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Abstract

Fermented and alcoholic beverages played a pivotal role in feastings
and social events in past agricultural and urban societies across the
globe, but the origins of the sophisticated relevant technologies
remain elusive. It has long been speculated that the thirst for beer
may have been the stimulus behind cereal domestication, which led
to a major social-technological change in human history; but this
hypothesis has been highly controversial. We report here of the
earliest archaeological evidence for cereal-based beer brewing by a
semi-sedentary, foraging people. The current project incorporates
experimental study, contextual examination, and use-wear and
residue analyses of three stone mortars from a Natufian burial site
at Raqefet Cave, Israel (13,700–11,700 cal. BP). The results of the
analyses indicate that the Natufians exploited at least seven plant
taxa, including wheat or barley, oat, legumes and bast fibers
(including flax). They packed plant-foods, including malted
wheat/barley, in fiber-made containers and stored them in boulder
mortars. They used bedrock mortars for pounding and cooking
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plant-foods, including brewing wheat/barley-based beer likely
served in ritual feasts ca. 13,000 years ago. These innovations
predated the appearance of domesticated cereals by several
millennia in the Near East.

Introduction

The consumption of fermented and alcoholic beverages is one of the
most prevalent human behaviors, but the time and cultural context
of its origins remain unclear. Archaeological evidence for alcohol
production and use is usually associated with fermenting
domesticated species in agricultural societies, such as ancient
Egypt, Mesopotamia, China, and South America (Goldstein, 2001;
Jennings, et al., 2005; Katz and Voigt, 1986; McGovern, et al., 2004;
Samuel, 1996; Wang, et al., 2016). It has long been speculated that
humans' thirst for beer may have been the stimulus behind cereal
domestication (Braidwood et al., 1953), and some scholars have
attributed this invention to the Natufians in the Near East (ca.
15,000–11,500 Cal BP) (see Hayden, et al., 2013). The Natufians were
innovative in many material and social realms, and paved the way
to the establishment of the first sedentary Neolithic villages at
about 11,500 cal BP (Bar-Yosef, 1998). To test the so far
unsubstantiated “Natufian beer hypothesis” we examined three
stone mortars from the first chamber at Raqefet Cave (13,700–
11,700 cal. BP), a site with a long archaeological sequence (Lengyel,
2007), that also served as a Natufian burial place in Mt. Carmel,
Israel (Fig. 1A; Fig. S1A) (Nadel, et al., 2013).

Excavations at Raqefet Cave between 2004 and 2011 revealed a
radio-metrically dated Natufian graveyard with ca. 30 burials
(Barzilai, et al., 2017; Lengyel, et al., 2013). Clear indications for
burial-associated rituals include repetitive interments, floral grave
lining in some of the burials (Nadel, et al., 2013), and animal bones
in the graves representing punctuated funerary feasts (Yeshurun, et
al., 2013). About 100 bedrock features (e.g. mortars and cupmarks
hewn in the cave floor and the terrace) were found (Nadel and
Lengyel, 2009), some directly associated with burials. Two deep



narrow boulder mortars (BM1 and BM2) were found in situ and
juxtaposed to human remains. Thus, they were the focus of our
contextual, use-wear and residue analyses. BM1 has a cylindrical
shaft ca. 33 cm deep and a hole at the base; it is stored in the
Laboratory for Ground Stone Tools Research, Zinman Institute of
Archaeology, University of Haifa after the excavation in 2006. BM2,
a funnel-shaped shaft ca. 35 cm deep, has remained inside Raqefet
cave. A well-preserved bowl-like bedrock mortar (BM3), 18 cm deep
and 27 cm in rim diameter, located in a cluster of bedrock features
in the middle of the cave floor was included in the current study
(Fig. 1B; Fig. S1B,C).

Section snippets

Methods

We collected and examined microbotanical residues and use traces
on the mortars in 2015. To test possible post-depositional
contaminations in the residue samples, we obtained control
sediment samples from various archaeological and natural contexts
(see below).…

Beer-brewing materiality and experimental studies

Ancient brewing processes had great regional variations (Hayden, et
al., 2013; Jennings, et al., 2005; Samuel, 1996), but would have
involved three basic stages. (1) Malting: grains are germinated in
water, drained, dried, and then stored for use. (2) Mashing: the malt
is coarsely ground or crushed in a container, mixed with water, and
heated until the temperature reached to and maintained in the
range of 65 °C -70 °C over a period of time around 30 min to 4 h. (3)
Fermenting: yeast is added…

Starch types

Among the 121 starch granules recovered from the Raqefet Cave
residues, six types, corresponding to certain taxa, were identified
(Table 1; Fig. 3).



Type I, Triticeae starches (n = 13; 10% of the total), are lenticular in
shape, with faint lamellae and occasionally scattered craters. The
size range is 15.31–41.08 μm. Triticeae starch granules possess a
bimodal size distribution, involving the presence of both large
granules oval to sub-round in 2D shape, lenticular in 3D (A-type)
and small…

Functional analyses of the Raqefet Cave mortars

Boulder mortars: On BM1, the rim area shows high-level polish with
fine or furrow striations, while its interior surface exhibits medium-
to-high level polish with long and very fine striations mostly
running vertically. Similar use traces (very fine, vertical striations)
were observed on the interior surface of BM2 (Fig. 7A–E). Based on
our experimental study (Fig. 2), the rim area of BM1 is likely to have
been in contact with various materials with different hardness,
including stones, and…

Discussion and conclusions

This multi-disciplinary research on a sample of the Raqefet Cave
stone mortars sheds new light on Natufian ritual behavior. The
Natufians at Raqefet Cave collected locally available plants, stored
malted seeds, and made beer as a part of their mortuary rituals to
venerate the dead and/or to enhance group cohesion among the
living (Hayden, et al., 2013; Munro and Grosman, 2010; Nadel and
Lengyel, 2009; Power, et al., 2014; Rosenberg and Nadel, 2014;
Yeshurun, et al., 2013). They used stone…
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