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ABSTRACT

Cores recovered at Sites 986 and 987 comprise glacial fan sedimentation associated with the Svalbard-Barents Sea and
Greenland Ice Sheets, respectively. At Site 986, the top 150 m and the basal 250 m yielded interpretable magnetic stratigra-
phies. The record from the intervening 550 m is compromised by drilling-related core deformation, poor recovery, and numer-
ous debris flows. The uppermost 150 m appears to record the Brunhes/Matuyama boundary and the Jaramillo Subchron. The
base of the drilled section (at ~950 meters below seafloor [mbsf]) is interpreted to lie within the Matuyama Chron (age <2.58
Ma) with an apparent normal polarity interval in the ~730–750 mbsf interval. Dinoflagellate cyst biostratigraphy and Sr isoto-
pic ratios are consistent with a Matuyama age for the base of the drilled section and with the normal polarity interval as the Old-
uvai Subchron. On the other hand, the last occurrence of Neogloboquadrina atlantica (sinistral) and the last common
occurrence of the warm-dwelling Globigerina bulloides at 647–650 mbsf in Hole 986D indicate an age for this level of ~2.3
Ma, inconsistent with the designation of the Olduvai Subchron in the ~730–750 mbsf interval. If the age at 647–650 mbsf in
Hole 986D is taken as 2.3 Ma and the base of the hole lies within the Matuyama Chron, then the sedimentation rate in the basal
300 m of the cored section averages 1 m/k.y. 

At Site 987, the magnetic stratigraphy is fairly unambiguous throughout the section and yields an age of 7.5 Ma (Chron 4n)
for the base of the drilled section. The paucity of calcareous and siliceous microfossils precludes biostratigraphic corroboration
of the magnetostratigraphic interpretation, although dinoflagellate cysts provide general support, particularly at the base of the
section. The age model indicates relatively low sedimentation rates (~5 cm/k.y.) at the base of the section with rates at least four
to five times greater during intervals of debris flows at ~5–4.6 and ~2.6 Ma. 
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INTRODUCTION

The principal objective at Sites 986 and 987 was to determine the
age of glacial fan deposits that record the Neogene history of the
Svalbard-Barents Sea and Greenland Ice Sheets, respectively. Ship-
board paleontology at both sites indicated that siliceous and calcare-
ous microfossils would provide little in the way of biostratigraphic
age constraints. Shore-based work on dinoflagellates at both sites
(see Smelror, Chap. 6, this volume) has provided a biostratigraphy.
The dinoflagellate datums, however, are too poorly correlated with
other biozonations (and to the polarity time scale) to ratify the details
of the magnetostratigraphic interpretations at Sites 986 and 987. 

Site 986 (77.34°N, 9.08°E) is located on the eastern flank of the
Knipovich Ridge off the western Svalbard margin (Fig. 1). Basement
depth at this site was estimated from seismic stratigraphy to be 1170
meters below seafloor (mbsf). The maximum penetration (at Hole
986D) was 964.6 mbsf (Shipboard Scientific Party, 1996a). Seismic
Reflector R7 corresponds to the boundary between lithostratigraphic
Subunits IVA and IVB at 897.3 mbsf. This reflector marks the base
of the glacial sediments and can be traced to the glacial fan depo-
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center off Bjørnøya (Bear Island) (Fig. 1), where it lies at ~3500 m
(Fiedler and Faleide, 1996). Age control on this and other seismic
flectors recovered at Site 986 will provide important constraints 
the age of the glacial sediments of the entire margin and hence 
minate the history of the Svalbard-Barents Sea Ice Sheet. 

Site 987 (70.50°N, 17.94°W) is located on Anomaly 5 (10 Ma)
oceanic crust at the mouth of the Scoresby Sund, a major condui
glacial detritus from the Greenland Ice Sheet (Fig. 1). As much a
km of mid-Miocene to recent sediments have been deposited 
bowl-shaped depression of the basement at the mouth of the Scor
Sund (Larsen, 1990). At Site 987, to the northeast of the depoce
(Fig. 1), the thickness of the glacial fan is considerably reduc
However, the major seismic reflectors (R1–R5) can be traced fr
the depocenter to the site, providing a chronology that is applica
to the depositional system as a whole. Although the basement wa
reached at Site 987, the maximum penetration (860 mbsf) is com
rable to the depth to basement estimated from seismic stratigrap

MAGNETIC STRATIGRAPHY

Methods

Archive halves of all core sections were measured on board s
using the cryogenic pass-through magnetometer. The high rat
core recovery at these sites required that cores be processed pro
ly; therefore, stepwise alternating field (AF) demagnetization w
generally not feasible during the cruise. Most core sections w
measured aboard ship at a single demagnetization step (general
mT); the choice of peak field was based on stepwise demagnetiza
of a few core sections and a handful of discrete samples. 

The shipboard pass-through magnetometer data are “noisy,” 
ticularly at Site 986. There are several likely sources of this “nois
(1) magnetic overprints derived from the drill string, (2) drilling- an
dropstone-related core deformation, (3) chaotic remanence direct
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within debris flows, and (4) diagenetic (secondary) remanence acqui-
sition. Drilling-related deformation and debris flows can be avoided
by discrete sampling, and a complete demagnetization sequence can
be carried out on discrete samples to “ground truth” the shipbo
magnetic stratigraphy. 

Discrete samples were collected during the cruise in the stand
7-cm3 plastic boxes and measured at laboratories at Gif-sur-Yve
and at the University of Florida. Natural remanent magnetization w
measured before demagnetization and during stepwise alterna
field demagnetization using a peak field increment of 5 mT in the
to 70-mT range, or until the magnetization intensity fell below ma
netometer noise level. Orthogonal projections of AF demagnetiza
data indicated that a characteristic magnetization component c
usually be resolved at peak fields >~20 mT. A lower coercivity co
ponent was observed in most samples, particularly those with a
Figure 1. Location map for Sites 986 and 987 indicating oceanic magnetic anomaly numbers (after Talwani and Eldholm, 1977) and the position of the Neogene
depocenters associated with the glacial fans emanating from the Greenland and Svalbard–Barents Sea Ice Sheets. 
150
ard

ard
tte
as
ting
 5-
g-
ion
uld
-

 re-

verse polarity characteristic component. The low coercivity com
nent is oriented steeply downcore and is probably a viscous an
“stirred” remanent magnetization imposed by the drill string and
the bottom-hole assembly. The characteristic (higher coerciv
magnetization component was picked by eye from orthogonal pro
tions, and its direction was computed using the standard least-sq
technique (Kirschvink, 1980). 

Site 986

Resistivity wireline logs at Holes 986C and 986D indicate 
presence of numerous debris flows, which appear as highs in res
ity (Fig. 2A). The output of the shipboard pass-through magneto
ter is incoherent in the 160–700 mbsf interval because of (1)
abundance of debris flows, (2) ubiquitous drilling-related core de
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mation enhanced by the high concentration of dropstones, and (3)
poor recovery. 

Above 160 mbsf, recovery is relatively high and the concentration
of dropstones relatively low. Discrete samples from this interval in-
dicate that a well-defined characteristic magnetization component
can be defined after demagnetization at peak fields of ~20 mT (Fig.
3). A steep downward low-coercivity magnetization component is
apparent and attributable to the drill string. In the 160–270 mbsf
terval, the drill-string magnetic overprint is more pronounced and
beginning to overwhelm the characteristic magnetization (Fig. 3).

The Brunhes/Matuyama boundary at Hole 986C is not defined
the shipboard pass-through data (Fig. 4). It is, however, apparen
the component inclination data derived from discrete samples and
curs at ~130 mbsf (Fig. 4). The top of a normal polarity zone at ~1
mbsf may be correlative to the Jaramillo Subchron. A thick deb
flow in the 158–173 mbsf interval (Fig. 2A) interrupts the inclinatio
record. The sediments immediately below the debris flow indic
negative inclinations (reverse polarity). Below 200 mbsf, poor rec
ery and core deformation curtail the record (Fig. 4). 

The upper part of the section at Hole 986D was drilled but n
cored. Coring was begun at 387.8 mbsf, but poor recovery, abun
dropstones, and drilling-related deformation precluded resolution
a magnetic stratigraphy in the upper ~300 m of the cored sect
Only below ~700 mbsf do the sediments at Hole 986D become su
ciently indurated to resist the rigors of rotary core barrel drillin
Magnetization components are poorly defined in Hole 986D bel
715 mbsf (Fig. 5). However, normal and reverse magnetization co
ponents can be resolved from discrete samples, and the distribu
of component inclinations generally ratifies the shipboard pa
through data (Fig. 6; Table 1). Below 900 mbsf, recovery is po
Nonetheless, with the exception of a well-defined normal polarity 
terval in the 735–755 mbsf interval, the 700–900 mbsf interval h
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Figure 2. IDPH (phasor deep-induction resistivity) wireline logs for (A)
Holes 986C and 986D and (B) Hole 987E.
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mainly reverse polarity. We tentatively interpret this normal polari
interval as the Olduvai Subchron and consider that the base of
hole lies within the Matuyama Chron. 

The geological high-resolution magnetic tool (GHMT) wirelin
logs at Hole 986C provided some corroboration for the magne
stratigraphic interpretation at the top of the section. Following Po
et al. (1993), the polarity interpretation of the GHMT data is based
the nature of the correlation of magnetic susceptibility and magne
remanence variations recorded by the tool. Positive correlations
susceptibility and remanence imply normal polarity, and negat
correlations imply reverse polarity. The correlations are assessed
number of sampling windows, increasing from ~1 to ~25 m from le
to right in Figure 7. The Brunhes/Matuyama boundary appears to
defined at ~130 mbsf and the top of the Jaramillo at ~150 mbsf (F
7), close to their positions in the core (Fig. 4). The base of the Ja
millo is not defined either in the core or in the log due to the occu
rence of a debris flow in the 158–173 mbsf interval. 

Site 987

The shipboard pass-through magnetometer data from the up
part of Holes 987A, 987B, and 987D, derived after demagnetizat
of peak fields of 25 mT, is noisy (Fig. 8), probably because of a co
bination of drilling-related core deformation and inadequate remo
of the drill-string magnetic overprint. Discrete samples collected
Hole 987D often indicate well-defined magnetization componen
(Fig. 9). A steeply inclined drill-string magnetization is removed 
peak demagnetization fields of ~20 mT. This overprint is particula
apparent in reverse polarity samples. Although the demagnetiza
behavior of discrete samples indicates that the magnetization com
nents are well defined (Fig. 9), component inclinations for Hole 987
are moderately scattered (Fig. 8). The discrete sample data gene
ratify the shipboard pass-through magnetometer data. The Brun
Matuyama boundary and the Jaramillo and Olduvai Subchrons 
pear to be well defined (Fig. 8; Table 2).

Downsection, below 360 mbsf, discrete samples from Hole 98
yielded well-defined magnetization components (Figs. 10, 11). Co
ponent inclinations from discrete samples are generally consis
with the shipboard pass-through data at Hole 987E (Figs. 12, 1
where the record spans the interval from the base of the Matuya
Chron at 360 mbsf (Fig. 12) to Chron 4n at 850 mbsf (Fig. 13). 

The GHMT log at Hole 987E provides support for the magnet
stratigraphic interpretation in the 95-300 mbsf interval (Fig. 14). T
base of the Jaramillo, the Olduvai Subchron, and the Reunion ev
appear to be recorded in the log. The base of the logged section
at the top of a thick debris flow (Fig. 2B). Comparison of the GHM
data with the core magnetic stratigraphy (Fig. 8) indicates cons
tency in the location of the base of the Jaramillo, and of the bou
aries of the Olduvai and Reunion Subchrons.

CHRONOLOGY

Site 986

The lack of biostratigraphic constraints at Site 986, and the f
that the acquisition of a chronostratigraphy was the major object
at this site, has meant that much emphasis has been placed o
magnetic stratigraphy. Although the data quality is poor, the follo
ing conclusions can be drawn. The Brunhes/Matuyama boundary 
the top of the Jaramillo can be placed at ~130 and ~150 mbsf, res
tively (Fig. 4; Table 1). The highest occurrence of Pseudoemiliania
lacunosa is at 120 mbsf in Hole 986A, which implies that this leve
is older than 0.46 Ma (Shipboard Scientific Party, 1996a). At the b
of the section in the 700–950 mbsf interval, the predominance of n
ative inclinations is consistent with the interval as part of the Matuy
ma Chron. A well-defined normal polarity interval in the 735–75
mbsf interval (Fig. 6) may correlate with the Olduvai Subchron, a
though this designation is inconsistent with the presence of the fo
151
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minifer Neogloboquadrina atlantica (sinistral). Shipboard studies in-
dicated the sporadic presence of N. atlantica (sinistral) between 707
and 842 mbsf in Hole 986D (Shipboard Scientific Party, 1996a). Sub-
sequent shore-based studies suggested that this foraminifer occurs
throughout the 648–955 mbsf interval in Hole 986D (Eidvin an
Nagy, Chap. 1, this volume). On the Vøring Plateau, the last occ
rence (LO) of N. atlantica (sinistral) occurs in the lower part of the
Matuyama Chron at ~2.3 Ma (Spiegler and Jansen, 1989). A v
similar age (2.3–2.35 Ma) has been calculated for this datum fr
Sites 981 and 982 in the North Atlantic (Channell and Lehman, Ch
8, this volume), in agreement with the compilation of Berggren et
(1995a). If the base of the recovered section lies within the Matuya
Chron, as implied by the paleomagnetic data, and the LO of N. atlan-
tica (sinistral) is at 2.3 Ma at this site, then the entire 648–955 m
interval was apparently deposited in the 2.3–2.6 Ma interval wit
mean sedimentation rate of ~1 m/k.y. The warm-dwelling Globiger-
ina bulloides is common in Pliocene sediments older than 2.4 Ma 
the Vøring Plateau (Spiegler and Jansen, 1989). The last commo
Figure 3. Orthogonal projection of AF demagnetiza-
tion data from discrete samples in the 0–263 mbsf 
interval of Hole 986C. Open and solid symbols indi-
cate projection on the vertical and horizontal planes, 
respectively. 
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currence of G. bulloides at 649 mbsf in Hole 986D (Eidvin and Nagy
Chap. 1, this volume) is consistent with the LO of N. atlantica and
implies an age of ~2.3 Ma for this level. 

Dinoflagellate cysts provide further chronostratigraphic co
straints. Close to the base of Hole 986D, the last appearance d
(LAD) of Selenopemphix brevispinosa at 928.34 mbsf and the LAD
of Invertocysta lacrymosa at 909.14 mbsf would be expected to li
close to the Matuyama/Gauss boundary at ~2.6 Ma, consistent 
the base of the hole being within the Matuyama Chron. The acm
Filisphaera filifera occurs at 804.84 mbsf in Hole 986D (Fig. 15
The range of this species defines the PM2 dinoflagellate zone
Mudie (1989). The acme might be expected to lie in the Matuya
Chron below the Olduvai Subchron since the Olduvai is recorded
the 735–755 mbsf interval at Hole 986D (Fig. 6). The LAD o
Sumatradinium pliocenicum at 564.44 mbsf and the LAD of Amicu-
losphaera umbracula at 333.53 mbsf would be expected to lie on
just above the Olduvai Subchron in the 1.5–1.6 Ma interval. Tow
the top of the section, the LAD of Operculodinium israelianum at
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122.18 mbsf would probably lie close to the Brunhes/Matuyama
boundary, consistent with the magnetic stratigraphy (Fig. 4). Similar-
ly, the acme of Operculodinium centrocarpum at 66.04–58.04 mbsf,
lying in the mid-Brunhes, is as expected. In summary, the dinofla
late data are broadly consistent with the magnetostratigraphic in
pretations. 

Strontium isotope data derived from benthic and planktic fo
minifera in the 715–820 mbsf interval from Hole 986D (Table 3; F
15) indicate ages (derived using the regression formula from Ho
et al., 1991) consistent with this interval having been deposited in
Matuyama Chron near the Olduvai Subchron. 87Sr/86Sr values ob-
tained from benthic and planktic foraminifers in the interval 668–8
mbsf vary between 0.709131 and 0.709067 (see Forsberg e
Chap. 17, this volume). There is a pronounced scatter in the re
that may result either from analytical problems such as contamina
or from the effects of redeposition of older specimens. This transl
to an age span of 3.5 to 1.3 Ma using the age relationship of Farr
al. (1995) on the Berggren et al. (1995b) time scale. The fit use
Farrell et al. (1995) is very flat in the age interval 2.7–4 Ma, he
ages older than 2.6–2.7 Ma are very uncertain. Despite the scatte
Sr data indicate that the 900–670 mbsf interval at Hole 986D
younger than ~2.6 Ma, which verifies the reverse polarity interva
the base of the hole as the Matuyama Chron. 

As discussed above, the lowest of a series of seismic reflecto
the site (R7) is considered to coincide with the boundary betw
lithostratigraphic Units IVA and IVB (Shipboard Scientific Part
1996a) at 897 mbsf in Hole 986D (Fig. 15). This reflector can be c
related with the Bear Island Neogene depocenter (Fig. 1), whe
marks the base of the glacial sediment pile. Off Bear Island (Fig
drill cores penetrated an unconformity that has been correlated 

-80 -40 0 4 0 8 0
0

50

100

150

200

250

Hole 986C
Inclination (°)

D
ep

th
 (

m
bs

f)

P
ol

ar
it

y

Su
bc

hr
on

C
hr

on

M
a

M
at

uy
am

aJaramillo 1.77
1.95

0.78

?
B

ru
nh

es

Figure 4. Shipboard (pass-through magnetometer) inclination data after AF
demagnetization at peak fields of 25 mT for Hole 986C in the 0–250 m
interval. Open squares indicate component inclinations determined from
crete (7 cm3) samples measured postcruise. Component directions comp
from orthogonal projections of AF demagnetization data.
el-
ter-

ra-
ig.
dell
 the

92
 al.,
ults

tion
tes
ll et
 by
ce
r, the
 is
l at

rs at
een
,
or-
re it
 1),
with

R7. Glassy volcaniclastic debris from just below the unconform
have yielded 40Ar–39Ar eruption ages of ~2.3 Ma (Mork and Duncan
1993). These age data are consistent with the 897 mbsf level at H
986D (correlated with R7) being in the early part of the Matuyam
Chron (Fig. 15). 

Site 987

Shipboard paleontological studies provided no useful age c
straints for the sediment sequence recovered at Site 987. Calcar
nannofossils are virtually absent below Core 162-987A-5H, and c
careous foraminifers are absent below Core 162-987A-11X. The
quence is apparently barren of diatoms, radiolarians, and silice
flagellates. 

At Site 987, shore-based study of dinoflagellate cysts (M. Sm
ror, unpubl. data) has provided the only means of checking the m
netostratigraphic interpretations. In the Norwegian-Greenland S
owing to the absence of more traditional biostratigraphic indicato
dinoflagellate cysts have proved to be useful for Cenozoic chro
logy. Mudie (1989) defined four dinoflagellate zones (PM4–PM
for the late Miocene to Pleistocene interval from Leg 104 (Vørin
Plateau) sediments. Based on Hole 907A and Site 909 (Leg 1
Poulsen et al. (1996) defined several Miocene dinoflagellate zo
and subdivided the Pliocene–Pleistocene into four zones. Comp
son of the two zonal schemes is hampered by the fact that only 
datum (LAD of Unipontidinum aquaeductum) is common to the two
schemes. The LAD of U. aquaeductum defines the PM3/PM4 bound-
ary in Mudie (1989) and the Mio6/Pli1 boundary in Poulsen et 
(1996). 

At 775.14 mbsf at Hole 987E (Fig. 16), the LAD of Labrinthod-
inium truncatum defines the Mio6/Pli1 boundary of Poulsen et a
(1996), which these authors correlate with the NN11/NN12 nann
fossil zonal boundary. The 775.14 mbsf level at Hole 987E cor
sponds to Chron 3Bn (Fig. 13), whereas the NN11/NN12 bound
correlates with Chron 3r (see Berggren et al., 1995b). The disc
pancy is significant (almost 2 m.y.); however, it is clear that the d
tum does not correlate with Chron 3r at Hole 987E. Therefore, we
tribute the discrepancy to miscorrelation of the dinoflagellate ev
with the NN11/NN12 boundary. 

The LAD of Reticulatosphaera actinocoronata at 562.24 mbsf in
Hole 987E lies within the Gilbert Chron in Subchron 3n.3n (Fig. 12
This datum defines the Pli1/Pli2 boundary of Poulsen et al. (199
which these authors believe correlates with the NN14/NN15 nan
fossil zonal boundary. The NN14/NN15 boundary correlates w
Chron 2Ar (see Berggren et al., 1995b). The discrepancy is ~1 m
and is again attributed to miscorrelation of the dinoflagellate and n
nofossil zonal boundaries, as the magnetic stratigraphy is unequ
cal in this interval. Further confusion has resulted because this s
datum was observed at 113 mbsf in Hole 907A by Poulsen et
(1996). This level in Hole 907A, however, is in Chron 5n, conside
ably older than the apparent age of the datum in Hole 987E. 

The LAD of Evittosphaerula? sp. 2 at 767.04 mbsf in Hole 987E
correlates with Chron 3Bn (Fig. 13). The same datum was obser
at 94.54 mbsf in Hole 907A (Poulsen et al., 1996). This level in Ho
907A corresponds to Chron 3An (Channell et al., Chap. 9, this v
ume). The discrepancy in the LAD of Evittosphaerula? sp.2 in Holes
987E and 907A is relatively modest (~0.5 m.y.) compared to the d
crepancies cited above.

The acme of Filisphaera filifera at 690.11 mbsf and the LAD of
this species at 240.54 mbsf defines the PM2 zone of Mudie (19
and its top, respectively. The age for the top of PM2 given by Mud
(1989) is 1.4 Ma; however, the 240.54 mbsf level in Hole 987E
considerably older, close to 2 Ma. 

Discrepancies between published correlations/ages for 
noflagellate zones (Mudie, 1989; Poulsen et al., 1996) and their c
relation at Site 987 (Fig. 16) stem, we believe, from the uncertain
in the correlation of dinoflagellate datums with the polarity time sca
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and to nannofossil zones, not from errors in the proposed chronology
for Site 987. Indeed, the Site 987 record provides the best available
correlation of dinoflagellate events with the polarity time scale, and
hence to absolute ages.

ACCUMULATION RATES AND HISTORY
OF GLACIAL FAN DEPOSITION

Site 986

Extrapolation of sedimentation rates at the base of the section
(Fig. 17) implies an age of ~2.6 Ma for the base of the drilled section
at Site 986. Negative inclinations from the pass-through data at the
Figure 5. Orthogonal projection of AF demagnetiza-
tion data from discrete samples in the 700–850 mbsf 
interval of Hole 986D. Open and solid symbols indi-
cate projection on the vertical and horizontal planes, 
respectively. 
154
base of Hole 986D (Fig. 6) indicate that the base of the section has an
age within the Matuyama Chron (<2.58 Ma). The base of the drilled
section lies ~50 m below the level correlated with Reflector R7 (Fig.
15), which is often used as the marker for the base of the Neogene
glacial pile and can be traced southward to the depocenters of the
western Barents Sea margin (Fiedler and Faleide, 1996; Faleide et al.,
1996; Solheim et al., 1996). On the Vøring Plateau, the onset of la
scale Northern Hemisphere glaciation is dated at 2.75 Ma (Fro
and Jansen, 1996) and, therefore, coincides with the onset of 
gene glacial fan deposition off Svalbard. 

The chronostratigraphy implies a distinct change in sedimenta
rate between the Olduvai and Jaramillo Subchrons. Forsberg e
(Chap. 17, this volume) interpreted lithostratigraphic Units IVA a
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III (seismic Unit SV-VII (Fig. 15) as sandy, silty debris flows with
interbedded hemipelagic sediments. They documented an increased
ratio of debris flows to hemipelagic sediments in the upper two-thirds
of lithostratigraphic Unit III. Sedimentation rates probably increased
gradually through Unit III with a large increase at the base of Unit II
at 561 mbsf (seismic Reflector R6) as deposition was increasingly
dominated by debris flows. 

At ~1 Ma, the sedimentation rate at Site 986 appears to have
slowed as debris flows diminished toward the top of lithologic Unit
II (Fig. 17). Sedimentation rates during the Brunhes Chron averaged
~174 m/m.y. in contrast to sedimentation rates three or four times
higher in the lower part of Unit II (Fig. 15). This change in sedimen-
tation rate coincides with seismic Reflector R4, above which Ander-
sen et al. (1994) noted a lateral shift in depocenters adjacent to Sval-
bard. This change seems to coincide with the middle Pleistocene cli-
mate shift at ~0.9 Ma (Berger and Jansen, 1994). Forsberg et al.
(Chap. 17, this volume) noted a marked change in the mineralogy of
sediments recovered near Reflector R5 (350–360 mbsf). They re
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crete (7 cm3) samples measured postcruise. Component directions comp
from orthogonal projections of AF demagnetization data.

Table 1. Polarity chron boundaries at Site 986.

Event
Age 
(Ma) Hole

Depth 
(mbsf)

Depth 
(mcd)

Brunhes/Matuyama 0.78 986C 127 133
Top, Jaramillo 0.99 986C 148 152
Top, Olduvai?? 1.77 986D 735 735
Base, Olduvai?? 1.95 986D 756 756
Reunion?? 2.14 986D 792 792
ated

this to a change in provenance from the Barents Sea to Svalbar
response to the submergence of a previously emergent Barents
platform. By interpolation between paleomagnetic datums (Fig. 1
this transformation may have occurred sometime between 1.5 and
Ma. 

Site 987

The base of the drilled section at Site 987 is dated magnetost
graphically at ~7.5 Ma (Fig. 16). On the basis of the interpretation
the seismic stratigraphy near the site (Shipboard Scientific Pa
1996b), this age must be close to the age of the base of the sedi
pile, although the igneous basement was not reached by drilling. 
flectors at Site 987 (Fig. 16) can be traced into the fan depoce
(Fig. 1), providing a chronology for the glacial fan deposit at th
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Figure 7. GHMT wireline logs at Hole 986C. Positive correlations of suscep-
tibility and remanence imply normal polarities (black), and negative correla-
tions imply reverse polarity (gray). The correlations were assessed in a
number of sampling windows, increasing from ~1 to ~25 m from left to right.
Only windows with lengths from 1.5 to ~12 m were used to create the polar-
ity summary column based on a minimum correlation coefficient of 0.5. 
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Figure 9. Orthogonal projection of AF demagnetization data from discrete samples in the 0–250 mbsf interval of Hole 987D. Open and solid symbols indicate
projection on the vertical and horizontal planes, respectively. 
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mouth of the Scoresby Sund. The oldest occurrence of dropstones off
southeast Greenland has been dated at 7 Ma (Larsen et al., 1994). It
seems likely that this age marks the onset of significant growth of the
Greenland Ice Sheet, although Theide et al. (in press) report ice-
rafted debris with a likely Greenland provenance in the deep Norwe-
gian-Greenland Sea since 12–15 Ma. 

Sedimentation rates at Site 987 are 50–70 m/m.y. at the base o
section in the 700–850 mbsf interval (Fig. 16). The sedimentat
rate increased in the 600-700 mbsf interval, probably in the vicin
of 650 mbsf at the base of lithologic Unit IV (Fig. 16) at ~5 Ma
Lithologic Unit IV is essentially a succession of debris flows. Abov
lithologic Unit IV, sedimentation rates decreased to 50–100 m/m
before increasing again at 2.6 Ma at the base of Unit II, another de
flow unit (Fig. 16). Above the Unit II debris flows, just below the
Olduvai Subchron at ~2 Ma, sedimentation rates decrease to 100–
m/m.y.

The age-depth plot for Site 987 (Fig. 18) illustrates the increa
in sedimentation rates associated with the debris flow deposits in
Unit IV (305–369 mbsf) and Unit II (575–657 mbsf) intervals. Sub
traction of the debris flow intervals from the section thickness resu
in more uniform apparent sedimentation rates, providing support 
the magnetostratigraphic interpretations. 
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-
Figure 10. Orthogonal projection of AF demagnetization data from discrete samples in the 400–600 mbsf interval of Hole 987E. Open and solid symbols indi
cate projection on the vertical and horizontal planes, respectively. 
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Figure 11. Orthogonal projection of AF demagnetization data from discrete samples in the 600–900 mbsf interval of Hole 987E. Open and solid symbols indi
cate projection on the vertical and horizontal planes, respectively. 
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Figure 15. Site 986 seismic reflectors and seismic units (Shipboard Scientific Party, 1996a) compared to core lithology and magnetostratigraphically deduced
ages (see Table 1). Sedimentation rates between age-control points and dinoflagellate events are indicated. Ages deduced from strontium isotopic ratios are
derived from benthic (italics) and planktic species (see Table 3). 
164
Table 3. Strontium isotope data, Hole 986D.

Notes: P = planktic, B = benthic. Ages from Hodell et al. (1991).

Depth 
(mbsf) Planktic/Benthic 87Sr/86Sr

Age 
(Ma)

668.42 P 0.709086 1.56
714.92 P 0.709068 1.86
714.92 B 0.709067 1.88
760.82 P 0.709089 1.51
760.82 B 0.709071 1.81
804.42 P 0.709108 1.19
804.42 B 0.709077 1.71
820.02 P 0.709089 1.51
820.02 B 0.709068 1.86
892.42 P 0.709131 0.80
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Figure 16. Site 987 seismic reflectors and seismic units (Shipboard Scientific Party, 1996b) compared to core lithology and magnetostratigraphically deduced
ages (see Table 2). Sedimentation rates between age-control points are indicated. Dinoflagellate events and zones (Poulsen et al., 1996) are shown. 
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