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The Oga Peninsula Neogene section in Japan was sampled for paleomag-
netic studies. The results show that the upper Wakimoto formation is normal-
ly magnetized and the lower Wakimoto, Kitaura and uppermost Funakawa 
formations are reversely magnetized. The remainder of the Funakawa and 
the Onnagawa formation are interpreted as being remagnetized and unreliable 
for magnetic stratigraphy. 

The saturation IRM intensity was found to be an effective method of 
normalizing the effects of magnetic mineral content variation on the NRM in-
tensity. Variations in the NRM intensity in these samples were paralleled by 
variations in SIRM intensity indicating that they are mineralogically rather 
than field controlled. The secondary component of magnetization in these 
rocks is believed to be a VRM acquired over the Brunhes normal epoch. In-
tensities and stabilities of the secondary component are compatible with the 
results from the VRM experiments conducted in the laboratory. 

Due to the fact that only one reliable reversal was found in the section, 
age interpretations based on the magnetic stratigraphy were difficult to make. 
Tentative age assignments were postulated based on the interpretations of the 
diatom evidence by BURCKLE (1971). 

1. Introduction 

Miocene, Pliocene and Pleistocene rocks are exposed on the Oga Peninsula 
which is located in Akita Prefecture in northwestern Honshu, Japan (Fig. 1). 
The section has been extensively studied and much of the work was summarized 
in the explanatory notes to geologic map sheets "Toga" and "Funakawa" (Huzi-
oKA, 1959). Subdivisions established in the section at Oga have been used as the 
standard Neogene time-stratigraphic subdivision in Japan (MINATO et al., 1965). 
Of particular interest are the Onnagawa, Funakawa, Kitaura and Wakimoto 
formations, which have been zoned by KoizuMi (1968) on the basis of fossil 
diatoms. The Miocene-Pliocene boundary is commonly placed near the contact 
between the Kitaura and Wakimoto formations (see for example, SAITo, 1963). 
However, the correlation of the Oga section to the standard sections in Europe 

* Lamont-Doherty Contribution No. 1965. 
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Fig. 1. Location of Oga Peninsula in Honshu, Japan. Outlined areas on map of the pe-
ninsula refer to site locality maps (Fig. 2). 

is problematical due to the paucity of useful fossils common to both areas. 
Based on stratigraphic work with diatoms in the equatorial Pacific (HAYS et at., 
1969) and on finding several similar species described from the Oga section, 
BURCKLE (1971) proposed a revision of the age designations of the Oga Peninsula 
Neogene section. Burckle placed the Miocene-Pliocene boundary in the lower 

part of the Funakawa formation. This would make the Kitaura and Wakimoto 
formations of Pliocene age. The Pliocene-Pleistocene boundary may occur some-
where in the top of the Wakimoto formation or in the lower part of the Shibi-
kawa formation. 

In recent years, much of the stratigraphic work in deep-sea sediments has 
been done in conjunction with the paleomagnetic reversal stratigraphy (HAYS et 
at., 1969; KOBAYASHI et at., 1971, etc.). The positions of the Miocene-Pliocene 
and Pliocene-Pleistocene boundaries with respect to the reversal stratigraphy 
have been proposed. The Miocene-Pliocene boundary has been placed some-
where between the base of the Gilbert reversed epoch and the top of epoch 6 

(SAITO et at., 1973). The Pliocene-Pleistocene boundary has been placed near 
the large normal event in the lower part of the Matuyama reversed epoch 
(BERGGREN et at., 1967; NAKAGAWA et at., 1971). To help resolve the ages of 
rocks on Oga Peninsula, a combined paleomagnetic and micropaleontological 
study of the section was undertaken by a U.S.-Japanese group in the summer
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of 1971. One of the aims of the study was to obtain a paleomagnetic reversal 
sequence for the Oga section so that a comparison of the stratigraphy with that 
of deep-sea sediments could be facilitated. The results of the magnetic measure-
ments are reported here. 

2. Geology and Sampling Procedure 

The Funakawa Group is approximately 2000 m thick and is subdivided into 
four formations: in ascending stratigraphic order, the Onnagawa, Funakawa, 
Kitaura and Wakimoto formations (HUZIOKA, 1959). The sedimentary rocks 
composing the group are chiefly mudstones which are siliceous in the Onnagawa, 
massive in the Funakawa, and become more silty in the Kitaura and the Waki-
moto formations. Tuffaceous layers are present within the entire group while 
fine to medium grained sandstones are intercalated with the silty mudstones in 
the Kitaura and Wakimoto formations. The rocks of the Funakawa Group are 
exposed over the eastern part of the peninsula in homoclinal attitude dipping to 
the east. 

A total of seventy-four sites were sampled for magnetic studies (Fig. 2). 
Samples from the Onnagawa formation consisted of several one-inch-diameter 
drill cores per site. Samples from the remainder of the section consisted of two 
oriented blocks per site. Only the finer grained layers were generally sampled 
from the Kitaura and wakimoto formations and the sandy and tuffaceous beds 
were avoided. 

3. Measurement Procedure 

Cylindrical specimens one inch in diameter and one inch high were cut from 
the blocks using a steel-bladed bandsaw and stainless steel knife. Specimens of 
similar size were cut from the drill cores with a diamond-edged circular saw. 
The natural remanent magnetization (NRM) directions and intensities of the 

specimens were measured with a slow-spin magnetometer (after FOSTER, 1966). 
The initial susceptibilities were measured with an AC bridge. Pilot specimens 
from the various formations were step-wise demagnetized in alternating magnetic 
fields up to peak values of 600 Oe. On the basis of these demagnetization ex-

periments, appropriate fields were chosen for magnetically cleaning the remain-
ing specimens following the method of As and ZIJDERVELD (1958). 

4. NRM and Susceptibility 

Based on differences in magnetic properties, the Funakawa Group was divid-
ed for convenience of discussion into two stratigraphic parts. Rocks from the 
upper part of the group, consisting of the Wakimoto, Kitaura and uppermost
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Fig. 2, a,b,c,d. Location of sites at which samples for paleomagnetics were taken. 
Maps 2a,b,c are on the south coast of Oga Peninsula; map 2d 
shows the sites along the Aikawa River near the north coast.
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Funakawa formations, which in the remainder of the paper will be referred to 
as part A, had NRM intensities that were generally an order of magnitude greater 
than rocks from the lower part of the group (Funakawa and Onnagawa forma-
tions, which will be referred to as part B). The distribution of NRM intensities 
and initial susceptibilities in rocks from parts A and B were, to a good approx-
imation, log normal (Fig. 3 and 4) and so geometric means may be appropriate-

Fig. 3. Distribution of NRM intensities 
in specimens from part B (Onna-

gawa and Funakawa forma-
tions) and part A (Wakimoto, 
Kitaura and uppermost Funa-
kawa formations). Mean inten-
cities are 5.15×10-7 Gauss and

3.91×10-6 Gauss, respectively,

for parts B and A.

Fig, 4. Distribution of initial bulk sus-

ceptibilities in specimens from 

parts B and A of the Funakawa 
Group. Mean susceptibilities

are 8.56 × 10-6 Gauss/Oe and

2.07×10-5 Gauss/Oe, respec-

tively, for parts B and A.
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ly taken (IRVING et al., 1966). For NRM intensities, the mean for part A sped-
mens was 3.91×10-6 Gauss, compared to 5.15×10-7Gauss for specimens from

part B. Similarly, the mean susceptibilities were 2.07×10-5 and 8.56×10-6

Gauss/Oe for specimens from parts A and B, respectively. 

5. Stabilities of NRM 

Alternating field demagnetization characteristics indicate that rocks from 

part A are more stable against alternating fields than those from part B. Changes 
in NRM intensity and direction during progressive step-wise A.F. demagnetiza-
tion of pilot specimens from part A are shown in Fig. 5. The two normally 
magnetized specimens (OW35-2A, OW39-2A) showed little change in direction 
and the alternating field required to remove one-half of the original NRM (me-
dian destructive field or MDF) was about 200 Oe and 350 Oe (peak), respective-
ly. The three reversely magnetized specimens (OK15-1B, OW28-2A, OF76) 
showed substantial changes in direction. Their intensities increased with increas-
ing demagnetizing fields up to 120-200 Oe then decreased at greater fields while 
the directions began to stabilize near a reversed field orientation. This indicates

Fig, 5. Change in NRM intensity with partial demagnetization by alternating fields of several 

part A specimens. Insert shows the corresponding changes in direction with demag-
netization of these specimens. Open circles show negative inclinations; solid circles 

show positive inclinations.
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Fig. 6. Change in NRM intensity with partial demagnetization by alter-
nating fields of several part B specimens. Insert shows the cor-
responding changes in direction with demagnetization of the 
samples. All specimens had positive inclinations. 

the presence of relatively large normal component superposed on a more stable 
reversed component of magnetization. 

Alternating field demagnetization curves for specimens from part B (Onna-

gawa and Funakawa formations) are shown in Fig. 6. The specimens shown are 
all normally magnetized. MDF values were all less than 120 Oe., which is less 
than half of those of part A specimens. Remanent intensities of specimens from 
the Onnagawa formation became too weak to measure (below the sensitivity of
the magnetometer,1×10-7) at higher dernagnetizing fields than those shown.

Instability of the NRM of many part B specimens was also indicated by the dif-

ficulty in obtaining reproducible NRM measurements and by the dispersion of 

NRM directions of specimens from the same sample block or core. 

6. Magnetic Stratigraphy 

The magnetic polarity sequence based on samples from sites in the Oga 

Peninsula section is shown in Fig. 7. The Onnagawa formation and almost the 

entire Funakawa formation are normally magnetized. Changes in magnetic po-

larity occur near the top of the Funakawa formation and also within the Waki-

moto formation. The intervening section is of reversed magnetic polarity except 

for site 16 in the lower part of the Kitaura formation which is normally mag-

netized. The change in magnetic polarity near the top of the Funakawa forma-
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Fig. 7. Inclination of the partially demagnetized 

NRM of sites from the Funakawa Group. 

Stratigraphic section and site distribution 

are only approximately to scale.

tion corresponds to an abrupt change in NRM intensity. The level at which 
this polarity change occurs is used here as the level separating parts A and B of 
the Funakawa. Group which were described earlier. 

The magnetization polarity sequence shown here is similar to that reported 
by KIMURA (1972) for this area. However, details of Kimura's work on this 
section were not available as of this writing, so that a more detailed comparison 
with his work cannot be made at this time. It should also be noted at this point 
that the distribution of samples in the present study from the lower Kitaura 
formation is neither very dense nor uniform. This is due to the lack of good 
exposure of the lower Kitaura formation on the south coast. The Kitaura for-
mation is better exposed near the town of Kitaura on the north coast (i.e., Ko-
IZUMI, 1968), but unfortunately we were unable to sample at this locality. 

Before any age interpretations based on the reversal pattern can be made, 
it is imperative to establish whether these magnetization polarity changes cor-
respond to reversals of the earth's magnetic field or to some other cause. In 

order to resolve this problem, the following additional magnetic studies were 
made. 

7. Saturation Isothermal Remanent Magnetization (SIRM) 

In order to estimate to what extent the observed variations in NRM inten-

sity are controlled by variations in magnetic mineral content or composition, a
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suite of specimens was given a saturation isothermal remanent magnetization 

(STRM) in a magnetic field in excess of 8 kae. The saturation remanent mag-
netization was then magnetically cleaned at the same peak amplitude of alter-
nating field as was the original NRM of the specimen. Figure 8 shows that large 
variations in NRM intensity are closely paralleled by variations in the SIRM 
intensity of similar amplitude. The ratio of NRM to SIRM intensity is fairly 
constant at about 0.1 % throughout the section and substantial deviations from 
this ratio occur only when the NRM intensities are relatively low. Variations 
in the susceptibility are also sympathetic with the variations in NRM intensity 
but are of the order of 5 times smaller in amplitude. Both parameters, the SIRM 
intensity and the susceptibility, suggest that the variations in NRM intensity are 

primarily due to variations in magnetic mineral content or composition of the 
rocks as opposed to representing variations in the intensity of the paleomagnetic 
field. The SIRM intensity is apparently a more sensitive measure of the varia-
tion in magnetic mineral content than is the susceptibility in these rocks. 

The change in magnetic polarity near the top of the Funakawa formation 
is coincident to not only to an abrupt change in NRM intensity but also a change 
of similar magnitude in the SIRM intensity (Fig. 8). Both the NRM and SIRM 
intensities are about an order of magnitude lower in the normally magnetized 

part of the section stratigraphically below the change in magnetic polarity than 
in the reversely magnetized part of the section above. A similar correspondence

Fig. 8. Plots of the intensity of the saturation TRM (Jrs), the NRM (JNRM) and 
the initial susceptibility (x) of specimens representing part of the Funa-
kawa Group. Units are in c.g.s. per volume. The Jrs and JNRM intensities 
of each specimen are those after treatment by the same alternating field 
amplitude, generally 200 Oe for part A specimens and 75 Oe for part B 
specimens. Parts of the section are magnetically unstable and have been 
remagnetized into the present magnetic field orientation (see text).
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between normal magnetization direction and low NRM and SIRM intensities oc-
curs at site 16. This suggests that these changes in magnetic polarity may be a 
function of the rock magnetic properties rather than field controlled. 

The apparent relationship between intensity and polarity of NRM does not 
hold for the normally magnetized upper Wakimoto formation in which both the 
NRM and SIRM intensities are similar in value to those found in the reversely 
magnetized lower Wakimoto, Kitaura, and uppermost Funakawa formations. 
Furthermore, this reversal in magnetic polarity in the Wakimoto formation is 
not associated with an abrupt change in either the NRM or SIRM intensity but 
is rather within a broad zone of generally lower values. Based on these observa-
tions, in addition to the good stability against alternating fields found for speci-
mens from the Wakimoto and Kitaura formations, it is believed that the reversal 
in magnetization in the Wakimoto formation reflects a reversal of the ancient 

geomagnetic field. 
The decrease in NRM intensity apparently associated with the reversal in 

the Wakimoto formation may be due to a decrease in the earth's magnetic field 

as has been postulated for intensity decreases associated with reversals elsewhere 

(NINKOVICH et al., 1966; HARRISON and SOMAYAJULU, 1966; etc.). However, 
the results of the SIRM measurements show that the most likely explanation for 
the NRM intensity decrease near the Wakimoto formation reversal is a relative 
decrease in the magnetic mineral content is this part of the section. 

8. Secondary Components of Magnetization 

The presence of a large secondary component of magnetization can be seen 
from the results of A-F demagnetization of reversely magnetized rocks in the 

Wakimoto, Kitaura and uppermost Funakawa formations (Fig. 5). The increase 
in NRM intensity of these samples with magnetizing fields as high as 200 Oe 

(peak) shows that the component removed was directed largely in opposition to 
the stable reversed remanent direction (i.e., the component was essentially along 
the present field orientation) and is relatively stable against alternating fields.
The magnitude of the secondary component in these samples ranged from 1.2×

10-6Gauss(or about 50% of the original NRM intensity)in sample OK 15-1B

to 1.7×10-7 Gauss in sample OF76.

The distribution of NRM directions of specimens (one specimen per site) 
from the reversely magnetized zone between site 34 in the Wakimoto for-
mation and site ?5 in the upper Funakawa formation before and after mag-
netic cleaning in a 200 Oe alternating field is shown in Fig. 9. The extent 
to which the NRM directions are affected by the secondary component seems 

to be inversely related to the NRM intensity. Group I specimens, which cor-
respond to the peaks of NRM intensity in Fig. 8, maintained directions near a 
reversed orientation. Group II specimens correspond to those with low values
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Fig. 9. Remanent directions of speci-
mens from the reversely mag-
netized zone (lower Wakimoto, 
Kitaura and uppermost Funa-
kawa formations) before and 
after being magnetically clean-
ed in a 200 Oe alternating field. 
Group I specimens had NRM 
intensities greater than, Group 
II specimens less than, and in-
termediate specimens had NRM
intensities of about, 2.5×10-6

Gauss.

of NRM intensity. Their directions changed substantially toward a reversed 

orientation after magnetic cleaning and the partially demagnetized directions 

formed a streaked distribution, indicating that not all of the secondary com-

ponent had been removed. Intermediate samples had NRM intensities around
2.5×10-6 Gauss, experienced moderate changes in direction as a result of mag-

netic cleaning, and had partially cleaned directions that generally fell between 
those of Group I and Group II specimens. The specimen from site 16 which 
maintained a positive inclination does not properly belong to Group II, but 
rather should be placed with the normally magnetized part B rocks which will 
be discussed below. 

9. Viscous Remanent Magnetization (VRM) 

Several specimens were tested for their ability to acquire an isothermal 
viscous remanent magnetization (VRM). Specimens for the test were A.F. de-
magnetized at 300 Oe (peak) and then placed in a field-free environment over-
night. Their magnetizations were measured on a slow-spin magnetometer after 
which they were placed with a known orientation in a constant field. A 1.0 Oe 

field was chosen to shorten the experimental time. Measurements of the acquired 
viscous magnetization in each specimen were made at logarithmically spaced 
time intervals over a period of 100 hours. From these measured values, the 
magnetic viscosity coefficient, S, was calculated for each specimen from the best 
fitting line through the points, assuming that the acquisition followed the formu-
la⊿J=Slog t, where ⊿J is the intensity of VRM acquired in time t hours

(THELLIER, 1938; SHIMIZU, 1960) (Fig. 10). These results are listed in Table 1. 
All specimens examined here acquired a VRM under these conditions. The data
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from specimen OF61-A was very scattered and the acquisition of the VRM was 
not very uniform with time. However, the intensity of the component acquired 
at the end of 100 hours was over 60% of the sample's original NRM intensity . 
Apparently the sample was so unstable that the few minutes spent outside the 
controlled field during each measurement of remanence was sufficient for the 
component acquired in the controlled field to be altered significantly .

The magnitude of the VRM com-

ponent that could be acquired by each 
of the samples since the Brunhes-

Matuyama reversal may be calculated

from the formula⊿J=Slog t, using

the measured values of S and a re-

presentative time,t=6.9×105 years

or 6.04×109 hours. However, since

the field at Oga Peninsula is roughly 
50% of the value used in this experi-

 ment, the value of S needs to be ad-

justed in order to obtain more realis-
tic values of the VRM component. 
The reported linear relationship be-
tween S and applied field, H, (SHI-
MIZU, 1960) can be used which essen-
tially halves the measured values of 
S for the above calculation (Table 1). 
The results show that the VRM that 
could be acquired since the Brunhes 
in a 0.5 Oe field was almost as great 
or greater than the NRM intensity of 
all but three specimens (OK 18-2A, 
0W37-1A, and OW40-1). These three 
specimens, all from part A, were char-
acterized by NRM intensities that 
were considerably greater than those 
of the other samples. The magnitudes 

Fig. 10. Acquisition of isothermal viscous 
remanent magnetization in a 1.0Oe 
field by ten specimens from the 
Funakawa Group. Slope of the 
best fitting line through the points 
of each sample is the magnetic vis-
cosity coefficient, S, assuming the
formula ⊿J=Slog t.
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Table 1. Results of VRM experiment on some specimens from Oga Peninsula.

1. measured value (in Gauss, G, with respect to time in hours), H=1.0 Oe. 
2. derived value for H=0.5 Oe assuming linear relationship between S and H (see text). 
3. VRM that could be acquired since Brunhes-Matuyama reversal in H=0.5 Oe. 
4. alternating field required to reduce VRM (H= 1.0 Oe, t=100 hrs) to half its original value. 
* very unstable sample (see text). 

of the VRMs that could be acquired over the Brunhes by the ten specimens cal-
culated here were within a factor of two of the magnitude of the secondary 
component found in reversely magnetized part A rocks. 

The VRM's acquired by these specimens in 100 hours were subjected to 

progressive a.f, demagnetization. The MDF ranged from 43 Oe to 81 Oe (Table 
1). For several specimens, demagnetizing fields in excess of 200 Oe were neces-
sary to remove the VRM acquired in only 100 hours. 

10. Discussion 

The magnitudes of the magnetic viscosity coefficient, S, calculated from 
the data from several specimens representing the Oga section, show that both 
the direction and intensity of the observed secondary component in rocks from 

part A as well as the NRM of part B rocks can be explained as a VRM acquired 
during the Brunhes normal polarity epoch. The range of NRM intensities of 
lower section rocks was similar to both the range of intensities of the secondary 
component of magnetization calculated from several reversely magnetized rocks 
as well as that of the calculated VRM component that could be acquired over 
the Brunhes normal magnetic epoch (Table 1), all being in the range 10-7 to 
10-6 Gauss. 

In the specimens studied in the VRM experiment, the magnitude of S was 
found to vary by at least a factor of two less than the variation in NRM inten-
sity of these specimens. This implies that an acquired VRM would generally be 

proportionally less important in those rocks from Oga with high NRM intensi-
ties. The relationship found between NRM intensity and the effect of the second-
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ary component of, magnetization in the reversely magnetized zone shows this to 
be the case. The NRM directions of samples with relatively high NRM inten-
sities grouped near a reversed field orientation while the distribution of direc-
tions of samples with low intensities tended to be more scattered. Since varia-
tions in NRM intensity have been found to be primarily a function of variations 
in magnetic mineral content or composition, a fairly uniform soft component 
of magnetization must be present but a hard component capable of carrying a 
stable remanence varies greatly in these rocks; this assumes that the magnitude 
of S is proportional to the soft component. The coincidence between the large 
change in SIRM intensity and NRM polarity near the top of the Funakawa for-
mation suggests that this change in magnetization direction is a function of dif-
ferences in the importance of the VRM component and not due to a reversal of 
the field. 

The relatively high stabilities against alternating fields found for the VRMs 
acquired by several specimens in the laboratory substantially agree with the 
work of BIQUAND and PREVOT (1971) who showed that VRMs acquired over only 
relatively short periods of time can be quite stable. Their work as well as the 
results reported here disagree somewhat with the work of RIMBERT (1956) on 
VRM. Her studies indicated that effective demagnetizing fields of about 100 Oe 
would be sufficient to erase a VRM acquired in the earth's field since the begin-
ning of the Brunhes. Demagnetization experiments on specimens from the re-
versely magnetized zone done here show that alternating fields of at least 200 Oe 

peak amplitude were necessary to effectively remove the secondary component 
which is believed to be due to viscous remanence. The stability against alter-
nating fields of the NRMs of part B rocks is also compatible with the interpreta-

tion that these NRMs are predominantly VRMs acquired over a long period of 
time in a normal field. 

It is probable that reversals of the field occurred during the formation of 
the Onnagawa and Funakawa formations and that a primary remanence is pre-
served in these rocks. However, because of the dominance of secondary com-

ponents which were difficult to remove with the techniques employed little evi-
dence for geomagnetic reversals has been found in samples from the Onnagawa 
and most of the Funakawa formations. 

11. Conclusions 

1) Both the initial susceptibility and the SIRM intensity vary in the same 
sense as the NRM intensity. However, the SIRM intensity was found to be the 
more effective parameter in normalizing the NRM intensity for variations in 
magnetic mineral content and composition. The variation in NRM intensity in 

the Oga rocks was due primarily to variations in magnetic mineral content and 
composition as opposed to variations in paleofield strength.
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2) Only one reversal in magnetization polarity was found that represents 
a reversal of the paleofield. This reversal occurs in the Wakimoto formation 
with the upper Wakimoto formation of normal polarity and the lower Waki-
moto, Kitaura and uppermost Funakawa formation of reversed polarity. The 
original magnetization polarity of the Onnagawa formation, and most of the 
Funakawa formation is unknown due to the dominance of the normally oriented 
secondary component which is interpreted as being a VRM. 

3) In terms of resolving some of the problems in the age designation of 
formations in the Oga section, the magnetic stratigraphy is difficult to interpret. 
Since only one reliable reversal was found, no complete magnetic polarity epoch 
or event was delineated in the section and any age inference based solely on the 

pattern of reversals cannot be made. Some possible correlations can be made 
with the use of faunal or floral control. 

KIMURA (1972) has correlated the normal polarity zone in the upper Waki-
moto formation with the Gauss Normal Epoch and the reversed polarity zone 
in the lower Wakimoto-Kitaura formations to the upper part of the Gilbert Re-
versed Epoch. However, a comparison between some of the diatom flora in the 
Oga section and that in equatorial Pacific deep-sea sediments has led BURCKLE 

(1971) to propose a lower Upper Pliocene age (middle of the Gauss Normal Mag-
netic Epoch) for the middle of the Funakawa formation. The normally mag-
netized zone in the upper Wakimoto formation may then be part of the Olduvai 
event. More recent work with foraminifera (MAIYA et al., 1973) suggest an 
even younger age for the upper Wakimoto formation, possibly as young as 
the Jaramillo event. Since we cannot distinguish among the various age pos-
sibilities on the basis of the magnetic results alone, the question of dating the 
formations on Oga Peninsula must remain open until further work is done on 
faunal and floral stratigraphy. Also, due to sampling inadequacies, additional 
magnetic polarity zones may have been undetected, especially in the lower part 
of the Kitaura formation. 
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