






Alternative hypotheses (29, 30) invoking the
release of old carbon from permafrost or carbon
locked under continental ice sheets are unlikely
to explain the carbon cycle changes in the mys-
tery interval, because the amount of terrestrial
carbon needed to account for the 14C drop is very
large [about 5000 Gt (25)] and would conflict

with the moderate 30-ppmv rise in atmospheric
CO2.Moreover, it would lead to an overall decline
in d13CDIC, which is not observed in benthic
foraminifera in the deep ocean (13, 22). Also, a
carbonate dissolution event at the sea floor that
would have to accompany such a large terrestrial
carbon release into the atmosphere-ocean system

is not imprinted in the deglacial marine CaCO3

record (31).
Consequently, even though the search for

an extremely 14C-depleted deep water mass in
marine records has so far not been successful
(23) and might not even be essential to explain
the D14Catm anomaly (26), the release of carbon
from the deep ocean remains the most plausible
scenario to explain the early deglacial drop in our
new d13Catm record. Furthermore, model results
suggest that a d13Catm decrease of 0.3‰ and a
CO2 increase of about 30 ppmv can be accom-
modated by relatively small (about 20‰) and
spatially complex changes in deep ocean D14C
(28). These changes may remain undetected in
attempts to use benthic foraminifera as clues to
the location of old abyssal water (19, 25). How-
ever, such changes are also too small to explain
the reconstructed D14Catm decline during the
mystery interval. Because of these considera-
tions, the currently available marine and ice core
information cannot be reconciled with the atmo-
spheric radiocarbon record in a straightforward
manner. One possible way to resolve this issue is
to consider the possibility of a larger change in
14C production between the Holocene and the
glacial, and to work toward independent verifi-
cation of the D14Catm history.
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Fig. 2. Ice core reconstructions and marine records illustrating the evolution of major components of the
Earth climate system over the past 24,000 years. (A) Reconstructed D14Catm from IntCal09 (14) and the
230Th-dated Hulu Cave D14Catm record (15) compared with modeled (16) D14Catm, assuming a constant
carbon cycle under preindustrial conditions but considering temporal changes in 14C production [based
on 10Be (18), upper and lower estimates (gray lines), or based on paleomagnetic field intensity (17),
hatched area]. (B) Monte Carlo average (this study) of the evolution of d13Catm before SST correction (red
line represents the MCA; 2s and 1s envelopes are in gray) and after SST correction (gray line). (C) Opal
flux in the Southern Ocean as a proxy for local upwelling (20). (D) Record of ice-rafted debris (IRD) in the
North Atlantic associated with Heinrich stadials HS1 and HS2 (27). (E) Greenland temperature proxy d18O
(33). (F) Reconstructed atmospheric CH4 concentration (34). (G) Antarctic temperature proxy dD from the
EDC ice core (35). (H) Compilation of reconstructed CO2 shown in Fig. 1B. Green bars indicate intervals
with a strong net terrestrial carbon buildup; blue bars indicate intervals where sequestered deep ocean
CO2 was released back to the atmosphere. Note that ice core records are plotted on a synchronized age
scale (32), whereas other records are plotted on their individual age scales. PB, Preboreal; YD, Younger
Dryas; B/A, Bølling-Allerød warming; DO2, Dansgaard-Oeschger event 2; ACR, Antarctic Cold Reversal.

www.sciencemag.org SCIENCE VOL 336 11 MAY 2012 713

REPORTS

 o
n 

M
ay

 1
0,

 2
01

2
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 



27. E. Bard, F. Rostek, J. L. Turon, S. Gendreau, Science 289,
1321 (2000).

28. T. Tschumi, F. Joos, M. Gehlen, C. Heinze, Clim. Past 7,
771 (2011).

29. R. Zech, Y. Huang, M. Zech, R. Tarozo, W. Zech,
Clim. Past 7, 501 (2011).

30. N. Zeng, Clim. Past 3, 135 (2007).
31. D. A. Hodell, C. D. Charles, F. J. Sierro, Earth Planet. Sci.

Lett. 192, 109 (2001).
32. B. Lemieux-Dudon et al., Quat. Sci. Rev. 29, 8

(2010).
33. North Greenland Ice Core Project members, Nature 431,

147 (2004).
34. EPICA Community Members, Nature 444, 195 (2006).
35. B. Stenni et al., Science 293, 2074 (2001).

Acknowledgments: We thank two anonymous reviewers
for carefully reviewing the manuscript. Supported in part by
Deutsche Forschungsgemeinschaft, Helmholtz Gemeinschaft,
and Schweizerischer Nationalfonds. This work is a contribution
to EPICA, a joint European Science Foundation/European
Commission (EC) scientific program, funded by the EC under
the Environment and Climate Program and by national
contributions from Belgium, Denmark, France, Germany,
Italy, the Netherlands, Norway, Sweden, Switzerland, and
the UK. The main logistic support at Dome C was provided
by the Institut Polaire Français–Paul Emile Victor (IPEV)
and PNRA. Ice core material was also used from TALDICE,
a joint European program led by Italy and funded by
national contributions from Italy, France, Germany,
Switzerland, and the UK. The main logistical support at

Talos Dome was provided by PNRA. This is EPICA
publication 284. The data are accessible online at
http://doi.pangaea.de/10.1594/PANGAEA.772713.

Supplementary Materials
www.sciencemag.org/cgi/content/full/science.1217161/DC1
Materials and Methods
Figs. S1 to S7
Tables S1 to S3
References (36–49)

28 November 2011; accepted 19 March 2012
Published online 29 March 2012;
10.1126/science.1217161

Ancient Maya Astronomical Tables
from Xultun, Guatemala
William A. Saturno,1* David Stuart,2 Anthony F. Aveni,3 Franco Rossi4

Maya astronomical tables are recognized in bark-paper books from the Late Postclassic period
(1300 to 1521 C.E.), but Classic period (200 to 900 C.E.) precursors have not been found. In 2011,
a small painted room was excavated at the extensive ancient Maya ruins of Xultun, Guatemala,
dating to the early 9th century C.E. The walls and ceiling of the room are painted with several
human figures. Two walls also display a large number of delicate black, red, and incised hieroglyphs.
Many of these hieroglyphs are calendrical in nature and relate astronomical computations,
including at least two tables concerning the movement of the Moon, and perhaps Mars and Venus.
These apparently represent early astronomical tables and may shed light on the later books.

The Maya have long been noted for their
astronomical proficiency, believed by
many to be on par with that of the cultures

of the ancient Middle East. Most of what we
know about Maya astronomical methodology,
and the precision of their understanding of the
movement of the Sun, Moon, and planets, comes
from studies of the codices, painted bark paper
documents dated to a century or two before Spanish
contact. Here we report on a source several cen-
turies earlier, a wall painting accompanied by a
numerical table and a series of long numbers that
appear to have functioned like those found in
astronomical tables in the codices.

Though systematic archaeological investiga-
tions began only in 2008 (1), the Maya ruins of
Xultun, Guatemala, were first reported in 1915
(2). Despite formal scientific expeditions to map
and record the site’s monuments in the 1920s (2)
and again in the 1970s (3, 4), illicit excavations
have left the largest mark on the site. In March
2010, Maxwell Chamberlain identified the pres-
ence of a heavily eroded mural painting on the
west wall of a small masonry-vaulted structure
exposed by looting (5). The structure (Fig. 1),
designated 10K-2, is located within a residential
compound and was modified by the Maya over

several construction phases. The most recent of
these phases saw the room filled with rubble and
earth, and the final phase built over it, effectively
preserving its interior paintings. The looters’ ex-
cavation broke through this final-phase veneer and
exposed the southernmost portion of the room’s

west wall. They later abandoned their excavation,
and the exposed painting began to weather.

We continued excavating this structure in 2010
and 2011, revealing that three of the structure’s
interior walls (west, north, and east), as well as
its vaulted ceiling, were once covered by mural
paintings. The fourth (south) wall consisted main-
ly of a doorway, with the remainder destroyed by
the looters. The state of preservation of the murals
varies considerably, owing to the damaging ef-
fects of water, roots, and insects. The east wall,
located closest to the exterior surface of the cov-
ering mound, has eroded the most.

The paintings on the east wall include a large
number of small, delicately painted hieroglyphs,
rendered in a variety of sizes and in black or red
line near the two (possibly three) seated figures
that once dominated the imagery. Thin coats of
plaster were reapplied over existing texts to pro-
vide a clean slate for others. Still other texts are
incised into the plaster surface. Given their ar-
rangement around and on the figural painting and

1Archaeology Department, Boston University, Boston,MA 02215,
USA. 2Department of Art and Art History, University of Texas at
Austin, Austin, TX 78712, USA 3Department of Physics and
Astronomy, Department of Sociology and Anthropology, Colgate
University, Hamilton, NY 13346,USA. 4Archaeology Department,
Boston University, Boston, MA 02215, USA.

*To whom correspondence should be addressed. E-mail:
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Fig. 1. Artist’s reconstruction of Structure 10K-2, Xultun, Guatemala, showing painted figures from the
north and east walls, as well as the locations of numerical arrays discussed in the text. (A) Lunar table.
(B) “Ring Number.” (C) Intervals. [Drawing by H. Hurst]
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