.

Furthermore, the latest hiatus around the C–C zone,
Eastern Pacific, occurred between 2.5 and 1.0 Ma (e.g.
Barron and Keller 1982; Tracer et al. 1971; Van Andel
et al. 1973; Ledbetter and Ciesielski 1982; Lyle et al.
2002), which was much earlier than the one recorded
in the south of the Mariana Trench. The end of the
hiatus in the C–C zone at ~1 Ma possibly suggests
that the AABW weakened in the Eastern Pacific, mean-
while synchronously enhanced in or expanded into the
northwest Pacific since the early middle Pleistocene.

No major ice sheets existed in the Arctic area up to
2.75 Ma, after which only small ice sheets developed,
and since 0.9 Ma, large ice sheets grew in both the
Arctic and Antarctic areas (Raymo 1994). Chinese loess
deposits from ~22 Ma (Guo et al. 2002) are useful indi-
cators of the Arctic ice sheet variation (e.g. Hao et al.
2012). When the Arctic ice sheet enlarged, Asian aridifi-
cation enhanced, and loess deposition accelerated,
which resulted in an increase in SAR in the south of
the Mariana Trench. In our record, the depositional rate
change (~1.2 Ma) was followed by the sedimentary
hiatus (~0.8 Ma) (Figure 6), demonstrating somewhat
temporal consistence between fluctuations of the
Arctic ice sheet and the AABW. Although there is no
direct and reported evidence of the Arctic ice sheet
influencing the AABW evolution, we will focus on this
possible teleconnection between the AABW and Arctic
ice sheet within the early and middle Pleistocene, by
obtaining more cores, additional geochronological data
as well as numerical modelling in future studies.

Conclusions

High-resolution magnetostratigraphy coupled with
rock magnetic investigations have been conducted
on sediment core JL7KGC-01A from the south of the
Mariana Trench. The new magnetostratigraphic results
indicate that the sedimentary core records chrons
from the late Gauss to the early Brunhes. Thus,
the sedimentary core was deposited during the
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Plio-Pleistocene period. A prominent depositional hia-
tus is then inferred to have occurred since the early
middle Pleistocene in the study area. After comparing
with previous studies, we further infer that the AABW
weakened in the Eastern Pacific Ocean and then
enhanced or expanded westward into the south of the
Mariana Trench. However, further study on this area and
multiple chronologies, as well as numerical modelling,
will be necessary in the future to test this inference.
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