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Magnetite dissolution in deep sediments and its 
hydrologic implication: A detailed study of sediments 
from site 808, leg 131 
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Abstract. Our previous study of deep sea sediments from site 808, leg 131 of the Ocean 
Drilling Program has demonstrated that the two anomalously low-intensity zones of natural 
remanent magnetization (NRM), 675 to 925 and 1080 to 1243 m below seafloor, were caused by 
unusually low magnetite content in the sediment sections and that this was not related to the 
variations in sediment sources, calcite dilution, or magnetite destruction occurring in the top 
sediment layer during early diagenesis. For an explanation, we now suggest that these low NRM 
intensity zones were produced by catagenesis at great depth by organic matter decomposition in 
sediments, which in turn causes magnetite dissolution and hence a lower magnetite content. A 
similar process also applies to manganese ions; as a consequence, iron and manganese 
concentration, grain size and content of magnetite, and NRM intensity all decrease, whereas 
sulfur content increases in these sediments. Our interpretation is also supported by other studies 
of organic geochemistry and sedimentology of these same sediments. We suggest, therefore, that 
detailed rock magnetic and geochemical tests should be carded out before geomagnetic field 
variations are studied using ocean sediments from such gmat depth. Additionally, we suspect that 
catagenesis may have been retarded and magnetic degradation was prevented near a d6collement 
due to cold water percolation. 

Introduction 

Studies of geomagnetic secular variation and paleointensity 
are important for understanding the nature of geodynamo 
behavior and testing the axial dipole hypothesis over 
geological timescales [McElhinny and Merrill, 1975]. 
Unfortunately, such magnetic data are available only. for about 
the past 10 kyr from continental studies of archaeomagnetism, 
lava flows, and lake sediments. Thick ocean sediments are 

potentially a better alternative for such study due to their 
continuous magnetic record over much longer time intervals. 
For example, Tric et al. [1992] studied four cores from the 
Mediterranean and showed that relative paleointensity had 
fluctuated over the past 80 kyr with a periodicity of 20 kyr. 
However, the process of magnetic remanence acquisition in 
sediments is strongly influenced by many factors, including 
sediment particle size, water and clay mineral contents, 
electrical conductivity, sediment compaction, etc. [ Lu et al., 
1990; Kodarna and Sun, 1990; Verosub, 1977; King and 
Channell, 1991]. In addition to these physical processes, 
chemical alteration may also play an important role. The 
effects of such nonmagnetic parameters must be sought before 
we can claim that the observed relative palcointensity 
represents true geomagnetic field fluctuations. 

It has been shown, for example, that natural remanent 
magnetization (NRM) intensities are greatly diminished in the 
topmost sediment layer in many lakes and oceans by bacterial 
activity on organic matter. Within this layer, intense bacterial 
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activity breaks organic matter into methane and CO,., resulting 
in the reduction and dissolution of iron. As a result, magnetic 
content decreases and NRM intensities in sediments follow 

suit [Leslie et al., 1990a, b; Karlin, 1990; CanfieM and Berner, 
1987]. Prior studies in this area have focused on sediments less 
than 10 m deep, because bacterial activity becomes much less 
intense below this depth. To obtain palcomagnetic 
information extending farther into the past beyond the 
Quaternary, we need to study sediments from greater depths. 
This is possible in continental margins where thick sediments 
and high accumulation rates (about 1 m/1000 years) allow 
derailed studies of magnetic secular variation before and during 
the Quaternary period [Kent and Opdyke, 1977]. However, as 
sediments are buried, organic matter in deep sediments will 
undergo further decomposition due to the increase in 
temperature (camgenesis), as was pointed out by Hunt [ 1979]. 
As a result, carbon atoms lose electrons, and light 
hydrocarbons and CO2 are produced. It is not now known 
whether such decomposition of organic matter at depth affects 
the magnetic carriers, thus changing the magnetic signal in 
sediments, just as shallow depth decomposition does. 

To investigate this issue, we have studied in great detail the 
sediments from Nankai Trench, site 808 of leg 131, Ocean 
Drilling Program. There are two magnetic advantages in 
studying these particular sediments: (1) The sediments are 
about 1300 m thick, one of the thickest sediment sections ever 
obtained by deep sea drilling. From the observed temperature 
gradient, it is most likely that the sediments at depth have 
reached the minimum temperature for organic decomposition 
by catagenesis (about 60øC, [Hunt 1979]), allowing us to 
make a preliminary study of the effects of organic 
decomposition on magnetic properties in deep sediments. (2) 
The presence of a d6collement in this hole at 955 m below 

9051 



9052 LU AND BANERJEE: MAGNETITE DISSOLUTION IN DEEP SEDIMENTS 

seafloor (mbsf) depth also provides us with an opportunity to 
examine the possible influence of the associated fluid flow on 
magnetic minerals. It has been extensively documented 
elsewhere that a large volume of fluid from sediments and 
oceanic plates is released along such highly fractured 
d6collement during the subduction process [Bray and Karig, 
1985; Peacock, 1987; Cloos, 1984; Moore, 1989]. 

We have previously studied the paleomagnetic properties of 
the sediments of site 808 and found two zones of extremely 
low NRM intensity in deep sediments (675 to 925 and 1080 to 
1243 mbsf), as shown in Figure 1. Within these zones, NRM 
intensity falls by about 2 orders of magnitude, making 
magnetic data difficult to measure and hence much less reliable 
[Lu et al., 1993]. In our previous study, we evaluated several 
possibilities for the cause of these low-intensity zones. From 
the lithologic column (see Figure 2) we can see that the major 
boundary is at depth 618 mbsf, below which most of the 
sediments (units IVa and IVb) are uniform hemipelagi½ and 
pelagic Shikoku basin muds. There is a 61-m-thick unit (III) 
above, constituting a basin-to-trench transition, while units I 

and II represent coarse-grained turbiditic trench-fill sediments 
which have suffered much structural disturbance. 

The structurally disturbed units I, II, and III display a 
relatively high median NRM intensity of ~80 mA/m but with 
some very sharp fluctuations due to local faulting and turbidity 
current effects. The first major transition (high NRM to 
consistently low NRM) occurs well within the homogeneous 
unit IVa at 675 mbsf while the unit III/IVa boundary is at 618 
mbsf. Similarly, Figure 1 shows that the other (lower) major 
transitions (925, 1080, and 1243 mbsf) to consistently high 
or low NRM are not correlated with lithologic boundaries. This 
is one main reason for claiming that the observed low- 
intensity zones are not lithologically controlled. 

The second reason for concluding that the low NRM 
observed is not an artifact of lithology is that the carbonate 
content variation (10%-40%) within the critical units, IVa and 
IVb, is nowhere near as strong as the observed 2 orders of 
magnitude variation in NRM. Finally, the maximum carbonate 
content occurs at 978 mbsf [Taira et al., 1991], well within a 
high-NRM zone, located between the low-intensity zones. If 
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Figure 1. Shipboard magnetic intensity measurements of NRM (five-piont running average with depth). 
There are two consistently low NRM intensity zones, 675 to 925 and 1080 to 1243 mbsf, within which 
NRM intensity decreases by 1 to 2 orders of magnit'ude [after Lu et al., 1993]. Note that the low-intensity 
zone boundaries do not correlate with lithologic units boundaries. The details of lithology are given in 
Figure 2. 
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Figure 2. Schematic stratigraphic column for site 808, based 
on detailed shipboard core descriptions, sedimentary facies 
interpretations, and microfossil control (modified from 
Shipboard Scientific Party [ 1991 ]). 

In addition, the relatively high intensity zone located between 
the low-intensity zones includes a d6collement. A d6collement 
is a structurally disharmonious zone or surface, indicated most 
commonly in seismic reflection data [Moore, 1989]. It is 
formed when sediments are accumulated at a trench area. Along 
a d6collement, sediments are separated into an inbricated thrust 
complex above and almost uncleformed sediments below. The 
d6collement at site 808 is a 19-m-thick zone at 955 mbsf 

[Taira et al., 1991]. Observations on accretionary prisms have 
confirmed that a d6collement is the main conduit of fluid flow 

from a subduction zone. Melanges, formed along ancient 
d6collement zones, show extensive vent communities which 

mark the paleo-hydrothermal flows [Peacock, 1987]. Magnetic 
study of this interval may provide some useful information 
about the interactions of magnetic minerals with fluid flow. 

Experiments 

Our rock magnetic measurements were aimed at clarifying 
the magnetic mineralogy and grain size of the sediments. In a 
previous study [Lu et al., 1993], magnetite was identified as 
the major magnetic mineral in the sediments of site 808 from 
the measurements of saturation magnetization, Xray 
diffraction, and Curie point. We also attempted to estimate the 
relative magnetic grain size with the ARM/k 0 ratio 
(anhysteretic remanent magnetization/low field susceptibility) 
following King et al. [1982]. With a decrease in grain size, 
ARM becomes stronger and k 0 weaker, although both remain 
proportional to the total magnetic content. Therefore, the 
ARM/k 0 ratio is controlled by changes in relative magnetic 
grain size, not concentration. A high ratio of ARM/k 0 
indicates smaller (single-domain (SD) and pseudo-single- 
domain (PSD)) grain sizes, while low ratios indicate multi 
domain grains. However, as discussed in previous papers 
[King et al., 1982; Lu et al., 1993], k 0 is an effective 
parameter only when no more than one magnetic mineral is 
dominant. Since k 0 was very small in the low-intensity zones, 
paramagnetic susceptibility (kp) from iron-bearing clay 
minerals might have contributed a significant portion to k 0, 

making it necessary to correct observed k 0 for the kp 
contribution. Such a correction was made in the current study 
using additional magnetic hysteresis measurements. 

Induced magnetization J versus magnetic field H was 
measured with a vibrating sample magnetometer. The sample 
was magnetized in a continuously increasing magnetic field. 
Measurements of magnetization were taken every 5 mT. 
Samples were all saturated by a field of 300 mT, as indicated by 
closed loops (see Figure 3). After 300 mT, the magnetization 
continued to increase slowly with the increasing external field 
because of the presence of paramagnetic minerals (iron- 
beating silicates and carbonates) in the samples. Therefore, 

paramagnetic susceptibility kp was measured from the slope of 
the curve above 300 mT and was calculated from the equation 

M =kpX H + Ms 

dilution by nonmagnetic carbonates was the reason for the 
existence of the low-intensity zones, the carbonate peak 
should have coincided with a low in NRM, not a high, as 
observed here. 

Obviously, we need to understand the mechanism 
responsible for such intensity variations, so that appropriate 
sediments at depth can be chosen for future magnetic studies. 

where M is the total magnetization, Ms is the saturation 
magnetization of the ferrimagnetic fraction (magnetite), and H 
is the field intensity. The maximum magnetizing field was 500 

mT. The kp was determined from .the slope of a straight line 
fitted to 40 data points between 300 and 500 mT. After 
reaching 500 mT, the magnetizing field was decreased slowly 
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Figure 3. Magnetic hysteresis loopß Loop closes to a line at 
a field of 300 mT, suggesting that the ferrimagnetic 
component, magnetite, is magnetically saturated by 300 mT. 
The slope from 300 mT to 500 mT is used to obtain 
paramagnetic susceptibility (Kp). 

to zero and then increased in the opposite direction to -500 mT 
and decreased to zero again, completing a whole hysteresis 
loop measurement. The total sweep time was 15 min. 

A by-product of magnetic hysteresis measurement was 
saturation remanence (Jrs) at H = 0, •vhich is the remanence 
remaining after a saturation field is removed. Jrs can be used to 
obtain the ratio ARM/Jrs which can also be used to investigate 
the relative variation in magnetic grain size [Dunlop, 1986], 

ß 

similar to the method based on ARM/k 0. ARM is mostly 
contributed by the finer single-domain and pseudo-single 
domain grains, roughly 0.03 !•m to 10 •m for magnetite. On 
the other hand, Jrs is due to the contribution of all grain sizes, 
both fine ahd coarse. Therefore, the ratio of ARM/Jrs is 
proportional to the relative content of fine grains and is not 
affected by contributions from paramagnetic materials •vhich, 
by definition, cannot carry remanent magnetization. In other 
words, higher ARM/Jrs ratios correspond to finer grain sizes 
and vice versa, as has been shown experimentally [Dankers, 
1978; Hartstra, 1982; Ozdernir and Banerjee, 1982; Maher, 
1988]. 

Analysis of chemical elemental concentrations was 
conducted on thirty-three sample powders representing the 
depth interval of about 350 to 1282 mbsf. Twenty-five sample 
powders were analyzed by using direct current plasma; the 
remaining eight sample powders were done by induced current 
plasma with mass spectrometry. Twenty-five elements were 
examined, and analytical uncertainty was estimated to be less 
than 1% based on the calibration against a Geological Society 
of America standard. Large (~150 mg) aliquots of these thirty- 
three sample powders were also measured for solid sulfur 
content with a sulfur Coulometric analyzer. From the 
measurement of standards, the analytical error for sulfur was 
estimated to be less than 1%. Eight samples were analyzed 
twice to check the reproducibility of the measurements. The 
results were generally consistent with an uncertainty of less 
than 3%. 

Results 

Our first observation is that in the clay-rich sediments, 

paramagnetic susceptibility (kp) is high and can be nearly 
equal to k o (=kp+kf), the conventionally measured low field 
susceptibility. The first result is that ARM/k o can no longer 
provide information relevant to the relative grain size of 
magnetite. The second result is that even when we correct for 

the clay contribution to ko by measuring kf (=ko-kp), ARM/kf 
data (Figure 4) become unstable in the low-intensity zones 
where the magnetite content has been drastically reduced. This 
was confirmed independently by measuring saturation 
magnetization, which was an order of magnitude smaller, 
paralleling the NRM variation [Lu et al., 1993]. The wild 
swings of ARM/kf seen in Figure 4 are, therefore, not 
physically real but an artifact of subtracting two small 
numbers from each other. 

On the other hand, we find. that ARM/Jrs is a more 
appropriate ratio that can be used for grain size determination 
[Ozdernir and Banerjee, 1982; Dunlop, 1986; Maher, 1988] in 
our case. Unlike kf, Jrs can be much more accurately 
determined than kf with a vibrating sample magnetometer, or 
with a cryogenic magnetometer, even when samples have weak 
magnetizations. It is also measured directly, rather than 
determined by subtraction. As mentioned before, a large 
ARM/Jrs indicates relatively small particle sizes, and Figure 5 
shows that in the low-intensity zones, the ratio increases from 
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Figure 4. Ratio of anhysteretic remanent magnetization to 
ferrimagnetic susceptibility (ARM/kf). In the low-intensity 
zones, the ratio becomes unstable, showing negative and 

positive values. This is an artifact due to kp being nearly equal 
to k o and kf = ko- kp. The data are physically unreal and 
should be rejected in favor of ARM/Jrs ' shown in Figure 5. 
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10 -4 to 4x10 -3, indicating smaller grain sizes in these 
intervals. Thus, although measuring Jrs is a slower procedure 
than measuring k0, it provides more accurate data for samples 
with large paramagnetic concentrations. 

Another approach to obtain relative grain size, paaial ARM 
(pARM [Jackson et al. 1988]) was not successful in our 
previous study [Lu et al., 1993]. It was found that pARM 
reaches peak intensity in much higher alternating field 
intervals (AF windows) for high-intensity samples than for the 
low-intensity ones, suggesting apparently coarser grain sizes 
in the low-intensity zones. This apparent discrepancy in 
magnetic grain sizes determined from pARM and AR•M/Jrs can 
now be explained by postulating the presence of ultrafine or 
superparamagnetic (< 0.03 gm) particles in low-intensity 
zones. It is known that for magnetite, magnetic coercivity 
increases with decreasing grain size, but decreases again if 
particles are less than 0.03 gm [Maher, 1988]. Here pARM 
actually measures the coercivity distribution in samples 
[Jackson et el., 1988]. For high-coercivity samples with SD 
and PSD grains, the intensity of pARM peaks at high AF 
windows. However, if such samples contain enough 
superparamagnetic grains, due to magnetostatic interaction the 
median coercivity will decrease, and the pARM spectrum will 
move to low AF windows [Ozdemir and Banerjee, 1982]. 
Therefore, we suspect that in addition to paramagnetic clay 
minerals, superparamagnetic magnetite grains are also present 
in the low-intensity zones. 

From chemical analysis, two elements, sulfur and 
manganese, are found to have characteristic downhole 
variations. For the low-in.tensity zone samples, sulfur content 
is about twice that of the high-intensity zon.e samples (Figure 
6). Sulfur in ocean sediments can be' dei'ived from iron sulfide, 
evaporites, organio matter, and elemental sulfur; the latter two 
are usually negligible due to their extremely low contents 
[Kaplan et al., 1963]. In the sediments from site 808, 
evaporites were not present but pyrite was abundant [Taira et 
al., 1991]. It has also been well recognized that pyHte is the 
major iron sulfide in marine sediments [Goldhaber and Kaplan, 
1974; Leslie et aL, 1990a, b]. Therefore, it is reasonable to 
assume that the sulfur in our samples is mainly in the form of 
pyrite. In contrast to sulfur values, manganese content 
decreases in the low-intensity zones by about 2 orders of 
magnitude (Figure 7), similar to NRM intensity variation 
(Figure 1). 

We will now discuss the combined relevance of our magnetic 
and chemical data in the next section. 

Discussion 

The consistently low intensity zones found in this study 
were difficult to explain initially. They span depth intervals 
from 675 to 925 and 1080 to 1243 mbsf, corresponding to a 
total elapsed time of about 5 m.y. NRM intensities decrease 
greatly in these zones, almost by 1 to 2 orders of magnitude. 
As shown previously by our saturation magnetization 
measurements [Lu etal., 1993], the low-intensity zones are 
produced by a smal!er amount of magnetic material in the 
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Figure 6. Sulphur content in the solid phase versus depth. 
High values are found in the low-intensity zones, indicating 
organic decomposition and sulfide formation. 
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Figure 7. Manganese content versus depth. The plot shows 
lower content in the low-intensity zones, as is the case for 
sulfur and is due to reduction of Mn 4+- 

sediments, not by a weaker paleomagnetic field. However, the 
zone boundaries were found to be related neither to the 

variations of sediment sources (Figure 1), nor to the well- 
known magnetite dissolution by bacterial activity on organic 
matter in the top sediment layer. There was no correlation 
between the low-intensity zones and sediment units, and the 
first low-intensity zone was located at 675 mbsf, much deeper 
than what is expected from previous studies of early 
diagenesis. Relative calcite content variation in the low- 
intensity zone was found to be limited to horizons much 
thinner than the low-intensity zones and not sufficient to 
reduce the NRM intensity by I to 2 orders of magnitude. 
Furthermore, the peak concentration of calcite occurred at a 
depth of 978 mbsf, where the NRM intensity was high and not 
low, which would be the case if dilution of magnetic content 
was important. Therefore, we have to turn to the potential 
diagenetic processes dominant in deep sediments to explain 
our results. 

Previously unaltered organic matter can be altered at depth 
by catagenesis due to an increase in temperature with depth. 
Catagenesis temperature ranges from about 60ø.C to about 
200øC, when organic matter decomposes to light-molecular- 
weight hydrocarbons and produces a large amount of CO2 
[Hunt, 1979]. Since this occurs in deep sediment sections, 
light hydrocarbons can be preserved, and CO2 will cause a 
precipitation of CaCO 3 if there is enough Ca2+ available in the 
pore water. The production of CO: is an oxidation process, 
which also results in reduction of Mn 4+, Fe 3+, and SOn"--- by 

electron transfer from organic carbon, causing dissolution of 
magnetite similar to what happens in the shallow subsurface. 
At site 808, a temperature of 39øC was recorded at 350 mbsf, 
which was the deepest measurement made at this site. This 
yields an average temperature gradient of 11 løC/km [Taira et 
al., 1991]. By extrapolation, the temperature at 675 mbsf 
should be 75øC, which is high enough to break down organic 
matter by catagenesis. We suggest that it is this 
decomposition of organic matter that diminishes the NRM 
intensity in the sediments at depth. Once catagenesis takes 
place, changes of magnetic properties and geochemical 
anomalies will follow. 

As Fe 3+ in magnetite grains is reduced to Fe •+ by accepting 
an electron from carbon, magnetite particles are gradually 
dissolved. This is clearly compatible with the low NRM 
intensities and kf values. Since dissolution takes place on the 
magnetic particle surfaces [Canfield and Berner, 1987], 
magnetic grain sizes become smaller. Such diagenesis, when 
early and at a shallow depth (<10 mbsf), does produce a net 
increase in magnetite grain size because the smallest grains are 
attacked and dissolved first. In our case, these sediments at 

depth have already experienced this early diagenesis, therefore 
mainly coarse grains are available for further di'ssolution, 
resulting in a net decrease of grain size, as seen by the 
magnetic proxies. As shown in Figure 4, ARM/Jrs is higher in 
the low NRM intensity zones, suggesting smaller magnetic 
grains present in these sections. Fe 2+ from the dissolved 
magnetite grains will precipitate as pyrite by combining with 
S- from SO42- in pore water through a reduction process 
initiated by catagenesis. As a result, pyrite content increases 
in the low NRM intensity zones, as shown by the sulfur 
anomalies (Figure 6). Like Fe 3+, oxidized Mn4+ will also accept 
electrons to form reduced Mn 2-, which then moves into pore 
water. However, Mn sulfide does not form because it is an 

unstable mineral phase. Therefore, as Mn 4+ is reduced, the 
concentration of solid phase Mn decreases in the low-intensity 
zone (Figure 7). 

Our suggestion that the low NRM intensity zones were 
caused by organic decomposition at depth is also supported by 
organic geochemistry and sedimentological observations. 
When organic matter decomposes at shallow depths during 
early diagenesis, methane is produced. But at great depths, 
during catagenesis, light-molecular-weight hydrocarbons, 
such as butane and pentane, will be produced as well as CO 2 
[Hunt, 1979]. If the overburial sediments are relatively 
impermeable, these gases will be preserved in the sediments. 
Organic gas measurement has identified high concentrations, 
about 0.5 gL/kg, of butane and pentane but no methane (Figure 
8) in the low-intensity zones [Taira et al., 1991], suggesting 
that organic matter here has reached a relatively high degree of 
maturity. Similarly, sedimentologieal observation showed 
that calcite-contents increased in the low-intensity zones 
(Figure 9). This is probably related to the production of CO 2 
during organic decomposition. Unlike hydrocarbons, CO2 is 
easily dissolved in pore water and combines with Ca"-+ to 
precipitate calcite. 

A good correlation between sudden decreases at depth in 
NRM intensities and hydrocarbon gases was also observed, but 
left unexplained, in two previous Ocean Drilling Project sites. 
At site 671 B of leg 110 on the Barbados Ridge, it was found 
that NRM intensity decreased sharply by 2 orders of magnitude 
at about 500 mbsf, whereas methane content increased to its 

maximum at that depth [Mascle and Moore, 1986]. Similarly, 
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exist in the low-intensity zones [after Taira et al., 1991]. 
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Figure 9. Calcite content versus depth. It also shows 
relatively high values in the low-intensity zones, similar to 
hydrocarbon gas distributions in Figure 8 [after Taira et al., 
1991]. 

at site 767 of leg 124, located in the Celebes and Sulu Sea, 
there was a low magnetic susceptibility zone, equivalent to a 
low NRM intensity zone, at about 400 to 600 mbsf. Within 
this zone, the amount of methane and ethane increased [Rangin 
and Silver, 1989], indicating the occurrence of organic matter 
decomposition. The presence of methane and ethane in these 
cases, rather than butane and pentane as seen in our case, may 
be related to varying temperature gradients from site to site. 
Although NRM intensities start to decrease at variable depths 
due to the differences in temperature gradients and organic 
matter from place to place, all these Iines of evidence strongly 
suggest that organic decomposition in deep marine sediments 
can greatly diminish NRM intensity. 

It is interesting to note that in the present study, there is a 
moderately high intensity zone (925 to 1080 mbsf) 
sandwiched between the two low-intensity zones (Figure 1). As 
discussed above, the sediments at 675 mbsf, where NRM 
intensities first decrease, were observed to have reached the 
minimum temperature necessary for catagenesis. Therefore, all 
the sediments below 675 mbsf should have experienced the 
temperatures necessary for organic decomposition. However, 
if the low-intensity zones were produced by the organic 
decomposition of catagenesis, as discussed previously, then 
this high-intensity zone should not exist. 

A possible explanation may lie with the coincidental 
presence of the previously mentioned d6collement in this 
intermediate NRM intensity zone (Figure 2). The d6collement 
is an important structural feature and acts as a major conduit in 
accretionary prisms [Taira et al., 1991; Moore et a/.1988; 
Moore, 1989]. We would like to suggest that either the 
chemistry or temperature of flowing water, or both, is 
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responsible for the preservation of magnetite grains and the 
relatively high NRM. Magnetite, instead of hematite, will be 
preserved if the degree of oxidation is not too high. Similarly, 
a lowered temperature due to cold water flow through the 
d6collement will reduce the ambient temperature and prevent 
camgenesis. Currently available data do not allow us to choose 
between the two hypotheses. 

Conclusions 

With increase in sediment depth, ambient higher 
temperatures cause organic matter to decompose 'into light 
hydrocarbon gases and CO2. which, in turn, results in 
magnetite dissolution and weak NRM intensities in deep 
sediments. This is a redox process: carbon in the organic 
matter is oxidized, and iron, manganese, and sulfur in 
sediments are reduced. Consequently, grain size and content of 
magnetite, and elemental iron and manganese content, 
decrease; conversely, amounts of hydrocarbon gases and sulfur 
increase. NRM intensities can be diminished by 1 to 2 orders 
of magnitude due to such drastic magnetite dissolution. Such a 
process of magnetite dissolution at great depth can degrade the 
magnetic signal, especially for sediments with a high 
sedimentation rate. In such situations, it may thus be better for 
geomagnetic fluctuation studies to use more slowly deposited 
abyssal sediments, even though they may not record as many 
details of magnetic field secular variations or dipole field 
transitions. The argument for avoiding such very deep 
sediments is even stronger if our goal is relative 
paleointensity, for which magnetic carriers must be uniform 
with depth. Based on this study, we also found that at and 
around the d6collement in site 808, catagenesis has been 
prevented, so that organic decomposition and magnetic 
dissolution did not take place. Therefore, the sediments have 
maintained high NRM intensities in the sandwiched zone 
around the d6collement. 
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