"we

ELSEVIER

Earth and Planetary Science Letters 186 (2001) 437-450

EPSL

www.elsevier.com/locate/epsl

Archeomagnetism of potsherds from Grand Banks, Ontario:
a test of low paleointensities in Ontario around A.D. 1000

Claire Carvallo *, David J. Dunlop

Geophysics, Physics Department, University of Toronto at Mississauga, Mississauga, Ont., Canada L5L 1C6

Received 30 October 2000; received in revised form 25 January 2001; accepted 25 January 2001

Abstract

An archeomagnetic study was carried out on 24 pottery fragments from Grand Banks, southern Ontario. '4C dating
on maize found in the same pit as the potsherds gives an age in the range A.D. 990-1160 (modal age A.D. 1030).
Hysteresis measurements indicate that the natural remanent magnetization is carried by pseudosingle-domain magnetite
grains. Paleointensity experiments were done on 63 samples using a Thellier-type double-heating method. Half of the
samples were heated in helium and the other half in air. Hysteresis measurements on samples after heating to various
temperatures reveal only slight mineralogical changes during heating steps. Thirty reliable results give a paleofield
intensity of 42.0 7.4 uT, and a virtual axial dipole moment of 7.0 + 1.3 X 10*2 Am?. This result is in agreement with the
low virtual axial dipole moment values given by studies on material from Ontario compared to the values from the
southwestern USA in the interval A.D. 900-1400. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Paleomagnetic records from archeological ma-
terials complement the secular variation records
of absolute paleointensity and geomagnetic field
direction for historical times. Most archeomag-
netic studies have concentrated on sites in Eu-
rope; only four studies have been published for
northeastern North America [1-4]. The basis of
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dating for archeomagnetism has been provided in
most cases either by radiocarbon ages or by ar-
cheological and historical data. Records of virtual
axial dipole moments (VADMs) from North
America over the last 2000 years [4,5] resemble
a half-cycle sine curve with a minimum around
A.D. 900 (Fig. 1). VADM values for potsherds
from Ontario and Quebec from the tenth to the
fifteenth centuries are, however, lower than values
from the southwestern USA.

The aim of the present study was to measure
the paleofield intensity recorded by potsherds
from a Princess Point site in southern Ontario
dated at A.D. 1030. This point provides a test
of the low VADM values recorded elsewhere in
Ontario about this time.

0012-821X/01/$ — see front matter © 2001 Elsevier Science B.V. All rights reserved.
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Fig. 1. VADM variations in northeastern and southwestern North America. Data are from: circles: Sternberg [5]; crosses: Lee
[25], Parker [26], and Champion [27]; squares: Yu et al. [4]; asterisk: Dunlop and Zinn [2]; diamonds: Arbour and Schwarz [3]
(after Yu et al. [4]); solid star: this study. The dotted lines show the trends for USA data, the solid line the trend for Quebec

and Ontario data.

2. Samples

The samples used for this study come from
Grand Banks, a Princess Point native site in
southern Ontario (Fig. 2). Princess Point is iden-
tified as the ancestor of later Iroquoian societies
in this region, and corresponds to a chronology
from A.D. 500 to 1000 according to calibrated
radiocarbon assays for different Princess Point
sites in southcentral Ontario [6]. Pottery style is
usually characterized by the presence of a cord-
wrapped stick decoration on the exterior and/or
the interior of the pot (D. Smith, personal com-
munication).

The lithostratigraphy is characterized by two
paleosols [7]. The upper paleosol (PII) is 15-20
cm thick and is buried under massive silt about
40 cm thick. An earlier paleosol (PI) occurs at
some places at a depth of 1.2-1.7 m. Over
56000 artifacts have been recovered from the
site to date, mostly pottery fragments and chert
flakes. The 24 pottery fragments used for this
study were found in a pit about 1 m deep by I m
in diameter. It is possible that multiple fragments
belong to the same vessel.

The paleosols were dated by AMS radiocarbon
assays on maize [6]. Five calibrated dates for PII
have been obtained, indicating a chronology from
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at least A.D. 500 to 1000. One of the dates was
obtained on maize from the same pit as the pot-
tery fragments used in this study. Assuming that
the material in the pit corresponds to a single time
of occupation, this dates the pottery to the range
A.D. 990-1160 with a modal age of A.D. 1030.
There could, however, be differences in ages of the
different pottery fragments, since PII was contin-
uously occupied for about 500 years. Moreover,
pottery age corresponds to the moment when the
pottery was broken and discarded, not the time of
firing. Age uncertainty from this source is smaller,
at most a few decades.

The pottery fragments were thin and fragile.
They were therefore encased in plaster of Paris
before drilling one or several 2.3 cm diameter
cores from each sample. Each core was cut into
2.5 cm length specimens. A total of 76 specimens
were prepared.

3. Anisotropy measurements

Anisotropy in ceramics has a significant influ-
ence on the acquisition of magnetization. In the
present study anisotropy has two origins. Rogers
et al. [8] explained the magnetic anisotropy in
pottery as the result of fabric: preferential align-
ment of grains occurs during the moulding of the
clay into shape, possibly further enhanced by
grain growth during firing. However, the most
important part of the anisotropy seems to origi-
nate from the irregular shape of our pottery frag-
ments, which form an irregularly shaped magnetic
source inside the non-magnetic plaster casing.
Sample shape anisotropy is therefore significant.
The fabric and sample shape anisotropies are
combined in their effect and cannot be separated
while being measured.

In order to avoid chemical changes caused by
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Fig. 2. Location of the archeological site sampled in this study (from Walker et al. [28]).
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Fig. 3. Day plots for room-temperature hysteresis measure-
ments.

the multiple heatings required to determine aniso-
tropy of thermoremanent magnetization (TRM),
the anisotropy of anhysteretic remanent magnet-
ization (ARM) was measured instead [9]. ARM
was produced with a Schonstedt alternating field
(AF) demagnetizer. For each of the six directions
(£x, ty, tz), the samples were first demagne-
tized in a peak field of 99.5 mT and their three
components of magnetization were measured.
Then they were given an ARM in an AF decreas-
ing from 99.5 mT in the presence of a 30 uT
steady field, and their magnetizations were mea-
sured again. For each of the six components, the
vector difference of magnetizations between these
two steps is a measurement of the ability to ac-
quire an ARM in each direction. All measured
magnetizations were corrected using the inverse
AARM tensor [10].
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4. Grain size characterization
4.1. Hysteresis parameters

Hysteresis in a maximum field of 0.5 T was
measured on crushed separates using an alternat-
ing gradient force magnetometer. Hysteresis loops
were obtained for 89 magnetic separates (three or
four per potsherd). All the loops were corrected
for paramagnetism.

Values of the hysteresis parameters M/ M and
H./H. give insight into the distribution of do-
main states [11]. M /M; is 0.5 for samples con-
taining only single-domain (SD) magnetite, and
less than about 0.05 for multidomain (MD) bear-
ing samples, while H./H; is more than about 4
for MD material. The majority of our samples fall
in the pseudosingle-domain (PSD) range, with a
few in the MD range (Fig. 3).

4.2. AF demagnetization

Eight specimens were AF demagnetized, in 11—
17 field steps between 2.5 and 100 mT. Fig. 4
shows a typical result. The NRM is stable in di-
rection after demagnetization to 15 mT, and the
demagnetization curve has a sigmoid shape char-
acteristic of SD or small PSD grains [12]. This
conclusion is in agreement with the Day plot
showing that these samples are in the PSD size
range. The NRM intensity remaining after de-
magnetization to a peak field of 80 mT is between
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Fig. 4. Demagnetization spectrum and Zijderveld projections for AF demagnetization of sample H2.
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10 and 25%. The median destructive fields (repre-
senting the coercivity of remanence) range from
20 to 30 mT.

5. Paleointensity determinations
5.1. Experimental procedure

The method applied in this study is the Thellier
double-heating method [13] as modified by
Coe[14]. The samples are first heated to a temper-
ature T and cooled in zero field. The vector differ-
ence between the remanence after this step and
the remanence after the previous zero-field step
is the NRM lost. Then the specimens are heated
again to the same temperature 7 and cooled in a
laboratory field Hy, =29.8+0.2 uT. The vector
difference between the in-field and zero-field
remanences at the same temperature step is the
pTRM gained.

Sixty-three out of the initial 76 samples were
selected for paleointensity determination. The
samples were divided into three sets: two sets of
15 full-size samples heated under helium, with the
intention of reducing oxidation during heating;
and one set of 33 full-size and half-size samples
heated in air.

Double heatings and coolings were performed
in 11 steps from 250 to 580°C (in 50°C steps from
250 to 500°C, then 20°C steps from 500 to 560°C,
and finally in 10°C steps from 560 to 580°C), us-
ing a MMTD furnace. Two pTRM checks were
made for the in-air set, after the 560 and 580°C
steps, repeating pTRMs at 540 and 560°C, and
one for the in-helium sets, after the 580°C step,
repeating pTRM at 560°C. Temperatures at spe-
cific locations inside the furnace were reproduci-
ble to within *2°C.

Each heating—cooling step required 3-4 h. The
samples were heated at a rate of 30°C/min, then
held at the maximum temperature during 45 min,
and finally cooled to room temperature at a rate
of 30°C/min. Bulk magnetic susceptibility was
measured using a Bartington AC bridge after
each heating step in order to detect possible chem-
ical alteration.

The same experimental procedure was also ap-

plied to four blank samples. NRM intensities
were between 12 and 20 mA/m and less than
5 mA/m after demagnetization by heating to
350°C. pTRMs gained were less than 5 mA/m.
These values are within the estimated 3-4% mea-
surement error of typical specimen magnetizations.

5.2. Best fit determination and selection criteria

The best fit determination and statistical analy-
sis of the results follow the least-squares fitting
method described by York [15]. It uses the param-
eter S (quantity that is minimized by the fitting)
defined by the sum of the squares of the weighted
deviations of each data point from the best fit
line:

S = E Zi (yi—bxi—a)z (1)
with:
Z. w(x)w() 2)

- brw(y;) + w(x;)

where x; and y; are the measured values, w(x;) and
w(y;) are the weights of the measured values, b is
the slope, and a is the y-intercept of the best fit
line.

The minimized factor S has a y> distribution;
its expectation value is N—2 (N being the number
of points used in slope calculation) because two
degrees of freedom, such as the slope and the
y-intercept, have been used in line fitting. Then
the quality factor S’ defined by:

S
!/
S = ) (3)
has an expected value of 1 [4].

The quality factor S’ is different from the qual-
ity factor ¢ [16] or the dispersion coefficient s [17].
It has a statistical basis and rejection criteria can
be set based on confidence limits.

The various parameters used as rejection crite-
ria are as follows. The number N of points con-
tained in the segment chosen to determine the
paleointensity must be at least 6. The parameter
f that measures what fraction of total remanence
was destroyed in the segment used for the paleo-
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Fig. 5. Zijderveld diagram, Arai plot, and susceptibility variation for sample D2 (class I). The stars on the Arai plot represent

the pTRM checks.

intensity determination must be more than 1/3.
The quality factor S” defined above cannot exceed
the quality factor defined for a 99% confidence
limit based on a x> distribution. Each pTRM
check must be within *10% of the original
pTRM. Zijderveld projections [18] must show
only one directional component in the tempera-
ture interval used for the paleointensity estimate.
Finally, the variation of bulk susceptibility over
the temperature interval used for the paleointen-
sity estimate must be less than 10%. The gap fac-
tor g [16], measuring how evenly the data points
were distributed, was calculated for each of these
results but no selection criterion was based on this
parameter.

The weight factor as defined by Yu et al. [4]
was calculated as follows:

__ /2
\/§O-a Ob

where o, is the standard error in the slope and o,
the standard error in the y-intercept calculated for
the best fit.

“4)

w

5.3. Classification of samples

The decisive criterion for acceptance or rejec-
tion is the linearity of the Arai plot [19]. Samples
that do not satisfy this criterion are definitively
rejected. The directional criterion is evaluated us-
ing the paleomagnetism analysis programs pro-
vided by R.J. Enkin [20] and based on principal
component analysis [21]. The precision index is
provided by the maximum angular deviation
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Fig. 6. Zijderveld diagram, Arai plot, and susceptibility variation for sample A2 (class II).

(MAD), which corresponds to the deviation of the
direction if the fit along each axis is perturbed by
one standard deviation. For this study, the rejec-
tion limit was fixed at MAD = 10°.

The accepted specimens are classified into two
categories, depending on which selection criteria
they satisfy. This classification gives insight into
the quality and reliability of the results belonging
to each class.

5.3.1. Class I

Class I specimens satisfy all the selection crite-
ria. Twenty samples (16 from the set heated in air
and four from the sets heated in helium) belong to
this class. They represent the most reliable sam-
ples.

D2 is an example of such a specimen (Fig. 5). It
shows ideal behavior in the NRM-pTRM plot. A
viscous component is removed after heating to

300°C. Ten temperature steps (300-580°C), span-
ning 72% of the extrapolated NRM, are used for
the paleointensity estimate. The quality of the line
fitting is good, and pTRM checks have good re-
peatability. The bulk susceptibility varies only 4%
over the interval 300-580°C.

5.3.2. Class 11

Class II samples have no pTRM check in the
temperature interval used for the paleointensity
estimate, but show good linearity and satisfy the
other selection criteria up to a temperature less
than 560°C. Ten samples belong to class II, five
from the set heated in helium and five from the set
heated in air.

A typical class II example is sample A2 (Fig.
6): f, g, and S’ have reasonable values in the
interval 350-560°C, but there is no pTRM check
to confirm that the sample did not experience any
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Fig. 7. Zijderveld diagram, Arai plot, and susceptibility variation for sample L3 (class II).

chemical transformation in this temperature inter-
val. A unique direction is easy to identify, and the
susceptibility varies only 5% over this temperature
interval.

Among specimens from this category, a few
have an NRM-pTRM plot showing two distinct
linear segments, the second segment having a very
shallow slope. L3 (Fig. 7) is an example of this
kind of behavior. It is easy to identify two com-
ponents, one in the range 20-450°C, having a
steep slope, and the other one in the range 450-
580°C, having a much smaller slope. However, the
pTRM check done at 580°C shows good repeat-
ability, and the bulk susceptibility does not
vary significantly with temperature. These obser-
vations suggest that chemical changes are not the
cause of the change in slope of the NRM-pTRM
plot.

A possible explanation is that these potsherds

were only heated to 450°C during firing. If so, the
shallow slope would result from laboratory heat-
ing through a range where no NRM was origi-
nally acquired. The slope in this case is calculated
using the segment below 450°C. Four specimens
from potsherd L (L1, L2, L3, L4), and the three
specimens from potsherd S (S1, S2, S3) have this
type of behavior, although the majority of these
samples were rejected for not satisfying the best fit
parameter criteria.

5.4. Final results

The final results including all the relevant pa-
rameters are listed in Table 1. The weighted paleo-
intensity average has been determined from class
I and class II samples combined (30 samples). The
dispersion about each mean is estimated using the
standard deviation as defined by Coe et al. [16]:
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Table 1
Paleointensity results for the accepted specimens
Specimen N AT f g S’ w H*oy MAD Class
O (u7) ©)
A2 7 350-560 0.59 0.82 1.63 180 45.30+2.11 3.6 11
A3 9 350-580 0.77 0.87 2.21 425 46.49+1.67 5.0 I
AS* 9 250-560 0.71 0.81 1.57 326 52.15£1.91 3.3 II
B2 7 400-570 0.50 0.82 1.86 134 4291+2.28 7.4 1
B4 9 350-580 0.73 0.88 2.21 418 37.25+1.42 5.3 I
C2 8 400-580 0.67 0.86 1.50 314 4321+1.21 2.1 I
D1* 6 450-570 0.82 0.62 2.43 69 38.73+£2.47 5.1 11
D2 10 300-580 0.72 0.85 1.38 635 41.42+1.25 4.1 I
El 7 400-570 0.59 0.83 0.74 308 4530+ 1.99 4.7 1
E2 7 400-570 0.62 0.85 1.66 318 42.02+1.69 8.3 I
E3* 8 350-570 0.72 0.83 2.44 212 4798 +1.81 2.5 1T
G3 9 350-580 0.84 0.91 2.20 734 3427%1.18 3.3 I
H1 7 450-580 0.51 0.63 0.90 127 36.36%2.10 3.8 1
12* 9 350-580 0.76 0.89 2.03 580 31.59+1.18 5.0 I
11 7 400-570 0.54 0.94 1.74 444 50.66+2.72 5.4 |
13 8 350-570 1.11 0.95 1.34 700 45.30+1.87 33 1
L3* 6 20-450 0.77 0.79 2.36 35 45.59+1.73 5.2 I
M1 6 450-570 0.55 0.85 0.48 490 29.50+1.52 5.1 |
0Ol 8 300-560 0.73 0.85 1.25 462 45.89+1.81 4.1 11
02 8 300-560 0.70 0.85 0.76 529 47.68+2.11 5.7 11
03 8 300-560 0.80 0.85 0.88 929 30.69+1.18 7.0 II
P1 9 300-570 0.68 0.87 1.02 444 49.17+1.82 29 1
P2 6 500-580 0.37 0.76 0.32 97 37.55+2.78 9.2 I
R2* 6 350-540 0.55 0.76 3.27 91 46.79 +2.46 4.6 II
Tl 8 300-570 0.60 0.81 1.83 194 61.69+2.31 5.1 1
T2* 6 500-580 0.50 0.89 2.45 208 32.78 £2.01 8.0 I
Ul 8 300-560 0.74 0.86 2.41 512 40.23+1.21 2.5 II
U2* 9 350-580 0.65 0.83 1.13 407 38.44+1.48 5.7 1
X3* 9 300-570 0.65 0.84 2.42 412 33.64+1.21 5.7 I
Yo6* 7 450-580 0.57 0.77 0.82 210 40.23+1.93 5.8 1
Average 42.04£7.39
Samples with an asterisk were heated in helium. Symbols are defined in the text.
0.6 T r
SD Sample R SD Sample F
0.5 0.5
PSD
m0,4 04 PSD
Ee 0.3 VQI{# % Ez 0.3
0.2 0.2 * gV
0.1 0.1
MD MD
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Fig. 8. Hysteresis parameters for the first experiment (see text). -:
+: heating at 450°C; *: heating at 520°C; X: heating at 560°C; v : heating at 580°C.

room temperature measurements; O:

heating at 300°C;
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where H; are the individual paleointensity values,
H is the weighted mean paleointensity, and N is
the number of samples.

In order to compare these values with paleoin-
tensities determined from areas at different lati-
tudes, VADMs were calculated from the weighted
mean paleointensities. The final results are:
H,=42.04+7.39 uT; VADM =7.01 £1.31x10%
Am?,

5.5. Variation of hysteresis parameters as a
function of heating temperature

In order to detect any change in the sample
characteristics (mineralogy or size of the grains),

hysteresis parameters were measured after various
heating steps. Two different procedures were used.

5.5.1. Experiment 1

Five chips each of samples F and R were
heated with the sample sets at 300°C. Then one
chip of each sample was removed and the four
remaining chips were heated with the sample
sets to 450°C. One chip for each sample was again
removed and the three remaining were heated to
520°C. One further chip was removed and the two
others heated to 560°C. Finally, one chip was re-
moved after this step and the last remaining chip
for each sample was heated to 580°C. The R chips
were heated in air, and the F chips in helium.
Each chip experienced part of the same thermal
treatment undergone by the samples used for pa-
leointensity determination.

Each chip was then crushed and strong-field



C. Carvallo, D.J. Dunlop | Earth and Planetary Science Letters 186 (2001) 437-450 447

0.6
SD Sample D
0.5
gm 0.4t PSD
s“ 03
x b
0.2 v,
0.1 +
MD
0
0 2 4 6
H H
cr c
0.6
SD Sample J
0.5
. 0.4 PSD
g, 03 +
= o,
0.2 %
0.1 r X
MD
0
0 2 4 6
H /H
cr c

0.6
SD Sample F
0.5
0.4 PSD
gw
2 03 .
= 0 ®.
. ++
0.1 VA
MD
0
0 2 4 6
H /H
cr c
0.6
SD Sample R
0.5
0.4 PSD
gm
e 0.3
= Q ¥
0.2 * %x
0.1
MD
0
0 2 4 6
H /H
cr c

Fig. 10. Day plots for the second experiment (see text). O: heating at 300°C; +: heating at 450°C; *: heating at 520°C; X : heat-
ing at 560°C; v : heating at 580°C. The small symbols are the parameters measured before heating, the large symbols the param-

eters after heating.

hysteresis was measured on three magnetic sepa-
rates per chip. Hysteresis parameters are plotted
on a Day plot (Fig. 8). All the magnetic separates
fall in the PSD range and there is no significant
change in M /M and H./H. with temperature,
even within the PSD area.

However, the hysteresis loops become broader
and more constricted for both F and R samples
with increasing temperature (Fig. 9). Both fea-
tures are manifestations of mixtures of magneti-
cally soft and hard phases. A second, harder mag-
netic mineral is formed during heating (e.g.
hematite), even though M. /M, and H./H. re-
main constant.

5.5.2. Experiment 2

Four small pieces from different samples (J, R,
D, and F) were crushed. Strong-field hysteresis at
room temperature was then measured on five
magnetic separates per piece. One separate per

piece was then heated in air at 300°C, another
one at 450°C, another one at 520°C, another at
560°C, and the last one at 580°C. Hysteresis pa-
rameters were remeasured after heating and com-
pared with the previously measured values (Fig.
10).

Once again, almost all the samples have mag-
netic parameters that lie in the PSD range, and
there is no significant change, for a given temper-
ature, between the initial hysteresis parameters
and the parameters measured after heating. The
changes in M /Mg and H./H. after heating are
generally less than 10%.

However, the Arai plot for sample F3 has the
concave shape that often accompanies chemical
changes occurring during heating, and the bulk
susceptibility shows a significant increase with
heating. Measurements of hysteresis parameters
after different heating steps do not reflect any of
these changes.
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6. Discussion

For some paleointensity studies, the difference
between the cooling rate experienced by the mag-
netic material during its formation and the cool-
ing rate used during the heating—cooling steps can
introduce an important error in the paleointensity
estimates [22]. Halgedahl et al. [23] showed by
theoretical analysis that the cooling rate difference
has to be larger than a factor of 700 to induce a
difference larger than 20% in the paleointensity
estimate. The rate used in the laboratory in the
present study (30°C/min) is of the same order of
magnitude as the rate that occurs during the firing
of primitive pottery: pots fired by bonfire were
allowed to cool ‘naturally’, which would corre-
spond to about 4-6 h (D. Smith, personal com-
munication). Therefore, no cooling rate correction
was applied for this study.

Thirty samples out of 62 give reliable paleo-
intensity results. The failure of the other samples
could be due to a number of different causes.
First, a poor reorientation of a specimen in the
furnace in repeated heating steps, especially if the
specimen was broken in the course of heating,
could result in inconsistent behavior on the
NRM-pTRM plot.

The concave curved shape of some Arai plots
could be due to the presence of MD grains as
remanence carriers. MD grains are quite rare in
this study: Day plots show mainly PSD-like hys-
teresis parameters. However, sample N has MD-
like parameters (M /M;=0.100; H./H.=4.78)
consistent with the curved shape of the Arai
plot. The other potential cause of this curved
shape is mineralogical changes occurring at high
temperatures. The hysteresis parameters do not
show any significant variation as a result of heat-
ing; however, the increased coercivity and con-
stricted shape of the hysteresis loops after heating
testify to the formation of a new magnetically
hard mineral.

Samples heated in helium have a higher rate
of failure and bulk susceptibility variations than
the samples heated in air. This is quite surpris-
ing, since it is generally believed that heating
in an inert atmosphere should reduce the risk
of oxidation and increase the chances of success.

The cause of failure for our in-helium heatings
is probably not the helium atmosphere per se
but the use of closed sample holders which trap
oxygen from the dewatering of the plaster of
Paris.

However, Fig. 8 shows that the hysteresis pa-
rameters for the magnetic separates heated in he-
lium appear to cluster more tightly than do the
chips heated in air. This indicates that heating in
helium may actually be useful.

The individual paleointensities have a fairly
broad distribution. One reason for this could be
that not all the pots were made at the same time.
As the paleosol from which the potsherds were
excavated was continuously occupied during 500
years, it is possible that the ages of these pottery
fragments range over this interval or some part of
it. However, the close spatial association of the
fragments would argue against this. Moreover,
two specimens drilled from the same pot do not
show any better consistency. Samples P1 and P2,
for instance, come from the same fragment, but
the paleofield values for these samples are
49.17+1.82 and 37.55+2.78 uT.

The final paleointensity and VADM values for
these samples dated at about A.D. 1030 are com-
parable to the values determined by Yu et al. [4]
using Ontario potsherds dated between A.D. 600
and A.D. 1400, and are lower than results ob-
tained from southwestern North America [5].
This trend confirms the presence of a substantial
non-dipole field either in Ontario/Quebec or in
southwestern North America. This non-dipole
field would amount to as much as 40% of the
total field at this time, whereas the present-day
non-dipole field is only about 20% of the total
field. Recent archeomagnetic intensity results
from Denmark [24] show a low VADM value in
the same period, suggesting that VADMs mea-
sured in southwestern North America are anom-
alously high.

7. Conclusions
The archeomagnetic study of potsherds from

Grand Banks, Ontario, leads us to the following
conclusions:
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1. AF demagnetization and hysteresis measure-
ments indicate that the remanence is carried
by PSD grains.

2. Thirty reliable paleointensity measurements
give a final VADM result of 7.0%1.3x10%
Am? for these potsherds dated at about A.D.
1030.

3. This low value is in agreement with other low
VADM values obtained from Ontario and
Quebec sites compared to higher values from
southwestern USA sites in this age interval.

4. Hysteresis parameters do not vary significantly
as a result of heating.
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