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The grooves on the island of Gotland in the Baltic sea:
a neolithic lunar calendar

GoOoran Henriksson
Astronomical Observatory, Uppsala University, Uppsala

Introduction

On the island of Gotland, in the middle of the BalSea, there exist about
3600 grooves cut in the bedrock or on big stondgeyTcan be found on the ancient
shores of lakes and in connection with the coasgtttlements and finds of the Neolithic
Pitted Ware Culture. The grooves have a typicagflerof 50-110 cm, width of 5-10 cm
and depth of 1-10 cm. They follow closely a circwdec in both the length and width cross-
sections (Fig. 1; 2). The surface is very smootth gtiey must have been cut by a stable
machine, using quartz sand and water (Fig. 3) Thamof the radius of curvature for ca
400 grooves is 2.83 m.

The archaeological and geological investigations

There exists no continuous tradition about the at¢éhe grooves. Montelius
(Montelius, 1874. S. 162. Fig. 7) wrote that grooves on grasitmes can be dated with
certainty to the Neolithic. Lithberg correlated tHistribution of the grooves with the
simple shafthole axed.ithberg, 1914. S. 132). They were also compared with similar
grooves found along the shores of some of the I&rgach rivers, always in connection
with finds from the Neolithic Period.é Hon, 1867. P. 129). In south-eastern Sweden
and Gotland the Early Neolithic settlements haverbdated by calibratet!C to ca
4000 BC and the Pitted Ware Culture to 3400-2400 B@s Culture lasted even longer
on Gotland. "Simple shafthole axes date mainly fitbv@ Late Neolithic but they may
also have occurred during the Middle Neolithig&geberg, 1999. S. 209).

The natural scientist, R. Sernander, investigatedhes with grooves in Lake
Fardume $ernander, 1919. S. 177-190) at a level that was ca 1 m belmvhighest
water level. These grooves must have been usedgdltlre later half of the Neolitic when
the climate was very dry and the water level in ldlees in southern Sweden was low. A
modern investigation has dated this period to 2BQ0+ 500 yearsHarrison, Prentice,
Guiot, 1993. P. 189-200).
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Fig. 1. A granite boulder with 11 grooves lifted flupm a river in the parish of Hérsne. Photo by G.
Henriksson, 1985.

P e SRR |
Fig. 2. A piece of stone that fits perfectly in tp@ove where it was found under layer of peatSby
Dotes, at the farm Gannor in the parish of Lau. jéet-layer can be dated to ca 1500 BC. Photo by G.

Henriksson, 1988.

Fig. 3. A low technology grinding-machine for gr@esvconstructed by R. Hogberg after a drawing
by G. Henriksson in 1992.
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The astronomical interpretation

The grooves are usually cut side by side in sefagp to 15, but there exist a unique
series with 32 grooves side by side (Fig. 4).

Soren Gannholm has studied astronomy and he diseduegether with his father
Karl Erland that some of the grooves were orientedards the major stand-stills of the
sun and of the moorannholm K.E., 1981. S. 4).

One month after Gannholm's publication of his astraical interpretation of the
grooves the author visited Gotland and studiedgitu®ves at Hajdeby, in the parish of
Kraklingbo. | noticed that most of the grooves faadintermediate orientation between
the stand-still extremes of the moon. It seemednahto assume that the grooves were
made according to very strict principles becausthefconsiderable investment in labour
in their construction. The following assumptiong&vtested:

- They were made at new or full moon.

- They were made at the summer or winter solstice.

— They were made in chronological order from nootsouth or vice versa.

The full moon seemed more probable as its risings settings fit the calculations
and it has a bright upper limb which is easily olve®l when rising or setting.
Observations of the upper limb of the new moorhathorizon during rising and setting,
on the other hand, are in practice impossible tgeole; also they do not fit the calcula-
tions. In ancient times Swedish farmers calculdabeddate of the new moon from obser-
vations of the rising or setting full mooRudbeck, 1937. P. 650).

A computed sequence of azimuths for the rising seiting full moon at the winter
solstice have the same general shift from nortbotgth as the sequences of grooves. But
the azimuths depend on the obliquity of the eamdklis. If the grooves were made every
19" year, 3300-2000 BC, there was a good agreemehttivit computed azimuths. This
early dating of the grooves was supported by Psofe®0 Graslund, chairman of the
Department of Archaeology in Uppsala. The astromaminterpretation of the grooves
on Gotland was published in the Swedish journal dochaeology, "Fornvannen"
(Henriksson, 1983. S. 21-28).

In 1982 engineer Wilhelm Dec told me that two otlieections closer to east-west were
dominant for the grooves in the northern part ofl&@wl. | can explain these two groups as
observations of the rising and setting full moortloa day it passes two of the brightest stars
along the ecliptic, Antares in Scorpio and Spic¥iigo. The date when the full moon pass-
es a certain star is changed by the precessidredarth's axis with a period of 25 800 years.
This gives two independent datings of these grotwes 3300-2000 BC.

Single grooves can not be dated, but for groupsadfO grooves it is possible to find a
combination of azimuths that only appear once m ¢bmputed table. In such cases the
individual grooves can be dated. A computer progcan compare the observed and
computed azimuths, calculate the standard deviatigmcally 1.5°, and the mean of the
errors in azimuth. A deviation of rday has been tolerated and three dates every
19" year have been tested. The horizon is low and rfastly the open sea. The climate
was much dryer than nowadays.

The most challenging task was to date the longesites, with 32 grooves, at
Hugreifs in the parish of Gammelgarn. The directodrall 32 grooves can be explained
as observations of the azimuth for the rising atirsg full moon on the day when it made
its passage of Antares 3152-2569 BC (Fig. 4). Tdng series is very important because
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Hugreifs in the parish of Gammelgarn on Gotland, Sweden
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Fig. 4. This is the longest known series of groowesGotland (Sweden). It is situated at the farm
Hugreifs, about 600 m south-east of the churchaahi@elgarn. The 32 grooves mark the direction to
the rising or setting full moon on the date ofpessage of the bright star Antares in Scorpio. The
dates are in the Gregorian calendar. (Measurerbgris Gannholm.)

chance identifications can be excluded and we tuaalyshe effect of the precession and
shift between different 19-year cycles.

When the observations began in 3152 BC, the day®fvernal equinox coincided
with the date when the full moon passed close ttafes. This may be the reason why
this series was begun at that time. The day ofvdreal equinox was equally necessary
as the day of the winter solstice for the calcalatf the important midwinter day, see
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Fig. 5. The distribution of orientations, transf@unto topocentric declinations, for all of the 1274
grooves on Gotland available to the author in J20@0 (solid curve). The data have mainly been
obtained by theodolite by S. Gannholm and the autfibe three differently dotted curves
corresponds to theoretical distributions of dedtiores for the full moon at its passage of Antaned a
Spica and the full moon at the winter solsticda$ been assumed that the observation frequency has
been constant between 3300-2000 BC. The declinatienvals correspond to equidistant azimuth
intervals of width 3°. The grooves are symmetrigat their azimuths are anda + 180°. The
theoretical declinations have also been computed &mda + 180°. The orientations of the grooves
outside the range of the moon can be interpretaibssrvations of the bright star Capella in Auriga
that became circumpolar at the latitude of Gotlabdut 2000 BC.
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below. After about 200 years the full moon passetafes one or two days after the ver-
nal equinox and the observers had to choose betwbsarvations at the equinox or
when the full moon passed Antares. In 2932 BC ttimath for the rising full moon at
the vernal equinox was marked for the last timeniMarch 23, 2908 BC, the full moon
was marked relative to Antares. The observers whakke discovered by that time the
8- and 19-year cycle of the moddehriksson, 1986. P. 10).

235 lunar cycles are equal to 19 years, 2 hours&ndnutes. This difference will
add up to one day after 209 years. A new cycldtegshby eight or eleven years, will then
be more exact. This shift can be identified in I@sgies of grooves as a sudden change
to more northern azimuths.

The author made a statistical test of the orieatatf 628 grooves in the bedrock,
measured with theodolite by Séren Gannholm, and @i@bdves on boulders, measured
with compass. A linear correlation test showed thate is a 93.5% probability that the
two distributions of azimuths represent the sameggle of orientation. The only use-
ful principle in this case would have been obseiwa$ of astronomical objects
(Gannholm S,, 1993. S. 12). The distribution of 1274 azimuths\sfarmed to topocen-
tric declinations is presented in figure 5.

The oldest grooves dated so far were made in 3294l mark the azimuth of the ris-
ing or setting full moon on January 27, when itggasSpica. The same date was important
for the orientation of the passage graves in tlwwipce of Vastergotland, from 3300 BC
(Henriksson, 1998). January 28 was the first day of the midwisterificial period, known
from ca AD 500 KHenriksson, 1995. S. 337-394). The midwinter day is midway hbesw
the winter solstice and the vernal equin®&udbeck, 1937. P. 71) and was very important
because it is the coldest time of the year andrdoog to an ancient rule, farmers must have
half of the food stored for man and animals renmgjrat that time. A long tradition?

GannholmK_.E., 1981. Gammelgutarnas astronomiska kalender vadrishall och sten. Stanga:
Burs. 12 s.

Gannholm S, 1993. Gotlands slipskaror. Stanga: A-tryck. 82 s.

Harrison SP., Prentice 1.C., Guiot J., 1993. Climate controls on Holocene lake-level clesng
Europe // Climate Dynamics. N 8. P. 161-210.

Henriksson G., 1983. Astronomisk tolkning av slipskarorna pa Goda/ Fornvannen. N 78.
S. 21-28.

Henriksson G., 1986. Archaeoastronomy: Annual reports for 1988./&-Il. Lagerkvist. Uppsala:
Astronomiska Observatoriet. 31 p. (Uppsala AstroicairObservatory Report; N 39).

Hegr|:I)’<Sss%or:1gg(’54 1995. Riksbloten i Uppsala // Societas Archaelogdppsaliensis. Tor; N 27.

Henriksson G., 1998. Orientation of 140 Swedish passage graveBlegalithic calendar //
Proceedings from SEAC'98 in Dublin. In press.

LeHon H., 1867. L'Homme fossile en Europe. Bruxelles: Muqtias@0 p.

Lithberg N., 1914. Gotlands stenalder. Stockholm: Jacob Bagiyesrs Aktiebolag. 136 s.

Montelius 0., 1874. Sveriges Forntid |. Stockholm: P.A. Norst&dsdner. 162 s.

Rudbeck 0., 1937. Atlantica | (1679). Uppsala: Almquist & Wilis&90 p.

Rudbeck 0., 1939. Atlantica Il (1689). Uppsala: Almquist & Wikt 708 p.

Segeberg A., 1999. The Bélinge bogs, Neolithic coastal settlemenUppland, Eastern Middle
Sweden. Uppsala: Textgruppen i Uppsala. Aun; N224.s.

Sernander R., 1919. Nagra arkeologiska markfynd fradn Gotland tiddser tillagnade Oscar
Almgren Il. Stockholm: AB Svenska teknologiférenarg forlag i distribution. Rig vol. 2.
S. 177-190.

77



