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Abstract. Eighty six gravity cores collected from the Pacific Ocean by the Scripps
Institution of Oceanography have been logged for magnetic susceptibility using a
simple and rapid technique. These logs fall into three types: Type 1 showing several
highs and lows, Type 2 with a single-broad-hump, and Type 3 showing nearly con-
stant susceptibility with depth.

Type 1 cores are found to be mainly from sediment-trap (trenches) areas which are
close to the active volcanoes and the high peaks probably correspond to a slump or
deposition of volcanic material; these events occurred between 0-1 and 2-8 million
years ago.

Type 2 cores are by far the most common, (56 out of 86) and show a maximum
deposition of magnetic material (i.e. crest region of the hump) in the range of 0-2
and 1-7 million years. The susceptibility during this period was about a factor of
two higher for several cores compared to their respective values during the last 01
million years. Oceanwide deposition of volcanic material and/or the atmospheri-
cally transported dust rich in magnetic material (cosmic and/or terrestrial) by our
planet can account for such an increase. A third possibility may be the change
(decrease) in accumulation rates of the sediments during this period.

In type 3 cores the susceptibility is almost constant with depth and these are ran-
domly distributed (excluding the sediment trap areas) analogous to the case of type
2 cores. A high deposition rate in these areas can alter type 2 into type 3.

It appears that the maximum of type 2 hump can act as a stratigraphic marker

since type 2 cores are the most common ones and are widely distributed over the
entire Pacific.
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1. Imtroduction

Radhakrishnamurty et a/ (1968) had shown that the variation of magnetic suscepti-
bility (termed susceptibility henceforth) of marine sediments with depth can be c¢on-
veniently studied by a simple and rapid logging technique. With this technique it was
possible to show that: (i) the susceptibility variation in a long sediment core of any
diameter could be determined (using suitable double coils) with a high sensitivity and,
(i) for magnetic reversal studies cores showing large variations of susceptibility
along the entire length are unsuitable; also such cores generally do not conform to
the @, criterion (Amin et al 1972).

Magnetic reversals in marine sediments have already been proven to be a powerful
stratigraphic tool which in turn can be correlated to the biostratigraphy (Opdyke
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1972) and paleoclimates (Doake 1977, 1978). In th(? recent years it was also realised
that volcanic activity has something to do with climatic change (Bray 1977, Kef{y
1977).  Both recent volcanic eruptions (Hansen et al 1978) and plelstocepe vo'lcan}c
ash distribution in marine sediments seem to correlate reasonably well with climatic
changes. .

It is well known that volcanic material is richer in magnetic minerals compared to
other terrestrial material. Hence it was felt that the magnetic susceptibility logging
of marine sediments could be an easier way for ascertaining paleovolcanic activity
besides understanding cosmic material accumulation on the ocean floor as well as
serving as stratigraphic markers. As a first step in this direction we have logged 86
gravity cores from the Pacific Ocean available from the collections of the Scripps
Institution of Oceanography, the results of which are discussed in detail.

2. Experimental techniques

The apparatus used in the present study is almost identical to the one developed by
Radhakrishnamurty ef q/ (1968), but for the transistorised electronic unit and double
coils of different sizes. Details of the instrument and experimental procedures have
been previously described by Likhite (1965), Likhite and Radhakrishnamurty (1965), .
and Radhakrishnamurty et af (1968). The instrument essentially consists of a well
balanced double coil situated at the centre of a large Helmoltz coil carrying a sinu-
soidal current. In this condition the output of the double coil can be made practi-
cally zero. If a core sample is now placed in the double coil, the sample behaves
like an alternating dipole and induces a differential emf which is proportional to the
magnetic moment of the sample. However, in the case of a continuous long core,
a portion of the core which is slightly more than the volume enclosed by the double
coil could contribute to the differential emf. It was experimentally found that a 2 em

every 2. cm length of the core and they are only given in relative arbitrary units, since
the main purpose of logging is to detect the variations. It takes about 20-30 min to
con%plete measurements on a 150 cm long core.

Figure 1is a Photograph of the instrument assembly in use during the measure-
ments at the Scripps Institution of Oceanography.
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Figure 1. Experimental set-up for magnetic susceptibility logging. Note the different
colour zones in the core. The differential emf is displayed on the oscilloscope. The
ammeter reads susceptibility (in relative units).
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which all the necessary information can be obtained. Before discussing the results,
however, it is important to mention the reproducibility and reliability of the
susceptibility instrument.

Repeat measurements using a given double coil were made several times and the
respective logs were identical; whenever the sensitivity of the instrument was increased
the highs and lows were more pronounced, as expected.

A set of six gravity cores (serial numbers 26-31) collected from the DELO Expedi-
tion at 39°N; 128°W showed almost identical logs (figure 2). A second set of three
cores (Nos 43-45) collected from the equatorial region at 86°W also showed identical
logs. One would expect that at almost the same location the logs should be identical
if the instrument is reliable.

4, Discussion

Based on the individuals susceptibility logs (figure 2) and from the locations and de- -
tails of the cores the following generalisations can be made.

(1) The susceptibility log is independent of the type, texture, colour and probably
bulk composition of the core. In several cores with variable physical characteristics
such as colour and texture the susceptibility logs showed the same pattern. In five
of the cores (Nos 10, 17, 61, 81 and 82—figure 2) used in this work there is a manga-
nese nodule (diameter 1 cm). The susceptibility logs, however, showed no change in |
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the pattern in these cores compared to others without nodules. This observation
indicates that the susceptibility of the nodule material is not significantly different
from that of the surrounding sedimentary material.

(2) In general the susceptibility logs fall into three types (Somayajulu er al 1975):
type 1 showing several highs and lows: type 2 with a single-broad-hump; and type 3
where the susceptibility shows no variation with depth. All the three types of cores
are indicated in figures 3a, b and ¢ respectively.

(3) In almost all cases it appears that the susceptibility in the past (older than about
10° years) was high compared to the present level (figure 2). We have not consi-
dered the logs for the 3 cm end portions of each core since, in general, the
susceptibility values as measured by this technique show lower values at the very-
end-zones of the cores,

The three types of logs encountered in this study are discussed below.
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Figure 2. Individual magnetic susceptibility logs of all the 86 gravity cores.
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4.1. Type 1 logs

in less than 2 micron fraction) of montmorillonite, Tt wip be very Wworthwhile to
analyse this mineral, diagnostic of volcanic activity, as a function of depth in the cores
of type 1 and see if the peaks in susceptibility Correspond to high montmorillonijte

high susceptibility occurrence In most of the type 1 cores. In order to bring in
the time parameter for thege évents, we have Surveyed the literature on the
accumulation rates of Pacific sediments and have assigned rates for different
regions of the Pacific; these rates are given in table 1, The high susceptiblity events
have occurred between 1-1 x 105 and 28 x 106 years some times synchronously at
diﬁerent'regions. In figure 4 the frequency distribution of the number of cores
having an event a5 a function of time is shown, It is clear from figure 4 that during
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Figure 3. Map of the Pacific ocean showing the principal trench systems (indicated
by double dashed lines) and active volcanoes shown as Xes. a. Shows the
distribution of type 1 logs. b. shows type 2 logs and ¢ type 3 logs. See dis-
cussion for details.

(1977) as well as of Bray (1977) who found a more frequent occurrence in volcanic
ash layers in deep sea sediments. Since only gravity cores (about 150 cm in length
on the average) have been studied in the present investigation, we have missed
most other older events (2:5 X 108 years); it is planned to extend this study to
piston cores and also to the DSDP cores.

4,2, Type 2 logs

These are by far the.most common ones. 56 (Nos 2, 3, 5, 7, 10, 20, 22, 23, 26-31,
33-42, 46-54, 56-72, 77, 79 and 81-84—figures 2 and 3b) cores show a broad—hump,
the maximum of which ranges anywhere between 40 cm to 120 cm. In terms of age
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Table 1. Accumulation rates in various regions of the Pacific,

Accumulation

: Core .

Region rate¥*

numbers* (mm/10® years)

; North and North west 6-23 0-6
North east and Eagt 24-47 2:0
Central Equatoria] 4873 16
South 73-86 140

*See figure 3.
ates are assigned to each region taking into consideration the published values for the
entire Pacific (Miyake and Sugimura 1961; Griffin et 4 1968, Ku et o/ 1968; Amin ef o/ 1975).

e variation in accumulation rateg between different cores from each region is in general, about
a factor of two.
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Figure 4, Frequenby distribution of the fumber of cores with a
event as a function of time, The 0-1-0-5 million years event is more
Pacific. QJder everits appear to be more localised.

high susceptibility
widespread in the

E™
this means in the past, between 0-2 million years and 1.7 milliog years before present

the magnetic materia] depositing on the Pacific ocean floor Wwas higher. Based on the
susceptibility logs we can estimate that thig amount was higher by at least g factor

o earlier, independent of the type, texture
N

vides tes
Two other explanations are also possible:
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(i) The humps can be due to the increased influx of magnetic material transported
through the atmosphere. Pettersson and Fredriksson (1958) detected magnetic sphe-
rulesin deep seasediments and have also shown their depth variation (Arrhenius 1963).
These were understood to be of cosmic origin. Similarly magnetic as well as non-
magnetic particles suggested to be originating from stony and iron meteorites were
discovered in the slow-growing-ferromanganese nodules (Finkelman 1970). Direct
collections of atmospheric dust on the other hand revealed that both cosmic and
terrestrial (including industrial) particles are present in the magnetic fractions (De-
lany et al 1967). The studies of Bhat et al (1973) on manganese nodules coupled
with those of Wanke (1966) on meteorites have indicated that the infiltration of cosmic
material by the earth could have been high in the past. All the above information
suggests that the flux of atmospherically transported magnetic material can vary, the
variation manifesting as a broad-hump in the susceptibility log of the marine sedi-
ments.

(ii) The accumulation rates of marine sediments were changing (decreasing) during
the maximum period of the hump. Thcugh sharp changes in accumulation rates were
predicted by ionium/thorium studies (Goldberg and Koide 1962)—a continuous
change in accumulation rate has yet to be shown.

The recent compilation of the episodes of cenozoic volcanism by Kennet and
Thunnel (1977) reveals high volcanic activity during the past 3 million years in the
Southwest Pacific. The present study can thus show fine structure in such com-
pilations and also indicate how wide such events were registered in deep sea
sediments.

4.3, Type 3 logs

The remaining 15 cores (Nos 1, 4, 16, 17, 24, 43-45, 55,73, 74, 78, 80, 85 and 86—
figures 2 and 3c) belong to this type. In a few cases, however, it is very hard to
clearly distinguish these logs from the type 2 logs. In these cores which are distri-
buted widely, there seem to be no appreciable variation in the magnetic material
content depositing in the past. In view of the fact that most of the cores from all
over the Pacific show the hump, it may be possible that in the type 3 cores there had
been either some kind of mixing or that deposition rate were high such that the
broad hump was smoothened out.

It is tempting to postulate, although not confirmed, that the positicn of maximum
in the hump of the type 2 logs can be used as stratigraphic marker. If this is true
sediments can be dated by ascertaining the depth at which the maximum occurs
using the rapid logging technique in about 30 min. Several cores belonging to type 2
would have to be dated by nuclear methods like 4K~*Ar (Dymond 1966) and *Th
(Goldberg and Koide 1962) to prove this hypothesis. For an up-to-date review
of the dating techniques vsing the U-Th decay series’ nuclides reference is made to
Ku (1976).

5. Conclusions

World-ocean-wide studies of this type on piston and DSDP cores together with
mineralogy, geochronology and diagnostic trace elemental analysis (Inoue and
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Tanaka 1976) will yield more information on the occurrence and time scales of high
susceptibility events on a global scale. The volcanic and climatic effects in sediments
can also be understood by carrying out °Be measurements (Somayajulu 1977) on
some of the cores. One can also study the contribution of the weathering of oceanic
crust to the basement of the sediment pile (Kemp et al 1974) using the susceptibility
logging technique on DSDP cores. Chronology of ocean wide volcanic events can
also be established which appears to have an important bearing on the global climate,
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