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ABSTRACT. One of the weaknesses of the Thelliers' technique for paleointensity determina
tion is the lack of definitive criteria by which the reliability of the results can be assessed. 
Linearity of the NRM-TRM curves, though a neeessary condition of ideal behavior, has been 
experimentally shown to be insufficient. We propose an approach in whieh the entire 
paleofield vector (intensity and direction) is determined by the Thelliers' method, The reliabil· 
ity of the intensity estimate is then judged on the basis of internal consistency within and bet· 
ween specimens from the same sample, and on concordence between experimentally deter
mined directions and the directions of stable NRM. Testing of the method on real and synthe
tic data indicate its viability. 

Introduction 

The standard method adopted by most laboratories 
for the determination of paleointensity from igneous 
rocks is the Thelliers' technique (Thellier and Thellier 
1959), This method exploits the linearity and additiv
ity properties of TRM (thermo remanent magnetiza
tion) and makes comparisons with NRM (natural re
manent magnetization) and an artificial TRM in a 
series of temperature intervals between room temper
ature and the Curie point. The results are convention
ally presented in the form of an x-y plot (Arai diag
ram) and the paleofield intensity is obtained from the 
slope of its linear segment if any, 

This technique has frequently been criticised for its 
time consuming nature and low rate of successful de
terminations. However, attempts to replace it by more 
efficient methods have been unsuccessful and the 
techniques still remains as the best approach to obtain
ing internally consistent paleointensity data (Van Zijl 
et ai, 1962, Benetjee and Mellema 1974 and Shaw 
1974), Recently, however, the method was sharply 
criticised by Walton (1984,1985, and 1988) on a more 
serious ground; namely lack of reproducibility, Speci
fically, Walton sited results obtained by Aitken et al. 
(1984 and 1985) from Egypt and Mesopotamia and 
pointed out the discrepancies between paleointensity 
values of the same points in time, He argued that the 
large scatter shown by these and other results can not 
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be attributed to simple random errors inherent in the 
experimental procedures used, He claimed that he has 
"obtained compelling evidence that mineral alteration 
is responsible for the scatter. Indeed, there is no other 
candidate. ,. 

Walton previously (1983) raised the question of 
mineralogical alterations and their probable effect on 
paleointensity estimates obtained by different 
methods, He considered a thermally activated process 
and showed that if such change occurs in the course of 
the Thelliers' experiment it will severely bias the slope 
of the NRM-TRM curve with the menace of keeping 
its linearity characteristic intact. Thus, Walton's re
sults indicate that linearity, which is the main criterion 
used in judging the reliability of paleointensity values 
obtained by the Thelliers' method, can be deceptive, 
In fact, his results seem to support a long suspected 
conclusion that linearity is a necessary but not a suffi
cient condition for the validity of paleointensity esti
mates obtained by the Thelliers' method, Walton 
(1984 and 1988) proposes an elaborate method to de
tect such alterations and to correct the systematic bias 
they introduce in the slope of Arai plot. 

In this paper. we suggest a new approach for the ,de
termination of paleointensity by the Thelliers' tech
nique which we believe could provide a more direct 
means to detect the effect of alterations and judge tbe 
reliability of paleointensity results, Our approa~h is 
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based on using the total information content of the 
NRM signal to retrieve the paleofield vector. i.e., its 
intensity as well as its direction. Thus, in this method 
we use the Thelliers' technique to obtain estimates not 
only of the scaler magnitude of the paJeofield vector, 
but also of its components relative to the sample-fixed 
coordinate system. A paleointensity result is judged as 
reliable if it is derived from internally consistent field 
intensity values and it reproduces the stable NRM di
rection within experimental errors. 

Experimental Procedure 

Background 

Several modifications of the Thelliers' method have 
been suggested but the one in common use is that de
scribed by Coe (1967). In this version, the specimen is 
subjected to a series of paired heatings with field-on 
and field-off steps. After the field-off heating step to 
temperature Ti (~ Tr) the remanence measured is: 

D" (Ti' Tc) J", In(Tr' T) (1) 

where Tr and Tc are room temperature and the Curie 
point, respeetiveJy. 1 N is the total NRM, Dn and l" are 
the NRM remaining between Ti and Tc and that 
(PNRM) lost between T and T. After the field-on 
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heating step to the same temperature Ti' the rema-
nence measured is : 

(2) 

where liTr' T) is the artificial TRM acquired bet
ween Tr and T; in a known laboratory field Fa' Assum
ing that Dn and In are parallel, and also assuming that 
linearity and additivity hold for both the original NRM 
and laboratory TRM, Coe (1967) showed that: 

(3) 

where Fe is the paJeofield intensity. If we relax the as
sumption of parallelism of Dn and In and write the equ
ations above in terms of vector quantities, then the 
vector equivalent of equation (3) written in terms of 
scaler components is : 

DniT;. Tr)=Jv,-(Fe/Fo,)JaiTr' T), U=x.y, z) (4) 

Our experimental procedure consists of using three 
specimens from the same core which we arrange in the 
furnace in such a way that the applied field Fe is paral
lel to one of the coordinate axes of each specimen. 
Thus, by applying equations (3) and (4), we obtain 
from each specimen estimates of F and F ·0' 

e eJ 

x, y, z); the latter is used to determine the direction of 
Fe(i.e. inclination J, and declination D). A paleointen
sity value in this procedure is, therefore, derived from 
three independent estimates of Fe and its reliability is 

judged on the basis of internal consistency between 
these estimates and on concordance between the di
rection of and that of stable NRM. 

Mathematical Basis 

The gist of our approach is the fact that the direction 
of stable NRM and, hence, of Fe is known prior to any 
destructive treatment of NRM. Therefore, if in the 
course ofthe TheIliers' experiments mineralogical alt
erations occur and bias the slopes of the linear seg
ments of the NRM-TRM curves, then the values of the 
scaler components of Fe obtained from these slopes 
will not reproduce the direction of stable NRM except 
in a few predictable cases. This is illustrated in the vec
tor diagram of Fig. 1, where F is the true paleofield 
vector, F' is the experimentally determined estimate 
of F by the Thelliers' method, and E is the error vec
tor. It is clear from the diagram that: 

F' = F + E. 

F 

F'· F + E 

I 
I 

I 
I 
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FIG. I. Vector representation of the true paleofield (F). the experi
mentally determined palt~ofield (F), and the error (E) vec
tors. E is partitioned normal to F (eJ and parallel to F' (ef ): 

only (e,,) contributes to cpo 

The error vector E can be written as : 

E = f, f + E,f + e; k = elF + e, j + et/(cos I) D (5) 

where: Ex' e, ' E; are the relative (to F) errors in F, . 
F,., and Fz respectively; ep e" e" are the relative errors 
in intensity, inclination, and declination of the 
paleofield. Throughout this discussion. we assume 
equal relative errors in the paleofield components (i.e. 
ex E, Ez = e). This is a reasonable assumption, 
since these CVlilponents are determined from adjacent 
specimens from the same core (implying similar 
magnetic mineralogies) and are thermally treated 
under similar conditions. Under this assumption one 
may write: 

eI = e( G cos I + sin I) 

e j £(cos J G sin I) 

ed e G' / (cos J) 

(6) 

(7) 

(8) 
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where (I, D) is the direction of stable NRM and: 

G cos D + sin D 
G' cos D-sin D 

(9) 

Thus, for e· "" 0, and ei ed 0, we have from equ-
ations (7), (8), and (9), Do 545 0

, and 22So, and 10 = 

3S.26°, respectively. 

These are the only two ambiguous cases for which 
the test fails; where cp 0 (the angle between F and 
F'), and eI has an extermum value (± 1. 732c). For all 
other values of 1 and D. the error vector E has a com
ponent normal to F and thus the direction of F(i.e. di
rection of stable NRM and that of F') will diverge re
sulting in a measurable cpo 
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FIG. 2. Variation of efa). ",(b). ed(c) with declination of stable 
NRM for I 5° (solid). 3500 (dashed). 55 (dotted) and 75° 
(dash-dot) variation of <pwith <',is shown in (d). 

Figure 2 illustrates the behaviour of eJ' ei , and etl as 
functions of D at several values of I. Figure 2a and 
equation (6) show that for all values of -S4.73° :5 1:5 
S4.73° eI has at most two zeros at either side of D 
22SO. This indicates that the possibility exist for cp "" 0, 
while eI O. which occurs when E is entirely perpen
dicular to F. In this case equation (6) yields: 

sin (2D) tan2 1 - 1 (to) 

Therefore, before assessing the reliability of F', it 
may be necessary to check if relation (to) is satisfied 
by stable NRM direction; if it is, then cp "" 0 is merely a 
false alarm. Referring back to Fig. 1, it is easy to show 
that: 

cos cp (11) 

This relation is sketched in Fig. 2c for c O.lS. Note 
that for a fixed cp increases as eI decreases. 

Experimental Test 

We tested this approach on synthetic and real data. 
In the first case, we selected three specimens of stan
dard size and heated them to 700OC, then cooled back 
to room-temperature in the ambient geomagnetic 
field of our laboratory. Direct measurements using a 
portable fluxgate magnetometer yield values of 36.0 ± 
2.0 I.a and 35.0 ± So for the intensity and inclination, 
respectively, of the field in the laboratory. The speci
mens were then subjected to the conventional routine 
of the Thelliers' experiments, but with the specimens 
arranged such that the applied field in the furnace is 
parallel to one of their coordinate axes. 

The Arai diagrams for this sample are shown in Fig. 
3. We note that the three specimens behave almost 
identically; in the temperature range 2S-S00°C they 
exhibit no mineralogical instabilities, but above 
SOO°e, they undergo large increases in their TRM ac
quisition capacity probably due to further high temp
erature oxidation. For paleofield determination, we 
used the NRM-TRM points in the stable range (2S
SOO°C). The results are summarized in Table 1a. The 
sample reproduces the paleofield vector almost 
exactly. This and other similar results (not included 
here) indeed attest to the reliability of the Thelliers' 
technique in the absence of mineralogical alterations. 
The fact that cp 0, and (I. D) are not near the critical 
values, assures that F' does not contain significant 
error. In the present case. this conclusion is easily ver
ified by comparing the experimentally determined 
parameters (F', r, and D') of the paJeofield vector 
with those known from direct measurements given 
above. 

In the second test, we used a sample from Harrat 
Rahat near the town of Rabigh. The age of the lava 
flows in this area is estimated at 25 My (Coleman 
1987). Analysis of the NRM direction of this sample 
clearly indicates that the primary remanence is over
printed by a large secondary component. The direc .. · 
tion of this secondary component is nearly 1800 away 
from that of the primary remanence, and has a block
ing temperature spectrum between 25 and 300"C. The 
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TABLE L Summary ofresults for the synthetic (a) and real (b) data. 
Fe and Ft are component and total intensities. Mean val~ 
ues of the various estimates are given in the lower tables. 

(a) Sample No: VCTR-()3 

Specimen Fe 

N -22.25 

E - 1.56 

v 31.05 

Mean Val. Intens. 

Ft 37. J() 

Fe 38.23 

(b) Sample No: S01085 

Specimen Fe 

N 9.33 

E 30.00 

V -18.36 

Mean Val. [ntens. 

Ft 29.73 

Fe 36.39 

Ft 

39.23 

33.68 

38.40 

I 

54.49 

54.31 

24.84 

36.06 

211.29 

I 

-38.62 

-30.30 

54.01 

53.94 

D 

184.74 

184.01 

D 

1112.51 

1114.51 

187.\0 

Theta 

0.46 

ble Direction 

D 

-37.69 61.84 

-37.72 66.24 

65.39 

D Theta 

64.48 
10.73 

72.72 

Arai diagrams for this sample are shown in Fig. 4. We 
observe in these figures that above 300°C, the NRM
TRM points define a linear segment up to about 510°C 
above this temperature the points appear to deviate 
toward increasing TRM capacity. We therefore, used 
the points in these intervaI300-510°C to determine the 
paleofield vector and obtained the results in Table lb. 
It is clear from the figures that the paleofield veetor 
(FJ diverges from the direction of stable NRM with 'P 
> 10°. That is to say ,the experimentally determined 
components of F' do not reproduce the true paleofield 
direction. Moreover, the NRM direction for this sam
ple does not satisfy equation 10, implying that F' is in 
error. 

Conclusion 

As we pointed out in the introduction. the Thel1iers' 
technique suffers from lack of a definitive criterion for 
assessing its results. The method as conventionally 
applied offers no more than the linearity of a segment 
of the N RM-TRM curve which is routinely interpreted 
as indicative of ideal behaviour and is. thus. used for 
paleointensity determination. Moreover, the NRM-
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FIG. 4. Arai diagrams for sample SOlOS5 from Harrat Rahat. The 
sample from lava flow dated at 25 My BP. Note that the ef
fect of soft secondary magnetization at lower temperature 
range 25-3()()°C. 

TRM curve frequently may contain more than one 
linear segments and the decision on which one to be 
used for intensity estimation is often based on subjec
tive criteria. The approach we described in this paper 
uses all the information in NRM signal to provide an 
additional constraint on the validity of a paleointensity 
estimate obtained by this technique. 
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