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Abstract Core YSDPlO3 was retrieved in the muddy deposit under the cold eddy of the 
southeastern South Yellow Sea, and the uppermost 29.79 m core represents the muddy sedi- 
ments formed in the shelf since about 13 ka BP. The lower part from 29.79 to 13.35 in, called Unit 
A2, was deposited during the period from the post-glacial transgression to the middle Holocene 
(at about 6 14c ka BP) when the rising sea level reached its maximum, while the upper part above 
13.35 m (called Unit A l )  was deposited in a cold eddy associated with the formation of the Yellow 
Sea Warm Current just after the peak of post-glacial sea level rise. Rock-magnetic properties of 
the uppermost 29.79 rn core were investigated in detail. The experimental results indicate that 
the magnetic mineralogy of the core is dominated by magnetite, maghemite and hematite and 
that, except for the uppermast 2.35 m, the magnetic minerals were subject to reductive diagene- 
sis leading to significant decline of magnetic mineral content and the proportion of low-coercivity 
component. More importantly, ferrimagnetic iron sulphide (greigite) is found in Unit A2 but absent 
in Unit A l ,  suggesting the control of marine environmental conditions on the magnetic mineral 
diagenesis. Magnetic parameters show abrupt changes across the boundary between Units A1 
and A2, which reflects a co-effect of environmental conditions and primary magnetic components 
of the sediments on the diagenesis. Alternating zones of high and low magnetic parameters are 
observed in Unit A2, which is presumably due to periodic changes of the concentration and/or 
grain size of magnetic minerals carried into the study area. 
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During the last two decades, environmental mag- &ecr the reliability of paleomagnetic records14' but 
netic studies have had one of the emphases put on the also bear environmental significanceL5. 61. International 
early diagenesis of sediments which results in the researches in this field have been mainly concentrated 
dissolution and phase alternation of magnetic minerals on deep-water marine sediments such as those depos- 
incorpmted in This is because the ited in the continental hemipelagic[" and 

diagenetic changes of magnetic minerals can not only pelagic areas19', and on lake ~edirnentd'~'~'. Chinese 
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scholars have seldom set feet in the sludies of 
hagenetic modification of magnetic minerals, and 
only a few authors have once reported the formation of 
intermediate ferrimagnetic iron sulfide in the digenetic 
process of lake ~edimenl$'''~. A rock-magnetic inves- 
tigation of the muddy sediments settled in the south- 
eastern South Yellow Sea since about 13 ka BP i s  at- 
tempted here in order to ascertain the early diagenesis 
of the shelf sediments which is expected to have 
caused the profound modification of magnetic charac- 
teristics of the sedimenls, and to reveal the influence 
of changing post-glacial marine environmental condi- 
tions on the magnetic minerals diagenesis. 

1 Geological setting and stratigraphy 

The Yellow Sea is a semi-enclosed epicuntinental 
sea between the Chinese mainland and the Korean 
Peninsula (fig. 1). Water depths in the Yellow Sea 
shelf range primarily between 20 and 80 m, except the 
Yellow Sea Trough whose maximum water depth is up 
to 140 m1'21. The Yellow Sea Warm Current (YSWC), 
a warm and saline water body, is a branch of the Tsu- 
shima Current, flows northwestward to enter the South 
Yellow Sea from the area southeast of the Cheju Island, 
and plays a key role in controlling the distribution of 
water masses and sedimentalion in the Yellow Sea. 
There are 4 anti-clockwise cyclonic eddies along the 
sides of the YSWC (fig. 1). They are known as cold 
water masses or "cold eddies", occurring respectively 
in the northern East China Sea (southwest of Cheju 
Island), the central South Yellow Sea, the southeastern 
South Yellow sear"', and the western North YeIIow 
Sea. The 4 cold eddies coincide with 4 muddy patches 
called "cyclonic eddy sediments"'141 or "muddy de- 
posit of eddy"'15', and are generally considered to have 
been formed by the interaction among the YSWC, the 
Yellow Sea Coastal Current and Korean Peninsula 
Coastal Current. 

Core YSDP103 (34'29.246' N, 125"29.20If E) 
was recovered in July 1995 in the muddy patch at the 
southeastern South Yellow Sea in a water depth of 53 
m (fig. I), as a fruit of research work conducted by 
Qingdao Institute of Marine Geulugy in cooperation 
with the Korean Institute of Geology, Mining & Mate 
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Fig. I.  Schematic map showing the location ol core YSDPlO3 and the 
regional circulation pattern in the Yellow Sea and East China Sea 
(modified after ref. [14]). YSWC, Yellow Sea Warm Current; TC, Tsu. 
shima Current; YSCC, Yellow Sea Coastal Current; KPCC, Korean 
Peninsula Coastal Current; TWC. Taiwan Warm Currenr. 

rial, Korea, yielding a 34.52-m-Iong core. with the re- 
covery of more than 90%. Previous studies"" ''] have 
demonstrated that the total core can be stratigraphi- 
cally divided into 3 sedimentary units as follows (in an 
ascending order): transgressive lag deposit (Unit C), 
tidal flat to beach deposit (Unit B), and shelf muddy 
deposit (Unit A) (fig. 2(a)), displaying a post-glacial 
transgressive sequence. Unit A, corresponding to the 
upper 29.79 m core, has been built up since about 13 
ka BP based on 14c datings and is composed of muddy 
sediments dominated by dark greenish grey (5G 4/1) 
to olive grey (5G Y4/1) clayey silts. The unit is gener- 
d y  homogeneous in color and lithology, though light 
grey silt and fine-grained sand laminae less than 0.5 
rnm thick, which were probably of storm origin, are 
intercalated in the muddy beds. Seismic profiles 
through the muddy patch in the southeastern South 
Yellow Sea also show that in Unit A there is a distinc- 
tive mid-reflector which divides the unit into two 
subunits, upper Unit A1 and lower Unit A2, and is 
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Fig. 2. (a) The sedimentary sequence and l4r dating data of oorz YSIlP103. &) Ih3wncorc distributions of avcuage grain size and (c) organic carbon 
content in the shelf muddy sediments of core YSDP103. A M S ' ~ C  dates were mcasured with Lest% of foraminibru, and the cnlibrilled agcs were ob- 
~Ilined by subQacting 400 years (an average "C age difference bctwwn thc atmosphere and scs waterT'") $rum thc measured AMS 14c dates. I4C h t -  

ing by the conventional m&od was m& using organic matter in the di~nents .  SMD, Shclf n~udcly deposit: TF-BD. tidal flat-bcach deposit; T[.T). 

transgrexsive lag deposit. 

located at 13.35 m in core YSDP103 (fig. 2(a)). The 2 Sampling and experimental methods 
core above 13.35 m is characterized by much higher 
water content than that below 13.35 m. Studies of the 
sedimentary features and downcore distributions of 
foraminifera in core YSDP103 and another drilling 
core to the south of core YSDP103, called core 
YSDP102 (retrieved in the same muddy patch)L17' 
suggest that the mid-reflector in Unit A corresponds to 
the Holocene maximum flooding surface at about 6 
14 C ka BP and signals the subsequent formation of the 
Yellow Sea Warm Current, and that Unit A1 was 

The uppermost 29.79 m of muddy sedimenis of 
core YSDP103 was used to carry out rock-magnetic 
investigation in this study. The core was split into 
halves, and sampled continuously along the axial line 
of one half with 8 cm3 plastic cubes at intervals of 
5-10 cm, yielding 315 samples in total from the up- 
per 29.79 section. We avoided artificially disturbed 
core during sampling. Magnetic measurements of all 
samples were made at the laboratory of pdeomagnet- 
ism of the Institute of Geology and Geophysics, CAS, 

formed in the cold water mass occurring after the Yel- Beijing. Measurements of magnetic susceptibility Q!), 
low Sea Warm Current took shape. anhysteretic remanent magnetization (ARM), and iso- 
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thennal remanent magnetization (IRM) for the 315 
samples were conducted successively. 

Low-frequency volume-specific magnetic 
susceptibility was determined with a Bartington M.S. 
2 susceptibility meter. ARMS were imparted in a 
GSD-1 Demagnetizer with an alternating peak field of 
90 rnT, superimposed by a direct bias field of 0.05 mT. 
ZRMs were induced with a 2G660 pulse magnetizer in 
1.6 T steady field in one direction, which are regarded 
here as Saturation IRMs (SIRMs). L R M s  of 300 mT 
were then applied in the opposite direction, denoted as 
IRMMO, and values ol  S300 (= -IRM&SIRM) were 
calcdated, which reflect the relative proportion of 
law- to high-coercivity minerals in samples. Meas- 
urements of all magnetic rernanences were performed 
on a JR-5A Spinner Magnetometer. After above- 
mentioned magnetic parameters were measured 
the samples were oven-dried at 40% overnight and 
weighed to enable the caiculation of mass-specific 
magnetic susceptibility (X3 and mass-specific values of 
ARM and SIRM. 

The temperature dependence of magnetic suscep- 
tibility, nameiy z ( T )  curve, was measured for 
representative sub-samples in heating-cooling cycles 
from room temperature to 700°C using a KLY-3s 
kappa-bridge in an argon atmosphkre. Partial sub- 
samples were used to carry out Lawrie's 3-axis 
W demagnetization experimentp1 by applying 2.7 T, 
0.5 T and 0.05 T fields respectively along its 3 mutu- 
ally perpendicular directions in a 2G660 pulse mag- 
netizer, followed by thermal demagnetization in steps 
of 20-50'C from 80C to 700C using a MMTD60 
henna1 demagnetizsr, in order to measure the demag- 
netization behavior of various coercivity fractions in 
samples. 

To a small number of samples from Unit A2, 
low-temperatme remanence measurements were pven 
using a Quantum Design MPMS 2 manetic-properties 
measurement system at the Institute for Rock Magnet- 
ism, University of Minnesota, USA. First, a sample 
was cooled in zero applied field from room tempera- 
ture to 20 K, and then exposed to a 2.5 T field to im- 
part SIRM at 20 K, and finally changes in SIRM were 

automatically recorded as the sample was heated back 
to room temperature in zero field. 

After all magnetic measurements as noted above, 
83 of the total 325 samples were selected at intervals 
of 0.2-0.7 m to analyse their organic carbon content 
using a LecoCS-34 Carbontsulphur Determinator at 
Wuxi Institute of Experimental Geology, Research 
Institute of Petroleum Exploration and Production, 
SINOPEC, with data precision better than 0,0146. Ad- 
ditionally, 75 of all the magnetic samples were taken 
at 0.2- 1.2 rn intervals to determine grain sizes in the 
Experiment-Testing Center of Marine Geology, Qing- 
dao Institute of Marine ~ e o l o &  with a laser particle 
size analyzer, Mastersizer-2000, which was made in 
the Malvern Compony of England. 

3 Results 

3.1 Downcore distributions of gain size and organic 
carbon content 

The average grain sizes of the uppermost 29.79 m 
range between 6.3# and 7.2@ (fig. 2(b)), indicating a 
roughly constant grain-size distribution downcore, 
which is consistent with our visual observation. Ex- 
cept at one level, organic carbon content is relatively 
invariable in Unit A2, averaging 0.398, whereas in 
Unit Al  it increases notably both in absolute value and 
extent and is 0.46% on the average (fig. 2(c)). 

3.2 Downcore changes of magnetic parameters 

Figure 3 shows variations of X, ARM, SIRM and 
S3O0 with depth in Unit A of core YSDP103. In Unit 
A1 above 13.35 rn, the 4 parameters display a large 
and precipitous drop in values from 2.35 downward to 
4.60 m, whereupon they continue to decrease slightly 
or remain roughly constant downcore up to 13.35 rn. 
Compared with the values in the uppermost 2.35 m, X, 
SLRM and ARM in the interval from 4.60 to 13.35 m 
decrease by #%, 68% and 85% on the average, re- 
spectively. Values of S3m in the upper 2.35 m range 
between 0.87 and 0.93, suggesting that the sediment is 
dominated in magnetic mineralogy by low-coercivity 
minerals with a small content of high-coercivity min- 
erals scattered; they decline markedly downcore from 
2.35 m, attaining around 0.75 at 4.60 m, which indi- 
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Fig. 3. variations of 2, ARM, SIRM 'md Ssm 

cates that low-coercivity minerals fall dramatically 
below 2.35 rn and that high-coercivity minerals are 
predominant between 4.60 and 13.35 m (except in the 
interval from 9.20 to 10.00 m). 

Due to relatively uniform lithology throughout 
the muddy core, the changing patterns of the 4 pa- 
rameters above 13.35 m can be regarded as the 
magnetic properties diagnostic of diagenesis in sedi- 
mentary reflecting a diagenetic proc- 
ess resulting in the remarkable drop in magnetic min- 
eral content and in preferential dissolution of 
fine-grained low-coercivity minerals downcore from 
2.35 m. The increasing proportional loss of X, SIRM 
and ARM can be ascribed to their enhancing sensitive 
degree to the loss of low-coercivity magnetic minerals 
in the same order. Convincing evidence in support of 
diagenesis in the core is a small amount of authigenic 
pyrite commonly seen in the middle to lower core. 
Many studies have shown that magnetic mineral 
diagenesis begins witb iron oxide reduction, leading to 
an initial dissolution of the finest-grained iron oxides 
(largely low-coercivity gains such as magnetite) fol- 
lowed by the destruction of the remaining coarse 
grains'''. In this diagenetic stage, femc ( ~ e ~ ' )  ions 

in the uppermnsf 29.73 n~ of core YSDPlO3. 

dissociated from iron oxides are reduced inlo the di- 
valent state. The l a w  stage of magnetic mineral 
diagenesis is sulphate reduction, in which dissolved 
ferrous (~8) ions may react with HzS, whose most 
important source is the reduction of interstitial dis- 
solved snlphate by bacteria that use organic matter as a 
reducing agent, to form a succession of iron sulphide 
phases. In this process, formations of iron sulphides 
from aqueous solution are in the following order: 
mackinawite (with a composition sirniIar to FeS 0.9), 
pyrrhotite (hexagonal Fel S to FQSI 0 and monoclinic 
Fe&), greigite (FesSd), and finally pyrite'2". Macki- 
nawite, pyrrhotite and greigite are thermodynamically 
metastable relative to pyrite, and may further react 
with element sulphur to form pyrite, the most stable 
iron sulphide phase under reducing conditions. Among 
the iron sulphides, only monoclinic pyrrhotite and 
greigite are ferrirnagnetic and capable of carrying a 
magnetic remanence. 

In Unit A2 between 13.35 and 29.73 m, the 4 
magnetic parameters show a generally progressive 
decline in values wilh depth though the fall in values 

of x is least obvious. With the exception of ,y, all the 
parameters exhibit distinct changes from below to 



Magnetic mineral diagcnesis in the post-glacial muddy sediments from the South Yellow Sea 139 

above 13.35 m. It is worth notice lhat the changing 
trends of the 4 parameters are superimposed by 6 
zones with higher values. This i s  most striking in the 
S300 prafiIe, with lower-values (0.72 to 0.77) and 
higher-values (0.80 to 0.87 ) zones alternating and 
showing a progressive decline downwards in the over- 
all trend. Values of S30a drop sharply from 13.35 m 
upwards. Positive correlations are observed among the 
4 parameters, consistent with Ihe preferential dissolu- 
tion of low-caercivity magnetic minerals in the 
diagenetic process. 

3.3 Magnetic mineralogy 

Magnetic components in different intervals of the 
shelf muddy deposit in core YSDP103 are analysed 
below according to Lowrie's 3-axis IRM demagnetiza- 

tion experiment, x(T) curves and low-temperature 
remanence measurements of the samples. 

0 to 2.35 m: The Lowrie's 3-axis magnetization 

lor 

experiment on samples from this interval indicates that 
unbloclung of the low-coercivity fraction (less than 
0.0.5 T) occurs around 580°C (fig. 4(a)), pinpointing 
magnetite as jts carrier of remanent magnetization. 
The medium-coercivity ffaction (0.05 to 0.5 T) shows 
two evident unblochngs at about 580°C and 680aC, 
characteristic of magnetite and hematite, respectively; 
it also shows rapid decay between 120 and 32OVC, 
probably reflecting the presence of maghemite[221. The 
high-coercivity fraction (0.5 to 2.7 T) exhibits its un- 
blocking at about 680°C, indicative of hematite. The 
x(T) curve (fig. 5(a)) basically keeps constant or 
shows a very slight increase from room temperature to 
about 300C, and then rise slowly until around 440% 
presumably due to the thermally induced conversion 
from iron-bearing silicate or clay minerals to new 

The susceptibility decreases slowly from 
440 to 55O0C, likely resulting from the conversion of 
maghemite into hematite, and then drops abruptly 

r (61 

Temperature! "C 

Fig. 4. Themtal demagnetizn~ions of a 3-axis IRM in samplcs from different inrervals in core YSDP103. (a) Samples in O to 2.35 m. (b) Samples in 
2.35 10 13.35 m. (c) and (d) Samples in 13.35 to 29.73 m. 0,  2.7--3.5 T; 0,0.5-0.05 T; a. 4 . 0 5  T. 



Science in Chirta Ser. D Earth Sciences 

Fig. 5 .  Typical high-temperature dependence of magnetic susceptibilily for satr~ples ia dilfercnt inlervals 01' corc YSDPIOII. {a) Ssn~ples in 0 to 2.34 
m (b) Samples in 2.35 to 13.35 m. (c) and (d) Samples in 13.35 to 29.73 tn. Thick and thin lines stand TOT hcating and cooling pmcesses, respectively. 
The Y-axis values of each sample are  the^ (T) normalized by ~(31)r 1. 

above -550°C to nearly zero at -580°C, consistent 
with a magnetite Curie ternperam. On cooling a ma- 

jor increase in occurs rapidly from 580 to 350"; 

below 350°C x decreases slowly until room tempera- 

ture is reached. When all these finished, the x value 
has been about a five-fold increase compared to the 
pre-heating value, suggesting the production of a large 
magnetite phase during the heating-cooling cycle. In 
summary, the above experimental results confirm that 

in this interval (0-2.35 m) which is basically free 
from diagenesis the magnetic mineralogy is dominated 
by magnetite besides maghemite and hematite. 

2.35 to 13.35 m: The 3-axis magnetization ex- 
periment on samples in this interval yields similar re- 
sults to those of the above 2.35 m samples, but the 
low-coercivity fraction covers a much smaller portion 
of the total IRM (consistent with great diagenetic dis- 
solution of magnetic minerals in the core), which is 
obviously different frvm the samples above 2.35 m. 
The x(T) curve (fig. 5(b)) shows that x decreases 
slowly from room temperature to around 30O0C, a 
contribution of the presence of paramagnetic minerals, 

presumably due to fomathx~ of paramagnetic pyrite in 
the diagenetic modification of magnetic minerals. This 
is followed by a notable increase in 2 from 300 to 

460°C, which can be caused partially by the thermally 
induced conversion of iron-bearing silicate or clay 
minerals into magnetite and partially by the conver- 
sion of newly formed paramagnetic pyrite during 
diagenesis into magnetite within this temperature 
range[241. A gradual, slight decrease in is observed 
from 460°C up to 550C, as is expected for the high 
temperature behavior of maghemite, and the decrease 
of x accelerates above 550'C until zero is reached at 

-580C, corresponding lo the Curie temperature of 

magnetite. During cooling, x behaves in a similar way 
to that in the interval above 2.35 m, but the x value at 
room temperature comes lo be seven times larger than 
the pre-heating one, greater than in the uppermost 
2.35 m section, probably owing to pyrite formed in the 
diagenetic process. In brief, the above experimental 
results suggest that magnetite, maghemite and hema- 
tite are the main magnetic minerals in this interval 
(2.35 to 13.35 m), with a much lower proportion of 
magnetite than in the uppermost 2.35 m. 
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13.35 to 29.73 m: Samples both from higher-&no 
and lower-S30n zones give very similar 3-axis mag- 
netization experiment results and %(T) curves. In the 
3-axis magnetization experiment (fig. 4(c) and (d)), 
the most distinct difference from that of the overlying 
section is that both the high- and the me- 
dium-coercivity fraction show a considerable decrease 
from 220 "C to 320 'C though the loss in the 
high-coercivity fraction is more pronounced, And the 
low-coercivity fraction shows a significant reduction 
between 1OOaC and 400°C. Since greigite is charac- 
terized by loss of most of its magnetization from 
200°C to 3 5 0 ~ ~ ~ ~ ~ ~ . ~ ~ ,  we can attribute the rapid de- 
cay af magnetization in the high- and mi- 
dium-coercivity fractions within the temperature win- 
dow of 200-32072 to the presence of greigite. This 
kind of thermomagnetic hehavior may be due to the 
fact that greigite is subject to a maximum of thermal 
decomposition at around 200°C and gets to its Curie 
temperature at about 32072, in contrast to the ther- 
momagnetic hehavior of pyrrhotite which shows rapid 
unblocking within a much narrower temperamre range 
of 320 - 350 [201261 . Moreover, the behavior of 
high-coercivity fraction rules out the possibility that 
the loss in magnetization around 200-320°C is due 
to the presence of maghematite or titanomagnetite. 
And the high temperature behavior of low-coercivity 
fraction can be attributed to the likelihood that the 
thermal demagnetizaiton of greigite is obscured by the 
thermal instability of maghematite andlor titanomag- 
neitte. The x (T) curve of heating shows a marked rise 
from -300°C to abou 500C and then an abrupt de- 

crease from 50072 to 580'C at which the Curie tem- 

perature arrives (fig. 5(c) and (d)). The increase in x at 

-300°C is characteristic of greigite, probably signal- 
ing the onset of thermal alteration of greigite into 
magnetite or maghemite12", The low-temperature 
measurement bears evidence of a Verwey transition at 
about 120 K (fig. 5), diagnostic of magnetiteLzx1, hut 
does not show any phase transition between 30 K and 
40 K, an indicator of pyrrhotite[291. In short, the above 
results can lead to the conclusion that the magnetic 
minerals in this interval (13.35 to 29.73 m) contain 

greigite, besides magnetite, maghernite and hematite 
as is the case in the uppermost 13.35 m section. 

Pig. 6. Low-temperature measurement of the sample from the interval 
of 13.35-29.79 m in core YSDP103. The megnetike Verwey transition 
at about 120 K can be seen, but no magnetic pha~e  transition between 
30 and 40 K indicative of pyrrhotite is observed. 

4 Discussion 

Previous studiesL211 have shown that during the 
early hagenesis in sediments three principal factors 
control pyrite formation and preservation of ferrirnag- 
netic iron sulphides: the availability of &ssolved sul- 
phate, iron in detrital minerals which reacts with H2S 
to form iron sufphide minerals, and decomposable 
organic matter. Sagnotti et al. ( 2 0 0 1 ) ' ~ ~ ~  suggested that 
the first two factors should not be the diagenetic con- 
strains in normal marine environments and that the 
amount of available organic matter acts as the control- 
ling factor on the diagenetic products of magnetic 
minerds in marine dments.  ROWS et a]. (19%)'~', 
in his study of greigite in several horizons of pa- 
leo-lake beds, put forward that residence time of lake 
water was related to varying degrees to whether the 
lake basin was open or closed, and the longer the resi- 
dence time, the richer the accumulation of suIphate, 
which could greatly affect the formation of diagenetic 
products of magnetic minerals. Of the muddy sedi- 
ments from 0 to 29.79 m in core YSDP103, the lower 
part (Unit A2) was formed during the fast post-glacial 
transgression until the middle Holocene (at about 6 
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14c ka BP) when the sea level rose to its maximum, 
whereas the upper part (Unit 8 1 )  was deposited in a 
cold-eddy environment associated with the formation 
of the Yellow Sea Watm Current after the mid- 
dle-Holocene maximum sea level. Therefore the sedi- 
ments of Unit A1 were settled in a more reductive en- 
vironment than those of Unit A2 accumulated[141, as is 
evidenced by a difference in organic carbon content 
between the two sections. Furthermore, marine water 
where Unit A2 was formed should be more mobile and 
thus had shorter residence time than the cold-eddy 
water from which Unit A1 was laid down. Based on 
the above analyses, we think that the distinction be- 
tween Unit A1 and Unit A2 in the factors controlling 
the magnetic mineral cliagenensis is that the former 
has more organic matter and sulphate involved in, 
leading to complete conversion into pyrite, of the in- 
termediate product (greigite), while the latter only ob- 
tains partial conversion due to the less amount of or- 
ganic matter and sulphate. 

Downcore variations of the multiple magnetic 
parameters in the muddy section (Units A1 and A2) of 
core YSDP103 suggest a gradually downward de- 
creasing of both magnetic concentration and propor- 
tion of low- to high-mercivity minerals, or in other 
words, suggest a progressively strengthening of mag- 
netic mineral diagenesis with depth. The abrupt 
changes in magnetic content and components at 13.3 
rn of the core are thought to have been caused by al- 
teration of sedimentary environment and also, to some 
extent, provenance after the Yellow Sea Warm Current 
came into being[17]. In detail, the original composition, 
concentration and grain sizes of the magnetic minerals 
differ between Unit A1 and Unit A2, that is to say, the 
diagenesis of each section took place on a different 
material base and in different environmental condi- 
tions. 

The organic carbon content in Unit A2 of core 
YSDPl03 is relatively invariable, and shows no cor- 
relation with changes of magnetic parameters (see figs. 
2 and 31, suggesting that the fluctuations of magnetic 
parameters may not result from the changes of 
diagenetic environment. Accordingly, we speculate 
that the major reason for the observed alternations of 

zones of high and low magnetic parameters in Unit A2 
is that during the deposition of the section detrital 
magnetic mineral supplies lo the study area alternated 
between relatively rich andlor coarse-grained magnetic 
minerals and relatively poor andfor fine-grained ones, 
which correspond to the higher and lower magnetic 
parameters zones, respectively. Because the muddy 
sediments in the southeastern South Yellow Sea have 
complex sourcesr171, further work needs to be done to 
reveal what factors, climatic or non-climatic, have 
governed the variations of content and grain sizes of 
magnetic minerals discharged into the study area dur- 
ing the formation of Unit A2. 

As to the unusual increase of S3r)0 from 9.2 to 
10.0 m in Unit A l ,  considering the corresponding x 
and SIRM values are the lowest in the same section, 
we think that it can be reasonably interpreted by the 
strongest diagenesis occurring in the bed, which re- 
sulted in dissolution of large proportion of high-coer- 
civity magnetic minerals as well as low-coercivity 
minerals (presumably fine-grained) and thus the rise of 
S300 values. 

5 Conclusions 

(1) The shelf muddy sediments formed during the 
last -13 ka in the southeastern South Yellow Sea, as 
was recovered in core YSDP103, are characterized by 
a magnetic mineralogy dominated by magnetite, 
maghemite and hematite. Except for the uppermost 
2.35 m, the muddy sediments were subject to reduc- 
tive diagenesis, including iron oxides reduction (dis- 
solution of magnetic grains) and mlphate reduction 
(formation of pyrite), consequently leading to a sig- 
nificant decrease of magnetic components as is sug- 
gested by as much as 40% lo 85% drop in values of X, 
ARM and SIRh/Z and also a simultaneously consider- 
able decrease in the proportion of low-coercivity 
magnetic minerals. 

(2) The muddy sediments corresponding to Unit 
A2 in core YSDP103, formed from the initial 
post-glacial transgression (at about 13 ka BP) to the 
Holocene sea-level maximum (at about 6 ka BP), 
retain ferrirnagnetic iron sulphide (greigite), but the 
muddy sediments corresponding to Unit A1 in the core, 
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deposited in a cold-eddy environment associated with 
the formation of the Yellow Sea Warm Current after 
about 6 ka BP, are devoid of ferrirnagnetic iron sul- 
phide. This indicates the controlling of environmental 
conditions on the diagenetic changes of magnetic 
minerals. Abrupt variations of magnetic parameters 
occur across the Unit AllA2 boundary, which is inter- 
preted to reflect a joint influence of environmentd 
conditions and original magnetic compositions on the 
diagenesj s. 

(3) Alternating wnes of high and low magnetic 
parameters are observed in Unit A2 of core YSDP103, 
which is presumably due to periodic changes of the 
concentration andlor grain size ol' magnetic minerals 
carried into the study area. 

1990.95(B4): 44054419 .  

8. Leslie, B. W., Lund, S., Hammond. D. E., Rock magnetic evi- 

dence for the dissolution and authigenic growth uf magnetic min- 

erals within anoxic marine sediments of the California continental 

Borderlund, Journal of Geophysical Research, 1990, 95(B4): 

4 4 3 7 A 5 2 .  

9. Karlin, R., Lyle, M,, Heath, G. R.. Authigenic magnetite fonnation 

in suboxic rnltrine sedimenk, Namre, 1987,326: 49-93. 

10. Stockhausen, H., Thouveny, N., Rock-magnetic properties of 

Eenlian maar lake sediments from Massif Central, F m :  a cli- 

mdtic signature? Earth and Planetary Science Letters, 1999, 173: 

299-3 13. 

1 1 .  Hu, S., Appel, E., H o h a n n ,  V. et al., Identification of greigite in 

lake sedinlcnta and its magnetic significance, Science in China, 

Ser. D, 2U02,45(1): 81-87. 

12. Qin, Y., Zhw. Y.. Chen 1, el al.. Geology of The Yellow Sea (in 

Chinese with English abstract), Beiiin~: Ocean Press, 1989. , .  < - 
AcknOwledgements This wurk was sup!?orted Na- it. La, S., Gu, E-r m, 8,. lbdy of cold wa& body 
tional Natural Science Foundaticrn of China (Grant Nos. 

soud~ern Yellow Sea W m  Current water, Studia Manna Sinica 
49976012 and 49736210). We are grateful to Dr. M. Jackson 
with the Institute fur Rock Magnetism, U~liversi ty of Minnesota, (in Chinese with English abstract), 1986, (27): 55-64, - 
USA lot his help with the low-temerature remanencc meas- 14. Shcn, S.X.. Chen, L.R., Gao, L. et al., Discovery of Holocene 

uremeni. We also wish to thank Dr. Pan Yongxin with the Insti- 
tute of Gemlogy and Geophpics, CCS for his carel'ul and valu- 
able comments. 

References 

I .  Kulin, K., Levi. S., Dingencsis oL' rniagneric niinerulh in recent 

hemipehgic sediment<, Nalurc. 1983,303: 327-330. 

2. Canfield, TI. E., Berner, R. A., Dissolution and pyritization or 

magnetite in anoxic llm.rine scdirnenls. Ceochi~n. Cosmochim. 

Acta, 19R7,5 1 : 645 --66U. 

3. Liu, J., Reductivc diagenesis of nugnctic minerals: A rcvicw, Mu- 

rine Geology & Quaternary Geology ( i n  Chinese with English ab- 

stract), 2000,20(4): 103-5 07. 

4. Sagnotti, L., Winkler A. Rock m;rynetism and palaeumagnrtisni of 

greigibbearing mudstones in the Italian peninsula, Earth and 

Planetary ScienceLetters, 1999, 165: h7-80. 

5. Roberts, A. V., Reynolds, R. I.. .  Veroaub. K. L, cf al.. Environ- 

mental rmgneric implications ol yreigire (Fc3S4) funnation in a 3 

m.y. lake sedinient record k r n  Bullc Valley, northern California, 

Gsophys. Res. Lett., 1996,21: 2859-2Xh2. 

6. Ariztegui, D., Uobsun, J., Magnctic investigations of frumbuidd 

grcigite forniation: a rccnrds or anthmpogcnic environmental 

changes in eutrophic Lake St Moritz, Switrcrland, The Hnloccnc, 

1996.6: 235.-241. 

7. Kulin, K., Magnetite Disgencsis in marine sediments lrorn the 

Orcgon continental nlargin, Jouind of Gcophysicill Research, 

cyclonic eddy sediment and pathway sediment jn the southern 

Yellow Sea, Oceanologia et Limnologia Sinica (in Chinese with 

EngIish abstract), 1993,24(6): 563-570. 

15. Li, S. Q., Lin, J., Wang, S.J. et al., Sedimentary characters in the 

eastern South Yellow Sea during the post-glacial transgression (in 

Chinese with English abstract), Marine Geology & Quaternary 

Geology, 1497,17(4): 1-12. 

16. Li, S. Q., Liu, J., Wang, S. J. er ai., Sedimentary sequence and en- 

vironmental evolution in the eastern anuth Yelow Sca during the 

last deglaciaiton and the Holocene, Chinese Science Bulletin, 

1998,43(9): 757-761. 

17. Liu, J., 1-i, S. Q., Wang, S. J., Sea level changes of the Yellow Sea 

and k~rmation of the Yellow Sea Warn Current since the last De- 

glaciaton, Marine Gelogy and Quaternary Geology (in Chinese 

withEnglish abstract), 1999, 19(1): 13-24. 

18. hn, J. H., Chough, S. K., Partitioning of transgressive deposit9 in 

thc southeastern Yellow Sea: a sequence stratigraphic interpreta- 

tion. Marinc Geology, 1998, 149: 79-2. 

I Y .  Bud,  E., Correlation of acceleratnr mass spectrometry ages 

tneasurcd in planktonic foraminifera: Paleoceanographic irnplica- 

tions, Pleoceanography, 1988.3: 635-645. 

20. Lowrie. W., Identification of ferromagnetic minerah in a rock by 

coerciviry and unblocking temperature properties. Geophys, Res. 

Lett.. 1990,17: 159-162. 

21. Berner, R. A.. Sedimentary pyrite formation: an update, Geochim. 

Co~mochim. Acta, 1984.48: 605-615. 



Science in China Ser. D E w h  Sciences 

22. Zhu. R. X., Shi, C. D., Suchy, V. et al., Magnetic propcrtics and 

paleoclimatic implications of loess-paleosol sequences of' C ~ e c h  

Republic, Science in China, Ser. D, 2001.44(5): 385-394. 

23. Zhu, R., Kazansky, A,, Matasova, G. et a]., Rock-magnetic inves- 

tigation of Siberia loess and its implication, Chinese Science Rul- 

letin, 2000,45(23): 2192-2197. 

24. Roberts, A. P., Pillans, B. J., Rock magnetism of LowerMiddle 

Pleistocene marine sediments, Wangnui Basin, New Zealand, 

Geophys. Res. Lett., 1993,20: 839-842. 

25. Snowball, I. F., Magnetic hysteresis properties of geigite (Fe3S41 

and a new occurrence in Holocene sediments from Swedish Lap- 

pland, Phys. Earth Planet. Inter., 1991, 68: 3 2 4 0 .  

26. Torii, M., Fukuma, K., Hong, C. -S. et a]., Magnetic discrimina- 

tion of pyrrhotite- and greigite-bearing sediment sample.;, Geo- 

phy~.  R ~ s .  Lett., 1996,23: 1813-1 816. 

27. Ciciss, C .  H., Kancrjcc, S .  K., A multi-parameter rock magnetic 

record or the last glacial-interglacial paleoclimate from 

south-central Illino~s, USA, Earth and Planetary Science Letters, 

1997: 152: 203-216. 

28. Ozdcrmir, 0., Dunlnp, 11. J., Moskowitz, B. M., The effect of 

Oxidation on the Verwey transition in magnetite, Geophys, Res. 

Lett.. 1995, 134: 227-236. 

29. Rochette, P., Fillion, F., Mattei, J. L. et d., Magnetic lransiliun at 

30-40 kclvin in pyrrhotite: insight into a widespread occurrence of 

the mineral in rocks, Earth and Planetary Science Letters, 1990, 

98: 319-328. 

30. Sagnotti, L., Macri, P., Ca~nerlenghi, A. et ai.. Environmental 

magnetism of Antarctic late Pleistocene sediments and interhemi- 

spheric correlation of climatic events, Earth and Planetary Science 

Letters, 2001, 192: 65-80. 


	050134.TIF
	050135.TIF
	050136.TIF
	050137.TIF
	050138.TIF
	050139.TIF
	050140.TIF
	050141.TIF
	050142.TIF
	050143.TIF
	050144.TIF

