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Archaeomagnetic investigation of oriented pre-Columbian lime-plasters from
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Results of an archaeomagnetic study of two excavation field seasons at the Xalla and Teopancazco residential
areas of the ancient Prehispanic city of Teotihuacan, Central Mexico are reported. One-hundred and fifty
three oriented samples of lime-plasters from the two archaeological sites were collected for the study. NRM
directions are reasonably well grouped. Alternating field demagnetization shows single or two-component
magnetizations. Rock magnetic measurements point to fine-grained titanomagnetites with pseudo-single domain
behaviour. Characteristic site mean directions from both sites are correlated to the available palaeosecular
variation curve for Mesoamerica. The mean directions obtained from Xalla site point to average dates of
550 AD±25 years that matches with the documented ‘Big Fire’ of Teotihuacan (AD 575). Two consecutive
construction levels at Teopancazco were estimated as AD 250–350 and AD 350–425 respectively.
Key words: Archaeomagnetism, lime-plasters, geomagnetic secular variation, Teotihuacan, Mesoamerica.

1. Introduction
Many archaeological materials contain magnetic parti-

cles and acquire a remanence at some specific time that
depends on the direction and intensity of Earth’s magnetic
field (e.g., Aitken, 1990; Lanos et al., 1999). The time of
acquisition of remanent magnetization can be determined
by comparison of the palaeomagnetic parameters of such
materials from an archaeological site with an already dated
record of the past geomagnetic field in the same region,
known as a master or reference geomagnetic secular vari-
ation curve. Where the past variations of Earth’s mag-
netic field, and thus the master curve, are well established,
such as in Europe, archaeomagnetic dating can be as pre-
cise as radiometric dating (e.g., Genevey and Gallet, 2002)
and does not depend on the availability of suitable carbon-
bearing material.
The use of lime-plasters (so called ‘stuccos’) was

widespread in Mesoamerica. The Teotihuacan culture ex-
tensively employed plasters made of lime, lithic clasts and
water, which were used for a variety of purposes in floors,
sculptures, ceramics and supporting media for mural paint-
ings, adding grinded volcanic scoria rich in iron that en-
hance the magnetic signal. Hueda-Tanabe et al. (2004) re-
cently showed that both burned and unburned lime-plasters
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may provide an accurate and reliable record of Earth’s mag-
netic field at the time of their elaboration. This opens new
possibilities to obtain high quality archaeomagnetic data
considering that lime-plasters are abundant in archaeolog-
ical sites in Mesoamerica.
In this study we report -new archaeomagnetic results of

selected lime-plaster samples from Xalla and Teopancazco,
two major archaeological residential areas of Teotihuacan.
The study is aimed to investigate the magnetic record of
lime-plasters and the potential use of the magnetization di-
rections for archeomagnetic dating. A major limitation of
the archaeomagnetic dating studies is related to the reso-
lution and reliability of the geomagnetic secular variation
curve for Mesoamerica. To improve the archaeomagnetic
master curve for the region we require increased chrono-
logical resolution and further high-quality archaeomagnetic
data.

2. Sample Description
Teotihuacan is one of the largest urban and religious cen-

ters in Mesoamerica, characterized by large temple pyra-
mids, administrative sectors and many residential areas,
covering an area of about 20 km2 (Fig. 1). A population
of more than 100,000 people is estimated. The city was
primarily occupied between AD 0 and AD 650. For the
study, 136 lime-plaster samples were obtained from Xalla
and 17 samples from Teopancazco, two sites excavated in
the “Teotihuacan: elite and government” project, headed
by Linda Manzanilla. Xalla samples were collected during
2001 and 2003 field trip, while Teopancazco was mainly
sampled in 2003. The residential area of Teopancazco
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Fig. 1. Location of Teotihuacan and the sites of Teopancazco and Xalla (signal by a dark squares).

Table 1. Mean directions by sample and stage Xalla 2001. N : number of specimens, DEC: declination, INC: inclination, α95, R, K : Fisher statistical
parameters, rejected if α95 > 13◦, b—burned, non b—non burned, location parameters: S—structure, R—room, B—building, N—north, E—east.

Sample N DEC INC α95 R K Description

Xa1 7/7 340.6 41.1 9.47 6.716 21 Floor 1 b S4R1 N349 E331

Xa2 8/10 336.8 42.6 7.33 7.802 35 Floor 1 b S4R1 N347 E339

Xa3 7/7 7.5 33.4 11.89 6.638 15 Floor 1 b S4R1 N348 E339

Xa4 9/10 359.3 38.8 5.91 8.834 48 Floor 1 b S4R1

Xa5 9/10 359.2 38.6 5.93 8.833 48 Floor 1 non b S4R1 N335 E333

Xa6 9/10 332.6 38.7 8.29 8.687 26 Floor 1 non b S4R1 N346 E333

Xa7 7/8 341.0 41.3 6.6 6.876 48 Floor 1 non b S2R3 N352 E397

Xa8 6/6 — — — — — rejected Floor 1 non b S2R1 N349 E397

Xa9 6/6 — — — — — rejected Wall non b S2R3 N344 E399

Xa10 6/6 — — — — — rejected Floor 1 non b S9B1 N350 E368

Xa11 4/4 47 39.3 20.42 3.784 14 rejected Floor 2 non b S9B2 N350 E368

Xa12 6/6 336.8 48.4 20.1 5.380 8 rejected Floor 3 non b S9B3 N350 E363

Xa13 4/4 350.0 66.2 28.93 3.596 7 rejected Floor 4 non b S9B4 N356 E370

Xa14 6/8 1.8 51.1 19.42 5.611 19 rejected Floor Square. Red building

S9B4 N356 E370

Xa15 4/7 359.3 41.4 29 3.592 7 rejected Floor 1 non b S9B5 N346 E359

Stage N DEC INC α95 R K Probable Archaeomagnetic

dates AD dating AD

Floor 1 b 4/4 352.4 40.5 9.8 3.928 45 550–575 550–575

S4 1155

1375–1454

1460–1494

Floor 1 2/2 345.9 39.4 32.69 1.967 31 rejected

non b S4

Floor 1 1/2 341.0 41.3 6.6 6.876 48 250–350 none

non b S2 575–650

1155–1195 none

was sampled for archaeomagnetic dating earlier by Hueda-
Tanabe et al. (2004). The new samples collected comple-
ment the initial study. Samples consist mainly of burned
stuccos dated as 550 AD by radiocarbon dating and addi-
tional unburned specimens (containing fine grained scoria)
covering the time interval between AD 100 and AD 350. A

total of 153 oriented samples were collected for the study
(Tables 1, 2 and 3).
Teopancazco is a neighborhood compound at the south-

eastern sector of the city of Teotihuacan, which is character-
ized by a series of constructive levels built during the Clas-
sic (AD 200–600/650) as well as the Epiclassic, and Aztec
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Table 2. Mean directions by sample and stage of Xalla 2003. N : number of specimens, DEC: declination, INC: inclination, α95, R, K : Fisher statistical
parameters, b—burned, non b—non burned location parameters: S—structure, N—north, E—east.

Sample N DEC INC α95 R K Description

X1 4/4 355.5 38.4 3.95 3.994 541 Floor 1 b S1

X2 4/4 354.7 36.1 4.88 3.991 355 Floor 1 b S1

N385 E369

X3 3/3 4.3 41.9 11.7 2.982 112 Floor 1 b S1

N380 E370

X4 1/1 353.5 41.2 — — — Floor 1 b S1

N378 E370

X5 2/2 356.5 34.6 2.24 1.999 12373 Floor 1 b S1

N378 E369

X7 1/1 343.5 39.3 — — — Red wall

N361 E378

X8 4/4 356.3 45.8 2.89 3.997 1006 Red wall

N380 E361

X9 8/8 355.1 42.6 2.09 7.990 700 Red wall

N380 E361

Stage N DEC INC α95 R K Probable Archaeomagnetic

dates AD dating AD

Floor 1 5/5 356.8 38.5 3.57 4.988 331 350–425 525–575

b S1 525–550

550–575

Red 3/3 351.4 42.7 8.11 2.988 172 545–605 545–605

Walls

Table 3. Mean directions by sample and stage of Teopancazco 2003. N : number of specimens, DEC: declination, INC: inclination, α95, R, K : Fisher
statistical parameters. Remagnetization circles: method employed (or used) to estimate mean direction b—burned, non b—non burned location
parameters: R—room, N—north, E—east.

Sample N DEC INC α95 R K Description

T1 6/6 353.9 46.3 4.23 5.9801 251 Floor 2 b R154-160

T2 4/4 346.2 35 Remagnetization Floor 2 b R153 N464

circles E108

T3 2/2 346.9 31.5 Remagnetization Floor 2 b R153 N464

circles E108

T4 5/5 354.2 35.2 2.07 4.9971 1360 Floor 1 non b

Temple floor

Stage N DEC INC α95 R K Probable Archaeomagnetic

dates AD dating AD

Floor 2 3/3 348.7 37.4 10.32 2.978 92 100–250 250–350

b 250–350

Floor 1 1/1 354.2 35.2 2.07 4.9971 1360 350–425 350–425

non b 525–550

times. The site has been excavated and studied extensively
and interdisciplinary, including chemical, palaeobotanical,
archaeozoological, osteological, genetical, isotopic and ar-
chaeological analyses (Manzanilla, 2000, 2003). Xalla is a
palatial compound to the north of the Pyramid of the Sun.
It seems to be the rulers’ palace because of its dimensions,
type of constructions and it was walled. Five constructive
stages are recognized at Xalla. Radiocarbon dates of AD
200–250 (Rattray, 1991) and AD 350-550 (Manzanilla and
López Luján, 2001) have been reported.
Samples were recovered using non-magnetic chisels,

spatulas, and hammers. Each sample was oriented with a
magnetic compass and marked with a waterproof pen. In
the laboratory, specimens were obtained from each sample.

They were cut with a blade and were “encapsulated” within
two wooden discs of 2.5 cm diameter and about 1.25 cm
thick, using a non-magnetic epoxic resin, in order to obtain
cylindrical samples that fit in a spinner magnetometer.

3. Magnetic Measurements
3.1 Hysteresis experiments
All samples were subjected to magnetic hysteresis exper-

iments using an AGFM “Micromag” apparatus in fields up
to 1.2 Tesla. The hysteresis parameters (saturation remanent
magnetization Jrs , saturation magnetization Js , and coer-
cive force Hc) were calculated after correction for paramag-
netic contribution. Coercivity of remanence (Hcr ) was de-
termined by applying a progressively increasing back-field
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Fig. 2. Hysteresis plots for Xalla samples 2B and 8 and Teopancazco 4.

 

Fig. 3. Isothermal remanent magnetization curves of samples of Xalla 2003 (X1-A and X9-A) and Teopancazco (T1-C y T4-E).

after saturation. Typical hysteresis plots are shown in Fig. 2;
the curves are quite symmetrical in all cases. Near the ori-
gin no potbellied and wasp-waisted behaviors were detected
(Tauxe et al., 1996), which probably reflect very restricted
ranges of the magnetic mineral coercivities. In the ratio
plot of hysteresis parameters (Fig. 4), samples fall in the
pseudo-single-domain (PSD) grain size region (Day et al.,
1977; Dunlop, 2002). Isothermal remanent magnetization
(IRM) acquisition curves (Fig. 3) indicate that saturation is
reached in moderate fields of 100–200 mT, which points to
some spinels as remanence carriers (most probably titano-

magnetites).
3.2 Remanence properties
Natural remanent magnetism (NRM) intensity and di-

rection of each specimen were measured with a AGICO
LtD spinner magnetometer JR6 (nominal sensitivity ∼10−9

Am2) in the Paleomagnetic Laboratory of the National Uni-
versity of Mexico (UNAM). The coercivity, stability and
vectorial composition of NRM were investigated by de-
tailed stepwise alternating field (AF) demagnetization. AF
demagnetization was carried out in 8–12 steps up to maxi-
mum fields of 100 mT using a Molspin AF demagnetizer.
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Fig. 4. Plot of Hysteresis parameter ratios and domain state fields (Day et al., 1977; Dunlop, 2002). Xalla (X) and Teopancazco (T) samples 2003.

(a)

(b)

(c)

Fig. 5. (a) Demagnetization vector diagrams for samples from Xalla 2001, samples Xa3B and Xa4C. (b) Demagnetization vector diagrams for samples
from Xalla 2003, samples X1- A and X8-C. (c) Demagnetization vector diagrams for samples from Teopancazco 2003, samples T2-C and T4-E, full
circles—Horizontal component, empty circles—Vertical component.

In most cases stable univectorial components were iso-
lated (Figs. 5(a), (b) and (c)). A small component, probably
of viscous origin, is easily removed at first steps of demag-
netization. Results are summarized in Tables 1 and 2 for
Xalla and in Table 3 for Teopancazco. The characteristic re-

manent magnetization (ChRM) direction was calculated by
principal component analysis (Kirschvink, 1980) or from
vector substraction on the linear vector trajectories going
through the origin in the orthogonal diagrams. The rema-
nence directions are listed in Tables 1, 2 and 3. The mean
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Fig. 6. (a) Average directions for Floor 1 Structure 4 burned and Floor 1
Structure 2 non burned of Xalla 2001. (b) Average directions for Floor
1 burned and the Red Walls of Xalla 2003. (c) Average directions for
Floor 2 and Floor 1 unburned of Teopancazco 2003.

directions and angular dispersion parameters for each stage
were determined by vector sum giving unit weight to indi-
vidual specimen directions and assuming a Fisherian sta-
tistical distribution of vectors (Tarling, 1983). Mean direc-
tions are plotted in equal-area projections (Figs. 6(a), (b)
and (c)).

4. Discussion and Main Results
Characteristic magnetization directions are successfully

isolated for all samples. The α95 for unburned materials (it
can not be ascertained that the remanence is a detrital re-
manent magnetization) is higher than burned lime-plasters
(probably thermoremanent magnetization). This is clearly
shown in Table 1 yielding α95 as high as 29◦ (single case,
sample Xa13). In any case, all samples yielding α95 higher
than 13◦ were discarded from further analysis.
From the statistical analyses we estimated the magnetic

declination and inclination of the ChRM of each sample and
mean site directions. We calculated the virtual geomagnetic
pole (VGP) for sites from each constructive stage. The site-
mean directions and VGPs were then compared to the avail-
able PSV reference curve for Mesoamerica. An improved
PSV curve of Central Mexico has been used (Hueda-Tanabe
et al., 2004), with incorporation of data reported in Urrutia-
Fucugauchi (1975, 1996), Wolfman (1973, 1990), Ortega-
Guerrero and Urrutia-Fucugauchi (1997) (lake sediments)

Fig. 7. Geomagnetic secular variation curve of Mesoamerica
(Hueda-Tanabe et al., 2004).

and Latham et al. (1986) (stalagmites). Some additional re-
sults from volcanic rocks, historical and observatory data
are also considered (Fig. 7). For the dating purposes, we
employed a basic principle of archaeomagnetic dating (Le
Goff et al., 2002; Noel and Batt, 1990) that consists in find-
ing the “crossing-point” with the palaeosecular curve of the
region. In addition, some stratigraphic restrictions are con-
sidered to better constrain the dates.
Xalla 2001 mean site directions of floor 1 burned S4 and

-non burned S2 show well clustering with α95 less than
10◦. The floors 2, 3, 4 and 5 however are poorly defined
and yield relatively high dispersion, which impedes any
possibility of age estimation. Generally speaking the results
of Xalla 2003 for floor 1 burned showed better clustering
(Dec = 356.8, Inc = 38.5, α95 = 3.6) than Xalla 2001
(Dec = 0.4, Inc = 39.9, α95 = 9.8). Both directions
however are undistinguishable at 95% level. These results
point to dates of AD 550–575 and AD 525–575 respectively
yielding an average of AD 550±25. This matches with
the date of AD 555 for the Big Fire of Teotihuacan (Beta
115496; Manzanilla, 2003).
Estimated archaeomagnetic dates for the Xalla site (Floor

1-S4 and S2 burned, corresponding to 2001 and 2003 col-
lections) agree well within error to previous dates reported
in preliminary work of Hueda-Tanabe et al. (2004). Unfor-
tunately, the present study does not allow to estimate the
age of the consecutive construction stages (Floor 1 S4 non
burned, Floor 2, 3 and 4 from Structure 9 and Floor 1 non
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burned from Structure 4) due to the high directional dis-
persion. On other hand, our estimated dates for the red
walls (AD 545-605), seems to indicate that they have been
affected by documented Big Fire matches well with the
archaeological dates (AD 575, Beta 115496; Manzanilla,
2003) or a reparation of the wall.
The Teopancazco mean directions for 2003 T1 and T4

showed good clustering. All α95 are less than 5◦. It should
be noted that mean directions for samples T2 and T3 has
been calculated by remagnetization circles. Again, basi-
cally similar directions are obtained from burned and un-
burned lime-plasters (Table 3). The new archaeomagnetic
dates obtained here for the Teopancazco site (floor 1 un-
burned from Temple Floor) coincide quite well with those
reported by Hueda-Tanabe et al. (2004) for the sample TP6.
Additionally dates obtained for floor 1 (non burned, Temple
Floor) agree with age estimation for sample TP2 of Hueda-
Tanabe et al. (2004) and with the radiocarbon date of AD
350±40 (Beta 132605, Manzanilla, 2000).
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