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In all, 76 archaeomagnetic samples were collected
in 2006 and 2007 from burned features at Honey Bee
Village, AZ BB:9:88 (ASM), as part of the Honey Bee
Archaeological Project. These samples were submit-
ted to the Illinois State Museum archaeomagnetic
laboratory for preliminary analysis in 2007 (Table
1). Based on the natural remanent magnetism mea-
sured for these samples, a subset of 29 samples was
selected for complete dating analysis. The overall
magnetic quality of the subset of fully analyzed
samples was unusually good, and the specimen data
obtained for each exhibited good to excellent inter-
nal agreement, as indicated by the samples’ preci-
sion and α95 (alpha-95) values. These results, the
archaeomagnetic date ranges, and the methodolo-
gies utilized are discussed in more detail below.

ARCHAEOMAGNETIC DATING OVERVIEW

Archaeomagnetic dating is a chronometric tech-
nique that uses changes in the earth’s magnetic field,
through time, to date specific archaeological fea-
tures. Although archaeomagnetic dating is gener-
ally well understood by American archaeologists,
this discussion benefits from a short review of the
technique (see Eighmy and Sternberg 1990 or
Wolfman 1984 for an in-depth review). Briefly, ar-
chaeomagnetism and archaeomagnetic dating de-
pend on two related phenomena. First, the earth’s
magnetic field changes in direction and strength
through time. This is known as secular variation, and
it is usually conceptualized as changes in the posi-
tion of the north magnetic pole. Second, the soils that
comprise many archaeological features contain mag-
netic minerals, such as hematite and magnetite, that
can record the direction of the magnetic field under
certain conditions. Because all the Honey Bee sam-
ples were obtained from burned cultural features,
this report focuses on the magnetic signal acquired
during heating, which is known as the thermore-
manent magnetism.

Archaeological features acquire a thermorema-
nent magnetism when they are heated above sev-
eral hundred degrees centigrade and then cooled to
ambient temperatures. At relatively high tempera-
tures, the ferromagnetic minerals contained within
the feature matrix will become magnetized parallel
with the extant magnetic field. After cooling, this
alignment is locked into place, unless, and until, the
feature is reheated. Thus, the direction of magnetic
remanence that is measured relates to the last time
the feature was heated to sufficiently high tempera-
tures; this is usually conceptualized as the last use
of the feature. The measured direction also indicates

the relative position of the geomagnetic north pole
at the time of magnetization.

The measured archaeomagnetic direction is used
to date the respective archaeological feature by com-
paring it to directions of known age. For calendrical
dating, this involves comparing the measured ar-
chaeomagnetic data from a feature to a calibrated
reconstruction of secular variation, often referred to
as a regional archaeomagnetic reference curve. Be-
cause secular variation changes randomly, these re-
constructions are created from sources such as his-
torical observations of the field (Barraclough 1995;
Malin and Bullard 1981), archaeomagnetic measure-
ments of independently dated archaeological fea-
tures (Bucur 1994; Clark et al. 1988; Eighmy 1991;
Kovacheva 1980, 1997; Kovacheva et al. 1998), pa-
leomagnetic measurements of dated lake sediments
(Lund and Banerjee 1985) or lava flows (Champion
1980; Doell and Cox 1965; Hagstrum and Champion
2002), or some combination of the above (Lengyel
2004; Lund 1996; Thompson 1982).

Archaeomagnetic or paleomagnetic data in-
cluded in these data sets must be dated indepen-
dently through other techniques, such as dendro-
chronology or radiocarbon dating, and precision
criteria often require these data to have independent
date ranges of 200 years or less (for example, Eighmy
1991:203; Eighmy et al. 1986:82, 1990:229; LaBelle
and Eighmy 1997:432). Further, because secular
variation is affected by regional perturbations in the
magnetic field, separate curves must be developed
for each archaeomagnetic region, which typically
encompasses an area 1,000 km in diameter (Batt
1997:153; Noël and Batt 1990:Figures 3-4; Sternberg
1997:326). Regional reference curves are continually
revised as the size and precision of the indepen-
dently dated magnetic data set increases, and docu-
mentation of the curve can then be extended to both
earlier and later time periods.

An archaeomagnetic sample is dated by compar-
ing the magnetic pole position calculated for the
sample to the calibrated regional reference curve.
This can be done visually or mathematically. The
visual method is intuitively obvious and involves
plotting the sample’s pole position and associated
oval of confidence against the regional reference
curve. Visual inspection reveals the time period(s)
during which the magnetic north pole was close to
the sample’s pole position, indicating the best-fit
date range for the associated archaeological feature’s
last firing event.

Of the numerous mathematical methods available
for estimating a sample’s date range (Lanos 2004;
LeGoff et al. 2002), the statistical method developed
by Sternberg (1982; also Sternberg and McGuire 1990)
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is most commonly employed in the U.S., and it is the
technique used at the Illinois State Museum Archaeo-
magnetic Laboratory. This method requires the use
of a statistically created curve; therefore, the Honey
Bee samples were dated against the Southwest ref-
erence curve SWCV595 (LaBelle and Eighmy 1997).
Although the reference curve SWCV2000 (Lengyel
and Eighmy 2002) is considered to offer a more ac-
curate depiction of secular variation for this region,
it lacks the statistical parameters necessary for sta-
tistical dating. However, because this curve provides
a better depiction of secular variation in the South-
west, it is portrayed on each of the sample virtual
geomagnetic pole polar plots herein.

In the statistical dating method, the virtual geo-
magnetic pole location of the undated sample is com-

Table 1. Honey Bee Archaeological Project archaeo-

magnetic samples collected in 2006 and 2007. (The 29 

fully analyzed samples are indicated with an asterisk; 

natural remanent magnetism 
95

 values less than 5.0º are 

bolded.)  

 

ISM Lab 

Number  

Field 

Number  

Feature 

ID  

Number of 

Specimens 

Collected  

NRMa  

95
    

ISM-17  HBA-01  632.01  12  2.92  *  

ISM-18  HBA-02  686.02  12  23.33    

ISM-19  HBA-03  370.01  12  6.06    

ISM-20  HBA-04  215.01  12  8.38    

ISM-21  HBA-05  534.01  11  6.27    

ISM-22  HBA-06  267.01  12  4.32    

ISM-23  HBA-07  285.01  12  2.26  *  

ISM-24  HBA-08  244  12  8.98    

ISM-25  HBA-09  369.01  12  2.19  *  

ISM-26  HBA-10  490.01  12  2.69  *  

ISM-27  HBA-11  361.01  10  9.24    

ISM-28  HBA-12  329.01  12  9.05    

ISM-29  HBA-13  228.01  12  12.75    

ISM-30  HBA-14  465.01  12  1.66  *  

ISM-31  HBA-15  260.01  10  15.08    

ISM-32  HBA-16  261  12  11.46    

ISM-33  HBA-17  708.01  9  8.38    

ISM-34  HBA-18  710.01  12  9.52    

ISM-35  HBA-19  830.01  12  13.68    

ISM-36  HBA-20  286.03  12  3.50  *  

ISM-37  HBA-21  1100.01  12  4.70  *  

ISM-38  HBA-22  874.01  12  7.48  *  

ISM-39  HBA-23  1088.01  11  7.72    

ISM-40  HBA-24  626.01  10  16.96    

ISM-41  HBA-25  1061.01  12  5.31    

ISM-42  HBA-26  1218.01  12  4.29    

ISM-43  HBA-27  541.01  12  2.58  *  

ISM-44  HBA-28  539.01  12  4.00  *  

ISM-45  HBA-29  588.01  12  3.50  *  

ISM-46  HBA-30  2001.01  12  21.58    

ISM-47  HBA-31  1098.01  12  8.34    

ISM-48  HBA-32  1161.01  12  4.08  *  

ISM-49  HBA-33  484.01  12  3.00  *  

ISM-50  HBA-34  430.01  12  11.35    

ISM-51  HBA-35  264.01  11  10.31    

ISM-52  HBA-36  265.01  12  3.89  *  

ISM-53  HBA-37  2080.01  9  10.37    

ISM-54  HBA-38  2041.01  12  5.43    

ISM-55  HBA-39  2042.01  9  5.43    

ISM-56  HBA-40  413.01  11  7.75    

ISM-57  HBA-41  2015.01  12  2.91  *  

ISM-58  HBA-42  943.01  12  5.43  *  

ISM-59  HBA-43  1315.01  12  11.27    

ISM-60  HBA-44  1019.01  12  3.17  *  

ISM-61  HBA-45  775.01  12  5.73    

Table 1. Continued. 

 

ISM Lab 

Number  

Field 

Number  

Feature 

ID  

Number of 

Specimens 

Collected  

NRMa  

95
    

ISM-62  HBA-46  4020.01  12  2.38  *  

ISM-63  HBA-47  4004.01  12  6.97  *  

ISM-64  HBA-48  4014.01  12  5.45    

ISM-65  HBA-49  4015.01  12  17.27    

ISM-66  HBA-50  4015  12  17.91    

ISM-67  HBA-51  4015  12  1.90  *  

ISM-68  HBA-52  1540.01  12  2.98  *  

ISM-69  HBA-53  5028.01  12  8.36    

ISM-70  HBA-54  5448.01  12  3.72  *  

ISM-71  HBA-55  5170.01  12  3.66  *  

ISM-72  HBA-56  5150.01  12  1.35  *  

ISM-73  HBA-57  5296.01  12  6.61    

ISM-74  HBA-58  5296.02  12  11.32    

ISM-75  HBA-59  5358.01  12  5.04  *  

ISM-76  HBA-60  5158.01  12  3.47  *  

ISM-77  HBA-61  5007.01  12  6.05    

ISM-78  HBA-62  5449.01  12  5.87    

ISM-79  HBA-63  5002.01  10  5.97    

ISM-80  HBA-64  5382.01  12  2.00    

ISM-81  HBA-65  5026.01  12  7.14    

ISM-82  HBA-66  5124.01  12  5.00  *  

ISM-83  HBA-67  5123.01  12  19.64    

ISM-84  HBA-68  5087  12  40.07    

ISM-85  HBA-69  5089.01  12  2.69    

ISM-86  HBA-70  5093.01  12  9.46    

ISM-87  HBA-71  5021.01  12  3.00  *  

ISM-88  HBA-72  5021  12  8.23    

ISM-89  HBA-73  5189.01  12  2.79    

ISM-90  HBA-74  5237.01  12  8.98    

ISM-91  HBA-75  5324  12  3.39  *  

ISM-92  HBA-76  5083.01  12  4.87    

aNRM = Natural remanent magnetism.  
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pared to the mean virtual geomagnetic pole loca-
tion for each dating window along the curve (for
example, A.D. 580-620 through A.D. 1986-1987) to
test the null hypothesis that the two locations are
the same (McFadden and Lowes 1981). If they are
found to be different at the 5-percent significance
level, it is concluded that the sample data were not
obtained during that particular time window. The
time window(s) that cannot be excluded at this sig-
nificance level (that is, those not found to be statisti-
cally different from the sample location) provide the
archaeomagnetic date range, or date ranges, for the
sampled feature. Because the path of secular varia-
tion often loops back on itself, many sample virtual
geomagnetic poles may “date” to more than one
segment of the archaeomagnetic reference curve,
resulting in more than one possible date range. Re-
searchers must consider these different dating op-
tions within the context of other data from the site
or project to determine the most likely date range,
or ranges, for the sampled feature.

ILLINOIS STATE MUSEUM LABORATORY
PROCEDURES

 The treatment of the Honey Bee samples fol-
lowed standard procedures established at the former
Colorado State University Archaeometric Labora-
tory. Analysis of the measured data followed pro-
cedures established in the former University of Ari-
zona Paleomagnetic Laboratory, including the use
of principal component analysis (Kirschvink 1980)
to calculate the mean directions for the individual
specimens in each sample.

DATA MEASUREMENT

Prior to measurement, each of the 76 Honey Bee
samples was stored in a Mu metal shield for at least
72 hours to allow weak, viscous magnetic compo-
nents to decay. Then, the natural remanent magne-
tism of the individual sample specimens, or cubes,
was measured on a Schonstedt spinner magnetom-
eter. The natural remanent magnetism is simply the
magnetism present prior to laboratory treatment,
and it typically consists of the primary magnetiza-
tion of interest overlain by weaker secondary mag-
netic components. These secondary components
tend to distort the natural remanent magnetism
enough that further analysis is necessary to obtain
an accurate measurement of the primary magneti-
zation. However, experience has shown that, in most
cases, natural remanent magnetism measurements
serve as fairly good indicators of magnetic strength

and precision, and thus, can be used to identify
samples that are likely to be useful for dating.

Given the large number of samples recovered
from Honey Bee relative to the funds available for
dating analysis, it was determined that the best
course of action would be to measure the natural
remanent magnetism of each of the 76 samples and
use these results to select a subset of samples for full
analysis and dating. Selection was based primarily
on a sample’s α95 and magnetic strength values, as
well as its preliminary virtual geomagnetic pole lo-
cation with respect to the curve. Preferentially, sam-
ples with stronger magnetization (>~0.5α10-7 T),
smaller α95 values (<5.0α, and virtual geomagnetic
poles locations along the curve were selected for fur-
ther analysis. In a few cases, it was determined that
samples with larger α95 values most likely included
one or two outlier specimens and probably would
improve with further analysis; when these samples
came from features of particular archaeological in-
terest, they were considered for the final subset.

In all, 29 of the 76 samples collected from Honey
Bee features were selected for full analysis and dat-
ing. This involved subjecting the individual speci-
mens from each sample to a series of successively
stronger levels of alternating field demagnetization,
and remeasuring the residual magnetization after
each treatment, to remove secondary components
and isolate the primary magnetization of interest.
The alternating fields effectively randomize the ori-
entation of weakly magnetized grains so that they
no longer contribute to the overall magnetization
(Butler 1992:106-107, Figure 5.1). The Illinois State
Museum Archaeomagnetic Laboratory routinely de-
magnetizes and measures specimens at the peak al-
ternating field strengths of 5, 10, 20, 30 and 40
milliTesla (mT).

DATA ANALYSIS

Although it is common to select an optimal de-
magnetization level for a given sample and use only
the specimen data obtained at that level (see Stern-
berg 1990:21-22), a more robust data set is obtained
by incorporating all the primary magnetization data
produced through the progressive demagnetization
routine. This is achieved by evaluating the magnetic
stability of each specimen over the demagnetization
routine to isolate the primary magnetic component,
and then calculating the mean strength and direc-
tion of that primary component. The mean speci-
men data from each sample are subsequently exam-
ined to identify and remove outlier specimens before
calculating the mean for the sample. The sample
mean is then used to date the archaeological feature.
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Figure 1. Vector component diagram for Specimen 6 of
the sample collected from Feature 286.03 (ISM-036),
Honey Bee Village, AZ BB:9:88 (ASM).

Vector component diagrams (see Butler 1992:110-
117) were used to assess the magnetic stability of
the individual specimens from the 29 demagnetized
samples. These diagrams display changes in the
specimen’s inclination and declination over the
course of progressive demagnetization (Figure 1).
Ideally, these data will form a straight line toward
the origin, indicating the specimen contained a
single, strong magnetic component. In most cases,
however, specimens exhibited two or more magnetic
components, as indicated by an angled line. The
progressive demagnetization data from Specimen 6
of sample ISM-036 (see Figure 1) illustrates this typi-
cal behavior. As with most archaeomagnetic speci-
mens, the secondary component was removed over
the early stages of demagnetization (by 20 mT in
this case). Occasionally, a specimen exhibited erratic
behavior, with no discernable pattern through the
course of progressive demagnetization. These speci-
mens were considered to be magnetically unstable,
and they were usually excluded from the sample
mean calculation.

After the primary magnetic component was iso-
lated for each specimen, its mean directional and
strength data were calculated through principal
component analysis (Kirschvink 1980). This tech-
nique calculates the best-fit line through the primary
component data points and the origin (Figure 2). The
inclination, declination, and magnitude of this line
indicate the mean directional and strength measure-

ments for the specimen’s primary magnetic compo-
nent. Additionally, the maximum angular deviation
calculated for the best-fit line provides a measure of
the line’s precision and the stability of the magnetic
component. Very stable primary components pro-
duce data points that fall closely along the line, as
indicated by small maximum angular deviations.
Less stable components produce highly scattered
data points or data points that do not progress to-
ward the origin and that do not fall along the best-
fit line, resulting in larger maximum angular devia-
tions. For this project, specimens that produced a
maximum angular deviation of > 5.0α were consid-
ered to be magnetically unstable and were excluded
from further analysis. Six of the project’s 348 fully
analyzed specimens failed the maximum angular
deviation criteria of < 5.0α (Table 2), and they were
excluded from the mean calculations for the respec-
tive samples.

After completing the principal component analy-
sis, the remaining specimen data from each sample
were examined for possible outliers. These are speci-
men directions that deviate from the sample cluster
and mean direction so that they are no longer con-
sidered to be representative of the sample. In some
cases, field notes give an indication of why the speci-
men is an outlier, such as collector error, low oxida-
tion, or intrusive pebbles or roots. In most cases,
however, outliers are identified statistically. For this
project, specimen directions that were greater than
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Figure 2. Principal component analysis diagram for the
primary component data measured for Specimen 6 of
sample ISM-036, Honey Bee Village, AZ BB:9:88 (ASM).
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three standard deviations from the mean of the re-
maining specimens in the respective sample were
defined as outliers. In all, 12 Honey Bee specimens
from nine samples were identified as outliers (see
Table 2), and they were excluded from the mean
calculations for the respective samples.

With the removal of the problematic specimens,
the remaining Honey Bee specimen data were used
to calculate the mean sample data (Table 3). The
specimen data from an individual archaeomagnetic
sample were averaged via Fisher statistics (Fisher
1953) to yield the mean inclination, declination, and
error terms (precision [k] and angle of confidence
[α95]) for the sample. By averaging data from at least
six specimens (and preferably from 8-12), control
was possible for errors derived from differences in
mineralogy, weathering, and firing times and tem-
peratures over the whole feature (Tarling and Dob-
son 1995).

The precision and α95 values calculated for each
sample provide a measure of the dispersion among
the constituent specimen directions. A small α95
value and a large k value indicate the specimen di-
rections in a particular sample clustered closely
about the mean. The fully analyzed Honey Bee
samples constituted a very well-behaved set, with
α95 values ranging from a low of 1.10α to a high of
3.80α. This set of samples has a mean α95 value of
2.28α and an interquartile range between 1.80α and
2.70α. Further, 27 of the 29 samples analyzed in this
set had excellent α95 values (< 3.50α).

By convention, the mean sample directions (dec-
lination and inclination) were converted to the re-
spective virtual geomagnetic poles for dating pur-

poses. The location of the virtual geomagnetic poles
is described by its paleolatitude and paleolongitude,
and the associated error is described in terms of the
major (dm) and minor (dp) axes of the associated oval
of confidence. The virtual geomagnetic pole is sim-
ply the north end of the magnetic pole that would
have generated the magnetic direction recovered
from the archaeomagnetic sample. The location of
the Honey Bee sample virtual geomagnetic poles are
depicted against the archaeomagnetic reference
curve SWCV2000 (Lengyel and Eighmy 2002) in Fig-
ure 3.

 DATING OF THE HONEY BEE SAMPLES

All 29 samples were dated by the statistical
method (Sternberg and McGuire 1990) against the
archaeomagnetic reference curve SWCV595 (LaBelle
and Eighmy 1997), with the results presented in
Table 4. Expected age ranges were provided for 14
of the sampled features, and the archaeomagnetic
dates generally agree with them, although they typi-
cally are larger than the expected age ranges. This is
primarily due to the location of the sample virtual
geomagnetic poles near the A.D. 1000/1250 loop in
the dating curve. Virtual geomagnetic poles that plot
within this loop usually agree with both arms of the
loop, although, in reality, they can only date to one
or the other. Thus, single long date ranges that en-
compass the entire loop (for example, A.D. 985-1265)
are broken at the apex of the curve (circa A.D. 1125)
to form two overlapping date range options (thus,
A.D. 985-1150, A.D. 1100-1265). As with all multi-
option archaeomagnetic date ranges, other sources
of archaeological information are needed to deter-
mine which of the individual date range options
provide the best age estimate for the respective fea-
ture.

For six of the 14 samples with prior age expecta-
tions, the archaeomagnetic dates suggested slightly
different and/or more refined ages for the features.
For two of these features, Feature 632.01 (ISM-017)
and Feature 490.01 (ISM-026), the archaeomagnetic
dates overlap with the later ends of the expected ages
and suggest the features may have been used later
than expected. In the case of four other features—
Feature 1100.01 (ISM-037), Feature 265.01 (ISM-052),
Feature 1619.01 (ISM-060), and Feature 4020.01
(ISM-062)—the archaeomagnetic dates bracketed,
but did not overlap with, the expected age ranges,
suggesting the features may have been used earlier
or later than expected.

Prior age expectations were not provided for 15
of the features in the dated subset. Therefore, their
resulting archaeomagnetic dates cannot be evalu-

Table 2. List of specimens that failed the maximum 

angular deviation and outlier tests.  

 

ISM Lab 

Number 

Feature 

Number N1 N2 

Outlier 

Specimens  

Maximum 

Angular 

Deviation 

Specimens 

ISM-017  632.01  12 11  4    

ISM-036  286.03  12 11  1    

ISM-044  539.01  12 10  2  5  

ISM-058  943.01  12 10  2  5  

ISM-063  4004.01  12 11  6    

ISM-075  5358.01  12 11  3    

ISM-076  5158.01  12 10  4  9  

ISM-082  5124.01  12 10    7, 9  

ISM-087  5021.01  12 10  2, 9    

ISM-091  5324  12 8  9, 11, 12  4  

Note: N1 = Number of collected specimens; N2 = Num-

ber of used specimens.
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ated in terms of how well they agreed with initial
age estimates. Twelve of these features produced
archaeomagnetic dates that agreed with those of the
14 features discussed above, suggesting the bulk of
activities represented by this subset of features oc-
curred between roughly A.D. 1000 and 1250. An
additional feature, Feature 1161.01 (ISM-048), ap-
pears to also date to this period, although the asso-
ciated virtual geomagnetic pole was located too far
from the curve to produce a statistical date. The re-
maining two features from the dated subset, Fea-
ture 5124.01 (ISM-082), and Feature 5324 (ISM-091),
produced virtual geomagnetic poles that plot at the
other end of the dating curve and likely reflect much
earlier occupations than the bulk of the dated fea-
tures. Pairwise statistical analysis of the virtual geo-
magnetic poles from the two early features indicated

they are different from each other as well at the 0.05
significance level, suggesting these two features re-
flect different periods of occupation within the his-
tory of the site. Similar analysis of the remaining 27
samples from the dated subset, however, found no
discernable difference for the group, and thus, could
not be used to refine the internal chronology. This is
not surprising, given the relatively tight distribution
of virtual geomagnetic poles illustrated in Figure 3.

SUMMARY

The Illinois State Museum Archaeomagnetic
Laboratory measured the natural remanent magne-
tism of 76 samples collected from Honey Bee Vil-
lage, and a subset of 29 of these samples was fully

Table 3. Archaeomagnetic data for the 29 fully analyzed Honey Bee Village, AZ BB:9:88 (ASM), samples. 

 

ISM Lab 

Number  

Feature 

Number N1 N2 Inc Dec 95 k Plat (N) Plong (E) DM DP 

ISM-017  632.01  12 11  59.09 348.89  2.7 281.18  78.37 201.91  4.08 3.05 

ISM-023  285.01  12 12  61.82 344.00  2.4 331.52  73.56 203.71  3.70 2.86 

ISM-025  369.01  12 12  58.49 345.67  2.2 374.00  76.58 193.38  3.33 2.47 

ISM-026  490.01  12 12  60.44 352.15  1.9 548.25  79.08 216.38  2.82 2.14 

ISM-030  465.01  12 12  56.27 345.38  1.1 1,630.35  77.21 183.22  1.55 1.12 

ISM-036  286.03  12 11  59.36 351.44  3.2 209.78  79.65 209.81  4.74 3.55 

ISM-037  1100.01  12 12  58.24 353.59  1.6 729.07  81.68 212.17  2.38 1.76 

ISM-038  874.01  12 12  61.75 348.11  3.6 150.04  75.92 210.76  5.50 4.25 

ISM-043  541.01  12 12  60.17 351.25  1.8 581.94  78.88 212.61  2.73 2.07 

ISM-044  539.01  12 10  57.63 350.20  2.2 469.17  80.12 197.97  3.27 2.40 

ISM-045  588.01  12 12  57.95 345.41  2.4 315.69  76.64 190.67  3.60 2.65 

ISM-048  1161.01  12 12  58.43 340.04  2.0 485.08  72.52 187.23  2.92 2.17 

ISM-049  484.01  12 12  61.08 349.01  1.7 636.19  76.96 210.33  2.64 2.02 

ISM-052  265.01  12 12  61.01 354.43  2.9 232.22  79.42 226.02  4.37 3.35 

ISM-057  2015.01  12 12  57.15 349.28  1.8 606.62  79.75 193.32  2.57 1.87 

ISM-058  943.01  12 10  59.76 349.28  1.6 905.70  78.14 205.70  2.42 1.82 

ISM-060  1019.01  12 12  56.93 339.25  3.2 181.18  72.30 181.56  4.70 3.42 

ISM-062  4020.01  12 12  58.21 350.20  1.5 827.32  79.76 200.91  2.23 1.65 

ISM-063  4004.01  12 11  57.38 348.70  2.2 422.43  79.24 193.34  3.25 2.38 

ISM-067  4015  12 12  58.84 347.94  2.2 394.77  77.92 198.80  3.26 2.43 

ISM-068  1540.01  12 12  59.53 351.04  3.0 211.55  79.30 209.36  4.49 3.38 

ISM-070  5448.01  12 12  57.31 347.27  2.1 438.43  78.25 190.47  3.03 2.21 

ISM-071  5170.01  12 12  53.54 347.81  1.3 1,197.33  79.68 171.59  1.75 1.22 

ISM-072  5150.01  12 12  58.21 348.11  1.2 1,349.48  78.40 196.21  1.75 1.29 

ISM-075  5358.01  12 11  57.66 343.84  2.8 274.12  75.61 187.63  4.05 2.97 

ISM-076  5158.01  12 10  54.64 346.82  2.7 314.48  78.72 176.69  3.85 2.72 

ISM-082  5124.01  12 10  49.10 8.00  3.8 163.87  82.74 356.65  5.01 3.31 

ISM-087  5021.01  12 10  59.61 350.44  2.4 406.31  78.91 208.01  3.61 2.71 

ISM-091  5324  12 8  44.81 2.05  2.5 489.04  83.71 52.10  3.17 2.00 

Note: N1 = Number of collected specimens; N2 = Number of used specimens; Inc = Inclination; Dec = Declination; Plat 

= Paleolatitude; Plong = Paleolongitude. 
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Figure 3. Honey Bee Village, AZ BB:9:88 (ASM), sample virtual geomagnetic poles plotted against the archaeomag-
netic reference curve SWCV2000. (Although the samples were dated statistically against SWCV595, SWCV2000 provides
a better representation of secular variation in the Greater Southwest.)

 

 

Table 4. Date range options for 29 Honey Bee Village, AZ BB:9:88 (ASM), archaeomagnetic samples. 

 

Illinois 

State 

Museum 

Lab 

Number 

Feature 

Number 95 Date Ranges  Expected Age  Agreement  

ISM-017  632.01  2.7 A.D. 1010-1040  

A.D. 1110-1140  

A.D. 950-1150  Archaeomagnetic date options agree with later half of 

expected age 

ISM-023  285.01  2.4 A.D. 985-1150  

A.D. 1100-1215  

None given  N/A  

ISM-025  369.01  2.2 A.D. 985–1150  

A.D. 1100-1265  

A.D. 1000-1150  Archaeomagnetic date range encompasses expected 

age 

ISM-026  490.01  1.9 A.D. 985-1040  

A.D. 1235-1315  

A.D. 1335-1365  

A.D. 850-1000  Archaeomagnetic date overlaps late end of expected 

age 
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Table 4. Continued. 

 

Illinois 

State 

Museum 

Lab 

Number 

Feature 

Number 95 Date Ranges  Expected Age  Agreement  

ISM-030  465.01  1.1 A.D. 935-1040  

A.D. 1060-1190  

None given  N/A  

ISM-036  286.03  3.2 A.D. 935-1415  

A.D. 1435-1690  

None given  N/A  

ISM-037  1100.01  1.6 A.D. 935-1040  

A.D. 1160-1390  

A.D. 1435-1565  

A.D. 1660-1690  

A.D. 1100-1150  Archaeomagnetic date options suggest an earlier or 

later date than expected  

ISM-038  874.01  3.6 A.D. 935-1265  

A.D. 1335-1365  

A.D. 1435-1565  

A.D. 1660-1690  

None given  N/A  

ISM-043  541.01  1.8 A.D. 985-1040  

A.D. 1160-1215  

A.D. 1235-1315  

None given  N/A  

ISM-044  539.01  2.2 A.D. 935–1150  

A.D. 1100-1335  

None given  N/A  

ISM-045  588.01  2.4 A.D. 985-1215  A.D. 1100-1200  Archaeomagnetic date encompasses expected age 

ISM-048  1161.01  2.0 Near A.D.  

1125/1150  

None given  N/A  

ISM-049  484.01  1.7 A.D. 1010-1065  

A.D. 1085-1140  

A.D. 1160-1190  

A.D. 1235-1265  

A.D. 1000-1100  Two of the archaeomagnetic date options agree with 

the expected age 

ISM-052  265.01  2.9 A.D. 935-1040  

A.D. 1160-1190  

A.D. 1235-1415  

A.D. 1435-1690  

A.D. 1000-1100  One of the archaeomagnetic date options overlaps the 

early half of the expected age  

ISM-057  2015.01  1.8 A.D. 985–1150  

A.D. 1100-1315  

A.D. 950-1150  Archaeomagnetic date encompasses the expected age 

ISM-058  943.01  1.6 A.D. 1010–1150  

A.D. 1100-1215  

A.D. 1235-1265  

A.D. 1100-1150  Archaeomagnetic date encompasses the expected age 

ISM-060  1019.01  3.2 A.D. 985-1040  

A.D. 1135-1165  

A.D. 1000-1150  Archaeomagnetic date options bracket the expected 

expected age, suggesting the feature is earlier or later 

than expected  

ISM-062  4020.01  1.5 A.D. 1010-1115  

A.D. 1160-1350  

A.D. 1100-1150  Archaeomagnetic date options bracket the expected 

expected age, suggesting the feature is earlier or later 

than expected 

ISM-063  4004.01  2.2 A.D. 985–1150  

A.D. 1100-1290  

A.D. 1100-1150  Archaeomagnetic date encompasses the expected age 

 ISM-067  4015  2.2 A.D. 935–1150  

A.D. 1100-1315  

A.D. 1335-1365  

A.D. 1435-1465  

A.D. 1660-1690  

A.D. 1100-1150  Archaeomagnetic date encompasses the expected age 

 ISM-068  1540.01  3.0 A.D. 935-1150  

A.D. 1100-1390  

A.D. 1435-1640  

A.D. 1660-1690  

A.D. 1100-1150  Archaeomagnetic date date encompasses the expected 

age  
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Table 4. Continued. 

 

Illinois 

State 

Museum 

Lab 

Number 

Feature 

Number 95 Date Ranges  Expected Age  Agreement  

ISM-070  5448.01  2.1 A.D. 985-1150  

A.D. 1100-1265  

None given  N/A  

ISM-071  5170.01  1.3 A.D. 985-1015  

A.D. 1200-1250  

None given  N/A  

ISM-072  5150.01  1.2 A.D. 985–1150  

A.D. 1100-1265  

None given  N/A  

ISM-075  5358.01  2.8 A.D. 985-1190  None given  N/A  

ISM-076  5158.01  2.7 A.D. 935-1040  

A.D. 1060-1215  

None given  N/A  

ISM-082  5124.01  3.8 A.D. 660-740  

A.D. 910-1015  

A.D. 1435-1615  

A.D. 1660-1890  

None given  N/A  

ISM-087  5021.01  2.4 A.D. 985-1150  

A.D. 1100-1315  

A.D. 1335-1365  

None given  N/A  

ISM-091  5324  2.5 A.D. 710-865  None given  N/A  

 

 
analyzed. This was a very well-behaved data set,
and all but one of the fully analyzed samples pro-
duced statistically derived archaeomagnetic dates
against the reference curve SWCV595. Further, all
but two of the samples dated to the A.D. 1000-1250
loop in the curve, indicating the majority of activi-
ties represented by this subset occurred during this

time frame. Two other features within the dated
subset produced much earlier date ranges in the sev-
enth and eighth centuries, and likely reflect two
additional periods of occupation within the history
of the site. These findings should be verified by other
archaeological data.





REFERENCES CITED

Barraclough, David Rex
 1995 Observations of the Earth’s Magnetic Field

Made in Edinburgh from 1670 to the Present
Day. Transactions of the Royal Society of
Edinburgh: Earth Sciences 85:239-252.

Batt, C. M.
 1997 The British Archaeomagnetic Calibration

Curve: An Objective Treatment. Archaeom-
etry 39:153-168.

Bucur, Ileana
 1994 The Direction of the Terrestrial Magnetic

Field in France, During the Last 21 Centu-
ries. Recent Progress. Physics of the Earth and
Planetary Interiors 87:95-109.

Butler, Robert F.
 1992 Paleomagnetism: Magnetic Domains to Geo-

logic Terranes. Blackwell Scientific Publica-
tions, Boston

Champion, Duane E.
 1980 Holocene Geomagnetic Secular Variation in the

Western United States: Implications for the
Global Geomagnetic Field. OpenFile Report
No. 80824. U.S. Geological Survey, U.S.
Department of the Interior, Washington,
D.C.

Clark, A. J., D. H. Tarling, and M. Noël
 1988 Developments in Archaeomagnetic Dating

in Britain. Journal of Archaeological Science
15:645-667.

Doell, R. R., and Allan Cox
 1965 Paleomagnetism of Hawaiian Lava Flows.

Journal of Geophysical Research 70:3377-3405.

Eighmy, Jeffrey L.
 1991 Archaeomagnetism: New Data on the U.S.

Southwest Master Curve. Archaeometry
33:201-214.

Eighmy, Jeffrey L., and Robert S. Sternberg (editors)
 1990 Archaeomagnetic Dating. University of Ari-

zona Press, Tucson.

Eighmy, Jeffrey L., J. Holly Hathaway, T. Kathleen
Henderson, and Randall H. McGuire

 1986 Secular Change in the Direction of the Geo-
magnetic Field, A.D. 900 to 1100: New U.S.
Southwest Data. MASCA Journal 4:81-85.

Eighmy, Jeffrey L., J. Holly Hathaway, and Allen E.
Kane

 1990 Archaeomagnetic Secular Variation in the
American Southwest, A.D. 700-900: Final
Results from the Dolores Archaeological
Project. In Archaeomagnetic Dating, edited by
J. L. Eighmy and R. S. Sternberg, pp. 226-
236. University of Arizona Press, Tucson.

Fisher, R. A.
 1953 Dispersion on a Sphere. Proceedings of the

Royal Society of London Series A 217:295-305.

Hagstrum, Jonathan T., and Duane E. Champion
 2002 A Holocene Paleosecular Variation Record

from 14C-Dated Volcanic Rocks in Western
North America. Journal of Geophysical Re-
search 107(B1):EPM 8-1-EPM 8-14.

Kirschvink, J. L.
 1980 The Least Square Line and Plane and the

Analysis of Paleomagnetic Data. Geophysi-
cal Journal of the Royal Astronomical Society
62:699-718.

Kovacheva, Mary
 1980 Summarised Results of the Archaeomag-

netic Investigation of the Geomagnetic Field
Variation for the Last 8000 Years in South-
eastern Europe. Geophysical Journal of the
Royal Astronomical Society 61:57-64.

 1997 Archaeomagnetic Database from Bulgaria.
Physics of the Earth and Planetary Interiors
102:145-151.

Kovacheva, Mary, Neli Jordanova, and Vassil
Karloukovski

 1998 Geomagnetic Field Variations as Deter-
mined from Bulgarian Archaeomagnetic
Data. Part II: The Last 8000 Years. Surveys
in Geophysics 19:413-460.

LaBelle, Jason M., and Jeffrey L. Eighmy
 1997 Additional Archaeomagnetic Data on the

South-West USA Master Geomagnetic Pole
Curve. Archaeometry 39:431-439.



14  Lengyel

Lanos, Phillipe
 2004 Bayesian Inference of Calibration Curves:

Application to Archaeomagnetism. In Tools
for Constructing Chronologies: Crossing Dis-
ciplinary Bouldaries, edited by C. E. Buck and
A. R. Millard, pp. 43-82. Springer, New
York.

LeGoff, Maxime, Yves Gallet, Agnès Genevey, and
Nicolas Warmé

 2002 On Archaeomagnetic Secular Variation
Curves and Archaeomagnetic Dating. Phys-
ics of the Earth and Planetary Interiors 134:203-
211.

Lengyel, Stacey N.
 2004 Archaeomagnetic Research in the U.S.

Midcontinent. Ph.D. dissertation, University
of Arizona, Tucson. University Microfilms
International, Ann Arbor, Michigan.

Lengyel, Stacey N., and Jeffrey L. Eighmy
 2002 A Revision to the U. S. Southwest Archaeo-

magnetic Master Curve. Journal of Archaeo-
logical Science 29:1423-1433.

Lund, Steve P.
 1996 A Comparison of Holocene Paleomagnetic

Secular Variation Records from North
America. Journal of Geophysical Research
101:8007-8024.

Lund, Steve P., and Subir K. Banerjee
 1985 Late Quaternary Paleomagnetic Field Secu-

lar Variation from Two Minnesota Lakes.
Journal of Geophysical Research 90(B1):803-
825.

Malin, Stuart R. C., and Edward Bullard
 1981 The Direction of the Earth’s Magnetic Field

at London, 1570-1975. Philosophical Trans-
actions of the Royal Society of London
A299:357-423.

McFadden, Phillip L., and F. J. Lowes
 1981 The Discrimination of Mean Directions

Drawn From Fisher Distributions. Geophysi-
cal Journal of the Royal Astronomical Society
67:19-33.

Noël, M., and C. M. Batt
 1990 A Method for Correcting Geographically

Separated Remanence Directions for the
Purpose of Archaeomagnetic Dating. Geo-
physical Journal International 102:753-756.

Sternberg, Robert S.
 1982 Archaeomagnetic Secular Variation of Direction

and Paleointensity in the American Southwest.
Ph.D. dissertation, University of Arizona,
Tucson. University Microfilms Interna-
tional, Ann Arbor, Michigan

.
 1990 The Geophysical Basis of Archaeomagnetic

Dating, In Archaeomagnetic Dating, edited by
J. L. Eighmy and R. S. Sternberg, pp. 5-30.
University of Arizona Press, Tucson.

 1997 Archaeomagnetic Dating. In Chronometric
and Allied Dating in Archaeology, edited by
R. E. Taylor and M. J. Aitken, pp. 323-356.
Plenum Press, New York.

Sternberg, Robert S., and Randall H. McGuire
 1990 Techniques for Constructing Secular Varia-

tion Curves and for Interpreting Archaeo-
magnetic Dates. In Archaeomagnetic Dating,
edited by J. L. Eighmy and R. S. Sternberg,
pp. 109-134. University of Arizona Press,
Tucson.

Tarling, D. H., and M. J. Dobson
 1995 Archaeomagnetism: An Error Assessment

of Fired Material Observations in the Brit-
ish Directional Database. Journal of Geomag-
netism and Geoelectricity 47:5-18.

Thompson, Roy
 1982 A Comparison of Geomagnetic Secular

Variation as Recorded by Historical, Ar-
chaeomagnetic and Palaeomagnetic Mea-
surements. Philosophical Transactions of the
Royal Society of London A306:103-112.

Wolfman, Daniel
 1984 Geomagnetic Dating Methods in Archaeol-

ogy. In Advances in Archaeological Method
and Theory, vol. 7, edited by M. B. Schiffer,
pp. 363-458. Academic Press, San Francisco.


	lengyel_cover
	ap_48_lengyel.pdf
	Blank Page
	Blank Page



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


