
Journal of Oceanology and Limnology
Vol. 38 No. 3, P. 665-678, 2020  
 https://doi.org/10.1007/s00343-019-8370-z 

  Magnetic properties indicate the sources of hadal sediments 
in the Yap Trench, northwest Pacifi c Ocean* 

  CHEN Yu 1, 2, 4 , YANG Jichao 2, ** , DADA Olusegun A. 3 , YANG Yaomin 2 , LIN Zhen 2 , 
CUI Zhen 2 , XU Yue 2 , YU Hongjun 2 , LIU Baohua 2  
  1  Institute of Deep Sea Science and Engineering, Chinese Academy of Science, Sanya 572000, China 
  2  National Deep Sea Center, Ministry of Natural Resources (MNR), Qingdao 266237, China 
  3  Dept. of Marine Science & Technology, Federal University of Technology, Akure 340252, Nigeria 
  4  University of Chinese Academy of Science, Beijing 100049, China  

 Received Dec. 24, 2018; accepted in principle Feb. 18, 2019; accepted for publication Apr. 2, 2019 
 © Chinese Society for Oceanology and Limnology, Science Press and Springer-Verlag GmbH Germany, part of Springer Nature 2020 

  Abstract         Magnetic minerals in marine sediments are often masked by the primary natural remanent 
magnetization and material source signals. In order to understand sedimentary environment and sources 
of sediments in the abyss, we studied 126 samples of fi ve bottom surface cores collected by the Jiaolong 
Submersible at 4 000–7 000 m in depth during the third stage of the China’s 38 th  Ocean Voyage. The magnetic 
properties of the sediments were analyzed using Thermosusceptibility ( k - T ) curves and Day plot. The results 
show that the magnetic minerals in the sediments of the Yap Trench are mainly maghemite, and the overall 
magnetic and soft magnetic properties were strong. The magnetic particles of sediments are dominated 
by pseudo single domains (PSD) grains. The main source of sediment is locally-derived basalt debris and 
volcanic debris, and the process of sedimentation is gravity-like fl ow deposition. 

  Keyword : magnetic property; material resource; hadal sediment; Yap Trench 

 1 INTRODUCTION 

 Environmental magnetism has been widely used to 
investigate the formation, transportation, deposition, 
and post-depositional alterations of magnetic minerals 
under the infl uences of a wide range of environmental 
processes (Liu et al., 2003). Environmental magnetic 
susceptibility method is used because it is simple, 
fast, effi  cient, repeatable, and non-destructive to 
samples (Evans and Heler, 2003; Kars et al., 2017) 
whether in loess (e.g. Ghafarpour et al., 2016; Guan et 
al., 2016), lake sediments (Oldfi eld, 1994; Roza et al., 
2016; Kirscher et al., 2018), deep sea sediments 
(Dong et al., 2016; Lund et al., 2017), or core (Dura et 
al, 2015; Yang et al., 2016).  

 Little is known about the subduction zone, 
especially the abyss that exceeds 6 000 m water 
depths until human exploration of the abyss began 
with the invention of echo-sounding technology for 
submarine detection in the late 19 th  and 20 th  centuries 
(Pautot et al., 1987). In the last 50 years, a series of 
geological surveys (Kitahashi et al., 2014) in the 

Mariana Trench and the Puerto Rico Trench have 
revealed the importance of the Earth system processes 
such as deep ocean circulation and deep cyclone 
circulation (Jamieson et al., 2009). They have not 
only revealed large number of material inputs, rich 
biodiversity at this great depth but also shown a 
unique sedimentary environment characterized by 
high pressure, low temperature, and frequent seismic 
activity (Gallo et al., 2015). 

 At present, there are few studies on the use of 
magnetic susceptibility to investigate the material 
source and sedimentary environment of the trench. 
Kawamura et al. (2008) analyzed seven columnar 
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samples from the Ryukyu Trench and found that the 
magnetic carriers of the sediments were mainly 
magnetite and maghemite, containing a small amount 
of hematite. The magnetic mineral content at the top 
of the sediment was terrigenous debris. Both results 
of the magnetic and geochemical analyses proved that 
fi ne-grained magnetic minerals dissolved with 
increasing burial depth in anoxic environment. In 
addition, in the core from the Japanese Trench, 
magnetic susceptibility was used to correlate the 
diff erent sliding surfaces of the earthquake, in order 
to reveal the cumulative eff ects after several 
earthquakes (Yang et al., 2016). 

 Located in the southeastern part of the Philippine 
Sea, the Yap Trench forms the southeastern boundary 
of the Philippine Plate with the Izu Ogasawara Trench, 
the Mariana Trench, and the Palau Trench (Fig.1). 
The Yap Trench is 700 km long and has a curved 
shape that protrudes southeastward. The water depth 
of the Yap Trench is between 6 000 and 9 000 m and 
the maximum water depth is 8 946 m (10°29.957′N, 

138°40.987′E) (Fujiwara et al., 2000). The magnetic 
characteristics of the sediments in the Yap Trench are 
still unknown. In this paper, fi ve magnetic core 
samples obtained, by the Jiaolong Manned 
Submersible, from the Yap Trench were used to carry 
out environmental magnetism and sedimentological 
studies to reveal the magnetic properties of the Yap 
Trench. In addition, the mineral species and 
distribution characteristics, the role of environmental 
magnetic properties of the source of sediments in the 
Yap Trench were explored. 

 2 MATERIAL AND METHOD  
 During the 38 th  Ocean’s Voyage of the Chinese 

Research Vessel,  Xiangyanghong 09   , from June 4–13, 
2017, fi ve deep push core samples (Core D148, D149, 
D150, D151, and D152) of sediments were collected 
by using manned submersible Jiaolong in the southern 
Yap (Fig.2, Table 1).  

 As the Fig.2 and video records show, the substrate 
of site D148, D149, and D150 mainly are deep sea 
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 Fig.1 The location of the Yap Trench area 
 Marked by the Core F090201 from the East Philippine Sea; Cores GX149 and GX169 from the West Philippine Sea (Li et al., 2006, 2015); Core C0012 from 
the Shikoku Basin (Kitajima and Saff er, 2015); Core PS1-PS7 from the Ryukyu Trench (Kawamura et al., 2008); and Core C0019 from the Japan Trench 
(Yang et al., 2016). The upper right corner is sampling position distribution map of Core D148, D149, D150, D151 and D152 in the yellow frame area (Yang 
et al., 2018). 
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clay and a large number of gravel, while that of site 
D151 and D152 are largely compried of deep sea clay. 
The same situation was found in our cores (Fig.3), 

there are many debris in the middle of D149, D150, 
and the bottom of D152. The dopsit thickness of 
D148, D149, and D150 are also thinner than that in 
site D151 and D152. 

 We analyzed 126 samples by segmenting each core 
at 1-cm interval. The samples were dried at 50°C, and 
then ground into a powder with an agate mortar. 
About 3 g of each sample was crushed and wrapped in 
a polyethylene cling fi lm and placed in a 4.74-cm 3  
plastic cube, crushed and prepared for analysis. The 
magnetic measurements were carried out at the 
Environmental Magnetics and Paleomagnetic 
Laboratory of the Third Institute of Oceanography, 

D149 D150

D151 D152

 Fig.2 Sediment sampling environment in the Yap Trench 
 All pictures were taken from the video screenshots recorded by the manned submersible Jiaolong. Because of the camera failure, dive 148 could not capture 
photos and videos (Yang et al., 2018). 

 Table 1 Specifi cations of the cores sampling in the Yap Trench 

 Core 
ID 

 Latitude   
(°N) 

 Longitude   
(°E) 

 Deep   
(m) 

 Sample 
length (cm) 

 Sampling 
method 

 D148  8.058 4  137.523 3  4 161  24.5  Push core 

 D149  8.055 8  137.548 2  4 993  20  Push core 

 D150  8.050 9  137.589 0  6 173  30  Push core 

 D151  8.031 0  137.569 3  6 582  24  Push core 

 D152  8.023 0  137.843 4  6 682  28.5  Push core 
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Ministry of Natural Resources, China.  
 All samples expressed on a mass-specifi c basis, 

with low (976 Hz) and high (15 616 Hz) frequency 
magnetic susceptibilities ( χ  lf  and  χ  hf , respectively), 
were measured using an MFK1-FA Multi-Function 
Kappabridge susceptometer (AGICO, Brno, Czech 
Republic) with a detection limit of 2×10 -8  SI and a 
measurement accuracy of 0.1 percent, at a fi eld 
intensity of 200 A/m (peak-to-peak).  χ  lf  was taken as 
the mass-specifi c low-fi eld magnetic susceptibility ( χ ). 

 The isothermal remanent magnetization (IRM) and 
anhysteretic remanent magnetization (ARM) were 
selected by JR-6A rotating magnetic force, pulse 
magnetizer and DTECH2000 alternating 
demagnetizer. The procedure for the remanent 
magnetization measurements are is as follows: fi rst, 
the samples were placed at the peak of alternating 
magnetic fi eld of 100 mT and a DC magnetic fi eld of 
0.002 5 mT to obtain a non-hysteresis remanent 
magnetic ARM. Then isothermal remanent IRM 40   mT , 
IRM 100   mT    and IRM 300   mT , respectively, were obtained 
for samples with 40 mT, 100 mT, 300 mT after 
demagnetization; fi nally, the saturated isothermal 
remanent magnetization (SIRM) was obtained for the 
2T magnetic fi eld. 

 Magnetic hysteresis loops and back-fi eld isothermal 
remanent magnetization curves were measured to 
determine the hysteresis parameters, coercive force 
( H  c ), remanence coercive force ( H  cr ), saturation 
remanence ( M  rs ) and saturation magnetization ( M  s ) 
using a MicroMag Model 3900 vibrating sample 
magnetometer (VSM, Princeton Measurements 
Corp.). The maximum applied fi eld was 2.0 T.  

 Frequency dependence of the magnetic 
susceptibility ( χ  fd %), SOFT, SIRM/ χ  and S ratio (S 300 ), 
were calculated as follow: 

  χ  fd %=[( χ  lf – χ  hf )/ χ  lf ]×100, 
 SOFT=(SIRM–IRM 40 )/2, 
 SIRM/ χ =SIRM/( χ  lf ×100), 
 S 300 =IRM 300 /SIRM. 
 The  k - T  measurement of 6 representative samples 

was completed with a MFK1-FA Kappabridge 
susceptometer operating at a fi eld of 200 A/m and a 
frequency of 976 Hz with a CS-4 high-temperature 
furnace attached to it. Samples were heated to 700°C 
in argon of standard laboratory quality (the fl ow rate 
was about 100 mL/min) with a heating rate of 
approximately 6°C/min, and subsequently cooled at 
room temperature.  

 The Yap sediment particle size analysis was 
performed using the Malvern 2000 particle size 
analyzer at the Geology Laboratory of the First 
Institute of Oceanography, Ministry of Natural 
Resources, China. Firstly screening the gravel and 
very coarse particles (>2 000 μm) in the samples, 
dilute hydrochloric acid was used to break down 
calcium carbonate and then to be washed out, 2 g of 
each sample was analyzed to obtain the particle size 
data. The average particle size (Md) was calculated 
based on the analysis results. 

 3 RESULT 

 3.1 Particle size analysis 

 The average particle size (Md) of Yap Trench 
samples range from 5.59 Φ to 7.92 Φ, the mean value 
is 7.01 Φ, relatively fi ne but generally large variation. 
The Md of Cores D148–D152 is 6.73 Φ, 6.89 Φ, 
7.15 Φ, 7.32 Φ, 6.68 Φ, respectively. Among these, the 
particle size of Core D149 has the largest variation 
with changing depth, nearly 2 Φ. The particle sizes of 
Cores D148 and D149 are coarsen along down-core 
while that of Cores D148 and D149 are fi ne along 
down-core. There are no signifi cant correlations 
between particle size and magnetic parameters (Fig.4).  

 3.2 Remanent magnetization and hysteresis 
parameters  

 The results of each magnetic parameter analysis 
and its range of variation are shown in Table 2. The 
distributions of  χ , SIRM, and SOFT are more 
dispersed, and their  σ  are larger (>23×10 -8  m 3 /kg, 
>850×10 -6  Am 2 /kg, >334×10 -6  Am 2 /kg, respectively). 

D148

D149

a
b

c

D150

D151

D152

 Fig.3 The photogragh of cores in Yap Trench 
 Red frame a, b and c are debris that contains gravel and grit. 
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The maximum values of  χ , SIRM, and SOFT appear 
at the bottom of the Core D150 (Fig.4). The  χ , SIRM, 
and SOFT exhibit high values in the Core D150, 
D151, and D152, from the abyss deeper than 6 000 m, 
and the variation is not large (relative small  σ ). The 
remanent magnetic parameters of the Core D148 and 
D149 display lower values. The values in the Core 
D149 varied signifi cantly, showing distinct features 
that display low values at the bottom (Fig.4). The 
overall trends of  χ , SIRM, and SOFT in the Yap 
sediments are very consistent in the downcore and 
between cores. The correlations between them have 
always been used to indicate types of magnetic 
mineral in lots of research. 

 The mean  χ  fd % of the Yap Trench is 3.21%, the  χ  fd % 
of Core D148 and D149 is relatively lower (mean 
value are 1.25% and 0.74%). The variance of  χ  fd % in 
Core D149 is the largest ( σ =2.26%), while the  χ  fd % of 
Core D150 and D151 are relatively stable and above 
2%. The mean  χ  fd % of Core D152 is the highest and its 
 χ  fd % has a relatively distinct variation at the bottom. 

 As shown in Fig.4 and Table 2, there are 
resemblance in the  χ  fd %,  χ  ARM ,  χ  ARM / χ ,  χ  ARM /SIRM of 
the Yap Trench. Each magnetic parameter of Core 
D148 is relatively small. The magnetic parameters of 
Core D149 is the largest in Yap Trench sediments, 
while those of Core D149 and D150 are actually 
smaller. In general, the variance of  χ  fd %,  χ  ARM ,  χ  ARM / χ , 
and  χ  ARM /SIRM are relatively consistent and presented 
an increasing trend towards the deep trench. It is 
worth noticing that there are no signifi cant correlations 
between particle size and magnetic parameters, 
indicating that study area probably happened 
sedimentary disturbance, and mixing in large-scale. 

 The  k - T  cycles heated from room temperature to 
700°C of representative samples are shown in Fig.5. 
On the heating branches,  k  gradually increases up to 
approximately 300°C, then is stable from 300°C to 
400°C. This might have resulted from the 
transformation of some magnetic minerals into weak 
magnetic hematite, as it decreased dramatically to 
nearly zero at about 700°C. The cooling  k - T  cycles 

Fig.4 Continued 
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have two patterns: one pattern as D148-2, D149-12, 
D150-1, D151-2. Here,  k  increase sharply as 
temperature decreased from 700°C to 300°C, and at 
the same time higher than the same temperature 
during heating. As temperature decreased from 300°C 
to the room temperature, the values of  k  decrease 
slowly and become steady. The other pattern as D149-
3 and D152-3. Here, the values of  k  increase distinctly 
as the temperature decreased from 700°C to 350°C 
and at the same time even lower than the same 
temperature during heating. 

 The  M  rs / M  s  and  H  cr / H  c    ratios (Day plot) of the Yap 
Trench sediments are mainly located in the PSD 
(pseudo-single-domain) region, between two SD 
(single-domain)+MD (multi-domain) mixing curves 
of Dunlop and Özdemir (2001). 

 4 DISCUSSION  

 4.1 Inference from Environmental magnetism 

 In the present study,  χ  and SIRM have been used to 
refl ect the content of magnetic minerals. The 
distributions of  χ , SIRM and SOFT are shown in 
Fig.4. As can be seen, magnetic minerals of Yap 
Trench sediments are mainly concentrated in the 
Cores D150, D151 and D152 and the middle of D149. 
Among these, the magnetic minerals content of Core 
D150 is the highest. As shown in Fig.6a, the SIRM of 
Yap Trench sediments correlates well with  χ  ( R  2 =0.97). 
On the one hand, sediments have magnetic uniformity, 
and on the other hand,  χ  can be used as an indicator 
for representing magnetic minerals. The magnetic 
strength of magnetite is several orders of magnitude 

 Table 2 The magnetic characteristics of sediments in the Yap Trench 

     D148  D149  D150  D151  D152 

  χ  (10 -8  m 3 /kg)  Max  197.544  455.42  470.72  452.02  387.54 

   Min  69.42  48.17  334.89  367.28  279.38 

   Mean  117.69  199.68  402.89  417.36  346.86 

    σ   34.35  150.74  42.71  23.07  22.97 

 SIRM (10 -6  Am 2 /kg)  Max  5.19×10 3   12.52×10 3   16.33×10 3   14.91×10 3   12.81×10 3  

   Min  1.90×10 3   0.70×10 3   8.25×10 3   7.55×10 3   6.10×10 3  

   Mean  3.32×10 3   5.02×10 3   11.90×10 3   11.62×10 3   9.63×10 3  

    σ   0.85×10 3   4.23×10 3   2.56×10 3   1.50×10 3   1.70×10 3  

 SOFT (10 -6  Am 2 /kg)  Max  1.94×10 3   4.64×10 3   4.71×10 3   4.80×10 3   4.33×10 3  

   Min  653.44  207.92  3.37×10 3   3.05×10 3   2.60×10 3  

   Mean  1.10×10 3   1.94×10 3   4.16×10 3   4.10×10 3   3.78×10 3  

    σ   334.16  1.76×10 3   383.23  330.88  3.43×10 3  

  χ  ARM    (10 -8  m3/kg)  Max  14.72  35.26  41.40  37.79  57.64 

   Min  6.05  3.53  15.65  28.73  23.55 

   Mean  9.17  16,86  30.64  32.64  36.33 

    σ   2.09  12.39  6.79  2.15  93.07 

  χ  fd % (%)  Max  2.73  4.16  8.84  5.48  7.65 

   Min  -4.76  -3.04  0.16  3.72  1.72 

   Mean  1.25  0.74  3.80  4.49  4.92 

    σ   1.40  2.26  1.24  0.43  1.33 

  χ  ARM /χ  Max  0.10  0.14  0.11  0.09  0.18 

   Min  7.04×10 -2   6.72×10 -2   3.32×10 -2   6.55×10 -2   6.08×10 -2  

   Mean  8.02×10 -2   8.72×10 -2   7.79×10 -2   7.80×10 -2   0.11 

    σ   7.97×10 -3   1.46×10 -2   2.22×10 -2   0.62×10 -2   3.17×10 -2  

  χ  ARM    /SIRM (10 -5  m/A)  Max  2.56  4.89  2.69  2.69  3.97 

   Min  1.96  2.10  1.08  1.86  1.78 

   Mean  2.21  3.30  2.07  2.21  2.66 

    σ   0.16  1.00  0.49  0.18  0.56 
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higher than that of hematite. Therefore, in this study, 
 χ  is used as an indicator of the level of magnetite in 
the sample. SIRM and SOFT diff er in mineral 
directivity: SIRM is mainly aff ected by ferrimagnetic 
minerals and incomplete antiferromagnetic minerals, 
but not by paramagnetic minerals and diamagnetic 
minerals, while SOFT is mainly aff ected by 
ferrimagnetic mineral (Liu et al., 2010). The 
correlation between SIRM and SOFT is  R  2 =0.99, 
which indicates that the magnetic properties of the 
Yap Trench sediments are dominated by ferrimagnetic 

minerals, and the contribution of incomplete 
antiferromagnetic minerals is limited. As shown in 
Fig.6a, the incomplete diamagnetic minerals in the 
Core D148 and D149 samples are relatively higher 
than others, while the D150, D151, D152 ferrimagnetic 
minerals are relatively higher. The SIRM value is the 
largest among the SD minerals and zero in the SP 
minerals. The SIRM distribution of the Yap Trench 
indicates that the magnetic domains of the three sites 
in the ultra-abyss are fi ner, and the number of SD 
magnetic particles is more than that of D148 and 
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 Fig.5 The  k  -  T    cycles of representative samples collected from the Yap Trench 
 The black lines are heating cycles and grey lines are cooling cycles, the arrows direct the trend of temperature change. 
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D149. Unlike other studies that particle size has 
signifi cant correlation with magnetic parameters (Liu 
et al., 2007; Prajith A et al., 2015), the particle size of 
sediments in Yap Trench has diff erent trend from 
magnetic parameters, showing that there probably 

happened sedimentary disturbance and mixing in 
large-scale. 

 The  k - T  cycles can be used to eff ectively determine 
the type of magnetic mineral (Dunlop et al., 1997; 
Geissman, 2004). For instance, maghemite is usually 
transformed into weakly magnetic hematite at the 
temperature that ranges from 300°C to 400°C. 
Temperature between 400°C and 590°C is the 
unblocking temperature when maghemite is heated to 
Curie temperature and  k   is  distinctively decreased. At 
700°C is the Curie temperature of maghemite when  k  
is closed to 0 (Thompson and Oldfi eld, 1995). As 
shown in Fig.5, all these characteristics prove that the 
maghemite is the main mineral in Yap Trench 
sediments. During the cooling process, the  k  value 
increases as the temperature decreased from 590°C to 
430°C, but this temperature range is larger for the  k  
value during heating, indicating that magnetite is 
formed during the heating process. We observed that 
the phase characteristics of the  k - T  cycle are consistent 
with the maghemite in the deep-sea basalt of the 
drilling report of Riisager et al. (2002). In summary, 
the mineral composition of the Yap Trench sediments 
is dominated by ferrimagnetic maghemite, containing 
a small amount of antiferromagnetic hematite and 
ferromagnetic magnetite.  

 4.2 Magnetic domain characteristics of sediments 
in Yap Trench 

 Generally, the magnetic domain structure of 
magnetic minerals can be subdivided into SP, SD, 
PSD and MD grains from fi ne to coarse (Liu, 2010). 

  χ  fd % can refl ect the contribution of fi ne-viscous SP 
particles near the SP and SD boundaries to the 
magnetic susceptibility. When  χ  fd %<2%, the sample 
is basically free of SP particles. But when  χ  fd %>5%, it 
indicates there are more SP particles in the sample 
(Maher and Thompson, 1999). The overall average 
 χ  fd % is 3.21%, further indicating that the SP particles 
in these sediments are very low. The Cores D148 and 
D149 sediments are basically below 2% (Mean 1.25% 
and 0.74%) indicating that there are few SP particles 
at the top of Core D148, which are basically free of 
SP particles (Fig.7). 

 The  χ  ARM  has high sensitivity to SD crystals. The 
high value of  χ  ARM  in the Yap trench sediments appears 
in the super abyss, and at the higher-position sites are 
relatively low, indicating that the sediments in the 
deep trenches have high SD particles.  χ  ARM / χ  is 
commonly used to indicate the grain size of 
ferrimagnetic minerals. Low values refl ect more MD 
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and SP grains, while high values indicate more single 
domain particles. The  χ  ARM /SIRM is extremely limited 
by SP, and the low value refl ects the coarser MD grain 
content (Kim et al., 2013). As illustrated in Fig.4, the 
 χ  ARM / χ  and  χ  ARM /SIRM of the Yap Trench are small, 
with average values of 8.57×10 -2  and 2.43×10 -5  m/A, 
respectively (Table 2), less than the standard 
 χ  ARM / χ >10,  χ  ARM  /SIRM>60×10 -5  m/A, indicating that 
the ferrimagnetic mineral grains in the Yap Trench 
sediment are mainly coarser PSD. 

 The Day plot can visually refl ect the magnetic 
domain information of ferrimagnetic minerals (Day et 
al., 1977; Dunlop and Özdemir, 2001). We calculated 
the  M  rs / M  s    and  H  rc / H  c  based on the hysteresis loop 
measurements using the MicroMag 3900 (Fig.7). As 
shown in Fig.7, the sediment samples of the Yap 
Trench basically fall in the PSD region, and based on 
the magnetic domain boundary curve of Dunlop and 
Özdemir (2001), the hysteresis loop of the Yap 

sediment mainly falls on the SD+MD mixing curves 
within the range of 70%–90%. This is basically 
consistent with the previous  χ  ARM  and  χ  fd % indicator 
analysis results. In addition, Figure 7 shows the 
distribution of  M  rs / M  s  and  H  rc / H  c  in other surface 
columnar sediments of the Philippine Seas. It is found 
that the core magnetic domain characteristics of the 
West Philippine Sea and the Shikoku Basin are similar 
to those of the Yap Trench, mainly, falling within the 
range of 75%–90% of SP (7 nm)+SD mixing curves.  

 4.3 Source of sediments from their magnetic 
characteristics 

 The factors aff ecting the source of sediment are 
mainly debris forces, biological forces, dust 
sedimentation and early diagenesis, etc. The use of 
magnetic properties to analyze the source of sediment 
must clarify the genesis of minerals in sediments 
because only the magnetic minerals of debris has 
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information about the source. The formation of 
biological forces in early diagenesis may not represent 
the original magnetic characteristics (Canfi eld et al., 
2006; Sim et al., 2011; Li et al., 2016). Biological 
forces are usually accompanied by early diagenesis. 
Under the Sulfate-reducing bacteria, pyrite is formed, 
of which melnikovite and pyrrhotite are intermediate 
products. So, in the hadal sediments that under 
reduction environment, pyrite can be regarded as an 
indication of biological forces (Novosel et al., 2006; 
Borowski et al., 2013). The SIRM/ χ  of the melnikovite-
bearing samples is often greater than 80 kA/m 
(Dewangan et al., 2013), while the SIRM/ χ  values of 
the Yap Trench sediments are between 1.48 and 
4.58 kA/m, and the parameters such as the  k - T  cycle 
do not refl ect the inclusion. Information on melnikovite 
and pyrrhotite can be considered to be unaff ected by 
biological forces. Early diagenesis will dissolve low 
coercivity minerals (ferromagnetic minerals), resulting 
in a rapid decline in S 300 . Low coercivity minerals and 
high coercivity mineral ratios decrease (Liu et al., 
2007) with large SOFT values. The magnitude is 

decreasing. It can be seen from Figs.6 & 8 that this 
phenomenon does not exist in Yap Trench sediments, 
which proves that the Yap Trench sediments is largely 
unaff ected by the early diagenesis, and the magnetic 
mineral preserves the information of the original 
sediment. The SIRM/ χ ,  k - T  cycle, and SOFT indicate 
that the sediment is mainly low-coercivity magnetite, 
while the generally higher S 300  value and low HIRM 
indicate that there are few hard magnetic minerals, 
such as hematite and goethite, in the sediment. The 
main source of hard magnet minerals in marine 
sediments is dust, so there are few wind and dust 
deposits in the Yap Trench. Combined with the 
previous analysis, it can prove that the Yap Trench 
sediments are mainly debris sources. Not only that, by 
comparing SIRM/ χ  and S 300  of Yap Trench with these 
of other places, we can further determine the resource 
of sediment in the Yap Trench.  

 In our study, the sedimentary magnetic properties 
of the study area are compared with those in the 
surface column of the Core F090201 from the East 
Philippine Sea (Meng et al., 2006), Core GX149 from 
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the West Philippine Sea (Li et al., 2015), and the Core 
GX168 from the East China Sea Basin (Li et al., 
2016); and also with sediment at the top of C0012 
core from the Shikoku Basin. As shown in Fig.8, the 
D149 lower layer sediment is very close to the 
magnetic characteristics of the Core F090201 from 
the East Philippine Sea, while the magnetic 
characteristics of the Cores D150, D151, and D152 
from the Yap Trench sediments are relatively close to 
the Core GX149 from the West Philippine Sea and the 
Core GX168 from the East China Sea Basin surface. 
It is worth noting that the relationship between  M  rs / M  s  
and  H  cr / H  c  (Day plot) of the Core GX168, the Core 
GX149 and the Yap trench sediment are very close 
(Fig.7). With reference to similar magnetic 
characteristics, the characteristics of  χ , SIRM, and 
SOFT are lower than those of the high coercivity 
hematite content of the volcanic debris. The volcanic 
debris are mainly from the Philippine island and 
caused by currents and the volcanic material debris of 
the nearby Mariana Trench. The Core GX149 
sediments from the Western Philippine Sea are greatly 
aff ected by dust deposits, which are inconsistent with 
the situation in the Yap Trench. The turbidity 
developed in the Core GX168 from the Huatung 
Basin are very similar to the Yap Trench sediments in 
terms of sedimentary magnetic mineral types,  k - T  
cycle, and SIRM/ x  characteristics and stratifi cation 
characteristics. 

 SIRM- χ  scatter plot for Cores D148 and D149 
from the Yap Trench are signifi cantly diff erent from 
other sites, indicating that the source composition is 
diff erent. Dots of Core D149 are disperse, indicating 
that there are many debris, large particle size 
variations, and magnetic domain MD crystallites. 
More important, the abnormally high value of the  χ  in 
the middle of the core indicates that the sedimentary 
environment has changed greatly (Fig.4). The upper 
color of Core D149 is lighter than the lower part, the 
sand is thick, and the silt clay has a small specifi c 
gravity, exhibiting homologous turbidity 
characteristics (Bridge and Demicco, 2011). 

 Figure 9 illustrates plot the C-M map of the 
sandstone-like granularity data of the Yap Trench 
sediments and the linear distribution characteristics of 
the gravity fl ow. The slope and position of the 
sediments are diff erent, and the overall gravity fl ow 
characteristics are atypical. Among these, the gravity 
fl ow characteristics of the Core D149 are more 
signifi cant. We infer that it may be that the deep-sea 
basalt is broken at 4 000 m (D148), and the 

sedimentation occurred after the turbidity of the 
coastal gully at 4 500 m (D149), covering the volcanic 
clastic sediments deposited by current before the 
sedimentation site. This situation is consistent with 
that there are no signifi cant correlations between 
particle size and magnetic parameters.  

 Turbidity current is very similar to the conditions 
generated by gravity fl ow: suffi  cient water depth, 
suffi  cient material, necessary slope, and trigger 
mechanism. The fi rst two are the source of matter, and 
the third is the source of turbidity (Li et al., 2016; 
Jiang, 2010). In the marine environment, the main 
stream occurs mostly in the deep-sea area such as the 
seabed valley. The trigger mechanism includes sea 
level fl uctuations, earthquakes, volcanic eruptions, 
storm surges, etc., causing loose deposits on steep 
terrain to mix down the slope, thereby forming a 
turbid stream (Arai et al., 2013). Cores D148 and 
D149 are located on the steep slope of the west side of 
the Yap Trench at 4 000 m and 4 500 m depths, 
respectively. They are close to the magma eruption of 
the Mariana Trench and close to the volcanic seismic 
belt, thereby providing a rich source of material and 
favorable terrain for gravity fl ow development. 

 In summary, the main sources of sediments in the 
Yap Trench are nearly-source clastics and volcanic 
debris. The Core D150, Core D151, Core D152, and 
the upper layers of Cores D149 is the deposition of 

M (μm)  

C
 (

μ
m

) 
 

10000

1000

1000

100

100
10

101

D148

D149

D150

D151

D152

 Fig.9 C-M map of the Yap Trench sediment, in which the 
circular shadow is the oceanic suspended sediment 
 The round shadow is the range of pelagic suspensions, and the 
upper banding shadow is the range of shelf and slope sediment.  



677No.3 CHEN et al.: Magnetic characteristics of the hadel sediments

basalt and diabase debris, which is triggered by 
earthquakes and volcanic eruptions. The sediments 
are mainly composed of terrestrial material debris 
such as basalt and pyrozenite. The Core 148 and the 
bottom of Core D149 are mainly volcanic dust and 
debris. 

 5 CONCLUSION 

 The magnetic minerals in the surface columnar 
sediments of the Yap Trench largely include magnetite, 
maghemite, and hematite. The maghemite dominates 
the sediment magnetic properties of the study area, 
and the sediment is more magnetic.  

 The magnetic particles of Yap Trench sediment are 
mostly pseudo single domains (PSD), and the 
hysteresis loop is mainly located within the range of 
70%–90% of the SD+MD hybrid line.  

 The main sources of sediments in the Yap Trench 
are volcanic debris and nearly-source debris. The 
lower layers of Cores D148 and D149 are mainly 
volcanic debris transported by ocean currents; while 
the upper layers of Cores D149, D150, D151, and 
D152 are primarily nearly-source debris. The 
sediments are dominated by basalt and pyrozenite 
debris deposition near the trench caused by 
earthquakes and volcanic eruptions. 
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