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ABSTRACT

This investigation had twe geals. The first was an attempt to
verify a reported rapid increase in the fntensity of the earth's
ragnetic field in the time period 800-1000 A.D., which was first
noted by 3ucha in 1970, The second was to measure fntensity and
nagnetization dfrection on archeclogical sarples between 4000 and

8000 years '‘n age.

For the first odbjective, potshards from Utah Highway 95 archeo-
logfcal digs were used. The styles of pottery were tree ring dated

750-1100 A.D. at other sites, For the second cbjective, baked earth

“

arples collected from the Swdden Shelter site in southern Utah
spanning 1360-7563 B.P. were used,

Paleointensities were deternined using the couble heating
technigue ceveloped by Thellfer (1935).

The paleointensities of the potsherds confirmed the anomalous
increase in intensity from 800-1000 5.C, as well 2as the existence of
relatively short period secular variation in magnetic intansity.

The directional deta cbtained from the Sudcen Shelter samples
nad poor statistical precision and the mean direction was displaced
from the axial dipale direction towmards the present field indicating
2 viscous magnetization.

Faleointensity data from the Sudden Shelter site was margimal.

They ¢efined a trend differing systematically from thet found by Bucha
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ARCHEOMAGNETISM AND THE SECULAR VARIATION

By using ancient baked potteries and other baked artifacts which
have survived to the prasent, one can study the secular variation
of the earth's magnetic field over the period when these objects were
made, These objects acguired a stable TAM which records the carth's
field at the time when they were he:tad and subsequently ccoled in
the earth's field. This thesis is concermed with both the direction
and magnitude of the earth's magnetic field in the past.

The virtua) magnetfc pole positicn appears to wander in a de-
finite pattern with up to 20° ceviaticns from the geographic pole
(Fig. 1). The average position over 1000 years nearly coincides with
the geographic pole of the earth, N, J. Aftken (Fig. 'a] has shown
that the secular varfation over the past four centuries 1s not re-
presentative of the historical past, which makes the previous idea of
a sfaple cyclfc secular varfatfon unthinkable., If the main dipole of
the earth were to wander, varfations in apparent pole posfition would
be identical the world over. But §f the varfations in apparent pole
position are due only to local events, then different polar paths
should be found at separate places on the earth., It fs also possible
that the apparent path of the pole s due to a wandering of the nain
dipole 1n a counter-clockwise sense with a superinposed local effect
producing the smaller varfations.

By using archeological materials, informaticn about the apparent

dipole moment of the ancfent geomagnetic field can also be derived.




Fig L Agparent pols positicas for archeomagnetic data,
Clochkwise loops show westword delft and counter~
Clockwise show soutwaord ¥t From: Xowdl of ol
1968.




If the apparent geomagnetic dipole moment varies from one location
to another at the same time, this mould be an indication of local
secular variation. [f the apparent dipole moment is similar at
different Tocations at the same time, this would be an indication
that the field itself is dipolar and the change is in the intensity
of the dipole field ftself. Fluctuations up to 50% can be expected
in apparent dipole moment, as shown on secular variation charts.

Figure 2 depfcts the relative dipole moment during the last 2000 years

in Arfzoma. Figure 3 indicates a substantial weskening of the dipole

field rather than local changes in magnetic field intensity. Due to
superposition of dipole and nom-dipole fields, intensity measurenents
fram a specific locality do not uniquely represent the apparent

wonent of the dipole ftself, but data from widely separated aress

show a mutually consistant weakening of the dipole over the past 2000

years,
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PALEQINTENSITY DETERMINATION

The intensity of magnetism preserved in ancient materials is
related to the intansity of the magnetic field fn which 1t was
acquired. Specific laboratory procedures {described below) allow
determination of the fntensity of the ancient field., TRM (thermo-
remanent mgnetization) is the dominant cause of the remanent
magnetism in the sanples neasured in this study, and for the weak
f1e1ds in nature it is nearly proportiomal in intensity to and
coincident with the direction of the field at the time the sample
was cooled.

The classical work in paleointensity was done by Thellier and
Thellier in Parfs in 1935, They studied baked materials from archeo-
logical sites and with ft developed the double heating method of
paleointensity determination, The additive property of PTRM [partial
thermorenanent magnetization) was cdeduced from their woerk. This
additional law for PTAM states that the thermoremanence oroduced by
a weak fiald in a spectific temperature intorval is independent of
the magnetization produced by the field when cocling through other
tenperature intervals (Magata, 1961) This oroperty allows many
detarninations of the same field by using various temperature inter-
vals, Variations of the field during the relatively short time of
fnftfal coolfng are neglected. As applied in this thesis, the
Thellfer method requires cooling the specimen twice from any given

tenperature, The first cooling is in zero field and the second 13




in & laboratory field of controlled magnitude and direction. This

double cooling 15 repeated from successively higher temperatures.
The difference in magnetic moment after successive zero-field
coolings 15 the NRM [natural remanent magmetism) lost in the tem-
erature interval, wnile the difference in magnetic moment after
succassive ¢coolings in the laboratary ffeld s the TRM gained. The
ratfo of NAM lost to TRM gaimed is the ratfc of the paleointensity
to the laboratory field intensity.

Varfous archeological materials were used by Sucha (1367 in Ais
study of the paleointensity of the magnetic field in Czechoslavakia.
The best results were cbtained from burnt clays of a uniform red color,
If the initial baking of the sample was im 3 reducing atmosphere, then
tt 15 possible that during heating in the laboratory, where the avmo-
sphere 15 oxidized, magnetite will oxidize into Fegly (hematite). This
will result in & non-1inear relationship between the demagnetization
and revagnetizaticn increments. Sucha also found that the homogeneity
of the original heating throughout the sample is & very important
factor. It s advantagecus to use smaller sarples that have baked
evenly rather tharn larger ones that nave not.

Recently, severa) attempts have been made to determine paleo-
intensity by comparing the decrease of N8M in alternating-field cemag-
netfzation with the "anhysteretic” sainm in remanence when the alternat-
ing field fs applied with a steady laboratory field (Banerjee anc
Mallema, 1974: Stephenson and Collimscn, 1974). This method has the
patential advantage that oxidation during heating 1s avoided, The

accuracy and relfadility of "cold" paleointensity determipations has
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CALTBRAT

A model TSD-1

Schonstedt Instrument Company of Reston,

nanufactured was delivered to

the

THE PALE

JINTENSITY APPARATUS

Thermal Specimen Demagnetizer was acquired from

Virginia, The first unit

niversity of Utah in May of 1975

Various tests were performed on the thermal demagnetizer before

sctuel palecintenss

-

The TSD~1 has & magnetica

rate of cooling in this

rock of fine si

thermoc

uple.

40°C with the cooling

600°C %o

[n the conling chamber, j
field to the cooling specimens
Tt

lied the current.

fes were noted to increase

It was suspected that

Chamber was beciming meagnetiz

ty studies were b
11y shiglded cooling chamber
chanber was tested by fabricating a samp

1t cemented with scdium stlicate

samplos

un.

The

formed around 2

on and the oven door cliosed,

fan

cofl 15 used to apply a small

Cooling time was recorded as ten minutes to cool from

. A battery in series with a resistor

ware ‘ntroduced and the inten-

ypon repeated cooling in the applied

the m shield of the cooling

gnesic

N15

applying a decaying A.C. field controlied by a Varfac. The A.C.
voltage was increased Lo ten volts and allowed toc decay to 2ero in
ten seconds. The test samples were reheated and cooled in the

0.C. field and remeasured. Results showed a definite decrease in
intensity., A sinflar test was completed by switching the polarity
the small D.C. field rather than ysing an A.C., demagnetizing field.

then demagnetized by




9
Sinilar results were noted. Both methods of reducing the remanance on
the shield were used in actual paleointensity studies.
Mnen heatad samples were introduced into the cooling chamber, the
voltage on the current sampling resistor was noted to drop 5%, then

rise back to normal as the sample cocled. This sugoested that the

resistivity of the cofl increased significantly with temperature.

A control circuit was designed using a silicon transistor for current
regulation. This circuit held the current constant with changes in
resistance up %o 20 oms.

The Thellier method determines the paleointensity relative to a
lanovatory standard field applied to the cooling sawples. For the
present work, the standard field was chosen to correspond to 100 ma in
the coil installed by the manufacturer, Schonstedt. In telephone com-
minication, the Schonstedt engineer reported neasuring before shipment
a coil sensitivity of 122.8 ma/gauss. With this value the standarc
fiald is 0.8141 gauss,

As an indepandent test, paleointensity determinations were run on
samples of baked pottery which were heated from 600°C and aliowmed to
coal in the laboratory. The ratio of artificial paleofield to standard
figld was determined Dy the same procedure to be used later for the
actual paleofield. Two different runs were made in different locations

in the lab, each with two samplas, The ratios were as follows:

Rum #1 0.03%5 # 0.0135, 0.39¢ ! D.0126
Run #2  0.423 0.0125, 0.420 Z 0.008

The actusl field intensity at each test site could not be measured
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Slope = NEM/TRM = T]!?,I . ..387

Slope error ES =

0.124 = 0.018
(-2.594)°

This new slope 15 now multipiied by the standard field to obtain

palecintensity.

TABLE 1: Yector magnetic moments of sample 1-E,

TEME

100
100
150
150
200
200
250
250
300
300
350
350
am
400
450
430
SO0
300
230
530
570
570

COOLING
FIELD

applied
zero
applied
2era
applied
ero
appl fed
ero
applied
ero
applied
ero
applied
zevo
apolied
zero
applied
zero
applied
zero
applied
erp

INTERSITY

10°EM)/ CC

o

163,910
160.17
159.64
166.56
139.096
170.756
117.354
196,036
99,923
221,04
£6.318
281,968
46.566
311.30%
33.959
324.511
14.602
404,815
13.553
451.066
0.968
480,329
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PUEBLO POTTERY

Pieces of Pueblo pottery were usad for intensity studies for
the period 760 to 1100 A.D, Three styles were chosen from the
University of Utah collectiomn. For intensity studies the samples
chould have besn completely oxidized when originally fired {Buche,
1967). This severly 1inits the kinds of pottery that can be used
for intensity studies, The three styles chosen for this study
and their dates (Breternitz, 1966) are:

Set 1 Abajo Red on (rance
TEO-875 A.D. best tree ring dates

Set 2 La Plata Red
850-872 A.D. best tree ring dates

San Juan Red
900-1100 A.D. dates uncertain

w
o

o
—

The three styles were collected from two Utah Highway 95 sites
excavated by the Department of Archeology of the University of Utah
{University of Utah, 1974]. The samples were cut to fit into an
pluminum jig that could be used in the spinner magnetometer,
The magnetic moment of the jig was too small to be detected,
The dats are tabulated ia Table 2. The palecfield from each sample
group with statistics {s given in Table 2a.

The quality of the samples was excellent. Only two samples were
not totally reddened. Upon heating, these two samples produced non-

linsarities in the data and, hence, are not reportad in Table 2,



TABLE 2: Pueblo pottery paleointansity data.

TEMPERATURE 4 OF DATA ERROR DN
RANGE C _ PDINTS  MRM/TRM SLOPE

100-500 0.424 0.073
100-500 0.514 0.055
100-500 0.284 0.0M2
100-570 0.387 0.018
100-500 0.478 0.0M
100-500 0.316 0.021
100-500 0.545 0.031
100-570 0.355 0.032
100-570 0.560 0.037
100-530 0.633 0.043
100-530 0.600 0.041
100-570 0.560 0.028
100-570 0.788 0.036

TABLE 2a: Pueblo pottery paleointensity statistics.

PALEQFLELD/
SAMPLE  MEAN STANOARD PALEOFIELD PALEOFIELD PRESENT FIELD
GROUP  NRM/TRM DEVIATION 0.8143 STD. 1.18 STD, 0.8143 1.18
o 1 A

Q.402 0.0827 0.327 0.474 0.605 877
0.451 0.0%80 0.367 0.532 0.679 .985
0.645 0.0€83 0.525 0,761 0.972 1.41

The mean paleointensity from each sarple growp using the 1.18

gauss standard field relative to F, is plotted on Figure 2. They agree

will with the curve when using the 1.18 gauss standard field calculated
in the laboratory. The results confirm the amomalous increase in
intensity from BOO to 1000 A.D. The quality of the data fs adbout the
same as that reported by Bucha {1970) in & study of potsherds from
Arizona, These results along with those of Bucha {1570) suggest that
this curve could be used to confirm the dating of objects thought to be

in this age range.
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The decision was made to sample all available mearths which
seemed potentfally useful for archeomagnetism. The sarples were
encased in orientad plaster cubes, No more than six cubes were
taken from any hearth, to reduce the time needed for sampling. It
was judged that six cubes would suffice to give a good estimate of
divectiona) scatter (Fisher precision index k]. Only those hearths
with low scatter of magnetization direction would be considered for
palecintensity measurements. Six samples would not sufffce to give
2 highly accurate estimte of the mean direction even if the sample
scatter were low. However, as mentioned earlier, it was expected
that a precise palecfield direction would be of little value because
radiocarton dating of any given hearth would be uncertain by several
hundred years. Sample guality ranged from poor to excellent with
EOS'being completely reddened by the ancfent fires. The strati-
graphic section with respective horizons is shown by Figure 5,

The samgle sets, their respective horfzons in the stratigraphic

section and radiocarbon dates for each horfzon are listed in Tadle 3.

TABLE 3: Sudden Sheltar samples with carbon dates.

RADIO CARBOM

SAMPLE SETS HORJION ¢ DATE 8.P.
23z, 207 I 7565 : 1158
205, 206, 212 11 7090 = &5
213, 214, 217

204, 210, 211 111 6310 = 280

23

203, 215, 215 w none available
209

208, 233, 234 v 4425 T B85




remgasured. In each case the directional data moved toward the

nean for the set [Refer to Teble &4). A magnetic varfation of 15

Jagrees @ast was used in correcting magnetic north %o geographic
TR ™e results are tabulated in Table 4

ABLE &: Sudden Shelter directiona) data

-
9
!
|m
w
™m
|
S
e
<3
-
Padl
L)

&a
oo

3 430 3.7

f
(=
{

'
L

J 3 °
a1 5 86.4 7 9
206 5 5.4 -« 4.5 2.2
Mo 4 27 2 N 11.7
208 4 7. 3 2.5 .
209 ) J.6 - 5.7
o £ 0 2n 2 o o

C 5 53.0 20.2 3.2
211 A £5. 3 2.7 8.0

12 5 4.3 13.7 )
213 & 99 . 5.0 7.4
14 9.2 - 0.8 &
215 3 ’ 6 K 29.4

~ . - L M
216 '3 6 5.7 470 2
2 5 6.5 210 3
k)| 3 3.3 e e 3

A 62 5. 0 1

s 39.3 - 2.8 2.3 55.4
L 1 o4 ,

) 3.9 N ] ;. 4

The mean direction is displaced from the axial dipole directior

towards the present figld. h1s may be attributed t0 viscous magnet-
fzation. The overall statistical precfsion is pcor. The Fisher
precision index aver graater than 470 2 {ve percent o
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At the time the Sudden Shelter samples were collected they were
encased in plastar for safety and ease of handling. This plaster
nad to be removed from the sawples for paleointansity studfes. Dur-
ing the process of removing the plaster forty-four percent of the
sanples were 10st., The remaining fifty-six percent were cemented
together with sodium silicate diluted in water, Sodium silicate
carents the samples together without adding any magnetism and has a
melting point well above the temperatures used in thermal demagnet-
zation. Sample sets 203, 211 and 216 were corpletaly reddened. The
renaining samples ranged from red at the top of the sampie decreasing
towards the bottem to very s1ight reddening. Table 5 1ists the
prelininary palecintensity data, Figure 6 shows the qualfty of the
date and the best fit 1fne for sample 211-3. Sample set 207 was
unavailable for directfonal studies but was wtilized for paleoin-
tens ity work,

In the analysis of the paleointensity data, samples 211-5, 213-3,
231-1 and 211-6 were discarded dacause of ancmalous NRM/TEM ratios,
The mean and standard devfatfcn from the mean were calculated for
gach sample set and samples whose NRM/TAN ratio was more than one
standard deviation unit from the mean were discarded. A new mean
was calculated and the sample sets grouped into their respective time
levals. A weighted mean NRM/TRM was calculated for sach time Tevel
fron these sats and used to calculate the paleofield, Table 5a. The

ratic of the paleofields to the present field is given in Table S5b.
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TABLE 5a: Sudden Shelter palecintensity statistics,

TABLE 5: Sudden Shelter palecintensity datas.
¢ DATA

TEMPERATURE
SAMPLE ¥ RANGE C
203-1 100-500
203-2 100-2£00
203-0 100-400
203-4 100-400
203-5 100-400
203-6 100-500
205-1 100400
207-1 100-400
07-2 100-4800
203-4 100-400
209-5 100« 400
209-6 100-400
211-2 100-500
211-3 100-550
211-4 100-400
211-5 100-400
212-2 100-400
213-2 100-400
2133 100-400
213-4 100-400
213-5 100-400
213-6 100-400
214-1 100-400
214-2 100-400
216-4 100-400
216-5 100-400
217=1 100-400
217-2 100-400
217-4 100-400
217-5 100-400
231=1 100-400
231-5 100-400
231-6 100-400

SAMPLE
SETS

207

212,213
214,217

21,23

203,209
216

L]

2

POINTS

N U O U Y U N A U0 O N T A U LTS3 00 U A LY L Y U e U U U U e

NRM/TRM

ERROR ON

SLOPE

scat

COO0O00000O000O0O00

-

2.
scat

tered

.520
719
.30

826
.60
780
152
Te
560
.470
520
.585
€85
575

us

625
tered

SR8232LRIRRRARE

0000000000 §>c2§>Ch3f1czpn:::z:f:F:F:F

o
22RC°FSRSRSIFIERE

Qoo

PALEOFIELD
IGHTED MEAN STD. DEV. FROM 0.8143 1.18
NAM/TRM NETGHTED MEAN STD. ST0,
2.3 --e 1.914 2.773
.686 .069 0.559 0.809
.59 028 0.480 0.696
.505 .13 0.412 0.597

22



TAE 2 d
%) nane availadle .76 1.1
he quality of the samples seews 20 be as good as in Bucha's
1967 study of the palecintensity of Ciecheslovakia, The number of
sanples was considerably less. Figure 7 s & comparison of the data

from Figure 3 with the Sudden Shalter palecintensities using the
1.78 standard field verified by the Pueble pottery study. The values
are well within the limits of possibility generated by Bucha's data
and could be true palecintensitios 1f short period fluctuations in

{ntemsity are realized 25 in
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