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Paleostrength of the Geomagnetic Field in the Early Permian
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Rocks of the Lower Permian section in the neighborhood of the Teberda River

(Northern Caucasus) were investigated by the Telye method.

Paleostrength was

determined in 260 samples from 23 "points" (calcined contacts and covering por-

phyrites)..
ation S = 0.09.

deviation is S = 0.06.

A very small number of studies have been de-
voted to research on paleostrength of the geo-
magnetic field in the Late Paleozoic and especially
in the Permian. In order to estimate paleostrength
during the Permian, Krs [l] and Schwarz and Symons
[2] used the Telye successive heatings method; in
[1] for cassiterites, and in [2] for basalts. In
[3], Khramov determined paleostrength in the Late
Paleozoic by the reprecipitation method, using the
magnetization of sedimentary rocks.
method and the reprecipitation method gave consis-
tent results for the Permian, which enabled
Bolshakov and Solodovnikov [4] to conclude that
in the Permian, paleostrength was close to the
modern level.

Among the later investigations, mention should
be made of a study by Senanayake and McElhinny [5],
who for estimating paleostrength applied the Shaw
method for strongly oxidized Permian igneous rocks.
Paleostrength was determined from the magnetiza-
tions associated, in the opinion of the authors,
with different ferromagnetics: magnetite and hema-
tite. In this case, identical Ha e values were

obtained, which made it possible to conclude that
oxidation proceeded to the thermomagnetization of
the rocks. Different results were obtained in two
collections of Permian rocks of different age: in
one collection, Hanc was 0.87 of the modern geo--

magnetic field, and in the other, 0.45. The study
by Senanayake and McElhinny evidently gave the

most convincing data on the paleostrength of the
geomagnetic field in the Permian. These results
indicate that in the Late Paleozoic the geomagnetic
field was different from that in the Mesozoic.

SECTION IN NORTHERN CAUCASUS

An effusive-sedimentary rock complex (¢=43° N,
XA = 42°E), belonging to the upper stratum of the
Lower Permian [6], is exposed between Verkhnyaya
Teberda and Nizhnyaya Teberda villages on the left
bank of the Teberda River [6]. Paleomagnetic
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The Telye “

The paleostrength was 0.46 of the modern level with a standard devi-

A study was also made of a section in Central Asia (Chatkal Range,
Uzbekistan), related to the bottom of the Lower Permian.
0.82 of the modern level was obtained for 8 "points" (108 samples).

A paleostrength equal to
The standard
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Fig. 1.

Stereograms of In directions:

a) Northern Caucasus section; b) Uzbeki-
stan section.

research was carried out earlier in this region [7,
8]. The results confirm the Early Permian age of
the rocks.

The studied section, whose thickness is roughly
350 m, consists of flows of porphyrites, and between
them, there are sometimes small interlayers of
tuffogenic-sedimentary rocks. More than 20 calcined
contacts were found in which, because of the small
thickness of the covering porphyrites, the calcined
zones usually make up only a few tens of centimeters
below the contact line. The calcined rocks are
represented primarily by tuffogenic-sedimentary
material (tuff clays, tuffs) and calcined porphy-
rites of the underlying flows. At a number of con-
tacts (5, 13, 16, and others), it was possible to
sample lithologically different calcined rocks. In
all cases, in addition to the basic sampling in the
calcined zones, oriented samples of calcining por-
phyrites were also taken. More than 750 oriented
specimens were taken from 23 points (contacts) in
the section. They are numbered from the recent to
the more ancient rocks.

Laboratory measurements indicated that most
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of the samples have reverse magnetization. Only lection by the Wilson-Burakov method [9], some of
some of the covering porphyrites have magnetiza- the samples, not having a similarity to the In(T)

tion of direct polarity, but laboratory thermal
cleaning indicated that this magnetization is un-
stable and apparently was acquired later. The these were samples of covering porphyrites), but the
stereogram (Fig. la) shows the mean directions more than 300 remaining samples were subjected to
heating by the Telye method. Most of them were suit-
able for determining paleostrength: insignificant

and Irt(T) curves, were rejected (for the most part,

for the entire section. The mean position of the

peisopol for the encire section (V705 \TH2) Changes in « and stability of the dsrection I,
Temperature research indicated that some of the course of heating, and also checking by repeated
the section samples are characterized by the pres- 300 degree heatings, together made it possible to
ence of maghemite. However, in the calcined rocks, use them for computing the similarity coefficient X.
in comparison with the covering porphyrites, the The principal temperature intervals for determining
contribution of the maghemite to the total magne- K were from 300-400° to 600-625°C. However, for
tization is considerably less, and in the high- some of the samples, it was also possible to compute
temperature intervals (beginning with 350°), its K in the low-temperature region. In this case, the
influence can evidently be neglected. K coefficient values virtually did not differ from

one another. Figure 2 shows Arai-Nagata dependen-
cies for a number of section samples. For example,
on graphs I-3 (Fig. 2), for three samples from the
very same contact, the temperature intervals for

After laboratory heatings of the entire col- determining paleostrength were different.

DETERMINATION OF PALEOSTRENGTH AND
RELIABILITY OF RESULTS
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Fig. 3. In(T) and Irt(T) curves: a)

sample from calcined zone; b) sample
from uncalcined rock (Z = 100 cm).

calcined tuff clays, this was 0-525°, for calcined
porphyrite 300-550°, and for covering porphyrite
450-575°. However, the K coefficient in these
cases is the same within the limits of accuracy.
The final results of determination of the
paleostrength value for both each point (contact)
and for the entire section are given on the righ-
hand side of Table 1. The investigated section
must be deemed rather homogeneous in paleostrength:
at all points (contacts), there are considerably

reduced Manc values in comparison with MO. How-

ever, it can be noted that in the upper part of
the section (points 1-12), the Hanc values are

greater than the corresponding values for the bot-
tom of the show. For example, for points 1-12,

= 0.37 + 0.01, but for points 13-23, K =
mean mean

0.26 + 0.01. According to 260 determinations from
23 points, Manc/Mb = 0.46 + 0.04 with a standard

deviation S = 0.09. This value is very close to
the corresponding value Manc/MO’ determined earlier

for Jurassic rocks [10]. We feel that the reli-
ability of the results is confirmed by the follow-
ing.

1. In comparison with samples from the un-
calcined tuffogenic-sedimentary parts of the sec-
tion, rocks from the calcined zones have a greater
stability during the course of laboratory heatings,
but the In and Irt thermal curves are similar in
the temperature intervals for determining Hanc

Figure 3 shows two graphs: In(T) and Irt(T)‘

Inominal units a

I nominal units

100 -

N 333
=100 cm

a0 -

, .
0 200 400 7%

Fig. 4. Irs(T) curves:

calcined zone; b) sample from uncalcined
zone.

a) sample from

For a sample from the calcined zone of point 12,
there is a similarity of the In(T) and Irt(T) curves

in virtually the entire temperature interval. The
In(T) and Irt(T) thermal curves of a sample of un-

calcined rock (Z = 100 cm) are characterized by an
absence of similarity and a change in Tc after heat-

ing. A similar picture can also be seen for the
Irs(T) curves (Fig. 4) of samples from this same

contact. In the calcined zone, there is an Irs(T)

and Irs(T) similarity and insignificant changes in

Irs after the first heating.

the uncalcined zone, after the first heating, there
is a considerable increase in the Irs value, and

In the sample from

there is no similarity of the thermal curves for
the first and second heatings.

2. In many contacts of the Teberda section,
the Hanc value was computed for lithologically dif-

ferent rocks calcined by the very same flow. How-
ever, the determined Hanc values differed insigni-

ficantly from one another. The graphs 4-6 in Fig. 2
show the Arai-Nagata dependencies for calcined por-
phyrite, tuff, and tuff sandstone for contact 16.
Within the limits of accuracy, determinations of

the K coefficient for these three samples can be
considered identical.

3. In this section, in contrast, for example,
to the Lower Jurassic shows, it was possible, when
determining Hanc’ also to make use of samples taken
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Fig. 6. Arai-Nagata dependencies for samples
from Uzbekistan section: a) calcined tuff
from calcining porphyrites. In this case (see (2 = 10 cm); b).tuff (Lm0 ?m)é c)‘calclned
Table 1), there is a good agreement between the X tuld tavEy d) lllac.thf; o) dgnilnibritey )
coefficients computed separately for samples of Galiciated bk,
porphyrites and calcined rocks. The graphs 7 and
8 in Fig. 2 (point 6) show ome such example. Fig-
ure 5 shows histograms of the K coefficient values
computed for samples from the covering porphyrites

and calcined rocks. It can be seen that the X dis- calcined contacts were detected in the show. Un-
tributions have the same single-mode form and in fortunately, the main mass of both the effusives
general differ insignificantly from one another. and the contact zones has extremely low magnetiza-

4. In most section samples, the ferromagnetic

-6
" . : i its). For thi
minerals have Curie points close to Tc of magne- tion (om the order of I0 GEs, Minles) -

reason, the Telye method cannot be used for deter-
tite. However, for some contacts, there are sam- mining paleostrength. More magnetic rocks are
ples whose Tc differ considerably from one another. found only amidst the flows of tuffs and ignimbrites.
A total of more than 150 oriented specimens from 8
points in the section were sampled, including 5 cal-
cined contacts.

The mean directions of the natural remanent

For example, on graphs 9 and 10 in Fig. 2, two sam-
ples of calcined porphyrites (contact 3) have dif-
ferent Tc' In calcined tuff clay from contact 11

(graphs 11 and 12 in Fig. 2), the very same picture magnetization of the flows and contacts after tem—
is observed. 1In both cases, the X coefficients perature cleaning, as well as the positions of the
are virtually identical. : virtual poles, are represented in the left part of
On the basis of the material presented above, Table 2. All this is shown graphically in the
taking into account the great number of Hanc de- stereogram in Fig. lb. Mean In for the section as
terminations and the good convergence of the data a whole: D = 147°, j = -41°. This is in very good
registered at each point (contact) and in the en- agreement with the data in [13, 14], obtained ear-
tire section, one can conclude that the results lier. After discarding the heatings by the Wilson-
cited in Table 1 are to a high degree reliable. Burakov method, we heated the remaining samples by

the Telye method; 108 of them were suitable for
determining Hanc' The results for both the points

SECTION IN UZBEKISTAN and for the section as a whole are indicated in

A series of effusive rocks belonging to the the right-hand side of Table 2.
Shurabsay suite of the Early Permian [11] is ex-— Figure 6 shows the Arai-Nagata dependencies
posed in the southwestern spurs of the Chatkal for a number of samples from different points in
Range (Tashkent Oblast, Uzbek SSR, ¢=41°N, A = the section. The graphs I and 2 in Fig. 6, for
70°E) in the neighborhood of the Shavazsay River. example, represent tuff samples for point I from
Absolute age determinations gave a value 280 * 5 the calcined zones 70 cm below the contact line.
million years [12]. The section, whose thickness In the first case, there is a similarity of In(T)

is 250-300 m, for the most part consists of acidic
effusive flows of liparitic composition, alternat-
ing with strata of tuffs and ignimbrites. Many 550°). In the second graph, such a similarity is

and Irt(T) in a great temperature interval (100-
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absent; that is, at a distance of 70 cm from the
contact line, there probably was no longer high-
temperature tuff calcining.

In contrast to the Lower Permian Teberda rocks,
the temperature intervals for determining Hanc of

this section are more representative, and are
limited to 100-300° from below and 550-575° in the
high-temperature range. In the main mass of the
samples, the ferromagnetic mineral is evidently
magnetite (for example, on graph 3 in Fig. 6).
Only in individual cases is it possible to compute

H;nc in samples containing hematite. For example,

on graph 4 in Fig. 6 Hanc was determined in the

temperature range to 650°C.
A whole series of samples evidently contains
hematite (its contribution to total magnetization

In is usually insignificant), and its thermorema-

nent origin In must be questioned. The similarity

of I (T) and Ift(T) at temperatures 575-675° is

impaired, and stability of D and J in this heating
interval is absent. There are few such samples

in the general mass, and they scarcely exert a sub-
stantial effect on the final results of the deter-
mined Hanc values. An example of such a sample

containing hematite is the ignimbrite from point
8. The Arai-Nagata dependence for it is shown on
graph o in Fig. 6.

We note that in the Lower Permian section of
Central Asia, samples that contain maghemite are
rarely encountered. The contribution of maghemite
to total In is considerably less than in the Lower

Permain Teberda rocks. For example, from 11 sam-
ples at point I, maghemite was discovered only in
one. The Arai-Nagata dependence for it is shown
on graph 6 in Fig. 6.

The Lower Permian section of Uzbekistan is
naturally less representative than the correspond-
ing section for the Northern Caucasus. However,
five calcined contacts were investigated there,

and the K coefficient was determined in a broad
temperature range. Extremely important, the mean
Manc/Mb values of the points differ little from one

another, although the flows and contacts entering
into the section are lithologically inhomogeneous.
As an average for the section M’anc/M0 = 0.82 +

0.02 with a standard deviation S = 0.06.
Strength values, differing from one another
by a factor of almost 2, were therefore obtained
for two widely separated sections, the formation
of which is assigned to different times in the Per-

mian (Uzbek section, to the onset of the Early Per-

mian, but for the Northern Caucasus section, to its
end). The determined Hanc values, almost perfectly

coinciding with values determined in the study by
Senanayake and McElhinny, indicate that the change
in paleostrength in the Late Paleozoic had a complex
character and differed considerably from its be-
havior in the Mesozoic. The small value of the
standard deviation, which indicates that in the

Late Paleozoic as well as in the Mesozoic, the secu-
lar paleostrength variations were less by a factor
of 5-8 than in the Cenozoic, merits attention.

Received February 29, 1988
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