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A B S T R A C T

For centuries, and until a few years ago, it was considered that the distillation process had been brought to the
new world by the Spaniards, who in turn learned it from the Arabs. For this reason, it was believed that the only
alcoholic beverage of the Mesoamerican societies was pulque - a ferment of maguey. However, recent archae-
ological investigations revealed that the alcohol distillation was known in Mesoamerica long before the arrival of
Europeans, for at least 25 centuries. The direct evidence comes from the ceremonial and administrative center of
Xochitécatl-Cacaxtla (state of Tlaxcala) with several ovens where cooked maguey remains were discowered. The
corresponding archaeological context was radiometrically dated from 600 to 400 BCE. Here, we report a detailed
archaeomagnetic study on burned archaeological artifacts found in these cooking ovens. 35 specimens belonging
to two pottery fragments, one burned rock and two burned soil samples were pre-selected for archaeointensity
experiments. Pottery samples exhibited essentially reversible behavior during thermomagnetic experiments
pointing to Ti-poor titanomagnetite (almost magnetite phase) as main magnetic carrier while two ferromagnetic
phase seems to co-exist in burned soils. In contrast, burned rock samples exhibited some instabilities during the
heating at high temperatures and indirect evidence of the presence of antiferromagnetic hematite grains. In total,
29 specimens allowed the estimation of absolute geomagnetic intensity recorded during the last use of the
furnace. Archaeomagnetic dating yielded two possible time intervals between 878 to 693 BCE and 557 to
487 BCE. These new data reinforce the initial hypothesis and corroborate the temporality of these pre-Hispanic
kilns.

1. Introduction

The pre-Hispanic evidence of distilled beverages still remains highly
controversial in Mesoamerica. A fermented drinks from the agave plant
known as pulque (agave wine) was systematically consumed in central
and northern Mesoamerica before European conquest. Tequila, how-
ever, was first produced in the 16th century in the town of Tequila
(State of Jalisco, Western Mexico). The distillation procedure of Tequila
involves only the blue agave (tequiliana weber), while any type of agave
may be used to produce Mezcal. Thus, Tequila is a type of Mezcal. It is
produced in almost everywhere in Mexico, being Oaxaca State the
major Mezcal producer.

The origin of mezcal is a matter of debate and it is still unclear
whether distilled drinks were produced in Mexico before the Spaniards
arrival (Zizumbo-Villarreal et al., 2009). The idea about the pre-His-
panic origin became popular (Serra Puche, 1994, 1997a, 1997b; Serra
Puche and Lazcano, 1997, 1998a, 1998b; Serra Puche and Palavicini,

1996; Serra Puche et al., 2000) since middle 90th. Serra Puche et al.
(2000) and Serra Puche and Lazcano (2002a, 2002b), based on the
study of pre-Hispanic conical kilns, argued that around 400 BCE the
inhabitants of Xochitecatl-Cacaxtla (state of Tlaxcala) already knew the
process of fermentation and distillation of Mezcal as a ritual drink. On
the other hand, Colunga et al. (2013) found some vessels that may have
been used to distill beverages between 1500 through 1000 BCE in the
state of Colima (western Mexico). The great importance of agave as
food since approximately 8000 BCE was first underlined by Flannery
(1986) and Smith (1986) while other authors like Benz (2002), Benz
et al. (2006), Schöndube, 2000, Zizumbo-Villarreal et al., 2009 docu-
mented its use as fiber and fermented beverage since the Late Formative
period in western Mesoamerica (Colima and Jalisco states mainly). In
this context, Kelly (1974, 1980) studied Capacha (Colima State) gourd
and trifid vessels belonging to the Early Formative period (approx. 1500
through 1000 BCE) that could be used to produce distilled beverages.

The investigation conducted by Serra Puche and Lazcano (2016)
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was based on the production of mezcal from archaeological, ethno-
historical and ethno-archaeological perspectives. Mezcal is obtained
from the maguey through traditional work processes such as: the
cooking of the pineapples (through the use of kilns dug in the ground in
its most traditional form), crushing of cooked pineapple (with axes and
clubs) and the fermentation, originally in wooden basin. Finally, the
distillation process is achieved in primitive pots, currently copper and
filtering dishes. The objective was to establish analogies which may
potentially allow understanding the meaning of the cultural material
documented in the housing units of the archaeological site of Xochite-
catl-Cacaxtla. For this purpose, different studies were carried out in
numerous communities in Mexico, southern United States and Guate-
mala in order to register the diversity of agaves and instruments used in
the production of Mezcal to identify the degree of specialization and the
current elements that allow to infer whether the archaeological

evidence (furnaces, pots, etc.) found in the housing area of Xochitecatl-
Cacaxtla has a relationship with elaboration of distilled beverages
during the pre-Hispanic times (Serra Puche and Lazcano, 2016).

Present study is aimed to magnetically date pottery, burned soil and
burned rock samples found in some maguey cooking ovens at
Xochitécatl-Cacaxtla archaeological site. These baked artifacts contain
small quantities of magnetic minerals that register the Earth's magnetic
field at the time of their last firing and subsequent cooling. In ideal case,
archaeomagnetic directions (declination and inclination) may greatly
help to precise the absolute ages. However, in situ, consolidated ma-
terials were extremely hard to found and thus no oriented samples were
obtained.

2. Archaeological context

The valley of Tlaxcala (Fig. 1) is delimited by mountainous forma-
tions, some of them of more than five thousand meters height, standing
out the Popocatépetl, the Iztaccíhuatl, the Tláloc, the Telapón and the
La Malinche volcanic events. Around the settlements of Xochitecatl-
Cacaxtla, a large part of the population gathered, which had a con-
tinuous growth since the Middle Formative period (800–200 BCE). This
is due to its privileged location in a high place and as a passage of
exchange and trade routes. Xochitecatl archaeological complex is lo-
cated in the valley of Tlaxcala, southwest of the state of the same name
in the central part of Mexico. It is a ceremonial center located on top of
an old volcanic cone that was built during the Formative period
(800 BCE–100 CE). There is no radiometric age information available of
the volcanic lavas and lava cones that outcrops within the settlement. In
the vicinity of Xochitecatl, rises another important architectural com-
plex of Cacaxtla dedicated to civic-administrative functions. Both areas,
however, may be considered as a single archaeological site, a big city
that covered a huge area of the surrounding valleys sharing the spatial
and temporal elements (Serra Puche and Palavicini, 1996).

Many human settlements existed across the Puebla-Tlaxcala Valley
region during the Early Preclassic (1500–900 BCE) period. Many of
these places, first conceived as villages, consolidated during the Middle
and Late Preclassic (900 BCE–200 CE) becoming soon the sites of con-
trol and regional supremacy with its apogee at the Epiclassic
(650–950 CE). The city of Xochitecatl-Cacaxtla, a pre-Hispanic settle-
ment (Fig. 1), was planned and built around 800 BCE. It is located
117 km from the Mexico City at an average altitude of 2200m. Near the
ceremonial center, Serra Puche and Lazcano (1998a, 1998b) found
housing units, which allowed them to imagine a wider panorama of this
pre-Hispanic city and discover that its inhabitants were dedicated to
various trades, such as stone polishers and potters among some others.
An important finding was the discovery a series of ovens (Fig. 1) similar
to those currently used to burn the maguey heart. At the external part of
the houses, a hole of two meters in diameter by three of depth was
made, and it was filled with volcanic rocks, soils and pottery fragments
in order to keep the heat inside the oven. When doing the chemical
analyzes of the runoff, experts from Institute of Chemistry of the UNAM
(National University of Mexico) detected an organic material identified
as burnt maguey pieces. The ages obtained with 14C systematics of the
residues of maguey in ovens found in the ceremonial and administrative
center of Xochitécatl-Cacaxtla, in Tlaxcala, correspond to the first
period of occupation of the city, from 600 to 400 BCE.

Fig. 1. A) Location of studied site and B) Tlaxcala Valley digital elevation model indicating the Xochitecatl-Cacaxtla archaeological complex. C) Typical furnace
found in Xochitécatl housing area presumably used for alcohol production.

Fig. 2. Susceptibility vs. temperature curves for burned soil, rock and pottery
representative samples.
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3. Laboratory procedures

Rock-magnetic analysis was carried out in order to reveal the
magnetic carriers and estimate their thermal stability. These experi-
ments consisted of the continuous record of susceptibility vs. tem-
perature curves (Fig. 2) using an AGICO MFK1B susceptibility bridge
equipped with furnace, saturation magnetization versus temperature,
hysteresis cycles (Fig. 3) and associated isothermal remanent magne-
tization acquisition (IRM) experiments performed using a Variable Field

Translation Balance (VFTB). IRM acquisition curves were recorded in a
maximum applied field of 0.85 T. Hysteresis parameters were de-
termined after paramagnetic and diamagnetic corrections. RockMag
Analyser 1.0 software was used for the data analysis (Leonhardt, 2006).
Continuous thermomagnetic curves were obtained by heating samples
in air up to 600 °C and cooling them down to room temperature. The
heating and cooling rate was set to 10 °C/min thorough whole cycle.
Remanent magnetization was measured using a JR6 spinner magnet-
ometer while an ASC TD48 dual chamber thermal demagnetizer served

Fig. 3. A summary of rock-magnetic experiments for the representative samples: Saturation magnetization vs. temperature curves, the red curve represents the
heating curve and the blue to the cooling curve. Hysteresis experiments and associated isothermal remanence acquisition curves obtained with a Variable Field
Translation Balance. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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to demagnetize and remagnetize samples during absolute intensity ex-
periments using Coe et al. (1978) modification of Thellier and Thellier
(1959) method. The laboratory controlled field was set to 45 μT, with a
0.3 μT or less precision. Twelve temperature steps were distributed
throughout the whole experiment and the control heatings (so-called
pTRM checks) were performed four times (Fig. 4). All pottery, rock and
soil fragments were divided into seven fragments and oriented in salt
pellets with six different positions in order to reduce the magnetic

anisotropy effects (Morales et al., 2001). Cooling rate experiments were
performed following a modified procedure from that described by
Chauvin et al. (2000). The duration of slow cooling was between 7 h
and 15min and 7 h and 35min.

4. Main results and concluding remarks

Rock magnetic experiments were carried out on pottery, burned

Fig. 4. Representative Natural Remanent Magnetization (NRM)–Thermomagnetic Remanent Magnetization (TRM) plots (so-called Arai-Nagata plots) and associated
orthogonal vector demagnetization diagrams for the representative samples.
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rock and soil samples found within ovens where maguey was cooked.
They exhibited different magnetic mineralogy and thermal behavior.
Thermomagnetic curves obtained from ceramic samples (Fig. 2) yielded
reasonably reversible behavior between heating and cooling cycle
pointing to almost magnetite or Ti-poor titanomagnetite as main mag-
netic carrier. Burned soil revealed two magnetic phases, first one with
Curie temperature between 190 and 210 °C while second one corre-
sponds to almost pure magnetite. These curves display a reasonably
reversible behavior and both phases are found in heating and cooling
cycles. In contrast, burned rock samples showed marked irreversibility
and thermal instability. Magnetite seems to co-exist together with Ti-
poor titanomagnetite or even titanomaghemite. Saturation magnetiza-
tion vs. temperature curves (Fig. 3) basically confirms the magnetic
mineralogy revealed by k-T experiments. In any case, susceptibility
curves are more sensitive to thermal evolution of natural samples
(Goguitchaichvili et al., 2001). Main outcome from hysteresis and as-
sociated isothermal remanent magnetization experiments is the fact
that the IRM curves are not completely saturated at 0.85 T which may
attest that some antiferromagnetic phase most probably hematite is also
present. Its contribution however in remanence seems to be minor. In
contrast, burned rock samples (Fig. 3) reached the saturation at about
250mT.

35 specimens belonging to two pottery fragments, one burned rock
and two burned soil samples (Table 1) were pre-selected for archae-
ointensity experiments (Fig. 4). The following acceptance criteria were
applied to the individual archaeointensity determinations: a) There is
no evidence of deviation of natural remanence end points towards the
laboratory field directions (transversal). b) There is no apparent con-
cave-up behavior on Arai-Nagata plots. c) The control heatings also
known as pTRM checks are positive (within 10% at high temperatures
and within 15% at temperatures less than 300 °C). d). The quality factor
q generally about five or higher. e). A remanence fraction f more than
one third of initial remanence determined on at least 5 aligned points.
We exceptionally accepted quality factors less than 5 in cases when the
individual archaeointensity values are close to the fragment mean ar-
chaeointensity. The best technical quality determinations comes from
burned soil samples while rock samples yielded only one determination
out of 7 analyzed samples. Pottery samples yielded generally less
technical quality determinations but their mean values are indis-
tinguishable with the soil fragment mean archaeointensities con-
sidering their uncertainties (Table 1). In total, 29 specimens allowed the
estimation of absolute geomagnetic intensity recorded during the last
use of the furnace.

The most interesting feature of this study is the fact that different

Table 1
Results of Thelleir archaeointensity experiments, Tmin–Tmax: the temperature interval of absolute intensity determination; N: the number of heating steps used; Bcorr:
archaeointensity value corrected for cooling rate effect, f, the fraction of NRM used for intensity determination; g: the gap factor; q: the quality factor as defined by
Coe et al. (1978).

Fragment Specimen Lab code N Tmin–Tmax Bcorr σB f g q

1a 17M001 6 350–515 38.1 3.4 0.45 0.77 3.7
2b 17M002 6 350–515 37.9 3.2 0.38 0.78 3.5
3a 17M003 5 350–500 38.2 1.9 0.36 0.80 4.5
4a 17M004 7 300–515 41.2 3.1 0.43 0.79 3.7
5b 17M005 6 350–515 40.9 2.1 0.32 0.76 4.2
6c 17M006 6 300–500 41.2 2.3 0.36 0.78 5.8
7b 17M007 6 350–515 44.7 2.6 0.38 0.79 4.6

8a 17M008 8 250–540 47.6 3.1 0.63 0.78 7.3
9b 17M009 8 250–540 42.1 2.6 0.71 0.82 9.5
10b 17M010 8 250–540 43.4 2.3 0.69 0.81 7.8
11b 17M011 8 250–540 43.5 2.5 0.72 0.80 7.3
12b 17M012 9 250–560 40.2 1.8 0.76 0.83 11.8
13a 17M013 8 250–540 41.2 1.6 0.72 0.81 8.6
14b 17M014 8 250–540 42.5 1.8 0.73 0.84 15.7

15b 17M015
16b 17M016
17b 17M017
18a 17M018
19b 17M019
20c 17M020 6 350–515 39.2 3.2 0.35 0.84 5.8
21b 17M021

22b 17M022 8 300–540 43.7 1.8 0.66 0.83 20.5
23b 17M023 8 300–540 44.7 1.6 0.69 0.79 14.5
24a 17M024 8 300–540 44.8 1.6 0.80 0.85 31.7
25b 17M025 7 350–540 44.5 1.7 0.78 0.86 16.9
26b 17M026 8 300–540 45.6 2.1 0.61 0.84 22.5
27b 17M027 8 300–540 39.2 1.9 0.59 0.81 11.2
28b 17M028 8 300–540 42.6 1.5 0.65 0.88 19.7

29c 17M029 10 250–570 43.7 2.1 0.81 0.84 14.9
30b 17M030 9 300–570 46.2 2.3 0.84 0.83 16.5
31b 17M031 10 250–570 42.6 2.4 0.82 0.86 16.3
32c 17M032 10 250–570 45.3 1.8 0.81 0.88 18.5
33a 17M033 9 250–540 41.7 2.1 0.82 0.85 15.9
34a 17M034 10 250–570 40.8 1.6 0.79 0.82 14.6
35b 17M035 10 300–570 41.3 2.0 0.80 0.87 28.3
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materials such as ceramics, burned soil and rock samples yielded sta-
tistically undistinguishable absolute intensity values which attest that
they were cooled down almost same time and faithfully recorded the
geomagnetic field strength at the time of the last use of the furnace. The
archaeomagnetic dating using the last SHADIF14K model of Pavón-
Carrasco et al. (2011, 2014) gives a time intervals between 874 BCE and
739 BCE (Fig. 5), 537 and 504 BCE and between 559 and 842 CE re-
spectively. The last time interval, however, is less probable since all
available radiometric dates and archaeological age consideration based
on ceramic style points to pre-classic period. Thus we restricted the
archaeomagnetic dating time interval obtaining two most probable
ages: 878 to 693 BCE and 557–487 BCE (Fig. 6).

These new ages obtained directly from ovens correspond to the first
occupation called as Zahuapan in the established chronological se-
quence. The main features of this stage are housing units where the
ovens were found and are in good accordance with some few radio-
metric dates available. Therefore, these new datings, obtained directly
from the ovens and vessels, give greater certainty to the temporality of
the first occupation for at least 600 uninterrupted years. This period
was characterized not only by mezcal distillation kilns but also by in-
tense ceramic production (both ceremonial and utilitarian) and lithic

workshops. These new absolute ages reinforce the initial hypothesis and
corroborate the temporality of these pre-Hispanic kilns and thus firmly
confirm the pre-Hispanic origin of Mezcal.

Acknowledgements

This work was supported by CONACYT project no. 252149. Critical
reviews of two anonymous referees greatly improved the manuscript.

References

Benz, B., 2002. The Origins of Mesoamerican Agriculture: Reconnaissance and Testing in the
Sayula-Zacoalco Lake Basin. Foundation for the Advancement of Mesoamerican Studies,
Inc. (FAMSI). http://www.famsi.org/reports/99074/.

Benz, B.F., López-Mestas, L., Ramos-de la Vega, J., 2006. Organic offerings, paper, and fibers
from the Huitzilapa Shaft Tomb, Jalisco, Mexico. Anc. Mesoam. 17 (2), 283–296.

Chauvin, A., Garcia, Y., Lanos, Ph., Laubenheimer, F., 2000. Paleointensity of the geomagnetic
field recovered on archaeomagnetic sites from France. Phys. Earth Planet. Inter. 120,
111–136.

Coe, R.S., Grommé, S., Mankinen, E.A., 1978. Geomagnetic paleointensities from radiocarbon-
dated lava flows on Hawaii and the question of the Pacific nondipole low. J. Geophys. Res.
Solid Earth 83 (B4), 1740–1756.

Colunga, P., Zizimbo, D., Gonzalez, F., 2013. El origen de los mezcales. In: El Mezcal, paisaje de
Mexico, pp. 38–44.

Flannery, K.V., 1986. Radiocarbon dates. In: Flannery, K.V. (Ed.), Guilá Naquitz. Archaic

Fig. 5. Archaeomagnetic dating of pottery samples using a MATLAB tool pro-
vided by Pavón-Carrasco et al. (2011, 2014) considering the time interval be-
tween 1000 BCE and 1500 CE.

Fig. 6. Archaeomagnetic dating of pottery samples using a MATLAB tools
provided by Pavón-Carrasco et al. (2011, 2014) considering the time interval
between 1000 BCE and 0.

A. Goguitchaichvili et al. Journal of Archaeological Science: Reports 21 (2018) 504–511

510

http://www.famsi.org/reports/99074/
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0010
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0010
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0015
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0015
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0015
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0020
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0020
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0020
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0025
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0025
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0030


Foraging and Early Agriculture in Oaxaca, México. Academic Press, New York, pp.
175–176.

Goguitchaichvili, A., Morales, J., Urrutia-Fucugauchi, J., Soler, A.M., 2001. On the use of
continuous thermomagnetic curves in paleomagnetism: a cautionary note. C. R. Acad. Sci.
Ser. IIA Earth Planet. Sci. 333 (11), 699–704.

Kelly, I., 1974. Stirrup pots from Colima: some implications. In: Bell, B. (Ed.), The Archaeology
of West Mexico. Sociedad de Estudios Avanzados de Occidente, Ajijic, Jalisco, pp. 206–211.

Kelly, I., 1980. Ceramic sequence in Colima: Capacha, an early phase. In: Anthropological Paper
No. 37. University of Arizona Press, Tucson.

Leonhardt, R., 2006. Analyzing rock magnetic measurements: the RockMagAnalyzer 1.0 soft-
ware. Comput. Geosci. 32, 1420–1431.

Morales, J., Goguitchaichvili, A., Urrutia-Fucugauchi, J., 2001. A rock-magnetic and pa-
leointensity study of some Mexican volcanic lava flows during the Latest Pleistocene to the
Holocene. Earth Planets Space 53 (9), 893–902.

Pavón-Carrasco, F.J., Rodríguez-González, J., Osete, M.L., Torta, J.M., 2011. A Matlab tool for
archaeomagnetic dating. J. Archaeol. Sci. 38, 408–419.

Pavón-Carrasco, F.J., Osete, M.L., Torta, J.M., De Santis, A., 2014. A geomagnetic field model
for the Holocene based on archaeomagnetic and lava flow data. Earth Planet. Sci. Lett. 388,
98–109.

Schöndube, B.O., 2000. Recursos naturales y asentamientos humanos en el antiguo occidente.
In: Townsend, R., Gutiérrez-Arce, C.E. (Eds.), El antiguo occidente de México: Arte y
arqueología de un pasado desconocido. The Art Institute of Chicago, Gobierno del Estado
de Colima y Secretaría de Cultura Gobierno de Colima, México, pp. 209–219.

Serra Puche, M.C., 1994. Xochitécatl. In: Proyectos Especiales de Arqueología. Consejo
Nacional para la Cultura y las Artes, INAH, Fondo Nacional Arqueológico, México, pp.
58–61.

Serra Puche, M.C., 1997a. Proyecto arqueológico: El hombre y sus recursos en el sur del valle de
Tlaxcala durante el Formativo y el Epiclásico. Archivo Técnico del Consejo de Arqueología-
INAH, México (Mecanuscrito (inédito)).

Serra Puche, M.C., 1997b. Informe Técnico final del recorrido de superficie Xochitécatl, en-
tregado al consejo de arqueología-INAH. (145 pp.).

Serra Puche, M.C., Lazcano, J.C., 1997. Xochitecatl-Cacaxtla en el periodo Epiclásico (650-950
d.C.). In: Arqueología. Revista de la Coordinación Nacional de Arqueología del Instituto

Nacional de Antropología e Historia. Segunda Época, Julio-Diciembre, No. 18. INAH,
México, pp. 85–102.

Serra Puche, M.C., Lazcano, J.C., 1998a. Proyecto El Hombre y sus Recursos en el Sur del Valle
de Tlaxcala en el Formativo y Epiclásico, entregado al consejo de Arqueología-INAH.
(35 pp.).

Serra Puche, M.C., Lazcano, J.C., 1998b. Proyecto El hombre y sus recursos en el valle de
Tlaxcala durante el Formativo y el Epiclásico. Sitio Nativitas. Informe Técnico de
Excavación 1a. temporada Febrero- Abril. Archivo técnico del Consejo de Arqueología-
INAH (Mecanuscrito (inédito)).

Serra Puche, M.C., Lazcano, J.C., 2002a. ¿Es el mezcal una bebida de origen prehispánico? In:
Boletín de Enlaces. Coordinación de Humanidades-UNAM, Nueva Época, Año VIII, No. 70,
Noviembre 2002. UNAM, México, pp. 12–15.

Serra Puche, M.C., Lazcano, J.C., 2002b. Proyecto La Ruta del Mezcal. Informe técnico de
Trabajo de campo. (1ª Temporada Mecanuscrito (inédito)).

Serra Puche, M.C., Lazcano, J.C., 2016. EL mezcal una bebida prehispánica: estudios etnoar-
queológicos. Instituto de Investigaciones Antropológicas, Universidad Nacional Autónoma
de México, México.

Serra Puche, M.C., Palavicini, B., 1996. Xochitécatl, Tlaxcala en el periodo formativo. In:
Revista Arqueología, No. 16. INAH, Coordinación Nacional de Arqueología, INAH, México,
pp. 43–57.

Serra Puche, M.C., Lazcano Arce, J.C., Hernández, S., 2000. ¿Hornos para la producción de
mezcal en un sitio del Formativo en Tlaxcala? In: Arqueología, Coordinación Nacional de
Arqueología-INAH, No. 24, Segunda Época, Julio-Diciembre 2000. INAH, México, pp.
149–157.

Smith Jr., C.E., 1986. Preceramic plant remains from Guilá Naquitz. In: Flannery, K.V. (Ed.),
Guilá Naquitz. Archaic Foraging and Early Agriculture in Oaxaca, México. Academic Press,
New York, pp. 265–301.

Thellier, E., Thellier, O., 1959. Sur l'intensité du champ magnétique terrestre dans le passé
historique et géologique. Ann. Geophys. 15, 285–376.

Zizumbo-Villarreal, D., González-Zozaya, F., Olay-Barrientos, A., Almendros-López, L., Flores-
Pérez, P., Colunga-GarcíaMarín, P., 2009. Distillation in western Mesoamerica before
European contact. Econ. Bot. 63 (4), 413.

A. Goguitchaichvili et al. Journal of Archaeological Science: Reports 21 (2018) 504–511

511

http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0030
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0030
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0035
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0035
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0035
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0040
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0040
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0045
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0045
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0050
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0050
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0055
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0055
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0055
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0060
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0060
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0065
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0065
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0065
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0070
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0070
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0070
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0070
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0075
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0075
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0075
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0080
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0080
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0080
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0085
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0085
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0090
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0090
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0090
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0090
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0095
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0095
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0095
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0100
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0100
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0100
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0100
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0105
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0105
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0105
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0110
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0110
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0115
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0115
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0115
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0120
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0120
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0120
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0125
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0125
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0125
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0125
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0130
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0130
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0130
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0135
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0135
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0140
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0140
http://refhub.elsevier.com/S2352-409X(18)30200-1/rf0140

	Archaeomagnetic evidence of pre-Hispanic origin of Mezcal
	Introduction
	Archaeological context
	Laboratory procedures
	Main results and concluding remarks
	Acknowledgements
	References




