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ABSTRACT

Magnetic measurements were made on samples taken from the
region of the Tertiary/Cretaceous boundary at Site 384. We had
hoped that the magnetic stratigraphy of this section could be used
to independently substantiate the magnetic stratigraphy of a section
of the same age at Gubbio, Italy. Although an attempt has been
made to correlate the two sections, the quality of the magnetic data is
too poor either to confirm or deny the Gubbio results.

INTRODUCTION

A type section for the Late Cretaceous-Paleocene
portion of the geomagnetic reversal time scale has been
proposed recently from studies of the pelagic limestone
sequence at Gubbio, Italy (Alvarez et al., 1977; Lowrie
and Alvarez, 1977; Roggenthen and Napoleone,
1977). The upper Maestrichtian-Danian sediments
from Site 384 were studied to see whether they would
yield a magnetic stratigraphy correlative to the section
at Gubbio.

DISCUSSION

Vertically oriented cylindrical samples of 10-cc vol-
ume were taken approximately every 10 to 20 cm be-
tween 155 and 179 meters sub-bottom (Cores 12, 13,
and 14). Four pilot specimens were progressively de-
magnetized in 50-oe steps up to a peak alternating
field of 300 oe (Figure 1). Three samples (13-2, 116
cm; 13-2, 126 cm; 13-3, 112 cm) contained significant
secondary components of magnetization which were
not entirely removed by AF demagnetization.

For all specimens, we measured the direction and
intensity of natural remanent magnetization (NRM)
and of the remanence remaining after cleaning in an
alternating field of 150 oe. A plot of the inclinations af-
ter 150-oe cleaning appears in Figure 2. The samples
between 167.2 and 174.5 meters were measured on a
slow-speed, high-sensitivity Digico magnetometer (Mo-
lyneux, 1971). This instrument was unavailable for use
on the other specimens, so most of the remaining mea-
surements were made on a 105-Hz PAR spinner mag-
netometer. During the course of these measurements,
static charge became a problem; the few remaining
specimens were measured on a slow-speed spinner
magnetometer (Foster, 1966). In Figure 2, the circles
denote inclinations measured by the Digico, the
squares are values from the PAR, and the triangles are
values from the Foster magnetometer. Using Late Cre-
taceous and early Tertiary poles for North America of
71.0°N, 179.0°E and 75.6°N, 184.5°E, respectively
(Van der Voo and French, 1974), the expected dipole

inclination for this section of Site 384 should lie be-
tween 46° and 58°. This range of inclinations is indi-
cated by the two stippled bands on the plot in Figure
2. As can seen in the figure, the actual inclination val-
ues are considerably scattered. The normally magnet-
ized specimens have an average inclination of 43.3°
(standard deviation = 19.6°), while the reversely
magnetized ones average -24.9° (standard deviation
= 22.1°). These averages exclude specimens which fall
within the two hachured zones in the polarity diagram
of Figure 2. Intensities of magnetization after a.f. de-
magnetization vary from 1.3 x 107 to 6.4 X 106 emu/
cm? with an average value of 1.7 x 106 emu/cm?
(standard deviation = 1.3 X 106 emu/cm?).

Figure 2 also provides an interpretation of the mag-
netic polarity. The wide scatter in the inclinations,
which is probably due to the instability of magnetiza-
tion, makes this interpretation difficult, particularly be-
tween 166 and 171.5 meters (in the region of the Ter-
tiary/Cretaceous boundary) and below 176 meters.
The black and white blocks in the figure indicate zones
of normal and reversed polarity, respectively. The ha-
chured blocks are intervals which are probably nor-
mally magnetized. Within Core 12, we interpret a re-
versely magnetized zone from 155.96 to 156.72 meters,
which is followed by normally magnetized material be-
tween 156.72 and 161.25 meters and another reversed
zone from 161.25 to 162.58 meters. The normal zone
which begins near the bottom of Core 12 at 162.58 me-
ters continues into Core 13 and ends at 168.10 meters.
The shipboard paleontologists placed the Tertiary/Cre-
taceous boundary at 167.92 meters, at the very base of
this normally magnetized zone. Continuing down the
core, reversed material lies between ~168.10 and
~169.05 meters. The normally magnetized interval be-
neath this extends to at least 170.28 meters and per-
haps as far as ~v171.10 meters. The sediment from
~v171.10 to 171.68 meters is of reversed polarity. From
171.68 to 175.85 meters, below which the data in Core
14 are too scattered to interpret, the polarity is normal.

A comparison of the magnetic stratigraphy with that
which was observed at Gubbio, Italy, by Alvarez et al.
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Figure 1. Site 384 a.f. demagnetization of two normally

(13-2, 116 cm; 13-2, 126 cm) and two reversely (13-3,
57 em; 13-3, 112 cm) magnetized samples. (A and B)
Change in direction of magnetization during progressive
a.f. demagnetization plotted on stereographic projec-
tions. Filled circles are positive inclinations; open circles
are negative inclinations. (C) Plot of the change of
magnetization intensity with respect to peak alternating
field.
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Figure 2. Inclination data versus sub-bottom depth. Val-

ues are those measured after AF demagnetization in a
150-0e peak alternating field. Three different magnet-
ometers were used in measuring the samples (see text);
solid circles = Digico, solid squares = PAR, solid tri-
angles = Foster. The stippled bands contain the range
of dipole inclinations calculated from Late Cretaceous
and early Tertiary pole positions for North America
taken from Van der Voo and French (1974). In the
magnetic polarity zonation on the left, the reversed
zones are white, normal zones are black or hachured
(see text).



(1977) and with the Tertiary/Cretaceous part of the
sea-floor spreading geomagnetic time scale (LaBrecque
et al.,, 1977) is shown in Figure 3. Micropaleontologic
biohorizons for this part of Site 384 help establish the
correlations more firmly. The first appearance of fora-
minifer G. trinidadensis (Kaneps, this volume) occurs
near the top of the normal interval, which is between
156.72 and 161.25 meters. In the Gubbio section, this
datum occurs in Zone J+ (anomaly 28); hence, this in-
terval is correlated to anomaly 28. That the next lower
normal interval (162.58 to ~168.10 m) corresponds to
anomaly 29 is supported by the presence of the first oc-
currence of nannolith C. danicus (Thierstein and
Okada, this volume). This is because the oldest nanno-
fossils recovered at DSDP Site 245, which was drilled
on the older side of anomaly 29 (Schlich, 1974) in the
western Indian Ocean, belonged to the C. danicus Zone
(Bukry, 1974; Simpson, Schlich, et al., 1974). The nor-
mal zone below 171.68 meters contains the bases of
both M. mura (Thierstein and Okada, this volume)
and A. mayaroensis (McNulty, this volume) zones.
Both of these horizons dictate an anomaly 31 age for
this interval because the nannolith M. mura was recov-
ered from the bottom of DSDP Site 239 (Bukry,
1974), which was drilled on reversely magnetized crust
just older than anomaly 31 (Schlich, 1974) in the Mad-
agascar Basin. In the Gubbio section, Alvarez et al.
(1977) find the first appearance of the foraminifer A.
mayaroensis in Zone F,* (anomaly 31). It should be
noted that based on the DSDP Site 239 and Gubbio sec-
tions, the relative positions of these two biohorizons are
reversed at Site 384. The remaining zone of normal
polarity (~169.05 to ~171.10m) is then correlative to
anomaly 30.

CONCLUSION

The location of the Tertiary/Cretaceous boundary at
the base of the normal zone which is correlated to
anomaly 29 is only apparently at odds with its occur-
rence in the reversely magnetized zone between anom-
alies 29 and 30 in the Gubbio, Italy, section. The coin-
cidence of this boundary with a magnetic reversal, cou-
pled with the abrupt changes in lithology and paleon-
tology noted by the shipboard scientists in the Site 384
sequence, suggests the biostratigraphic boundary may
lie within a hiatus.
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Figure 3. Comparison of magnetic polarity zonation of Site 384 (column A ) with
the marine geomagnetic time scale (column B; after LaBrecque, et al., 1977)
and the magnetic stratigraphy at Gubbio, Italy (column C; after Alvarez et al.,
1977). Black, hachured, and white zones are as in Figure 2. The micro-
paleontologic biohorizons mark the first appearances of the indicated taxa.
The Tertiary/Cretaceous boundary is indicated by T/K.
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