Flood, R.D., Piper, D.JW., Klaus, A., and Peterson, L.C. (Eds.), 1997
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 155

13. MAGNETIC HYSTERESIS PROPERTIES OF FINE-GRAINED MAGNETIC IRON
SULFIDE NODULESAND CRUSTSON THE AMAZON FAN?
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ABSTRACT

The sediments from Ocean Drilling Program Leg 155 included authigenic magnetic-mineral phases. Four iron sulfide nod-
ules, up to 5 cm?® in volume, and a single iron sulfide crust (~2 cm®) were analyzed for magnetic hysteresis properties. The
results indicate that these authigenic minerals are fine grained and behave as single-domain sized particles. Camera X-ray dif-
fraction and chemical analyses using the scanning-electron microscope indicate that the authigenic minerals are composed of

greigite (Fe;Sy).
INTRODUCTION Table 1. Magnetic hysteresis parameters of the samples used in this
study.
Authigenesis and reduction diagenesis can play important rolesin S — " v
defining the magnetic mineralogy of sediments (e.g., Karlin and pe  Mas hc Mo rs s
. . g . Sampl t Oe) (O u/ w
Levi, 1983). These processesresult in (1) the formation of iron oxides ple ype  (mg) (09 (09) memuy memuy
(i.e., bacterial magnetite [Fe;0,] and/or, (2) the formation of iron sul- ggigmgg ig ang gi (1@) nargpan g.g ig% gé(z) g.oe gé
fides by precipitation from pore waters, and/or (3) the dissolution of  g3IB-IHE= 1392168 Raben 38 87 32 30 133
detrital iron oxides with the subsequent development of iron sulfides. 931B-1H-CC, 19and 21 (2) Hardpan 53 215 512 861 303
; i ; i 937A-1H-4, 33 (2A Nodule 45 186 324 334 89.8
Theae_process%_ require rel atlv_ely high organic carbon contentsz+and 937AIH4 33 Ezs)) Nodule 12 1 550 ev9 21
bacterial mediation. The bacteriareduce pore-water sulfate (SO,2*) to 939C-2H-3, 116 and 118 (3A) Crust 24 318 460 1590 3160
sulfide (S°) during the consumption of the organic carbon (Canfield 939C-2H-3, 116 and 118 (3B)  Crust 26 243 371 1050 2330
Dy ) 939C-2H-3, 116 and 118 (1)~ Crust 42 304 437 1050 2110
and Berner, 1987; Farinaet a., 1990; Mann et ., 1990). _ 939C-2H-3, 116 and 118 Ezg Crugt 100 296 438 260 485
Authigenic magnetic iron sulfides (i.e., pyrrotite [FeS] and greig- %ﬁiﬂ% igg (3@) Nogu:e g-g ggg g% gg %97)88
ite [Fe,S,]) are intermediate mineral phases within the chemical iron AT Ez)) Nodle B4 9 &8 533 10
reduction series that eventually form nonmagnetic pyrite (FeS,; Can- 944D-1H-3, 112 (5A) Nodule 53 440 577 7000 11800
i i inite. i i 944D-1H-3, 112 (58 Nodule 51 416 548 5570 9410
field and Berner, 1987). However, the mineral greigite, in particular, DLt S 115 El) ) Nogue 2L a0 2B S

has been found in both recent (e.g., Snowball, 1991) and ancient
(Reynoldset a., 1994) sediments suggesting that this mineral can ex-

ist unaltered for significant periods of time. . . . .
In this paper, we present the results of the magnetic hysteresis recently active portion of the Amazon Fan, and is latest Pleistocene

measurements of four samples (Table 1) recovered from Leg 155 N @ge. The hardpan sample is a mud interpreted to represent the Ho-

sites (Fig.1). The four samples contain authigenic magneticironsul-  locene/Pleistocene boundary.
fide minerals, three of which areiron sulfide nodules and the other is
from a black iron sulfide crust. In addition, a nodule from deeper in METHODS

the Sample (Samples 155-941B-12H-3, 100 and 101 cm) was mea-

sured for X-ray diffraction. A sample from the “hardpan” layer, the  pying the cruise, the locations of nodules were determined by
boundary between the upper well-oxygenated sediments (Unit I) andynificant peaks in the whole-core magnetic susceptibility record.
the lower oxygen-depleted sediments (Unit Il), was included in thisrhe samples were removed from the working halves of the cores us-
study. ) . ing a nonmagnetic, stainless steel spatula and placed intdasm

All the samples studied here are from the Upper and Middle Fafic"cupes. The samples were then placed in a plastic laboratory bag,
regions, between ~3000 and 4000 m water depth. Five of these sagyq refrigerated.
ples were from the top two cores from these sites with a maximum Subsamples were measured for magnetic hysteresis at room tem-
depth of ~11.5 meters below seafloor (mbsf). The sample from Cofgarature using the Princeton Measurements Corporation Model 2600
155-941B-12H was at the base of a debris flow at about 83 mbsf. \icromag magnetometer at the University of Rhode Island with a

Within the lithologic unit scheme, most of the nodules and thgnaximum applied field of 1 T. Subsamples were examined with the
crustare within Ilthologl_c Subunit l1A, W_hlch consists of flne-gra_ur_led scanning electron microscope (SEM) with chemical compositions es-
particles (clay/clayey silt) probably delivered as spillover turbiditesjmateqd using the EDS system. Camera X-ray diffraction was per-
Within the “"Amachron” units scheme (Flood, Piper, Klaus, et al..formed on Samples 155-941B-12H-3, 100 and 101 cm. SEM and X-
1995), Subunit lIA is within the Amazon Channel system, the mosty diffraction were performed at the Geology Department, Univer-

sity of Delaware. Magnetic-mineral separation was not performed on

‘Flood, R.D., Piper, D.JW., Klaus, A., and Peterson, L.C. (Eds.), 1997. Proc. ODP, these samples.
ci. Results, 155: College Station, TX (Ocean Drilling Program).
2College of Marine Studies, University of Delaware, Newark, DE 19716, U.SA.

frhall @udel .edu RESULTS
3Department of Geological Sciences, University of California, Santa Barbara, CA
93103, U.SA. ) . i .
“Graduate School of Oceanography, University of Rhode Island, Narragansett, RI The locations of these nodules and the iron sulfide crust with re-
02882, U.SA. spect to the whole-core magnetic susceptibility curves for these sites
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Figure 1. Location of the Amazon Fan showing all of the drilled sites. Modi-
fied from Flood et al., 1995; modified from Damuth et al., 1988 and Manley
and Flood, 1988.

aregivenin Figure 2. The peak in susceptibility at which the sample
was extracted from Hole 937C is similar to a feature in Hole 937B
(see Hall, this volume). Furthermore, the peak from which a sample
was taken in Hole 944A occurs at the same stratigraphic level asthe
sample from Hole 944D athough the sample was deeper within the
core of Hole 944D.

The camera X-ray diffraction patterns of Samples 941B-12H-3,

error bars. The slope of the line from the data is close to 0.5, suggest-
ing single-domain behavior (Roberts, 1995). In addition, all iron sul-
fide samples show a relatively high coercivity with respect to the
hardpan layer.

DISCUSSION

The result of camera X-ray diffraction shows that the authigenic
magnetic iron sulfide particles are probably composed of greigite.
This interpretation is consistent with the chemical compositions of
Samples 155-941B-12H-3, 100 and 101 cm, and 155-944D-1H-3,
112 cm. These crystals are fine-grained (<2 pm), and the magnetic
hysteresis results are similar to those discussed by Roberts (1995)
suggesting that the greigite in these samples exhibits single-domain
behavior.

The observed iron sulfide nodules grow in the clay/silt matrix
within the upper 11 m of the levee sediments. Within the Amachron
system (Flood, Piper, Klaus, et al., 1995), the levee sediments studied
here are of “Amazon Channel” age (latest Pleistocene: typically clay/
silty clay [lithologic Unit 1I/11A]). Hall et al. (this volume) show that
these sediments have high IRMK values (values ranged from 30
to 60 mA/m), which is typical of greigite (Snowball, 1991).

Although rock-magnetic evidence suggests that greigite is preva-
lent in these sediments, the formation of nodules is patchy at best.
But, when present, these nodules are detectable using whole-core
magnetic susceptibility and occur at the same stratigraphic levels in
multiple holes from the same site.

The production of these iron sulfides is further enhanced by the
relatively high organic carbon contents of these sediments (Flood,
Piper, Klaus, et al., 1995). Furthermore, the fact that these sediments
are turbidites implies rapid sedimentation and burial.

The hardpan layer is believed to have been formed immediately
following a postglacial sea-level rise that cut off the development of
turbidity currents from the shelf region. This layer is interpreted to
represent the Holocene/Pleistocene boundary (Flood, Piper, Klaus, et
al., 1995). The hardpan sediment further represents the boundary be-
tween two chemical diagenetic zones (the upper well-oxygenated
sediments [lithologic Unit I] and the lower oxygen-depleted sedi-
ments [lithologic Unit II/11A]) and was probably stripped of fine-
grained iron oxide minerals. The chemical composition of this layer
shows that it is depleted in iron. Furthermore, the magnetic hysteresis
parameters show that the magnetic mineralogy is coarse grained and
lower in coercivity than the other samples.

The results of these analyses demonstrate that this region provides
an excellent laboratory for examining reduction diagenesis in a deep-
marine environment. However, as both geological and chemical sam-
pling within these cores were required to be at coarse intervals, de-
tailed examination of this process was not possible. As the locations
of most of the nodules presented here are within the upper 11 m of

100 and 101 cm, are given in Figure 3A. The d-spacings (A) of theediment, returning to the Amazon Fan will allow scientists to more
six most prominent peaks in this pattern are given on this figure: 1darefully examine the chemical processes affecting this area.
total peaks were identified. The pattern shown in Figure 3 is consis-

tent with the mineral greigite.

With the scanning electron microscope, a single iron-rich crystal CONCLUSIONS
was detected within Sample 155-944D-1H-3, 112 cm (Fig. 3B). This
crystal is small (<2 um) and euhedral in shape. The results of the EDS The results of these analyses show that:

analyzer for Samples 155-941B-12H-3, 100 and 101 cm, and 155-
944D-1H-3, 112 cm (Fig. 4), detected high Fe and S concentrations.
However, Fe and S were not detectable within Samples 155-931B-
1H-CC, 19 and 21 cm (hardpan).

Figure 5 shows the magnetic hysteresis pattern for Sample 155-
944D-1H-3, 112 cm, with the hysteresis parameters Mr, Mrs, Hc, and
Hcr of all samples measured given in Table 1. The magnetic hyster-
esis curves for all samples are available from the ODP database. Fig-
ure 6 shows the log-log plots (6A: Roberts, 1995) and the average
Hcr (coercivity) values (6B) of the samples with 1 standard-deviation
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1.

2.

3.

Magnetic iron sulfide minerals sampled during Leg 155 con-
sist of fine-grained, single-domain greigite.

Iron sulfide minerals were not detected on the hardpan Sample
155-931B-1H-CC, 19 and 21 cm. In addition, these minerals
were also absent in the topmost Holocene sediment.

The locations of these nodules within a sedimentary sequence
is patchy—not observed at the same depths in holes from the
same site, but observed at contemporaneous horizons at the
same site.
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Figure 2. The whole-core magnetic susceptibility curves for the cores from which these samples were extracted. Sectiaf thentoees are given on the
margins of the plot. These data were smoothed using a 5-point running mean before plotting. The data are given inUlts of 10
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Figure 3. (A) X-ray diffractogram and (B) scanning-electron photo of Samples 155-941B-12H-3, 100 and 101 cm; and 155-944D-1H-3, 112 cm. The circled
portion of (B) isaniron sulfide crystal.
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Figure 4. The results of EDS chemical analyses of sediment Samples (A)
155-941B-12H-3, 100 and 101cm; (B) 155-944D-1H3, 112 cm; and (C) 155-
931B-1H-CC, 19 and 21 cm (hardpan sample).

Mrs/Ms

(Mrs/Ms]=-0.448 [Hcr/Hec] + 1.159

r220.859

10
Hcr/Hc

M (emu/g)

MAGNETIC HY STERESIS PROPERTIES

-2 PR TN T S P I IR I
-5000 0 5000
1 T T T T T T T T T T T T
L J
0
]
_1 1 l 1 1 1 1 1 L 1 1 l 1
-700 0 700

H (Oe)

Figure 5. The (A) magnetic hysteresis and (B) coercivity curve for Sample
155-944D-1H3, 112 cm.
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Figure 6. Log-log plots of Mrs/Msvs. Hc/Her for the iron sulfide samples. A. All data points. B. Average values for individual samples with 1 standard devia-

tion error bars. The line drawn on the figure has a slope of 0.5 (Roberts, 1995).
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