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Among the astronomical phenomena occurring only in certain parts of the globe, the
Sun’s zenith and nadir passages stand out prominently, exemplifying the extent to
which geographic latitude determines the significance attributed to particular celestial
events and influences their role in cosmological concepts. The Sun reaches the zenith
and the nadir (or anti-zenith) exclusively in tropical latitudes. On the Tropics of Cancer
and Capricorn, these events coincide with the solstices, whereas in the intermediate
belt each of the two phenomena occurs twice a year on dates that vary as a function of
geographic latitude. The idea that the ancient Mesoamericans paid attention to both
zenith and nadir Sun has long been very popular and different kinds of evidence have
been claimed to reflect the significance of these phenomena. But how reliable is this
evidence, and to what extent does it support these hypotheses?
Significance of Zenith and Nadir Sun

In the early twentieth century, Zelia Nuttall (1928; 1931) argued that the Sun’s zenith
passages were observed throughout the tropical latitudes of the American continent,
their significance being attributable to the fact that one of these two annual events marks
the transition from the dry to the rainy season. She contended that the observations
were made by means of vertical staffs, poles, stone monuments and even buildings with
vertical walls, but her evidence for Mesoamerica was largely circumstantial. In particular,
she interpreted a decree issued in 1577 by Philip II of Spain demanding that colonial
authorities report – among other characteristics of their communities – their latitudes
and dates of the Sun’s zenith passage as having had the aim of suppressing pagan ceremonies associated with these events. She also referred to an erudite nineteenth-century
Yucatec, Juan Pío Pérez, whose manuscript on Yucatec chronology was first published
(in English translation) as an appendix in John L. Stephens’ Incidents of Travel in Yucatan
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(1843, I: 434–47). He wrote that the ancient Maya commenced their calendrical year on
16th July, “having sought to make it begin from the precise day on which the sun returns
to the zenith of this peninsula on his way to the southern regions” (Pérez, in Stephens
1843, I: 436). In fact, the starting date of the calendrical year could not have been fixed by
zenith passage dates, both because the Maya used the same calendar over an extensive
area and because their 365-day year, due to the lack of intercalations, did not preserve a
permanent concordance with the tropical year.
Nonetheless, it is not impossible that Pío Pérez’s assumption and the above-cited
requirement of the Spanish crown echoed the importance of solar zenith passages
among the contemporary natives. This is indeed quite plausible, considering that the
awareness of these phenomena has been ethnographically corroborated among some
indigenous communities in the twentieth century (Lehmann 1928, 768; Remington 1980,
107; Villa Rojas 1986, 136). According to Vogt (1997, 111), the Tzotzil Maya from Zinacantan,
in Chiapas, Mexico, even have a native name for solar zenith transits. The first annual
zenith passage, occurring all over Mesoamerica between late April and June solstice, is
particularly important, as it announces or coincides with the onset of the rainy season,
which conditions the planting of maize. In lower latitudes, the second zenith passage
is observed in early August and is sometimes associated with the ripening of the first
maize cobs (Girard 1948, 49–66; 1949, 437–453; Tedlock 1991, 181–182, 185; 1992, 180,
189; Milbrath 1999, 13–17).
Since the interest in solar zenith passages has been documented in communities
with notable survivals of the Mesoamerican cultural tradition, it is very likely that the
Sun’s zenith passages were observed in pre-Hispanic times, and certain archaeologically
recovered devices discussed below support this opinion. On the other hand, the Sun’s
transit through the nadir is not observable; the day of this event could only have been
determined indirectly, employing different procedures with varying degrees of precision (Sánchez Nava and Šprajc 2015: 55–56), but there is no compelling evidence that the
Mesoamericans attempted to achieve this goal, notwithstanding various claims to the
contrary.
Even the significance of zenith passage dates has often been overstated. While
there is some evidence concerning the role of zenith and nadir in the Mesoamerican
worldview (see below), many arguments advocating for the importance of the Sun’s
corresponding positions are based on indirect, ambiguous and sometimes erroneously
interpreted data. For various calendrical records that have been presumed to mark the
Sun’s zenith and nadir passages, there is no contextual support indicating that this was,
in fact, their purpose. Furthermore, a number of Mesoamerican languages lack discrete
and unequivocal terms for north and south, but in some of them the two sections of
the world are described as “up” and “down”, or with some related terms referring to the
Sun’s daily motion (Watanabe 1983; Tedlock 1992, 177–178; Lipp 2005, 175). Based on this
information, the points occupied by the Sun at noon and midnight, which are common
temporal and spatial references in indigenous communities, have often been equated
with the zenith and nadir, even though this equivalence was not explicitly reported by
the informants, who simply referred to the highest and lowest positions the Sun reaches
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every day (e.g. Gossen 1984, 33; Knab 1991, 39, 43; Amador Naranjo 1995). It has also been
argued that the Maya directional glyphs identified previously with north and south in
fact refer to zenith and nadir, respectively (Bricker 1983; 1988; Stross 1991). In the light
of advances in epigraphic research, however, it is now rather clear that these glyphs can
be read phonetically as north and south (Lounsbury 1984, 179–180; Closs 1988a; 1988b;
Justeson 1989, 119, 126 note 41; Hopkins and Josserand 2001). Aside from the terms for
north and south, special words for zenith and nadir are reported in colonial Yucatec Maya
dictionaries, and it has been argued that they had their Classic-period glyphic counterparts (Justeson 1989, 119, 126, note 41); it may be noted, however, that these terms refer
to the centres of the earth and the sky, but not explicitly to the Sun’s corresponding positions. Significantly, Bricker and Bricker (2011, 37) admit that no unambiguous references
to solar zenith passages have been recognised in the Maya codices.
Observational Practices

Despite the caveats expressed above, there is sufficient evidence indicating the importance (if somehow less pronounced than commonly thought) of the solar zenith passages
in Mesoamerica, leading us to consider possible observational techniques. There is little
ethnographic data, and it is vague. The Tzeltal Maya from Oxchuc, Chiapas, Mexico, told
Villa Rojas (1986, 136) that the Sun on certain days remains still for a few moments directly
above the church, and Vogt (1997, 111) reported that the Tzotzil from the nearby Zinacantan were aware of the lack of shadows around the zenith passage dates. According
to Girard (1948, 56), a Chortí priest in Guatemala determines the day when the Sun is
“in the middle of the sky” by noting the lack of shadow cast by a vertical pole or stick,
or even by his own body. The problem is that, while such simple techniques may have
been employed in pre-Hispanic times, it is impossible for them to ascertain the exact
zenith passage date. Tichy (1992) argued that three tower-like Maya buildings on the
Yucatán peninsula served as shadow-casting devices marking solar zenith passages on
consecutive dates; admittedly, their rather unique shapes and their roughly equidistant
placement approximately along the same meridian call for attention (cf. Broda 2006), but
again, their characteristics and relatively modest dimensions would have hardly allowed
the zenith transit dates to be determined with precision (Aveni 1995, S77–S78).
More significantly, at several Mesoamerican archaeological sites buildings with
vertical shafts leading to interior chambers have been found, as well as artificially modified caves with openings allowing the passage of solar rays around noon during certain
periods of the year (Aveni and Hartung 1981; Soruco 1991; Morante López 1995; Aveni
2001, 40–41, 265–266; Schávelzon 2010; Espinasa-Pereña and Diamant 2012). An astronomical use of these spaces is suggested by the fact that, where the original elements
are preserved or can be reliably reconstructed, the first and last entrances of solar rays
occur on significant dates, frequently recorded by architectural orientations (Morante
López 1995; Šprajc 2001, 273–274; Šprajc and Sánchez Nava 2015, 38–39). The observation of the zenith Sun, therefore, does not seem to have been a primary function of
these devices, but it was likely one of them: in the chamber of Structure P at Monte
Albán (Figure 1), in Cave 1 of Teotihuacan and in the caves of Tzinacamóztoc in Cantona,
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archaeological features are preserved which are illuminated on the zenith passage dates
(Morante López 1995, 38–40, 57; Espinasa-Pereña and Diamant 2012, 592–593). It is thus
conceivable that perishable markers were used in other cases.

Figure 1. The Sun’s rays on a zenith passage day falling into the chamber of Structure P at Monte Albán,
Oaxaca, Mexico (photograph by I. Šprajc).

Zenith and Nadir Sun on the Horizon?

Soon after Nuttall’s (1928; 1931) publications, Marquina and Ruiz (1932) proposed that the
Mesoamerican buildings that are skewed about 17° north of west recorded sunsets on the
zenith passage days. Neither their interpretation nor their data were correct, but the idea
that many structures were intended to record these events continues to be widely held.
Also relatively widespread is the opinion that the Sun’s horizon positions on the dates
of its nadir transit were frequent alignment targets. Since the date of the Sun’s passage
through the zenith or nadir can be defined as the day when the difference between
the absolute values of the Sun’s declination and the local latitude comes to be nearest
to 0°, both ideas have been tested by comparing the declinations recorded by orienta© 2018 EQUINOX PUBLISHING LTD
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tions with the latitudes of the corresponding sites. Figure 2 shows correlations between
the two sets of values, obtained during recently accomplished systematic research of
architectural orientations over most of the Mesoamerican area (Šprajc 2001; Sánchez
Nava and Šprajc 2015; Šprajc and Sánchez Nava 2015; González-García and Šprajc 2016;
Sánchez Nava et al. 2016; Šprajc et al. 2016).

Figure 2. Correlations between declinations recorded by Mesoamerican architectural orientations and
latitudes of sites (only declinations whose absolute values are within the range of Mesoamerican latitudes
are shown).

The diagonal lines (dashed) connect the points with equivalent absolute values
of declinations and latitudes, and so the declinations placed on or (considering their
possible errors) near these lines might refer to the days of the Sun’s zenith or nadir
passage. Only a few points are placed in their immediate vicinity, and even in these cases
the intent of recording the zenith or nadir passage days is improbable: considering that
similar declinations are marked on differing latitudes (for example declinations around
‑17°, ‑19° or 20°), they must have a different rationale. Indeed, most of them belong to
widespread and, therefore, latitude-independent orientation groups, whose significance
has been explained in the studies cited above: the dates marked by solar orientations in
Mesoamerica concentrate in four agriculturally significant seasons and, moreover, tend
to be separated by multiples of 13 and 20 days. Since these are elementary periods of the
Mesoamerican calendrical system, the orientations allowed the use of easily manageable observational calendars, which facilitated a proper scheduling of agricultural activities and associated ceremonies. Having a sample of hundreds of alignments, it is not
surprising that in some cases the declinations recorded by orientations correspond quite
closely to those of the local zenith or nadir. An illustrative example is El Castillo of Tulum,
which (as well as the surrounding structures) is oriented almost precisely to the sunsets
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on the dates of the Sun’s zenith passage (Galindo Trejo 1994, 170), but the same dates are
recorded also at other sites, where they do not agree with these events (Sánchez Nava
and Šprajc 2015, 55–57).
Several reasons may account for the persistence of ideas connecting orientations
with the Sun’s horizon positions on the zenith and nadir passage dates. Some of
these proposals derive from inaccurate alignment data or local zenith passage dates.
Others involve arbitrarily selected alignments, connecting either different construction
elements of a single structure or various structures at a site (e.g. Fahmel Beyer 1992;
Mendez and Karasik 2014; Slater 2014; Montero García 2016), or buildings and certain
natural horizon features (e.g. Green 2014; Vadala and Milbrath 2016). Clearly, none of
these hypotheses (unless based on erroneous data) can be dismissed outright, but
objections can be raised on methodological grounds. Since the alignments they
rely upon are of different types and no independent contextual data supports their
putative astronomical function, none of the criteria required for their astronomically
motivated function to be proposed with a reasonable confidence is fulfilled (cf. Aveni
2003; Šprajc 2005), raising the suspicion that the alignments were selected simply
because they fit the hypothesis. If it has long been known that the important buildings
all over Mesoamerica were oriented largely on astronomical grounds, it is because the
azimuths of their main axes concentrate around certain values, a regularity that can
only be explained with the use of astronomical references at the horizon (Aveni and
Hartung 1986, 7–8). It is thus reasonable to suppose that, had the horizon positions
of the zenith and nadir Sun been important references, they would have also been
targeted by axial orientations. We could hypothesise, of course, that these specific dates
were only recorded by alignments of special types. However, to test this hypothesis, a
sound methodology should be devised, aimed at measuring and analysing a sample of
typologically comparable alignments within a cultural complex.
One author who seems to have contributed to the popularity of ideas about the
importance of sunrises and sunsets on the zenith transit dates is Rafael Girard (1948;
1949), who described the use of prominent horizon features as markers of these events
among the Guatemalan Chortí. Although repeatedly cited and often uncritically
accepted as relevant to understanding the pre-Hispanic worldview and related practices,
his ethnographic information presents various inconsistencies and should be taken
with caution. The use of horizon calendars among the Chortí was confirmed by Fought
(1972, 386, 435), but without any reference to the zenith passage days. More importantly,
Girard’s observational schemes involving the Sun’s positions on the horizon on these
dates are incompatible with astronomical reality, as already noted by Watanabe (1983,
721), and serious doubts have also been cast on other data presented by Girard (Lizardi
Ramos et al. 1949; Starr 1951; Fought 1972, 58; Šprajc 2001, 113–118; Sánchez Nava and
Šprajc 2015, 100–101). Given his readiness to “rectify” data that did not fit his hypotheses
(Šprajc 2001, 114–115), combined with his statement that Marquina and Ruiz (1932) “have
demonstrated that the natives oriented their monuments in accordance with a main axis
that marked the sunsets on the day of its zenith passage” (Girard 1948, 64), one is entitled
to wonder whether, or to what extent, it may have been this publication that influenced
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his ideas, attributed to the Chortí. It should be clarified that, as revealed by both other
ethnographic accounts and archaeoastronomical alignment studies, the Mesoamericans
did use horizon calendars. However, while the sunrises and sunsets over prominent
mountain peaks at a number of sites occur on dates frequently marked by architectural
orientations, the zenith passage dates are rarely among them.
Finally, not unrelated to the topic at hand is the question of the origin of the Mesoamerican 260-day calendrical cycle. One opinion is that it was invented near the latitude
of 15°, where the solar zenith passage dates, 30th April and 13th August, are separated by
260 days. Since the orientations matching this pair of dates have long been known, it has
been suggested that they were intended to record the zenith passage dates along that
latitude, with one of their purposes also being to commemorate the base date of the
Maya Long Count in 3114 BC (Malmström 1997; Aveni 2001, 144). However, several facts
contradict this idea. First, the earliest dates of the 260-day count have not been found
in the southern part of the Maya area, but rather in Oaxaca and Guerrero: one, securely
dated to around 600 BC, is engraved on Monument 3 of San José Mogote (Flannery
and Marcus 2015, 180–192), and another, even earlier, might be painted in the cave of
Oxtotitlan (Whittaker 1983, 101). Secondly, the orientations marking 30th April and 13th
August are earlier and more common in central and western Mexico than in the Maya
area, where they do not seem to have appeared before the Classic period (Šprajc 2001;
Sánchez Nava and Šprajc 2015, 79; Šprajc et al. 2016). And thirdly, considering that, aside
from being significant in agricultural terms, the dates recorded by solar orientations
are regularly spaced at calendrically significant intervals (one of the most widespread
groups marks 12th February and 30th October, which are also separated by 260 days), it
is this purpose that most likely accounts for the orientations correlating with 30th April
and 13th August.
Summary

In tropical latitudes, the zenith passages are naturally significant moments of the Sun’s
apparent yearly motion and, just like the solstices, could have served as the most
elementary references to keep track of the seasons. Considering the evidence discussed,
the Mesoamericans observed these phenomena and were able to determine their dates
with relatively sophisticated devices. However, few architectural orientations match the
Sun’s positions on the horizon on those days, making the intentionality of these correspondences hardly demonstrable, if not unlikely. Given the existence of widespread
orientation groups, intended to record specific dates separated by calendrically significant intervals, the latitude-dependent zenith-passage days could have only rarely been
incorporated in these observational schemes. It is possibly due to this fact that the Sun’s
zenith passages seem to have been not quite as important as traditionally believed.
The nadir probably had some symbolic significance, but the corresponding positions
of the Sun are not observable and there is no unambiguous evidence that the dates of
these events were determined. Even if we allow for errors that would have resulted from
one or another indirect method that could have been employed, the few approximate
correspondences between declinations and latitudes in Figure 2 lend little support to
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the idea that the Sun’s horizon positions on the nadir passage dates were targeted by
orientations.
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