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ABSTRACT

The fission-track technique was used to date nine samples of
volcanic glasses from ash layers at Deep Sea Drilling Project Site 436.
Age varied from 0.138!^] m.y. to \2.9ll\ \ m.y. We annealed Sam-
ple 436-14-3 and corrected the age of annealed fossil tracks in the
volcanic glass according to the resultant data. We found small differ-
ences between our age data and preliminary paleontological age data.

INTRODUCTION

This work is devoted to the dating of volcanic glasses
in ash layers of DSDP Site 436, where the cored sedi-
ments are mainly Neogene and Quaternary. We selected
ten samples with maximal content of fresh volcanic
glass. The content of volcanic glass varied from 50 per
cent in Section 436-30-1 to 90 per cent in Section
436-14-3 and averaged 75 to 80 per cent. We selected
grains larger than 0.1 mm. The grains measured 100 to
300 µm in length and varied greatly in width, which was
in some samples as small as 20 to 40 µm.

MATERIALS AND METHODS
In this work we used the technique suggested by

Fleischer and Price (1964) for preparation and geologi-
cal dating of volcanic glass. Two aliquots of glass grains
were mounted in epoxy in several packed layers, one
mount for fossil-fission-track counting and the other
for induced-fission-track counting. We found by repeat-
ed experiments that the number of grains in mounts
from one and the same sample prepared for spontane-
ous (fossil) and induced tracks varied not more than 6
per cent. Track density was calculated for the whole sur-
face of the mount. Mounts were etched in HF (48%) at
21 °C for 10 seconds. After etching, the sample from
Section 436-5-2 was discarded, because the grains were
covered with a troublesome layer of "slime" that pre-
vented counting of the tracks.

For producing induced tracks, the second mount was
irradiated by thermal neutrons. The thermal-neutron
dose was measured by mica detectors, with a precisely
known quantity of uranium. Mica detectors were placed
at each end of the set-up. The neutron flux was 3.1 ±
0.08 × 1014n/cm2.

Age was calculated by the formula

PSN
t = Pfe\s

where

Pt is the induced-track density,
Ps is the spontaneous-track density,
C is the quantity of uranium on detector stan-

dard,
e is the effectivity of track registration by the

detector,
λ is the fission-decay constant for 2 3 8U,
N is the number of induced tracks counted by

detector.
In the equation, \s equals 7.03 × 10"17 yr~1 (Roberts

et al., 1968). We calculated the density of spontaneous
tracks and then of induced tracks in transmitted light at
×460 magnification. Together with track density, we
measured the length of the etch pits. On these results,
we constructed a histogram of diameters of fission-track
etch pits (Figure 1) for each sample, except that from
Section 436-3-4, which had only a small number of
fossil tracks.

The error in dating (lσ) was calculated from the root
mean square error in the count of spontaneous and in-
duced tracks, plus the correction of track density as a
result of annealing and the error resulting from uneven
packing of grains in mounts.

INTERPRETATION AND CONCLUSIONS

Histograms of etch-pit diameters show that the mode
for spontaneous-track values is less than the mode for
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Figure 1. Distribution of diameters of fission-track etch
pits in volcanic glass. (1 oc unit = 1.11 µm.) Section
436-14-3.

induced tracks (Figure 1). This means that the size and
number of tracks decreased as a result of uniform
natural annealing. The preservation of spontaneous
tracks is determined by various factors of the environ-
ment, such as temperature and pressure, and also by the
chemical composition of the glass, the amount of water
it contained, and its geological time of formation
(Fleischer et al., 1975). Probably the main factors deter-
mining the degree of annealing of volcanic glasses from
ash layers of Site 436 were temperature and time of for-
mation.

Experimental determination of the size-density ratio
of the tracks allowed us to find the original number of
fossil tracks and to calculate their true age. To correct
the density of spontaneous tracks, we used the size-den-
sity curve for tracks induced by thermal annealing of
volcanic glass from Section 436-14-3 (Figure 2). The
curve we plotted was quite different from the theoretical
curve for glass (Somogyi and Nagy, 1972) and from the
experimental curves. Our curve is similar to the one pro-
duced by Storzer and Wagner (1971) in the annealing of
bediasites. Both these curves have a typical inflection
point in the upper part, registering a strong lag in the
size reduction of the tracks in comparison with their
density loss.

In the seven youngest samples, the loss of fossil
tracks was about the same (21-26%), in spite of a rather
large range of age variation (excluding the sample from
Section 436-19-9, which had 11% density reduction).
The density loss in two oldest fossil-track samples, from
Sections 436-30-1 and 436-34-5 (ages 5.8 m.y. and 12.9
m.y.), was greater (62 and 65%, respectively). Probably
this greater loss in the two oldest samples can be ex-
plained by their earlier formation (Table 1).

20 40 60
Density of tracks (% of original)

Figure 2. Dependence of mean diameter of fission-
track etch pits on track density when annealed (100%
stands for tracks before annealing). Section 436-14-3.

The samples from Site 436 covered the geological
history of sedimentation in this region from late middle
Miocene through the Pleistocene. We have plotted a
curve of sediment accumulation based on our age data
(Figure 3). This curve corroborates preliminary paleon-
tological age data, using the time scale of Berggren and
van Couvering (1974).

The sediment-accumulation rate of the late middle
Miocene and early late Miocene (represented by sedi-
ments near the boundary of lithologic units IIIB and IV)
was small, (0.5 cm/103 yr), which is typical of pelagic
sedimentation with very little influx of terrigenous ma-
terial and ash (Lisitzin, 1974). During the middle Mio-
cene and the earliest Pliocene (unit IIIB and the lower
part of unit IIIA), the sediment accumulation rate
gradually increased; by the middle of the early Pliocene
it had reached about 10 cm per thousand years and
thereafter changed very little. This rise in the sedimenta-
tion rate and the change in sediment composition (Site
436 report, this volume) in the interval from 13 to 3 Ma
indicate a definite change in the mode of sediment ac-
cumulation. During this time, the influx of terrigenous
material and ash increased, as did biogenic components
of the sediments.
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FISSION-TRACK AGE OF VOLCANIC GLASSES

TABLE 1
Fission-Track Ages of Volcanic Glass in Ash Layers, Site 436

Sub-bottom Number of
Depth Spontaneous Spontaneous8 Induced3 Measured Age

Section (m) Tracks Tracks/cm^ Tracks/cm^ x 10^ (m.y.)

Thermal Reduction of Tracks
Dimension Density

(% of original)
Corrected Age

(m.y.)

436-3-4

436-7-2

436-9-5

436-14-3

436-15-7

436-19-9

436-22-1

436-30-1

436-34-5

21.0

57.5

81.0

126.0

140.5

178.5

199.0

275.0

318.0

5

43

175

174

104

43

117

124

360

2.04±0.97

14.9+0.27

93.6±8.9

128.8±12.3

90.1±10.6

26.4±4.6

145+17.7

52.3±5.7

357±2.6

3.63±0.39

4.32±0.32

20.68+1.06

18.6±0.90

12.4±0.80

2.57±0.20

13.9±0.89

4.64±0.28

15.5±0.80

0.109±0.05

0.671±0.112

0.879±0.084

1.344±0.128

1.419±0.170

1.995±0.341

2.024±0.23

2.192±0.241

4.499±0.356

77.7±3.5

76.0+2.6

76.6+1.8

77.2±2.2

78.5±2.2

83.7±3.5

77.6 + 2.2

69.6±1.9

68.7±1.9

79

74

74

77.5

78.5

89

79

38

35

+ 7

-14

+7

-15

+5

-9

+5.5

-8

+ 5

-7.5

+3.5

-4.5

+4.5

-7.5

+7.5

-5.5

+6.5

-5

+0.067

-0.063

+0.'»38

-0.174

+0.18

-0.14

+0.24

-0.21

1 81+0-28
01
-0.25

2
 -,4+0.40
- -0.39

+0.45
-0.41

+ 1.1
-1.3
+2.1

0.138

0.906

1.19"

.73
π

2.56

5.8'

12.9
-2.6

Track density was calculated for the whole area of the mount; errors of Ps and Pj include errors in the count of the tracks and errors from uneven packing
of grains in the mount.
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Figure 3. Sediment accumulation rate at Site 436, ac-
cording to fission-track ages.
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