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and Cenozoic time 

ABSTRACT 

A revision of the Heirtzler and others magnetic reversal 
time scale is presented. In addition to incorporating published 
studies which have increased the resolution and accuracy of 
their time scale, we have revised the relative lengths of anoma
lies 4A to 5 and 29 to 34 and have eliminated anomaly 14. We 
have calibrated the time scale by choosing an age of 3.32 m.y. 
B.P. for the older reversal boundary of anomaly 2A and 64.9 
m.y. B.P. for the older reversal boundary of anomaly 29. The 
resulting magnetic reversal time scale is in reasonable agreement 
with the biostratigraphic ages from Deep Sea Drilling Project 
(DSDP) drill holes. 

INTRODUCTION 

The Heirtzler and others (1968) magnetic reversal time scale 
was derived by assuming that magnetic anomaly profiles above 
the ocean ridges and basins were manifestations of earlier reversals 
in the polarity of the Earth's magnetic field, as hypothesized by 
Vine and Matthews (1963). The scale derived its resolution from 
magnetic anomaly profiles over the relatively rapid sea-floor 
spreading system in the North Pacific and its linearity from the 
assumption of a constant rate of sea-floor spreading since Late 
Cretaceous time in the South Atlantic. Dates were assigned to the 
magnetic reversal time scale by extrapolation from a date of 3.35 
m.y. for the older reversal boundary of anomaly 2A correlated to 
the Gauss-Gilbert magnetic polarity epoch boundary. The resulting 
magnetic time scale assigned an age slightly younger than the 
Cretaceous-Tertiary boundary to the causative body of anomaly 26. 

Since the appearance of the Heirtzler and others (1968) mag
netic reversal time scale, several studies of marine magnetic 
anomalies have attempted to improve the resolution of certain 
segments of the reversal pattern. More recently, work in the mag
netic stratigraphy of an Upper Cretaceous to Paleocene section 
near Gubbio, Italy, has shown that the Cretaceous-Tertiary boun
dary occurs just below a normally magnetized zone correlated 
with marine magnetic anomaly 29 (L~wrie and others, 1976; 
Alvarez and others, 1977). This additional datum makes it possible 
to recalibrate the Cenozoic magnetic polarity time scale by 
interpolation. 

This report presents a revised magnetic reversal time scale 
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that incorporates this recalibration as well as various studies that 
have increased the accuracy of the relative durations of the mag
netic polarity intervals. The age. of oceanic basement predicted 
by the revised magnetic reversal time scale is then compared to 
the biostratigraphically derived age of the overlying sediment ob
tained from studies of DSDP drill holes. 

It should be noted that for the sake of brevity we will speak 
of the Vine and Matthews type of marine magnetic anomalies as 
synonymous with their causative magnetized basement rocks. We 
will also follow the convention of assigning Late Cretaceous and 
Cenozoic marine magnetic anomaly numbers to anomalies formed 
during periods of predominantly normal geomagnetic field polarity. 

METHOD: MAGNETIC TIME SCALE AND CALIBRATION 

The initial step was to review the literature for modifications 
of the Heirtzler and others (1968) time scale that we felt were sup
ported by the observed marine magnetic anomaly pattern. We 
included many of the modifications of Talwani and others (1971), 
McKenzie and Sclater (1971), Larson and Pitman (1972), Blakely 
and Cox (1972), Blakely (1974), and Schlich (1975) which were de
signed to improve the accuracy and resolution of the magnetic 
reversal pattern. Implicit in these modifications was the assumption 
of a constant rate of sea-floor spreading in the South Atlantic, 
which Heirtzler and others (1968) used originally to date the se
quence of magnetic reversals. In comparing the relative lengths 
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of the resulting synthetic magnetic anomaly pattern to observed 
profiles from the Pacific, Indian, and Atlantic Oceans, we found 
certain discrepancies which required revision as follows. 

1. The sequence of apparent reversals originally named 
anomaly 14 is not present in most marine magnetic profiles (W. C. 
Pitman III, personal commun.), and they have therefore been 
deleted. [For examples, see data presented in Heirtzler and others 
(1968), Pitman and others (1968), Ladd and others (1973), and 
IDOE Surveyor Seamap (1971).] 

2. In joining the Blakely (1974) time scale to that of Talwani 
and others (1971), anomaly 4A did not appear to be in a mutually 
consistent position relative to anomalies 4 and 5. We have modified 
the relative position of anomaly 4A to make it correspond better 
to the observed magnetic anomaly pattern in the Southeast Indian 
and South Pacific Oceans. 

3. After a comparison of the relative spacings of anomalies 29 
to 34 in the world's ocean basins, Cande and Kristoffersen (in 
prep.) selected the North Pacific between !at 25° and 35°N as a 
standard for the relative widths of polarity intervals by averaging 
the relative widths of anomalies 29 to 34 and assuming a constant 
rate of sea-floor spreading for the period during which the reversals 
were recorded by the oceanic crust. 

The resulting Tertiary geomagnetic polarity scale was recali
brated by assuming a date of 3.32 m.y. B.P. for anomaly 2A (base 
of the Gauss normal polarity epoch; Dalrymple, 1972) and a date 
of 64.9 m.y. B.P. for the base of anomaly 29. The date for the 
latter reversal was derived from the relative position with respect to 
the Cretaceous-Tertiary boundary of a normally magnetized zone 
correlated to anomaly 29 (Lowrie and others, 1976) in a section at 
Gubbio, Italy. It should be noted that the rather precise date 
quoted for anomaly 29 reflects only its relative age with respect to 
the accepted age of 65 m.y. for the Cretaceous-Tertiary boundary 
(van Hinte, 1976; van Eysinga, 1975) and not our confidence in 
the absolute age of this reversal. The ages of anomalies younger 
than that of 2A are the same as those given by Klitgord and 
others (1975). The dates for anomalies between 2A and 29 were 
determined by interpolation between the two anomalies. 

The Late Cretaceous polarity sequence was calibrated in time 
by assuming that in the region studied by Cande and Kristoffersen 
(in prep.), the magnetic anomaly sequence from anomalies 23 to 
34 were created at a constant rate of sea-floor spreading. We 
therefore applied dates to the Cretaceous sequence by extrapo
lating in time from the revised Tertiary time scale to anomaly 34. 

The dates and methods employed in the calibration are 
similar to those of Sclater and others (1974). They assigned an age 
of 66 m.y. B.P. for the young end of anomaly 30 on the basis of 
DSDP drill-hole results and assumed that the ages given by 
Heirtzler and others (1968) for anomalies younger than 10 m.y. 
B.P. (or about anomaly 5) were correct. However, since the age 
of anomaly 5 on the Heirtzler and others (1968) time scale was 
determined by extrapolation, there is nu justification for assuming 
that it is correctly dated for recalibration purposes. We feel that 
the well-determined date for anomaly 2A and the recently available 
biostratigraphic date for anomaly 29 provide more reliable cali
bration points. 

BIOSTRATIGRAPHIC CALIBRATION 

Magnetostratigraphic techniques (for example, Ryan and 
others, 1974) have proved useful in directly relating magnetic 
polarity intervals to biostratigraphic zonations. By this method 
the absolute age determined for one sequence (magnetic reversal 
or biostratigraphic) can be used to date the other. Since ages 
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have been estimated for both sequences, we are left to decide 
which dates are the more reliable. By employing the data pre
sented above we derived a revised magnetic reversal time scale 
which we believe is sufficiently accurate to justify modifying the 
dates of the remaining Upper Cretaceous and Tertiary biostrati
graphic stage boundaries, using the magnetostratigraphic correla
tions where available. Clearly, it is increasingly important to docu
ment carefully the method by which dates are assigned to bio
stratigraphy and magnetic reversal boundaries in order to avoid 
circular reasoning in later work. 

In the time scale illustrated in Figures 1, 2, and 3, we have 
used as a reference the geologic time scale of van Eysinga (1975). 
We have modified the dates of the Neogene and Upper Cretaceous 
stage boundaries by applying the ages derived from our recali
brated magnetic time scale to the biostratigraphic scale, employing 
the correlations of Ryan and others (1974) and Alvarez and others 
(1977), respectively. The Paleogene stage boundaries retained the 
dates assigned by van Eysinga (1975). It is important to note that 
with the exception of the Paleogene, the revised magnetic time 
scale was used to assign dates to the biostratigraphic scale. 

COMPARISON TO DSDP DATING 

As a semi-independent test of the calibration of the revised 
time scale, we compared the basement ages predicted from mag
netic anomaly identifications dated by the revised reversal time 
scale to those observed from the biostratigraphy of sediments 
overlying basement in various DSDP drill holes. Obviously, we 
must be careful in drawing conclusions from such a comparison 
because of the interrelationship of large sections of the biostrati
graphic and magnetic reversal time scales, as discussed above. 
A perfect relation between observed and predicted ages may only 
mean that the biostratigraphic zonation has been successfully 
correlated to the magnetic reversal time scale, and not that the 
absolute dates are necessarily correct. The determination of the 
ages of biostratigraphic zones and magnetic anomalies ultimately 
depends on the extent and accuracy of radiometric dating. 

Figure 4 is a modification of a figure employed by Larson 
and Pitman (1975). DSDP holes 332, 333, 355, 395, and 396 have 
been added to the plot as well as a correction of the identification 
of the magnetic anomaly at hole 10. It has been shown by Kristof
fersen (1976) and Cande and Kristoffersen (in prep.) that hole 10 
is located near the older reversal boundary of anomaly 33, rather 
than on anomaly 32, as previously identified. 

In the Neogene, we would expect a perfect correlation be
tween the magnetic and biostratigraphic basement ages, because 
the respective time scales are closely interrelated (Ryan and others, 
1974; see also Opdyke and others, 1974; Theyer and Hammond, 
1974). However, we note that two of the four biostratigraphic ages 
for DSDP holes near anomaly 5 appear to be older than predicted 
by as much as 4 m.y. It seems unlikely that this discrepancy can 
be due to such a gross error in the magnetic reversal time scale, 
particularly in light of the apparent agreement at two of the 
holes near anomaly 5 and some radiometric dating of normally 
magnetized basaltic lava flows in Iceland correlated to anomaly 5 
(McDougall and others, 1976). 

The biostratigraphic zonation has not been correlated by 
paleomagnetic stratigraphy with the magnetic reversal time scale 
for Paleogene time. In this part of the time scale, the biostratig
raphy of DSDP holes often indicates younger ages than the mag
netic time scale would predict. The difference in age is rather 
consistent and may simply be explained by the law of superposition 
which requires the sediment to be younger than the underlying 
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Figure 1. Revised magnetic reversal time scale and geologic time 
scale. Note that short arrows in the column labelled "magnetic anomaly" 
refer to dated events shorter than 40,000 yr which have been removed; 
short lines refer to locations of additional short events or intensity fluc
tuations. Short lines in column labelled "polarity event" refer to possible 
polarity excursions. See text for details. Shaded blocks are normal po
larity, open blocks are reversed polarity. 

Figure 2. Revised magnetic time scale. See caption of Figure 1. 
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Figure 3. Revised magnetic time scale. See caption of Figure I. 
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Figure 4. Comparison of age of oceanic basement as predicted by 
our revised magnetic reversal time scale and that observed from the bio
stratigrpahy of DSDP drill holes. A 45° line represents theoretical line of 
perfect correlation between revised magnetic and biostratigraphic time 
scales. Revised magnetic time scale is not derived from DSDP drill-hole 
ages. However, Neogene and Late Cretaceous biostratigraphy has been 
tied to magnetic reversal pattern, as described in text. 
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and 1.7 m.y. older, respectively, than those preferred by van 
Hinte (1976) on the basis of a compilation of radiometric age 
determinations. We feel that our dates are still well within the 
limits of error for the compiled radiometric ages. 

Tarling and Mitchell (1976) have suggested an age of 48 m.y. 
for anomaly 24 on the basis of DSDP results and the apparent 
correlation between the age of eastern Greenland basalts and 
anomaly 24. We note that there is no close age correspondence 
between marginal extrusive events and precise dates of early 
rifting. For example, the Deccan Traps were extruded at a later 
time than the initiation of sea-floor spreading in the Indian Ocean 
(Molnar and Fancheteau, 1975; McKenzie and Sclater, 1971). 
Furthermore, the age of the basalts of western Greenland and 
Baffin Island (Rosenkrantz and Pulvertaft, 1969; Clarke and 
Upton, 1971) appears younger than that required for the opening 
of the Labrador Sea, as inferred from marine magnetic anomalies 
(Laughton, 1971; Kristoffersen, 1976). We therefore feel that the 
arguments cited by Tarling and Mitchell (1976) are insufficiently 
strong to establish a datum point at anomaly 24. 

We further note that if the Tarling and Mitchell age for 
anomaly 24 is accepted, it results in a date of 92 m.y. for anomaly 
34 based on the assumption of a constant sea-floor spreading rate 
in the North Pacific between the time of anomalies 24 and 34. 
Such an old age for anomaly 34 is unlikely. 

TINY WIGGLES 

We have become increasingly concerned that small-scale 
anomalies that have been detected by various investigators (Blakely 
and Cox, 1972; Emilia and Heinrichs, 1972; Cande and LaBrecque, 
1974; Blakely, 1974; and others) are becoming accepted as records 
of full-scale reversals. These features have wavelengths on the 
order of 20 km and amplitudes of SO to 80 y and are recognized 
on high-quality magnetic profiles. At the moment there is little 
proof that these features actually represent magnetic field rever
sals; indeed, they may record intensity fluctuations of the Earth's 
dipole field. Statistical studies of the Earth's known field behavior 
suggest that many additional field reversals should be present in 
the marine magnetic anomaly record (Harrison, 1969; Alldredge 
and Jacobs, 1974). However, the character and position of these 
small-scale magnetic anomalies would suggest a monostable field 
behavior should they record reversals (Cande and LaBrecque, 
1974). Certainly it would be most exciting if a significant number 
of the features would prove to be records of intensity fluctuations, 
thereby allowing us to observe another type of field behavior 
which would give additional insight into the geomagnetic field 
generation mechanism. Only a detailed analysis of areas of high 
sea-floor spreading rate in conjunction with careful investigation 
of discretely sampled paleomagnetic data will determine the 
nature of these anomalies. 

To illustrate this philosophy, we have removed from the 
reversal polarity column (Figs. 1, 2, 3) events that are less than 
40,000 yr in duration, because we felt that the nature of the anom
aly features that these events represent were still in question. The 
positions of these events are indicated by arrows to the left of 
the polarity column. We have also added and noted the position 
of additional small-scale anomalies which have been recognized 
by various authors (Heirtzler and others, 1968; Emilia and Hein
richs, 1969; Blakely and Cox, 1972; Cande and LaBrecque, 1974; 
Blakely, 1974; LaBrecque and Cande, 1974; Schlich, 1975); these 
have been noted by short bars to the left of the reversal polarity 
column. 

Another class of short-term paleomagnetic field behavior 
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includes "polarity excursions" (Watkins, 1976) that may have 
been recorded in sediments and basalts. The best known examples 
of "polarity excursions" include the Laschamp "event" (Bon
hommet and Babkine, 1967), the Blake "event" (Smith and Foster, 
1969), and possibly the Reunion "events" (McDougall and Chama
Jaun, 1969; Gromme and Hay, 1971); we have indicated the pos
tulated position of these as short bars to the right of the polarity 
column in Figure 1. It is still not clear whether "polarity excur
sions" represent global geomagnetic phenomena. However, it is 
possible that some of these short-term geomagnetic features are 
recorded as small-scale marine magnetic anomalies (for example, 
Emilia and Heinrichs, 1969, 1972). 

Table 1 lists the chronological boundaries for the new time 
scale. We have included in this table the events of duration Jess 
than 40,000 yr for which age boundaries have been given in the 
literature and which we feel are supported by sufficient data. We 
would like to stress, however, that these anomalies were included 
only because they improve the fit of synthetic magnetic anomaly 
pattern to the observed magnetic anomaly pattern. In most cases, 
these events could equally well be explained by intensity fluctua
tions of the Earth's magnetic field. The nature of these anomalies 
requires additional study. Also, the dates for the reversal boun
daries are given to the nearest 10,000 yr. This precision reflects 
the resolution of the relative length of the polarity interval rather 
than the absolute dating of the reversal boundaries. 

REVISED SPREADING RATES 

The modification of the Heirtzler and others (1968) magnetic 
reversal time scale has a direct effect on sea-floor spreading rates 
calculated for the ocean basins. Since our principal modification 
was a linear readjustment of the Heirtzler and others (1968) time 
scale for reversals older than anomaly 2A (3.32 m.y. B.P.), the 
result is that spreading rates calculated for ocean crust generated 
between anomalies 2A and 29 should be increased by approxi
mately 7o/o. For those parts of the time scale where we have in
cluded further modifications, such as around anomaly 4A and 
anomalies 29 to 34, the revisions in spreading rates will be slightly 
different. Spreading rates in the Cretaceous magnetic quiet zone 
will be reduced by approximately 18% from those calculated by 
Larson and Pitman (1972), assuming that the date of about 108 
m.y. B.P. is correct for MO (Larson and Hilde, 1975) and using 
our revised date of approximately 80 m.y. B.P. for anomaly 34. 

CONCLUSION 

By incorporating an interpolation between well-dated mag
netic reversal boundaries, we have introduced a 7% correction in 
the dating ofthe Heirtzler and others (1968) time scale. We find 
it remarkable that the Heirtzler and others time scale achieved 
such an accuracy with the few data then available and with so 
severe an extrapolation in time. 

The comparison of the revised time scale to DSDP results 
suggests that the original assumption of a constant sea-floor 
spreading rate in the South Atlantic may be slightly in error. 
Although the original assumption served its purpose in creating a 
remarkably successful magnetic reversal time scale, we feel that it 
is no longer necessary to satisfy this assumption in future revisions 
of the magnetic reversal time scale. We did not correct the small 
discrepancies apparent in the comparison to DSDP results, be
cause the current accuracy of the biostratigraphic time scale is 
insufficient to justify any further adjustments to the magnetic 
time scale. 
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Normal polarity 
intervals 

(m.y.) 

0. 00-0. 70 

0.89-0.95 

1. 62-1.83 

2.41-2.84 

2.91-3.00 

3.10-3.32 

3. 76-3.85 

3.97-4.10 

4.24-4.31 

4.40-4.59 

5.12-5.29 

5.43-5.62 

6.06-6.18 

6.37-6.44 

6. 51-6.90 

6.97-7.02 

7. 39-7.68 

7.87-7.95 

8.15-8.23 

8. 34-8.50 

8. 54-8.86 

8.87-9.15 

9.18-9.46 

9.48-9.74 

g, 86-9.91 

10.36-10.43 

10.91-11.09 

11 . 22-11. 49 

11.84-11.87 

11.96-12.01 

12.23-12.41 

12.61-12.87 

13.11-13.52 

13.64-14.11 

14.32-14.42 

14.59-14.73 

15.72-16.02 

16.06-16.24 

16.31-16.50 

17.11-17.45 

17.67-17.69 

18.13-18.67 

18. 95-20.07 

20.52-20.80 

21.03-21.36 

21.56-21.72 

21.92-22.02 

22.24-22.65 

TABLE 1. REVISED MAGNETIC POLARITY TIME SCALE 
FOR CENOZOIC AND LATE CRETACEOUS TIME 

tlormal polarity 
Magnet. i c intervals 

anomaly no. (m.y) 

22.96-23.13 

23.25-23.49 

23.75-23.92 

21, 25.24-25.35 

21\ 25.42-25.72 

2A 26.14-26.33 

26.63-26.71 

26.79-27.54 

27.96-28.56 

28.62-29.04 

:,A 29.57-29.88 

3A 29.94-30.19 

31.11-31.47 

31.53-31.96 

32.37-32.82 

35. 26-35. 45 

4A 35.52-35.86 

4A 37.26-37.48 

37.50-37.71 

38.14-38.38 

38.55-38.84 

38.89-39.31 

39. 60-40. 52 

40.59-40.80 

40.87-41.22 

41.40-41.85 

SA 41.93-42.37 

SA 42.44-42.88 

43.77-44.24 

44.85-46.40 

49.04-50.67 

52.31-53.00 

54.29-54.44 

54.50-55.13 

58 55.58-55.81 

58 56.11-56.60 

sc 58.67-59.16 

sc 59.97-60.41 

sc 62.30-62.72 

50 63.34-64.03 

50 64. 34-64. 90 

SE 65.37-66.76 

66.84-67.57 

6A 69.20-69.43 

6A 69.65-71.00 

71.34-71.38 

71.62-76.48 

68 79.65-108.19 

Magnetic 
anomaly no. 

6C 

6C 

6C 

7A 

8 

10 

10 

11 

11 

12 

13 

13 

15 

15 

16 

16 

16 

17 

17 

17 

18 

18 

18 

19 

20 

21 

22 

23 

23 

24 

24 

25 

26 

27 

28 

29 

30 

31 

32 

32 

33 

34 

Note: Short wavelength nagnetic anomalies that have been dated as events 
shorter than 40,000 yr have been included; however, their nature still is in 
question (see text). 
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