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RECOGNIZING ASH DEPOSITS IN THE ARCHAEOLOGICAL
RECORD: A MINERALOGICAL STUDY AT KEBARA AND
HAYONIM CAVES, ISRAEL

S Weiner, S Schiegl and O.Bar—Yosef
(Department of Structural Biology, Weizmana Institute of Science, 76100 Rehovot, Israef)

(* Depariment of Anthropology, Peabody Museum, Harvard Univergity, Cambridge, M A 02128, USA)
Abstract

Preserved ash in the archaeological record constitutes an important source of in-
formation on the mamer in which fire was wed by hominids. Recognizing fossil ash
deposits is difficult, because ash is not stable in most environments, but undergoes a
series of diagenetic alicrations. Here we review the mineralogical transfprmations that
ash deposits underwent in two caves in Israel. We note that a relatively stable compo-
nent of ash, at least in these environments, i the siliceous aggregate fraction. Its pres-
ence in bedded layers within the stratigraphic sequence at other sites may constitute
good evidence for the presence of fossil ash deposits.

Key words Fire, ash, minerals, infrared s pectroscopy, diagenests

Introduction

The archaeological record of fire s of much interest in understanding the technologicat ca-
pabilities of early humans. The use of fire can be inferred indirectly from the presence of burned
bones (e.g. Shipman et af., 1984; Stiner et al., 1995), charcoal (e.g. Qakley 1970}, lithic artifacts
(¢.g. Purdy and Brooks 197]) or from the effects that high temperatures have on the
paleomagnetic properties of bumned soils (e.g. Barbetti e¢ al., 1980). Direct evidence for fireat a
site can be obtained from the preserved remmnants of the fire itself — the charcoal and the ash
(van Riet Lowe 1954}. These are potentially of much value as they can also provide information
on the manner in which fire was wed and its spatial context vis—a—vis other activities at the site.
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The important question of whether or not the site occupants were able to ignite and control fire
is very difficult to answer unequivocally, but if any insight can be gained, it will most likely be
derived {rom the ash and charcoal components. For a comprehensive review of the evidence of
fire in the archaeological record, see James (1989),

In reality the major difficulty in documenting and understanding the archaeological record
of fire results from the facts that both wood ash and char-

coal are not stable in most environments, but undergo a =4
series of diagenetic changes. They are also likely to be e * Q
physically dispersed around the site and consequently the SEA _,.m o
classic macroscopik features of hearths (oval-shaped g ?

lenses associated with charcoal and reddened soil) are of- = ,-";

ten lost. If this occurs the characteristic micromor- ~:§__=?/

phological features of ash seen n thin—sections studied by rg?l?/ DEAD 562
optical microscopy (see Courtv er i, 1989 for details) wil)

also vary according to the state of proservation. In this
study, we exploit the fact that Kebara cave geperally has
remarkably well preserved hearths, that ace easily recog-
nized by the naked eye, 1n order o Jocument the
mineralogical diversity and diagenets: processes assoviated
with bona fide hearths. We then apply this knowiedge to
Hayonim cave, where hearths are generally not well pre-

served. Figure | shows the geographic locations of Kebara

and Hayonim caves.
Figure 1. Map showing the
Mineralogical Characteristics of Fresh Wood Ash geographic locations of Hayomm
and Kebara caves
The minerals present in fresh wood ash can have two
separate, bul related sources. \a) They are present in the original wood as a solid phase. After
burning they reside in the ash intact or are altered by the heating process. A common example is
calctte, which is usually the majr mineral component of fresh ash. It is thought to be formed
primarily from the oxidation at high emperatures of calcium oxalate carystals present in the
wood to CaO, followed by hydration and carbonation to calcite (Wattez and Courty 1987;
Etidgni and Campbell 1991). Phytoliths composed of amorphous silica are present in the wood
and are wsually unaffected mineralogically by heating at normal campfire temperatures (up to
950, Stiner et al., 1995). Siliceous aggregates are also present in the wood of many species of
trees (Sangster and Parry 1981), and are components of wood ash (Schiegl et al., 1994). The
siliceous aggregates are complex structures found in the wood and bark of many trees. They are
composed of a variety of crystalline minevals, presumably detived from the local environment in
which the tree grew, embedded in an amorphous mineral matrix rich in Si, Al, K and Fe. For
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more details, see Schiegl et al. (1994). Tt is not yet known if they are altered by the heating pro-
cess. (b) Ions that are present in a soluble or bound form in the wood undergo oxidation reac-

. 345 -

tions in the fire to form a wide variety of mineral phases, most of which are very soluble and of
little relevance to the archaeological record. Examples are lime, portlandite, larnite, and sylvite
(Etiégni and Campbell 1991). Thus in terms of the archaeological record, freshly formed wood
ash can be considered as being composed almost enfirely of calcite, except for a few weight
percent (0.3—3.7 weight percent as measured in 7 species of trees in Israel (Schiegl et al. 1994) of
amorphous silica in the form of phytoliths and siliceous aggregates. In our experience the latter
5 much more abund ant than the former. It should also be borne in mind that dry wood used for
burning always contains adhering soil and dust, which will also be present in the ash.

The Ma jor Mineral Components of the Hearths Analysed in Kebara Cave

The well preserved hearths in Kebara cave (Courty et af., 1989; Bar—Yosef et al., 1992)
{Fig.2} are uwsually white, grey or yellow in color, oval- to circular—shaped with diameters of
roughly 30 to 150 cm, and in section are lens—shaped with thicknesses varying from a few

centhimeters to tens of centimeters. They are usually underlain by a thin layer of charcoal-rich

Fig 2. Photograph of the well preserved hearths in Kebara cave, showing their lens shape in section
and the presence of dark charcoal-rich layers beneath the lighter colored ash~derived runeral layer
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brownish black sediment, which interestingly is often limited only to the central region of the
overlying ash remnants. This raises the possibility that the ashes themselves were dispersed over
a larger area than the original hearth location.

The micromorphological characteristics of three of the Kebara cave hearths are described
in detail in Courty et al. (1989). Two of the hearths are similar in texture, being dominated by a
fine—grained groundmass of globular, light yellow to yellow brown nodules. The third contains
as a major phase mictitic calcite, which in part has altered to isotropic golden—yellow patches.
Charcoal, red clay and quartz grains are present in fair abundance. Siliceous plant remains as
well as burned bone fragments were also observed. A preliminary study of the charred wood
remains from Kebara cave showed that two species of cak (Quercus calliprinos and Quercus
ithaburensis) constitute 85% of the analyzed material. These two species are also the dominant
elements of the present day arboreal vegetation (Baruch et al. 1992).

Table 1. Major Mineral Components of the Hearths Anslyzed in Kebara Cave

Mineral Mumber of Heartls Mineral Numberof Hearths
Calcile 7 Leucophosphite 6
Dahllite; Francolite 13 Tamnakite 2
Montgomeryie 14 Siliccous aggregates |7
Crandallite 1

Table2, TheMinerals and their Chemical Formulae Discussed in the Text

Carbonates .
Calcite (CY CaCO,
Dolomite [Ca, Mg)CO,
Phosphates
Dahlite (D) Cag(PO,, CO;):(0H)
Francolite (F) Ca (PO, CO,(F)
Crandaliite (CR) CaALPOY(OH) - 53H,0O
Montgomeryite (M) Ca,MgAl (PO, - (OH), -~ 12H;0
Lencophosphite (L) K (Fe¥, AlJ{PO,), * (OH), - 4H,0
Taranakite (T) H X AI{PO,)g - 18H 0
Variscite AlPO, - IH O
Others
Quartz S0,
Lime Cal
Portlandne Ca(OH),
Larnite Ca,(Si0y)
Sylvite KC!
Siliccous aggregates (SA) Sec Schiepl er al. (1995) for a detailed description

Table 1 Ists the mapr mineral components found. in hearths in Kebara cave and the num-
ber of hearths in which each of the minerals is the most abundant component. Table 2 lists the
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chemical formulae of the minerals in Table 1, as well as all the others mentioned in the text, The
minerals were identified mainly by FTIR (see Schiegl et al. (1994) for more details of
methodelogies used). As fresh ash is composed primarily of calcite, we can assume that the sev-
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en calcite~dominated hearths are the best preserved. Dahllite or francolite are also present in
these hearths, usnally as crusts on the top surface, implying that in this environment calcite re-
acts with the phosphate—rich groundwaters and dissolves and reprecipitates as carbonated
apatite(dahllite) or fluoridated carbonated apatite(francolite). Careful analyses of the other as-
sociated phosphate minerals in hearths and in the zones of reaction of dolomitic rocks buried in
the Xebkara cave sediments (Weiner et al.,1993; Weiner et al.,1995) suggest that the “reaction”
sequence is as follows: dahllite or francolite is replaced by crandallite, which in turn is replaced
by montgomeryite and finally leucophosphite. We do not know when taranakite forms in this

18 17 16 15 14 13 12 11 10

+ + 1 4+ + + + +

S R

+

Figure 3. Map showing the mineralogical variations of the ash layers in the central and northern
parts of Kebara cave. It also shows the boundaries of excavated arcas (straight lines parallel to grid
squares), the areas of dense bone accumulations (parallel-1lmed hatch) and the locations of sediments that
contain traces of phosphate (filled circles) and those that do not (empty circles). The boundary between
them is shown as a dashed line. The calcite ash layers are designated by the Areas of cross— hatching and the
letter “C™. All the above information was reported by Weiner e ol. (1993). The mineralogy of each of the
ash layers i indicated by a one-letter code defined 1n Table 2. Each grid square is 1 m’. The Roman nu-
merals indicate some of the stratigraphic layers, Note that a very similar figure was published previously
by Weiner e al. (1995)
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sequence. It § also conceivable that at any stage the carbonate or phosphate minerals may dis-
solve in the ground water and be transported out of the cave. They are all morte soluble than the
siliceous aggregates and phytoliths in 6N HCI{Schiegl et al.,1994), suggesting that hearths com-
posed only ofthe lattec have been subgct to the longest and/ or severest dissoluticn conditions,

Figure 3 shows a map of the distribution of many of the hearths analyzed in Kebara cave in
relation to the apatite dissolution boundary mapped by Weiner et al. (1993). Note that the map
combines information from stratigraphic units VI—Vll, I{— 3 and XI— XII. All the hearths in
which siliceous aggrepates are the major component are indeed south of the boundary, which is
ako the area in which no bones are presecved. The one exception (excavation square M20} is
from a secies of hearths located st above bed rock in Unit X[ in the deep sounding. This ob-
served distribution, therefore, strongly supports the notion that a relatively stable component in
fresh ash is the siliceous aggregate fraction.

Ash Remmants in Hayonim Cave

Hayonim cave has been excavated intermittently since 1965 (Bar—Yosef 1991). The current
ongoing excavation is aimed at investigating the Mousterian layers. To date, however, it con-
tains very few hearths which can be recognized as such based on their macroscopic
morphological characteristics. Charcoal is also almost absent in Hayonim cave and, in general,
there 18 much less quartz in the sediments as compared to Kebara cave. There are also many
areas containing abundant nodules composed of montgomeryite, leucophosphite and variscite,

Figure 4. Photograph of the ash~derived layers in Hayonim cave

which are composed predominantly of siliceous apgregates

Rl B A
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implying that phosphate—containing miperals have dissolved in one location and
reprecipitated in another in the form of nodules. All the above factors probably contribute
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to the fact that hearths, as such, are poorly preserved in Hayonim cave.

A most surpriing observation in terms of the mineral components in Hayonim cave, is
that in the central part of the cave, the single most abundant component of the sediments is
siliceous aggregates (Schiegl et al. 1994). These appear in the form of bedded layers that are
either milky—white or grey in color (Fig. 4). Both varieties provide more or less the same
infrared spectrum and it i not clear what is responsible for the color variation. The bedded
sequence is a few meters thick in some places.

This observation implies that wood ash is an abundant component, if not the most
abundant component, of the sediments that have accumulated in Hayonim cave.
Furthermore, as only the siliceous aggreéates are preserved in the central part of the cave,
we can infer that the more soluble calcite—derived minerals have all dissolved and been re-
moved from that area of the cave. As the latter constitute well over 90% by volume of the
original ash (Schiegl et al. 1994), there must have been a huge reduction in volume of the
sediments during this dissolution process. This, and other archaeological implications of
these observations, will Be discussed in detail elsewhere.

Recognizing A sh Deposits in the Archaecological Record

Very few prehistorically occupied caves have preserved ash deposits that can be
unequivocally recognized as such by the naked eye. In contrast many caves contain burned
flints and bones, clearly implying that fire was used at the site. One possible explanation for
this is that the ash remains have been totally destro yed by diagenesis. Another possibility is
that they are preserved, but have not been recognized as such. It is of interest to note that in
an eatlier micromorphological study of Hayonim cave, Goldberg (1979) observed the
unusual nature of the sediments in the central part of the cave, but did not associate them
with being ash—derived.

The current study demonstrates that ash can be found in a vaciety of different mineral
forms, such as calcite, dahilite, francolite, crandallite, montgomeryite, leucophosphite and
the so—called siliceous aggregates. If these minerals are found as bedded layers within the
stratigraphic section (as opposed (o concretions, nodules, or as teaction rims on the sur-
faces of rocks buried in the section), they should be considered as possibly being derived
from ash. The presence of siliceous aggregates and/ or wood—derived phytoliths in these
layers, would constitute strong evidence that the layers indeed originate from wood ash.

As always in archacology, several words of caution are in order.’Siliceous aggregates
are known to be present in wood. It is not yet known, however, whether they are formed by
all trees, or for that matter whether they are present exclusively in wood. If they are formed
by other plants, their presence in the form of bedded layers in an archacological site may be
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due to other processes. Siliceous aggregates themselves do most likely undergo diagenctic
degredation, about which very little is known as yet. This could complicate the use of these
materials for recognizing ash deposits. It is also conceivable that they may dissolve com-
pletely, and hence their absence does not prove that ashes were not present at a site. Based
on our current knowledge, it seems unlikely that siliceous aggregates will dissolve before the
other carbonate— or phosphate—containing ash—derived minerals, and hence can be ex-
pected to be associated with the latter in bedded lavers.

Concluding Comments

Recognizing ash in the archaeological record is by no means simple, especially when
the ash has been dispersed and subgcted to diagenesis. The mineral components of ash can
be useful in this regard. Identifying the presence of prehistoric ash is a prerequisite for re-
cognizing hearths. As the latter are the products of deliberate human—made fires, they are
undoubtedly an important cultural attribute in human evolution. Much too can be learned
from the charcoal, provided that it is preserved in a reasonable state. It is ho ped that this in-
formation will contribute to an improved understanding of the use of fire by hominids.
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