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18. SEDIMENTOLOGICAL AND MINERALOGICAL CONTROL OF MULTISENSOR TRACK DATA
AT SITES 981 AND 984*

Susan J. Carter? and M.E. Raymo?

ABSTRACT

Multisensor track data, including magnetic susceptibility, gammarray attenuation porosity evaluator (GRAPE) wet bulk
density, and natural gamma emission, were collected on all cores recovered during Ocean Drilling Program Leg 162. Datafrom
the upper Pliocene and lower Pleistocene of Sites 981 and 984 are here compared to results from analyses of alimited set of dis-
crete samples, including benthic foraminiferal isotopic composition, grain size, carbonate content, abundance of foraminifers
and lithic particles, and clay mineralogy. Natural gamma emission most closely monitors theinput of felsic terrigenous material
to these two sites. Magnetic susceptibility also tracks felsic terrigenous input at Site 981 but appears to reflect a separate, more
mafic, terrigenous component at Site 984. The GRAPE record does not correlate well with any discretely measured variable at

Sites 981 or 984.

INTRODUCTION

One of the primary objectives of Ocean Drilling Program (ODP)
Leg 162 was to investigate the evolution of high-frequency paleocli-
matic and pal eoceanographic variability in the subarctic North Atlan-
tic. Rapidly accumulated sediments of the Feni, Gardar, and Bjorn
Driftswere drilled to recover arecord of millions of years of climate
history with millennial-scale time resolution. During Leg 162, non-
destructive measurements of magnetic susceptibility, natural gamma
emission, and gamma-ray attenuation porosity evaluator (GRAPE)
wet bulk density datawere routinely made on all coresrecovered, us-
ing the shipboard multisensor track (MST). These three MST data
sets were critical stratigraphic tools because they facilitated precise,
fast, hole-to-hole correlation and allowed composite sections and
splices to be developed at sites with multiple holes, as described in
the “Explanatory Notes” chapter of the Leg 16@ial Reports (Ship-
board Scientific Party, 1996a).

Hagelberg et al., 1995). Magnetic susceptibility has been shown to
represent the concentration of terrigenous material in sediments, de-
livered by ice rafting, currents, or ash falls as in the North Atlantic
(e.g., Robinson, 1993; Richter et al., 1995), or by wind as in the east-
ern tropical Atlantic and Indian Oceans (Bloemendal and deMenocal,
1989; deMenocal et al., 1991; Bloemendal et al., 1993). In the North
Atlantic, the magnetic susceptibility signal is commonly dominated
by the contribution from magnetite, as shown for Site 929 on the
Ceara Rise in the western tropical Atlantic (Richter et al., 1997) and
for Site 984 (Blum and Richter, 1997). The three common gamma
emitters in sedimentary minerad®Th,2#U, and*K, are particularly
abundant in material derived from well-differentiated felsic continen-
tal rocks, and so natural gamma emission should also reflect the con-
centration and mineralogy of the terrigenous fraction.

The MST data obtained on sediments from Sites 981 (Feni Drift)
and 984 (Bjorn Drift) show clear high-amplitude millennial-scale
variability; distinct Milankovitch-scale glacial-interglacial cycles

In addition to their stratigraphic use, MST data from Leg 162 ma(® also visible in data from Site 981. These observations suggest that
have great paleoceanographic value. Traditional geochemical afidhe MST records can be calibrated to real sedimentological proper-
physical measurements done on individual sediment samples to dé&S. they may be powerful tools for paleoceanographic interpreta-
termine past geological or chemical conditions are very labor interfion. To relate the Leg 162 MST records to actual sediment lithology

sive. The MST data, however, have a sampling density unapproacf?d chemistry, a suite of eight samples from Site 981 and 16 samples
able by any practical scheme for discrete sampling and are collectd@m Site 984, representative of the full range of MST values over a
on board with minimal effort. Changes in ice rafting on glacial—inter-!ong time interval, were selected for complete mineralogical and sed-
glacial and suborbital time scales have been shown to have hadmentological analysis. The mineralogy of the clay and fine silt frac-
clear impact on the quantity and mineralogy of ice-rafted debriéOns, grain-size distribution, weight percent CaCénd concentra-
(IRD) in sediments of the North Atlantic over the last glacial cycletions of lithic grains and foraminifers were determined for each sam-
(e.g., Ruddiman, 1977; Bond and Lotti, 1995). Because past studi@te: These results were compared to the MST data and the benthic
have shown that MST data sets can be useful proxies for sedimeffaminiferal isotopic records (for 0.9-1.4 Ma only) from each site.
source area, transport processes, and local conditions affecting seginode factor analysis helped elucidate the relationships between
mentation, it seems likely that changes in terrigenous input by ice discrete variables and the MST data.

rafting or bottom currents could have distinct signatures in the MST
data from Sites 981 and 984. Variation in GRAPE wet bulk density
can reflect lithologic variability in sediments that have components
of distinctly different grain density or packing efficiency. For exam- ~ Sediment drifts in the far North Atlantic were targeted for drilling
ple, GRAPE data were used as a proxy for organic carbon content@yring Leg 162 because they record physical and chemical changes
two Arabian Sea sites (Busch, 1991) and for the relative proportiori8 the northern downwelling limb of the global “conveyor belt.”

of opal and carbonate in equatorial Pacific sediments (Mayer, 199High-latitude deep-water formation fills the deep Norwegian-Green-
land Seas with dense waters that flow out over parts of the Greenland-
Scotland Ridge (GSR). These deep currents have sufficient velocity
and sediment supply to maintain a nepheloid layer of fine suspended
silt south of the GSR sill (Jones et al., 1970; McCave and Hollister,
1985). Deposition of fine material may occur where the energy of
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these currentsislocally reduced, such as aong the boundary of acur-
rent or where entrained water reduces the density contrast that drives
the current. Because of the large flux of fine material transported in
the local nepheloid layers, sedimentation rates are greatly enhanced
on the drifts compared with typical pelagic marine sequences. Thus,
these drifts record deep circulation in the North Atlantic with unusu-
aly high resolution.

Two separate limbs of the deep North Atlantic current system
originate at the Wyville-Thomson Ridge (WTR), with asill depth of
~800 m, and the Iceland-Faeroe Ridge, with a sill depth of ~400 m
(Fig. 1). The WTR overflow waters form the sinuous Feni Driftinthe
southern Rockall Trough (Jones et al., 1970; Robinson and McCave,
1994). Sediment supply to thisdeep current and its nepheloid layer is
from hemipelagic and downslope transport of fine material into up-
stream areas, in particular from coccolithophorid and other biological
productivity in the overlying and upstream waters. Site 981 was
drilled on the Feni Drift (55°29'N, 14°39'W, water depth 2200 m;
Fig. 1) into sediments consisting of nannofossil ooze with minor
components of terrigenous clay, silt and sand, foraminifers, and au-
tochthonous pyritized nodules and burrow casts (Shipboard Scien-
tific Party, 1996b).

West of the Rockall Plateau, on the east flank of the Reykjanes
Ridge, deep currents containing dense |celand-Faeroe Ridge over-
flow waters deposit the Bjorn Drift. Site 984 was drilled on this drift
at 61°26'N, 24°5'W in awater depth of 1650 m (Fig. 1). Unlike those
of the Feni Drift, Bjorn Drift sedimentsarerichinterrigenoussilt and
clay, derived from Icelandic volcanic material, with relatively minor
amounts of nannofossils, foraminifers, biogenic silica, and terrige-
nous sand. There is also a large and highly variable component of
volcanic ash, which may be transported on icebergs or seaice aswell
as by wind.

METHODS
MST Data

Magnetic susceptibility (MS) isameasure of the ease with which
asubstance can be magnetized (Robinson, 1993) or, equivalently, the

Figure 1. Location map showing Site 981 (Feni Drift)
and Site 984 (Bjorn Drift), drilled during Leg 162. IFR
= |celand-Faeroe Ridge, WTR = Wyville-Thomson
Ridge, RP = Rockall Plateau, RT = Rockall Trough,
RR = Reykjanes Ridge.
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amount of magnetizable material present. Low-field MSis evaluated
by applying aweak magnetic field of known strength to asample and
measuring the strength of thefield that results. Itisreported asthera-
tio of the strength of the induced magnetic field to that of the applied
field. High concentrations of ferrimagnetic materials, especially
magnetite, and also magnetic iron sulfides such as pyrrhotite and
greigite lead to high values of low-field MS (Robinson, 1993). Other
iron-bearing minerals (such as hematite and goethite) commonly ex-
hibit positive but much weaker MS, whereas pyrite, quartz, and cal-
cite are paramagnetic (characterized by slightly negative MS) (Rob-
inson, 1993). During Leg 162, MS was measured at 3-cm intervals
using a Bartington Instruments susceptibility meter with an 80-mm
pass-through loop. The resolution of the measurements at Site 981
ranges from ~750 to 300 yr. At Site 984, the MS resolution is ~200—
300 yr.

A natural gamma (NG) logger added to the ODP shipboard MST
during Leg 149 was extensively used and tested during Leg 150
(Hoppie, 1994). The logger consists of four Nal (thallium activated)
scintillation crystals connected to photomultiplier tubes, mounted at
90° to each other in a plane orthogonal to the core track and shielded
in a lead housing. A gamma ray hitting one of the scintillation crys-
tals causes the crystal to emit a photon, which the photomultiplier
converts to a small current (Bateman, 1985), dependent on the energy
of the incident gamma ray. The voltages produced are recorded and
stored as a histogram with 2048 energy channels, which are com-
bined for analysis into five energy windows (Hoppie, 1994).

Natural gamma rays were counted for 10 s at 10-cm intervals
along nearly every core. All of the NG data were corrected by sub-
tracting from each measurement the average of all of the blanks run
during the leg. Although three of the energy windows (channels 3, 4,
and 5) were tuned to count geochemically specific peaks, they have
never been calibrated, and low numbers of counts resulting from
practical limitations to counting time led to poor statistics (Table 1).
Therefore, only the counts in the total channel were usable. The res-
olution of the NG data at Site 981 is between 1000 and 2500 yr,
whereas at Site 984, resolution ranges from ~600 to 1000 yr. Al-
though total NG measured on the MST has also not been calibrated
geochemically, it should be useful for internally consistent downcore
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Table 1. Natural gamma emission blank statistics, Leg 162.

Channel  Channel Channel Channel Channel

Parameter Total 1 2 3 4 5
Mean counts per second 84.80  46.53 23.16 8.04 2.55 4.53
Standard deviation 9.21 6.82 4.82 2.83 1.60 213
Standard deviation (%) 29.33  36.11 47.11 76.18 10456 101.97

comparisons of the amounts of gamma-emitting minerals present in
sediments, similar to the way gamma-ray tools are used in downhole
logging to detect clay-rich sequences.

The shipboard MST aso includes GRAPE, which is used to mea-
sure the wet bulk density of the sediment. The principles and meth-
odology of the GRAPE measurement are discussed in detail by
Boyce (1976). Similar to downhole formation density loggers, the
GRAPE produces a gamma-ray beam that passes through the core
and is attenuated at arate proportional to the sediment density.

During Leg 162, 2-s GRAPE counts were done, corresponding to
amaximum interval of 2 cm. Multiple GRAPE measurements taken
at the same depth were averaged, and the data were smoothed with a
nine-point Gaussian filter. The few GRAPE wet bulk density values
that were <1.0 (pure water) or >2.6 g/cm® (pure CaCO,) were re-
moved. Unsmoothed GRAPE time resolution is ~200-500 yr at Si
981 and between 130 and 200 yr at Site 984, corresponding tc
smoothed resolution of ~800—2000 yr at Site 981 and 500-800 yr
Site 984. Smoothed GRAPE values were used in all analyses in t
study.

A systematic error of ~10% was found in all the GRAPE measur
ments from Leg 162 when they were compared with downhole ai
discrete measurements of wet bulk density. The problem becai
most obvious when GRAPE measurements made during Leg 16z
revisited Site 907 were compared to the measurements origina
made there during Leg 151. The offset was later determined to be ¢
to misalignment of the GRAPE source-sensor apparatus (Shipboi
Scientific Party, 1996a). This error was corrected in the data pr
sented here in the following way. For one hole at each site (Hol
981A and 984B), discrete wet bulk density measurements were mg
gravimetrically on board ship (Shipboard Scientific Party, 1996t
1996¢). Those measurements were compared with the GRAPE v
ues for the exact corresponding depths in those holes. A linear regt
sion was calculated for each site, which was then applied to t
spliced GRAPE data as a corrective measure.

Both the raw MS and NG data are dependent on the volume
sediment measured. To normalize both data sets, new GRAPE \
bulk density values were interpolated onto the exact depth vectors
the MS and NG data sets. Dry bulk density was calculated from t
GRAPE wet bulk density by assuming a mineral grain density of 2
g/cn?. The MS and NG values were then divided by the correspon
ing dry bulk density values. Changes in bulk density were assum
to result only from porosity changes or void space in the core line
Because void space affects the GRAPE values, normalizing the 1
and NG values by dry bulk density calculated from GRAPE correc
in part for water-filled voids. The final data units for each of thes
data sets are thereby normalized to the mass in grams of solid mi
rial in the sediment measured: counts per second (cps) per unit m
for NG and dimensionless units per unit mass for MS. Because t
initial measurements were made on ill-defined volumes of sedimel
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direct conversion to absolute units of mass (e.g., cps/g) was not p rigyre 2. Spliced records from Site 981 (Feni Drift). Discrete sample depths
sible. However, although the units cannot be explicitly stated in € g4¢ plotted as solid symbols. A. Normalized whole-core magnetic suscepti-
ther case, they are internally consistent and allow comparison of v bility. Units are dimensionless magnetic susceptibility units per unit mass. B.
Normalized whole-core natural gamma emission. Units are gamma counts
per second per unit mass. C. GRAPE wet bulk density, corrected for source-
sensor misalignment. Units are in grams per cubic centimeter.

ues both downcore and between sites.

Discrete Sample Analyses

A total of 16 samples from Site 984 and eight from Site 981 wel
selected for clay mineralogical analyses. The samples are plotted
depth in meters composite depth (mcd) as solid symbols on Figu
2A, 2B, and 2C (Site 981) and 3A, 3B, and 3C (Site 984). Because
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Figure 3. Spliced records from Site 984 (Bjorn Drift). Discrete sample depths
are plotted as solid symbols. A. Normalized whole-core magnetic suscepti-
bility. Units are dimensionless magnetic susceptibility units per unit mass. B.
Normalized whole-core natural gamma emission. Units are gamma counts
per second per unit mass. C. GRAPE wet bulk density, corrected for source-
sensor misalignment. Units are in grams per cubic centimeter.

the extremely time-consuming nature of sample preparation for even
semiquantitative clay mineralogic analyses by X-ray diffraction
(XRD), this subset had to be small. The samples were chosen to span
the full range of MS, NG, and GRAPE values at each site.

The clay mineralogy of marine sediments reflects in part the
source area of terrigenous material and the climatic conditions that
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prevailed there (Griffin et a., 1968). For example, the changing min-
eraogy of North Pacific sediments has been shown to reflect climatic
changesin the eolian sourceareaon Asia(Arnold et d., 1995). Chlo-
rite is one of the initial weathering products of primary continental
mineras and is derived from areas where erosion is dominated by
mechanical weathering, commonly at high latitudes. Kaolinite, asim-
ple trioctahedral clay from which most of the soluble cations have
been removed, occurs toward the other end of the climatic spectrum
as a product of severe hydrolysis. Smectite can be an intermediate
weathering product, and it is particularly common as an early alter-
ation product of basalts and volcanic ash. llliteis a primary to inter-
mediate weathering product that can be derived from a suite of con-
tinental minerals with achemistry between that of smectite and mus-
covite, grading into pure fine-grained muscovite. Quartz and
plagioclase are primary tectosilicates also present in the clay- and
silt-size fractions of deep-sea sediments.

To determine the clay mineralogy and grain-size distribution, we
soaked the dry samples overnight in deionized water and then gently
sieved them through 63-um-mesh stainless-steel sieves. The coarse
fraction was dry-sieved into 63- to 150- and 150-um fractions. The
fine (<63 um) fractions were split using a Honjo wet sample splitter,
and a small amount of each was archived. Carbonate was removed
from each sample by repeated treatment with buffered acetic acid.

The sedimentology of drift deposits records the physical condi-
tions of their deposition, which are affected by the physical oceanog-
raphy, geology, and productivity of the region. The grain size of drift
material tends to be concentrated in the sortable silt fraction, with the
mode of the grain-size distribution controlled by the current speed
(McCave et al., 1995). Grain size of current-deposited sediment var-
ies predictably with current strength in the “sortable” range, down to
~10 um in diameter. Below that, however, particles may behave co-
hesively, leading to a less straightforward relationship between size
distribution and current strength (McCave et al., 1995). Hysteresis
between critical velocities for sediment deposition and resuspension,
and temporal and spatial variability in current strength, may also
complicate interpretation of the grain-size properties of sediments
(McCave et al., 1995). In addition, the grain-size distribution of the
source material, in particular IRD and biogenic particles, will affect
the grain size of a sediment body. Grain-size distributions were mea-
sured using the Elzone particle size analyzer at the University of
Rhode Island Graduate School of Oceanography (URI-GSO), first on
the entire <63-um size fraction and later on the <20-um material (sep-
arated by wet sieving, using an ultrasonic probe). Results from the
two size fractions were graphically “blended” into one continuous
grain-size distribution for the <63-um portion, down to the lower sen-
sitivity limit of the smaller Elzone orifice of ~2 um. This “blending”
combines the two histograms of the coarser and finer ends of the
grain-size distribution by scaling the distributions so that the grain
counts in the overlapping region (i.e., the channels measured by both
orifices) are equal.

To create a constant interlayer spacing and thus a coherent XRD
peak for smectite, all <20-um fractions were treated with 1.0-N
MgCl, solution to force Mg into the exchangeable cation sites. The
dried <20-um fraction was then separated into <2- (clay) and 2- to 20-
um (fine silt) fractions by centrifuging. An aliquot of each dried,
powdered sample was weighed out and spiked with 10% talc (of the
appropriate size fraction) by weight as an internal standard. Sample
mounts for XRD were prepared by suspending the sediment in deion-
ized water and then quickly filtering a few milliliters of each sample
on 0.45-um pore-size thin silver foil filters. Air-dried and glycolated
samples were X-rayed on the SCINTAG XRD instrument at URI-
GSO. Scans from &2f 0° to 32 allowed smectite, illite, chlorite,
kaolinite, quartz, and plagioclase to be distinguished. The near coin-
cidence of the chlorite and kaolinite peaks made it increasingly diffi-
cult to resolve the two where the heights of the 3.54- and 3.56-A
peaks decreased to <~40 cps. In these instances the peak areas are re-
ported simply as “kaolinite + chlorite.” Analytical precision is given
in Table 2. These values are derived by comparing the glycolated and
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nonglycolated samples for each size fraction at each site, and calcu- Table 2. Analytical precision of XRD measurements, calculated as the
lating a mean standard deviation for each as a percent of the mean percent error.
data value. Anomalous results from the glycolated run of Sample

162-981C-17H-6, 85-87 cm, were not included in the error analysis. i Sf?mp'? - Kaﬁ'lmi,te*
The large uncertainty in these results is likely the most significant sizefraction Total lllite chiorite Quartz
source of error in the calculated correlations. Site 981
Benthic foraminifers, if present, were picked from the >150—um 52 um 83 31 28 28
h : . oo . 220ym 18 25 19 14
fraction for isotopic analyse&ibicidoides wuellerstorfi were used Site 984
where present. Otherwise, otheibicidoides or Uvigerina species <2um 25 * 30 59

. . - *
were used. The samples were split if necessary, and the numbers of 2-20 um 37 62 34

foraminifers and of lithic grains per gram of bulk sediment were de- _ N
termined. The number of foraminifers in the >150-um portion of the\ote *Pesk area= 0in many samples; precision poor.
coarse fraction, normalized to the original weight of bulk sediment

processed, reflects a combination of foraminiferal productivity (rele
tive to delivery of other sediment components) and preservation. C
vious ash particles were not counted as lithic grains; however, rour
ed to subangular basalt particles were counted. In some cases, tl
was a continuous gradation from weathered basaltic IRD grains
sharp, fluffy ash shards. Rock fragments and minerals other th
quartz and basalt (typically micas or feldspars) were also counted |
were rare. Carbonate percentage was determined on archived k
sample splits using an Ostermann carbonate rig, which reacts e:
sample with 100% anhydrous phosphoric acid and measures the (
evolved by pressure transducer.

GRAPE

RESULTS
Site 981

| sotopes vs. MST Records

Glacial-interglacial changes in sedimentology dominate the MS
and the isotope records at Site 981. This interpretation of the lo
MST records from this site (Fig. 2A, B, C) is supported by visue 5
comparison with the benthic foraminiferal oxygen and carbon isc
tope data over the interval from 59 to 89 mcd (~0.9-1.4 Ma; Fig. 4
The NG and MS values increase during glacial periods, as indicat
by more positivéd'®O values, and exhibit features similar to the oxy-  ssf- 1
gen isotope record.

To quantify the relationships between these parameters over t
interval, we resampled the MST data at the exact depths for which" it
have isotope data. Because the MS data appear to have a log-not 5 1
distribution at Site 981 (unlike all the other data; see Fig. 5), the Ic
of the magnetic susceptibility data (LMS) rather than the raw datae ~ %% 1
used for the following discussions. Correlations were calculate
among the three MST data sets (LMS, NG, and GRAPE) andthe tt  *%s % P 70 75 % o %0
isotope recordsd{e0 andd*C; given in Table 3). F-tests were per- Depth (med)
formed, and only correlations significant at the 95% confidence lev
are discussed. The correlations given among the MST data are Figure 4. Spliced records of GRAPE wet bulk density, natural gamma emis-
positive and significant at the 99% level. The LMS and the N( sion, magnetic susceptibility, and benthic foraminiferal 680 and &'3C for the
records correlate reasonably well in the interval of 59-89 mcd (R 55-90 mcd (~0.9-1.4 Ma) interval at Site 981. The isotope records are plot-
0.82). Overall, it appears that the components that give the sedim ted in the opposite of the usual sense to conform visually with the MST
high MS covary with, or are the same as, the components that ct records.
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Figure 5. Histograms of MST measurements for the 55-90 mcd interval at Sit&.984dgnetic susceptibilityB. Log of magnetic susceptibilitC. Natural
gamma emissiorD. GRAPE.
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Table 3. Correlation coefficients (R) for the 0.9-1.4 Ma interval at Site

Table 5. Statistically significant correlations (R?) between discrete and

981. MST data setsfor Site 981.
Data set &C 5%0 LogMS GRAPE Data 1 Data 2 Sign R F-test
si°C 1 -0.18 % >63 pum <2 um, % of <63 pm — 0.55 7.40
50 1 Elzone mean + 079 2259
Log magnetic susceptibility <2/2-20 pm 0.57 7.84

GRAPE wet bulk density
Natural gamma emission

Note: Log MS = log magnetic susceptibility, GRAPE = gamma-ray attenuation porosity

evaluator, NG = natural gamma.

tribute high NG emission. The GRAPE wet bulk density also tendsto
increase in concert with MS and NG, which implies that increased
abundance of these components reduces the sediment porosity slight-

ly.

There is moderately good correspondence between the benthic
50 and the NG and LMS records; the correlation is lower but still
significant between 3'®0 and GRAPE. The shapes of the MST and
080 records are distinctly similar throughout the upper part of this
interval (~58-77 mcd): LMS and NG, and to some extent GRAPE,
tend to increase within glacial intervals. The similarity between the

% carbonate

2-20 pm, % of <63 um

<2 um, % of <63 pm

oxygen isotope record and the MST data appears to deteriorate beloﬁf;gminifﬂs/gram

~77 mcd.

Although benthid'*C andd*®O show only a weak anticorrelation
(R = -0.18) in the 59-89 mcd interval at Site 981,8H€ has a
stronger anticorrelation with both NG and LMS (—0.55 and —-0.52, re-
spectively), showing that the deep water tends to be ligh@#f@n
when the delivery or preservation of material with high MS and high
NG emission is enhanced. Also, as shown by the positive correlatio
discussed previously between the benthic oxygen isotope record al
these MST parameters, LMS and NG vary with the glacial-intergla-
cial cycles. Therefore, we suggest that some of the variability in the

e

ne geometric mean
Elzone standard deviation

Benthicd'3C

Benthicd'%0

NG emission and LMS data results from glacial-interglacial changes
in terrigenous delivery (as shown by the correlation between theseg2/2-20 m

data sets and tiR880), and some of the variability is associated with
changes in deep-water circulation (as shown by the negative correléaI
tion between these two MST parameters andtf®). At the most
basic level, the correlation wiifO supports the hypothesis that the

Total peak area

long-period variability visible in the MST data is caused by Milan- g ectite

kovitch glacial cycles.

Discrete Sample Analyses

lllite

To determine which sedimentological components cause the in-
crease in LMS and NG emission during glacial periods, we compared

the MST data to the results of discrete sample analyses (Table 4 [o
CD-ROM, back pocket, this volume]). These include clay mineral-

Haolinite + chlorite

ogy, grain size, and percent calcium carbonate, as well as lithic and@elinite
foraminiferal counts and isotope data for the subset of eight sedimenthiorite

samples. Statistically significant correlations between MST and dissine sitt (2-20 pm) XRD
crete data are given in Table 5. Percent carbonate shows a particularfiptal peak area

strong negative correlation with bai®O and NG.

magnetic susceptibility
atural gamma emission

r-:ly fraction (<2 pm) XRD

Clay fraction, total peak area
Quartz (fine silt)
<2 pm, % of <63 pm
Benthicd'*C
Benthic&'®0
Natural gamma emission
<2/2-20 pm
Total peak area (fine silt)
Kaolinite + chlorite (fine silt)
<2 um, % of <63 pm
Foraminifers/gram
Elzone standard deviation
<2/2-20 pm
Total peak area (fine silt)
Benthit'®O
Log magnetic susceptibility
Natural gamma emission
<2/2-20 pm

Total peak area (clay fraction)

Total peak area (fine silt)
Kaolinite + chlorite (fine silt)
Quartz (fine silt)

Plagioclase (fine silt)

Quartz (fine silt)

<2/2-20 pm
Total peak area (fine silt)
Quartz (fine silt)
Benthics®0
Natural gamma emission
Kaolinite + chlorite (fine silt)
Natural gamma emission
<2/2-20 pm
Total peak area (fine silt)

<2/2-20 pm

<2/2-20 ym
Total peak area (clay)
Total peak area (fine silt)
Kaolinite + chlorite (fine silt)
Quartz (fine silt)

Total peak area (clay)
Total peak area (fine silt)
Kaolinite + chlorite (fine silt)
Quartz (fine silt)

Total peak area (fine silt)
Kaolinite + chlorite (fine silt)
Quartz (fine silt)

lllite (clay)
Kaolinite + chlorite (clay)
Kaolinite (clay)
Chlorite (clay)
Quartz (clay)
Kaolinite + chlorite (clay)
Kaolinite (clay)
Chlorite (clay)
Quartz (clay)
Kaolinite (clay)
Chlorite (clay)
Quartz (clay)
Chlorite (clay)
Quartz (clay)
Quartz (clay)

Kaolinite + chlorite (fine silt)
Chlorite (fine silt)
Quartz (fine silt)

+ 0.56 7.56
+ 074 17.03

+ 061 9.48
0.61 9.21

— 0.86 36.20

— 0.95 12531
+ 051 6.23
— 0.62 9.67
— 067 12.20
— 0.68 13.03
+ 0.59 8.59
+ 0.73 15.85
— 0.83 2951
+ 076 18.60

— 071 1474
— 059 8.74
— 0.66 11.88
+ 0.96 143.86
— 052 6.47
— 082 2731

— 057 8.11
— 051 6.15
+ 051 6.27
+ 073 1641
— 057 7.99
+ 072 1542
0.66 11.40
— 0.52 6.50
— 0.60 9.00
0.74 16.74
+ 079 2252
— 0.59 8.59
+ 057 7.81
— 0.55 7.19
— 057 7.92
+ 0.64 10.55
+ 070 13.86

+ 67 11.99
28.01
22.34
77.13
45.95
57.02
41.80
70.78

474.66
177.33
90.61
991.60
142.32
81.43
390.72
442.12
246.00
129.45
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+ 0.69 13.11
+ 0.50 6.11
+ 066 1181

Correlations between these variables are further summarized by
R-mode factor analysis of the correlation matrix. Parameters that in-
crease during glacial periods have positive loadings on the first factdRD to the sediments. The mean and standard deviation of the Elzone
(Table 6); strong negative loadings characterize variables that imrain-size distribution are both positively associated with this factor.
crease during interglacial periods. The glacial-interglacial charactdecause the grain size is measured on the carbonate-free portion of
of this factor is best demonstrated by its positive association witthe <63-um size fraction of the sediment, the variability in the size
5180. One of the parameters with high negative loading for factor 1 idistribution is caused only by shifts in the source area and transport
percent carbonate. This may result from some combination of irmechanism of terrigenous sediments and is not affected by changes
creased productivity of carbonate-secreting organisms during inteia carbonate productivity. An increase in the delivery of ice-rafted
glacial periods when iceberg presence is at a minimum and dilutiomaterial to the sediments might be expected to decrease the sorting of
of carbonate material by the increased flux of IRD during glacial epthe carbonate-free portion and increase the standard deviation of the

isodes.

grain-size distribution. The number of >150-um lithic particles per

Many of the sedimentological and mineralogical changes degram in these samples, however, has only a weak loading on the first
scribed by the first factor are probably controlled by the delivery ofactor, and lithic counts show no statistically significant correlations
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Table 6. First two R-mode factors, Site 981.

CONTROL OF MST DATA AT SITES 981 AND 984

riods. Neither the grain-size data nor the lithic particle counts identify
clearly whether the terrigenous material is primarily IRD or current-

Data set Factor 1 Factor 2 deposited silt. However, a moderately strong association of the stan-
% >63 pum 0.79 0.18 dard deviation of the grain-size distribution with the first factor
% carbonate -0.77 -0.09 shows that sediment sorting is decreased in glacial times. One expla-
z‘zzgrﬁm% ﬁ’fojezﬁﬁnﬂm ol o nation of this invokes an increased proportion of poorly sorted IRD
Foraminifers/gram 0.36 0.52 in the carbonate-free fine fraction. A weak but significant positive as-
E'Itzh(')% graégsr{]%ft?i'gmean Obsgs %5?3 sociation of the lithic counts per gram sediment with factor 1
Elzone gtandard deviation 0.69 0.39 strengthens th(_a ar_gument t_hat in(_:rea_sed IR_D delivery is an important
gigg —8-;5 8-32 part of the glacial-interglacial variability at Site 981, although no sig-
GRAPE 0.34 _0.04 nificgnttclzorrelation is evident between lithic counts aH® inde-
Log magnetic susceptibility 0.55 0.30 penaently.
Natural gamma 0.83 0.10 _ i 1 i
<2/2-20 um _0.89 042 The second R mode factor (Table 6) is driven almost entirely py

) the strong correlation between the clay mineral abundances, particu-
XRD results, <2 pm (clay fraction) . . o K
Total peak area 0.84 0.09 larly in the clay fraction (Table 5). The strong covariation in the clay
IS”r?ectite OOégﬁ 607-21 mineralogy suggests that the source of these clay minerals is relative-
ite . -0. . P
Kaolinite + chlorite 0.69 20.70 ly constant in its composition. However, the second factor also shows
Kaolinite 0.65 -0.68 weak loading for the LMS opposite to that of the clay mineral peak
gﬂg)rrt';e 96s 9% areas, which implies that there may be another component contribut-
XRD results, 2-20 pm (fine silt) ing slightly to the MS. . . . .
Total peak area 0.90 0.38 In summary, the sediments _of Site 98_1 appear to _be _prlmarlly a
IS”r?ectlte 00526 002‘;5 two-component system that varies on glacial-interglacial time scales.
ite . -0. P . . .

Kaolinite + chlorite 0.81 013 'LI'[hIC partlclgs from a relatively homoger]eous terrestrial source that
Kaolinite 0.19 -0.10 is characterized by high NG and biogenic carbonates make up most
gﬂgrt';e 95 92 of the sediment. The LMS correlates well with the NG data in the
Plagioclase 0.30 0.48 0.9-1.4 Ma interval, and it has a high loading on the first R-mode fac-

with any other individual parameter. Therefore, although the supply
or absence of IRD may influence the grain size of the sediments de-
posited at this site, such effects are subtle.

The total XRD peak areas of both the clay and fine silt fractions
have strong positive loadings on the first factor. Although peak area
isnot strictly equivalent to weight percent, changes in the total peak
area of the X-ray patterns are representative of changes in the tota
crystallinity of that fraction of the sediment. Increased delivery of ter-
rigenous material, by ice rafting or by currents, is likely to increase
the proportion of well-crystallized material relativeto poorly crystal-
line or amorphous sedimentary components (such as biogenic silica
or badly degraded clays) and autochthonous materials, such asiron
oxides or organic matter.

The strong associations of the LM S and the NG datawith thisfac-

tor confirm that they are each partially representative of glacial—

tor in the discrete data set, suggesting that it too is controlled in large
part by the same terrigenous source.

Site 984

Unlike at Site 981, where nannofossils make up a large portion of
the sediment (Shipboard Scientific Party, 1996b), at Site 984, the
abundant sortable silt material is predominantly terrigenous (Ship-
board Scientific Party, 1996c). Hence, although biogenic carbonate
and IRD are present at both sites, a third independent component of
current-transported fine silt with a basaltic composition is also found
at Site 984. In addition, there may be a significant fraction of biogenic
silica.

| sotopes vs. MST Records

The MS data at Site 984 appear to be normally distributed (Fig.

interglacial changes in sedimentology at this site. The GRAPE we8). Visual comparison of the MST data and the stable carbon and ox-
bulk density also has a positive, although weak, loading on this fagggen isotopic records of the 0.9-1.4 Ma interval at Site 984 (Fig. 7)
tor. Examining the long MST records from Site 981 (Fig. 2A), we carshows that the glacial-interglacial contrast characteristic of Site 981
see that the MS goes to zero deeper than 173 mcd (at ~2.7 Ma, ikeot as evident at Site 984 (Fig. 3A, B, C). There is a weak positive
time of the onset of major Northern Hemisphere glaciation) exceptorrelation between th#80 and MS (Table 7); NG, however, shows
for one small pulse at ~196-198 mcd. Sulfate reduction has como correlation witd*#0. If NG is driven by the relative proportion of
sumed nearly all of the pore-water sulfate by 150 mcd at Site 98tkerrigenous material as at Site 981, then the input of that material rel-
(Shipboard Scientific Party, 1996b), so it is not unlikely that reducative to the input of low-NG material is not being paced directly by
tion diagenesis is affecting the MS. Particularly in sediments oldethe Milankovitch-scale glacial-interglacial cycles that control much
than the onset of glaciation, and thus predating any large flux aff the low-frequency oxygen isotope signal. In addition, NG and MS
coarse magnetic material to Site 981, some combination of low sujrave a weak negative correlation through this interval, which implies
ply and diagenesis has produced sediments almost completely voidtbat unlike at Site 981, the components controlling these two signals

magnetic material.

vary independently. Visual inspection of the MST data shows that,

Of all the MST data, NG has the clearest association with sedalthough the MS and GRAPE data vary on roughly a glacial-intergla-

ment mineralogy at Site 981, exhibiting a strong negative correlationial scale as well as at higher frequencies, the low-frequency band is
with weight percent carbonate in the sediment and positive correlaot apparent in the NG data, although natural gamma data do have a
tions with the total XRD peak areas of the clay and silt fractions angositive correlation with GRAPE data.

fine-silt kaolinite + chlorite and quartz. The strong negative correla-

tion with carbonate implies that the gamma-emitting material andDiscrete Samples

carbonate are the two most important sedimentary components, and

the relative proportions of the two determine the gamma emission of A total of 16 samples from Site 984, many of which were barren
the sediment. Because of the strong correlation of the NG with thef benthic foraminifers, were analyzed to help identify the sedimen-
oxygen isotope data, we can deduce that terrigenous supply itelogical variability driving the MST data sets at the Bjorn Drift (Ta-
creases, carbonate supply decreases, or both occur during glacial pke 8 [on CD-ROM, back pocket, this volume]). Distinct differences
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Figure 6. Histograms of MST measurements for the 120-180 mcd interval at Sife B8fnetic susceptibilityB. Natural gamma emissiof.. GRAPE.
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Figure 7. Spliced records of GRAPE wet bulk density, natural gamma emis-
sion, magnetic susceptibility, and benthic foraminiferal %0 and &C for the

120-180 mcd (~0.9-1.4 Ma) interval at Site 984. The isotope records are

Table 7. Correlation coefficients (R) for the 0.9-1.4 Ma interval at Site

984.
Data set &%C 880 MS GRAPE NG
31C 1 -0.18 -0.01 -0.28 -0.18
880 1 0.43 0.38 -0.07
Magnetic susceptibility 1 0.13 -0.40
GRAPE wet bulk density 1 -0.15
Natural gamma emission 1

Note: Abbreviationsasin Table 3.

Table 9. Comparison of means between Sites 981 and 984 for MST data,

0.9-1.4 Ma.
Site 981 Site 984
Data set X o X o
GRAPE wet bulk density 1.647 0.040 1.604 0.068
Magnetic susceptibility 87 52 620 151
Natural gamma 9.45 3.67 6.53 221

Table 10. Comparison of means of discretely measured sedimentology

data between Sites 981 and 984.

Sedimentological data Site 981 mean Site 984 mean
% >63 um 8.07 5.94
% carbonate 49.45 7.07
2-20 pm, % of <63 pm 41.42 50.12
<2 um, % of <63 um 26.35 21.44
Foraminifers/g bulk sediment 3305 1460
Lithics/g bulk sediment 96 598
Elzone mean (um) 6.98 7.21
Elzone standard deviation 7.80 7.79
GRAPE wet bulk density 1.684 1.626
Magnetic susceptibility 77.1 530.3
Natural gamma emission 8.80 7.31
<2/2-20 pm 0.66 0.44

plotted in the opposite of the usual sense to conform visually with MST

records.

between Sites 984 and 981 can clearly be seen in comparing the MST
and discrete datafrom thetwo sites (Tables 9, 10). Although GRAPE
values are comparable between the sites, Site 981 has higher NG and
Site 984 higher MS values. Compared with Site 981, MS and the
number of lithic grains per gram are much higher at Site 984, whereas
the NG isdistinctly less (Table 10). The mean of the grain size of the

carbonate-free <63-pum portion is slightly higher at Site 984, perhapskaolinite
because of the greater IRD content of the sediments. The standard dé&hlorite
viation is the same, however, which implies that the “sortedness” of
the terrigenous fraction is about equal at the two sites. The Site 981

Table 11. Comparison of means of clay mineralogy data between Sites

981 and 984.
Site 981 mean Site 984 mean
Mineral <2 um 2-20 pm <2 pm 2-20 pm
Total peak area 38,016 20,292 21,610 9,721
Smectite (normalized peak area) 6.99 1.16 4.94 0.69
lllite 1.98 1.16 0.30 0.34
Kaolinite + chlorite 1.39 0.62 0.39 0.18
0.64 0.44 0.09 0
0.72 0.58 0.14 0
Quartz 2.66 241 0.86 0.75
Plagioclase 0 0.43 0.38 0.93

sediment is on average nearly 50% carbonate, as opposed to ~7% at
Site 984; the counts of foraminifers per gram and the percent coarse
fraction also are much higher at Site 981. A comparison of the means
of the clay mineralogy data for the two sites (Table 11) shows that the
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fine, carbonate-free sediment at Site 981 is better crystallized than
that at Site 984, the greater total peak areaand individua normalized
peak areas further suggest that there is a higher concentration of
amorphous material (likely biogenic silica) at Site 984.

Asat Site 981, correlation between various parameters (Table 12)
is summarized by R-mode factor analysis of the data (Table 13). The
first factor at Site 984 appearsto be representative of IRD input to the
sediment, as indicated by its strong positive association with the
number of lithic grains per gram. The weight percent in both the clay
fraction and the coarse fraction have positive associations with this
factor, as does the standard deviation of the grain size. The fine silt
fraction, however, shows a strong negative correlation with this fac-
tor. Input of poorly sorted IRD may have enhanced the abundances
of the coarsest and finest size material at this site. Thisfirst factor is
strongly associated with the total, illite, kaolinite + chlorite, and
quartz XRD peak areas in both the clay and fine-silt size fractions.
Thisimpliesthat IRD input is associated with these primary and sec-
ondary minerals that are most likely derived from felsic terrigenous
sources. These associations bear up well in the correlations between

CONTROL OF MST DATA AT SITES 981 AND 984

theindividual data sets (Table 12). In addition, the NG has a positive
loading on thisfactor and correlateswell with the XRD peaks of most
of the minerals associated with this factor. It appears that the more
felsic portion of the IRD input at this site drives the NG signal.

By contrast, smectite and plagioclase do not have strong positive
associationswith thefirst R-mode factor. Both size fractions of smec-
tite have only weak loadings for factor 1; the fine silt—fraction plagio-
clase has a weak negative association. However, the clay-fraction
plagioclase has a strong negative association, and the MS also shows
a negative loading on this factor. This implies that the sedimentary
component associated with clay-fraction plagioclase that contributes
the magnetic material is not IRD. Smectite concentration appears to
be controlled independently of either the continental IRD or the high-
MS source. The only significant correlation that the smectite concen-
tration has is a negative association of the clay-fraction smectite nor-
malized XRD peak area with the Elzone standard deviation. High
smectite concentrations therefore are associated with better sorting of
the sediments. This suggests that the smectite is delivered primarily

by current activity.

Table 12. Statistically significant correlations (R?) between discrete and M ST data sets from Site 984.

Datal Data 2 Sign R? F-test Data 1 Data 2 Sign R F-test
% >63 pm 2-20 pm, % of <63 pm — 058 19.27 Kaolinite + chlorite (clay) + 026 4381
Lithic grains/gram + 056 17.96 Kaolinite (clay) + 036 7.93
Magnetic susceptibility — 0.61 21.89 Chlorite (clay) + 034 7.36
<2/2-20 pm + 0.43 10.40 Quartz (clay) + 030 6.12
Clay fraction, total peak area + 029 584 Total peak area (fine silt) + 050 14.24
lllite (clay fraction) + 030 5.89 lllite (fine silt) + 054 16.29
Plagioclase (clay fraction) — 0.60 20.58 Kaolinite + chlorite (fine silt) + 0.63 24.02
Total peak area (fine silt) + 029 5.62 Quartz (fine silt) + 044 10.87
lllite (fine silt) + 034 7.37 ;
Kaolinite + chlorite (fine silt) + 037 8.26 CI_?y frlaCt'OE (<2 um) XRD llite (cl + 053 16.07
Quartz (fine silt) + 031 6.17 otal peak area K |}_e _(tc "’}ry) hlorite (cl s 063 2421
% carbonate Foraminifers/gram + 0.65 25.86 Koo inite (clca )0” e (clay) 5 oba aaea
2-20 pm, % of <63 pm Lithic grains/gram — 0.43 10.56 Chlorite (¢l Y. + 051 1486
Magnetic susceptibility + 048 13.02 o ;’rg'ze(éfa‘;‘/{) 95t 1a8e
<2/2-20 um — 053 1551 . o : :
Total peak area (clay fraction) — 045 11.52 ?é?g;%‘g:ieaﬁgfﬁi ne silt + %%02 252'9357
ite (clay fraction) | — 044 1097 llite (fine silt) + 042 1002
ﬁggmg :CE\ ;)rlte (clay) — 00‘45(? 112912(? Kaolinite + chlorite (fine silt) + 0.71 34.09
Chiorite (clay) — 044 10.85 . Quartz (fine silt) T 056 17.66
Quartz (clay) — 029 574 lllite Kaolinite + chlorite (clay) + 0.66 26.77
lagiocl Y. | S S Kaolinite (clay) + 037 833
Plagioclase (clay) * 033 898 Chiorite (clay) + 044 1081
Total peak area (fine silt) — 0.61 21.67 Quartz (clay))/ + 043 1037
llite (fine silt) ) — 0.62 22.65 Plagioclase (clay) _ 034 7025
Kaolinite + chlorite (fine silt) — 0.60 21.02 Total peak area (fine silt) + 077 4733
<2 um, % of <63 um iniedigram o "030 g llite (fine silt) v, 00 3262
Hm, % H g ' : : Kaolinite + chlorite (fine sily ~ + 0.81 59.95
Elzone geometric mean — 0.69 31.06 Quartz (fine silt) + 082 6337
<2/2:20 pm S s : + 085 76.44 Kaolinite + chlorite Kaolinite (clay) + 057 18.29
Kaolinite + chlorite (fine silt) + 032 6.63 Chiorite (clay) + 058 19.04
Lithic grains/gram Magnetic susceptibility — 026 497 Quartz (clay))/ + 035 760
%g[%%éﬂrea (clay) ++ 00690 2g2730 Plagioclase (clay) ; — 028 532
llite (clay) + 046 1201 Total peak area (fine silt) + 077 47.26
Kaolinitey+ chlorite (clay) + 038 871 llite (fine silt) + 061 2175
Kaolinite (clay) + 042 1034 Kaolinite + chlorite (fine silt) + 071 35.01
. Y. : : Quartz (fine silt) + 077 47.90
Chlorite (clay) + 052 15.01 Kaolini | + 041 o982
Quartz (clay) + 030 590 aolinite Quartz (clay) : :
lagiocl I Total peak area (fine silt) + 053 15.77
?o?gllozgiea%:ﬁine silt) _+ %‘282 112062% llite (fine silt) + 037 814
Illite (ﬁne silt) + 034 725 Kaolinite + chlorite (fine silt) + 052 14.93
A S s : - y Quartz (fine silt) + 042 10.06
Kaolinite + chlorite (fine silt) + 061 21.78 :
Quartz (fine silt) + 045 1166 Chlorite Quartz (clay) ) ) + 057 18.21
Elzone geometric mean <2/2-20 pm — 0.53 15.70 ;lrf?ttal Peak %rea (fine silt . * 0 g'l48 61%)15
Elzone standard deviation Magnetic susceptibility — 0.37 8.06 K:algli(nlirt]g flc?ﬂorite (fine silt) + 050 13.95
?QS%SE&'?&W — o3 63 Quartz (fine silt + 052 1539
llite (fine silt) + 025 474 Quartz Total peak area (fine silt) + 038 8.73
: o : y y Kaolinite + chlorite (fine silt) + 0.43 10.68
Magnetic susceptibility Illite (clay) ) — 032 6.67 Quartz (fine silt + 042 999
(K:ﬁ?hmte +| chiorite (clay) - 8;57 2713? Plagioclase Total peak area (fine silt) — 0.27 5.18
Svdedios )(lgla ) + 044 11.09 llite (fine silt) — 034 708
9 V) : . ' Kaolinite + chlorite (fine silt) — 037 8.8
Total peak area (fine silt) — 031 6.37 uartz (fine silt) 029 561
llite (fine silt) — 041 976 Q - 0 :
Kaolinite + chlorite (fine silt) — 035 747 Fine silt (2-20 um) XRD
Quiartz (fine silt) — 037 834 Total peak area lllite (fine silt) + 0.81 5851
Natural gamma emission Kaolinite + chlorite (clay) + 042 10.21 Kaolinite + chlorite (fine silt) + 0.89 119.20
Kaolinite (clay) + 027 5.23 Quartz (fine silt) + 0.90 122.79
lllite (fine silt) ) + 033 6.77 lllite Kaolinite + chlorite (fine silt) + 0.83 6791
<2/2-20 pm Total peak area (clay fraction) + 044 11.20 Quartz (fine silt) + 079 5361
ite (clay . . aolinite + chlorite uartz (fine silt + X .
lllite (clay) + 051 1447 Kaolini hlori fi il 0.88 98.46
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Table 13. First two R-mode factor s, Site 984.

Data set Factor 1 Factor 2
% >63 um 0.70 -0.36
% carbonate -0.22 -0.72
2-20 pm, % of <63 pm -0.85 0.18
<2 um, % of <63 pm 0.58 0.53
Foraminifers/gram -0.24 —-0.66
Lithic grains/gram 0.84 0.10
Elzone geometric mean -0.41 -0.62
Elzone standard deviation 0.36 -0.71
GRAPE 0.24 -0.28
Magnetic susceptibility -0.67 0.60
Natural gamma 0.48 0.01
<2/2-20 pm 0.83 0.31

XRD results, <2 um (clay fraction)
Total peak area 0.86 0.21
Smectite 0.03 0.74
lllite 0.89 0.01
Kaolinite + chlorite 0.87 -0.12
Kaolinite 0.81 0.16
Chlorite 0.82 0.08
Quartz 0.70 0.05
Plagioclase -0.67 0.48
XRD results, 2-20 um (fine silt)

Total peak area 0.92 0.04
Smectite 0.24 —-0.07
lllite 0.88 -0.12
Kaolinite + chlorite 0.96 0.06
Quartz 0.91 —-0.06
Plagioclase -0.09 0.18

The second R-mode factor at Site 984 emphasizes the correlation
between percent carbonate and foraminifers per gram. These two
data sets each have strong negative loadings on this factor. Both MS
and clay-fraction smectite, however, have positive associations with
the second factor. Variation in the relative proportions of biogenic
carbonate and magnetic, plagioclase-, and smectite-rich silt compo-
nents appear to control the second factor.

In summary, four significant sedimentary components appesar to
influence the MST signals at Site 984. The most distinct component
appears to be well-crystallized, poorly sorted, felsic IRD, which cor-
relates strongly with NG. Carbonate is also a distinct, independent
component. Third, a plagioclase-rich component that has high MSis
associated with good sorting and is probably transported from Ice-
land as suspended silt in anepheloid layer; smectiteis associated with
this material also. Asclearly shown by Blum and Richter (1997), the
correlation of plagioclase peak areaand M S results from the correla
tion of both variables with magnetite concentration. Biogenic silica
probably makes up afourth component.

CONCLUSIONS

The high-amplitude variability in the MST data at both Site 984
(Bjorn Drift) and Site 981 (Feni Drift) reflects real changesin sedi-
ment properties at those sites. Site 981 appears to be a two-compo-

abundance are low at Site 984 and do not correlate tightly with other
sedimentary components.

GRAPE wet bulk density does not correlate particularly well with
any sedimentological properties measured at either site, although it
clearly increases during glacial intervals at Site 981. One possible un-
constrained source of the variance in GRAPE data could be changing
biogenic silica content in the sediments. The MST records, in partic-
ular MS and NG, appear to be a valuable resource for constructing
long, high-resolution records of the concentration of different sedi-
mentary components at Sites 981 and 984.
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