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关于以色列国的基巴拉和哈约尼姆 

两洞穴的微矿物的研究： 
对于考古纪录 中灰烬沉积的认识 
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器、以及高温对于烧过的泥土的古地磁特睦的影响，我们可以问接地推断古人对火的使用 

问题。 关于用火 的直接 证据则是 保存 下来 的燃烧后的残留物 ，即炭屑和灰烬 ．它们能够 提 

供古人袭用火的方式，以及其它的许多信息．所以它们的潜在价值是巨大的．关于遗址的 

居住者能不能制造火和控制火的同题，目前很难明确地回答 。最可能的是从灰烬和炭屑中 

能看出点什么 

灰烬在太多数环境中都是不稳定的，但 占代的灰烬都经历过一系列的成岩作用 的变 

化 它们往往在谴址中被冲散，其结果拦火堆的典型的宏观面貌 (有炭屑和红色土壤 的卵 

圆形透镜体)常常消失了．如果发生了这种情况．用光学显微镜在薄切片中所见的灰烬特 

有的微形态特征也将按照保存状态而有所改变。基巴拉洞穴通常具有保存 良好的火堆， 

肉眼就可 以认识 它们 。在本 文 中我们 利用这一事实以 论证与 真正火堆有联 系的矿物 的多样 

性及成岩作用的过程．我们将上述研究成果应用于研究哈约尼姆洞穴。在哈约尼姆洞穴， 

火堆的保存是不佳的。 

新鲜的木头烧成为灰烬以后．其 中的矿物包括两个来源 它们既可分开，又互相有 

关 

(a)它们原是木头中的坚硬部分，燃烧后在灰烬中或原封币动，或为火烧所改变，常 

见的例子是方介石 它通常是新鲜葳烬中的工要矿物成分，它被认为是木头 中的草酸钙品 

体，经过高温氧化，．然后变成氧化钙，最后转化为方解石．在木头中，另一种东西是 由非 

晶质的硅质组成 的植物 石．在通常的营火温度中 (低 于950℃)其矿物成 不会改变。硅 

酸体也是存在 于许多种树木内的复杂构造．也是木头敏烬的一种成分 。这种硅酸体富含 

硅、铝、钾和铁 。 

(b)在树 术中还有许多离子。经过燃烧后、由此生成的台离子的矿物多数溶于水， 

所以与考古记录不太有关系。它们是方钙石．羟钙石、斜硅钙石和钾石盐 

总之，可以认为木 烧成的灰烬几乎全由方解石组成，植物石和硅酸体占很小的 百分 

比 (以色列的 7种树木内占 0 3％一3．7％) 应 当想到、用来烧火的干木义总是牯附了一 

些土壤和灰尘，那么这些土壤和藏尘也会存留在肛烬内 

在基巴拉洞穴内有许多保存 良好的火堆 它们为白．灰或黄色，圆一椭圆形、直径约 
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兰塑 些塑芝塑堕曼塞 翌王耋直星墨士 堡亟壑塑垫望 ：：： 

30一l50厘米，在剖面中呈透镜体状，厚度在几到几十厘米，它们通常位于薄层黑褐色富 

舍炭屑的沉积物 上面。黑色的炭屑常常局限于其上覆的灰烬的中央部。这使人想到一种可 

能性，即灰烬本身扩散到了原生火堆的范围之外 

对于基巴拉洞穴 中残留的烧木的初步研究表明，它们之中的 85％是由两种橡木所组 

成的．这两种 植物正是今天该地林带中的主要种类。表 l列举了基巴拉洞穴中几个火堆 的 

编号以及它们 的主要矿物的名称，表 2则列出表 l所列举的矿物的分子式，同时也列出本 

文所涉及的各种矿物的分子式 这些矿物主要是用红外光谱仪鉴定的．由于新鲜的灰烬 主 

要由方解石组成。所 以我们可以假定，7个主要由方解石组成的火堆乃是保存得最好的． 

在这些火堆的顶部，具有以碳羟磷灰石或以碳氟磷灰石为主要成分的壳 它意味着在这个 

环境中，方解石与富舍磷酸盐的地下承起化学反应后，溶解，作为碳羟磷灰石或碳氟磷灰 

石再沉淀．据研 究，反应的顺序如下：碳羟磷灰石或碳氟磷灰石被斜磷钙铝石所取代，而 

后者又被瞬铝镁钙石和羟磷钾铁矿所替f℃。在上述序列中，我们不知道在什么时候生成瞬 

钙铝石。但是有 一 点是可 以想 象的 ，即碳酸 盐矿物或磷 酸盐 矿物可以在地下水 中溶解 井 

被搬运到洞外 在浓度为 6N 的盐酸中，它们比硅酸体和植物石易溶解。这使我们可以想 

到，仅由后者组成的火堆曾经历过最长期的和／或最严重的溶解状态。图 3显示基 巴拉洞 

中研究过的许多火堆的分布图。所有以硅酸体为主的火堆都在界线之南，这也是没有保存 

为骨化石的区域 所以观察到的这种分布情况表明：新鲜灰烬中相对稳定的成分乃是硅酸 
' 

体 

从 l965年起，哈约尼姆洞穴被断断续续地进行着发掘。但到 目前为止，根据宏观的 

形态特征而识别 出来的火堆很少。洞内几乎没有发现炭屑 但是洞内有不少结核，它们 由 

磷铝镁钙石．羟磷钾铁矿和磷酸铝石等组威 这一事实意味着，含磷矿物在某些地方被溶 

解了，却在另一些地方重又以结棱的形式沉积下来。在哈约尼姆洞穴内，火堆的保存状况 

很差，可能是 由于上述 这些 因 素。 

观察哈约尼姆洞穴中矿物的分布，最引人注目的是：洞穴中央的最丰富的矿物是硅酸 

体。它们呈层状 出现，为乳 白色或灰色．它们的颜色虽然不 同，但其红外光谱 却是相同 

的。还不清楚这些颜色变化的原因是什么 在某些部位，它们可厚达数米．这种情况意味 

着。在哈约尼姆洞穴中，木头的灰烬在沉积物中占很大的比例。因为可溶性的由方解石衍 

生的矿物在原始的灰烬体积 中超过 90％，在溶解过程 中沉积物的体积 一定极大地减少 

了 

近代的研究表明，灰烬可以许多不同的矿物形态而存在着，如方解石，碳羟磷灰石， 

碳氟磷灰石，纤磷钙铝石．磷铝镁钙石，羟磷钾铁矿，以及硅酸体等 如果上述矿物不是 

呈结核状 ，也不 是呈反应边 的形式 出现在剖 面内岩石 的表面 ，而是呈层状 出现的话 ，那 么 

它们应被认为可能是由灰烬转化而来的。硅酸体或植物石在地层中的存在．也可提供强有 

力的证据，表明地层乃由术灰所形成 

已知硅酸体存在于树木中，但不知道是否所有树木均形成硅酸体，或者只存在于树木 

中，如果其它植物也形成硅酸体，那么它们成层地存在于考古遗址中，那可能是由于其它 

的过程． 

总之，我们要在考古记录中识别灰烬是不简单的，特别是灰的矿物成分在这方面是有 

用的。识别灰烬乃是辨认火堆的前提．火堆是人类有意识用火的结果，无疑地是人类进化 
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史上一种重要的文化属性。如果炭屑保存得好，可以从中研究出更多的东西。希望上述研 

究成果能对增进了解人类的用火有所贡献。 

寰 l 基 巴拉洞穴中分析的几十火堆的主要矿韧成分 

矿 物 

方 石 

硪羟碑灰石／碳氟礴灰石 

礴铝镁钙石 

圩礴钙铝石 

碳 酸盐 

方解石 (C) 

白云石 

碑酸盐 

碳羟碑灰石 (D) 

碳氟碑灰石 【F) 

纤礴钙铝石 (CR) 

礴铝镁钙石 (M) 

羟碑钾铁矿 【L) 

礴钙铝石 fr) 

碑铝石 

其它 

石 英 

方 钙石 

羟钙石 

斜硅钙石 

钾石盐 

硅酸体 

火堆箱号 

l3 

14 

矿 物 

羟碑钾铁矿 

礴钙铝石 

硅酸体 

寰 2 在文 中涉爰的矿韧爰其化学分子式 

CaCq 

(Ca．Mg)cO， 

Ca (t O4，CO，)，(OH) 

Ca 5(PO4，CO ，)，(F) 

Ca Al3(t O4 (OH)·5H2O 

Ca ．MgA1．(tO．) ·(OH)．·12H2O 

K2C ．A1 (PO4 ·(oH)2·4I-I O 

H6K3AI5(PO．)l·l8H O 

AIPO．·2H2O 

SiO 

CaO 

Ca(OH)2 

Cal(SiO．) 

KCI 

参看 Schiegt et at(1995) 

图 的 说 明 

火堆箱号 

6 

I7 

图l 哈约尼姆和基巴拉洞穴的地理位置图 

图2 在基巴拉洞穴 中保存 良好的火堆的照片，它们在剖面中呈透镜体状．其 中颜色较暗 

的富含炭屑的层位可由灰烬转化而来的，颜色较浅的矿物层的下面 

图3 在基巴拉洞穴 的中央部位和北部，表示出许多由灰烬转化而来的矿物体的位置．此 

图还显示了发掘的区域 (其边界 与发掘用的方格相平行)，含辟的沉积物的位置 (黑 

色圆圈)和不舍磷的沉积物的位置 (白色圆圈)。两者之间的界线以虚线表示。方解 

石的灰烬层以卵圆圈表示，内有字母“C 。以上所有信息均来 自Weiner et aL(I993) 

的论文．灰烬层 中每种矿物都 由表 2中规定的英文字母来表示．每 一方格的面积是 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


斯 ·韦纳等：关于以色列国的基巴拉和哈约尼姆两洞穴 

的徼矿物的研究：对于考古纪录中灰烬逸积的认塑 !! 

l平方米．罗马数字表示地层的层号．这里的注释与即将发表的 Weiner eta1．(1995) 

的 注释相 同 

圈4 哈约尼姆嗣穴中 由灰烬转化而来的地层的照片，硅酸体是它们的主要成分 

(棘钦琦 节译) 

RECoGNIZD G ASH DEPOSrTS D THE ARCHAEoLoGICAL 

RECoRD：A M ERALoGICAL STUDY AT KEBARA AND 

HAYoNIM  CAVES,ISRAEL 

S Weiner． S Schiegl and 0 Ba r-Yosef。 

《Departmeat of$frucrara[Biology,Weizmana Institute。，Sc(ewtce．76100 Rehoeot,lsraeO 

(’ Department ofAfi~hropo[ogy．Peabody Mgseum，Harvard Unle~erMty．Cambridge．MA 02128，USA) 

Absttact 

Preservcd ash in the archaeological record constitutes an impo rtant source of in— 

formation on the H~l'lI1er in which fire was used by hominids．Recognizing fossil ash 

deposits is difficult，because ash is not stable in most environments，but undergoes a 

series ofdiagenetic alterations．Here we renew the mineralogical transformatiom that 

as h deposits underwent in two~~lVes in Israe1．W e note that a relatively stable compo — 

nent of ash。at least in these environments，is the siliceous aggregate fraction．Its pres· 

enoc in bedded layers within the stratigraphic sequeno~at other sites may constitute 

good eviden~ forthe presenceoffo~il ashdepo sits． 

Key words Fire，as h，minerals，infrared spe ctroscopy，diagenesis 

lutnsdacfion 

The archaeolclgical record offn'~is ofmuch interest in understanding the technological ca 

l~bilities ofearly hamam．The use offire canhe inferredindirectlyfrom the prescnceofburned 

bones 【c．g．Shipman et aL，1984；Stiner et a1．．1995)，charcoal(c．g．Oaldey 1970)，lithicartifacts 

(e．g．Purdy and Brooks 1971)or from the effects that high temperatures have on the 

l~leomagnctic properties ofburned soils(e．g．Barbetti et at．，1980)．Direct evidence for fire at a 

site a n be obtained from the preserved remnants of the fire itself— the charcoal and the ash 

(van Ri~t Lowe 1954)．These are potentially of much value as they can also provide information 

onthe m nilerinwhichfireWas used and its Slmtia1 context vi 0ther activities atthe site． 

Rc~：civcd April 4．1995 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


· 344· 人 类 学 学 报 14卷 

Theimportant questionofwhether o r notthe site occupantswere abletoignite and controlfire 

扭 ry diWlcult to a／L~wer unequivocally，but if any insight can be gained，it will most fikely be 

derived from the ash and charcoal compo nents．For a co mprehensive review of the evidence of 

fire in the archaeological record，see James(1989)． 

In reality the major difYlculty in documenting and understanding the archaeological record 

of rue略 ults from the facts that both wood ash and char． 

ooal m  not stable in most environments．but undergo a 

series of diagenefic changes．They are also likely to be 

physically dispersed around the site and consequently the 

dassic macroscopic featureS of hcarths (oval-shaped 

1enses associated with charco al and reddened soil1 are of- 

ten 1ns t． If this OCCURS the characteristic micrumor． 

phological features ofnsh seen】I1 thin-sections studied by 

optical microscopy(see Courty e“ I 989 for details will 

also wary aco ording  to the s|ate of preservation la this 

study，we expIoit the fact that Kebara cave generally has 

remarkably well preserved heatths．that a easily recog· 

nized by the naked eye． in order Eo document the 

mineralogical diversity and diagenet Jc processes associated 

Ⅵi血 bona fide hearths．We then apply this knowiedge 1o 

Hayoalm cave．where healths are generalty not well pre 

served．Figure I shows the geographic locations of Kebara 

andHayonim ca ves． 

M ineralogical Cl'mmcteristlcs of Fresh H ood Ash 

Figure 1． M ap showing the 

geographic locations of Hayohim 

and Kebara f'．~tyes 

The minerals present in fres h wood ash ca n have tWO 

separate，but related sources 【a)Th0y are present in the origina1 wo od as a sold phase．After 

burning they reside in the ash intact o r are altered by the heating process．A co nlllaon example is 

calcite，which is usually the major mineral component of fmsh ash．It is thought to be formed 

primari]y from the oxidation at high temperatures of ca lcium oxalate Q'ystals present in the 

wood to CaO，fol／owed by hydration and carbonation to calcite (Wattez and Courty 1987； 

Eti6gni and Campbell 1991)．Phytoiiths composed of amorphous silica are present in the wood 

and are usually unaffected mineralogically by heating at normal campfire temperatures (up to 

95012，Stiner et a1．
， 1 995)．Siliceous aggregates ale also present Jn the wood of many species of 

trees【sangster and Parry 198 I)，and are components of wood ash(Schiegl et a1．1 994)．Tl1e 

sillc~ous agg regates a complex structures found ln the wo od and bark ofninny trees
．
Th are 

compo sed ofa"~ariety ofcrystalline minerals，presumably derived from the local envimnment in 

which the tree grew，embedded in an amorphous mineral matrix rich in Si
，
AI，K and Fe．For 
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inoi~details，see Schie-gl etaf(1994)．Itis notyet knownifthey are altered bythe heatingpro- 

OgSS．Co)Ions that ale present in a soluble or bound fofm jn the wood undergo OXidafion∞ac- 

lions in the fire to forn'l a wide variety ofminera1 phases．most ofwhich are very SOluble and of 

little relevance to the archaeological record Examples are lime，po rtlandite，larnite，and sylvite 

n电nj and Campbell 1991)．Thus in terms of the archaeological record，freshly formed wood 

ash can be considered as being composed almost entirely of calcite，except for a few we：ight 

percent(0．3—3．7 weight percent as measured in 7 species oftrees in Israel chie et al 1994)of 

amorphous silica in the form of phYtoliths and siliceo aggregates．In OUr experience the latter 

is much more abundant than the former．It should also be borne in mind that dry wood us ed  for 

burning always contains adhering soil and dlist，which will also be present in the ash． 

The Maior Mineral Components ofthe Hearths Amlysed ia Kebara Cave 

The well preserved hearths in Kebara cave【Courty ￡af． 1989；Bar--Yosef et a1 ，I 992) 

jg．2)are usually white，grey or ye】low in color，ova卜 to circular-shaped with diameters of 

toughly 3O to 1 50 cm,and in section are lens~shaped with thicknesses varying from a few 

centimeters to tens of centimeters．The)'are usually underlain by a thin Layer of charcoal--rich 

Fig 2． Photograph of the well preserved hearths in Kebara cave，showing their legs shape in section 

and the presence of dark charcoal-rich layers beneath the lighter colored ash-derived mineral layer 
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brownish black sediment．which interestingly is often limited only to the central re on of the 

ovcrlying ash remnants．Tllis raises the possibility that the ashes themselves were dispersed over 

a larger area than the original hearth location． 

The micromorpholo#cal characteristics of three of the Kebara cave hearths arc dcs．cribcd 

iII detail in Courty et a1．(1 989)．Two of the hearths are similar in texture，being dominatsd by a 

nne-gcained groundmass of globu1ar，nght yellow to yellow brown nodules．The third contains 

as a major phase micritic calcite。which in part has altered to~otm#c golden-yellow patches． 

Charcoal，red clay and quartz grains are present in fair abundance．Siliceous plant rcmaJm as 

veil as burned bone fragments were／dso Observed．A preliminary study of the charred wood 

remains from Kebara cave showed that two specjes of oak rc calliprinos and Quercus 

ithaburenais)comtitut~85％ of the analyzed materia1．Tbc~~two species are also the dominant 

dementsofthepresentdayarboroal vegetation(Barucheta1．19921． 

Table1． 

M ineral 

Calcite 

Dahtlite／ Francolit~ 

M ontgomexyitc 

CrIndallite 

M~iorMineralComl~nearsoftheHearthsAnslyze~inKelmraCave 

Num betofHcarths M ineral Num ber0fHcanhs 

7 Lctlcophosphit~ 6 

l3 Taranaki怔 2 

14 Siliceous aggregates I7 

1 

Tabk 2． M ineraIsandtheirChemicaIFormulaeDiseassed|ntheText 

carbonatca 

Ca lcitefC1 

Do1omite 

Phospliat~S 

Dalini~e(D) 

Frano~lite[F) 

Crandallit~【CR) 

~ontgomeryite【M) 

Lcu~opliosph (L) 

Taranakim( 

Variscit~ 

Othe憎 

qu丑nz 

Lime 

Portlandit~ 

L丑rnit~ 

Sylvli~ 

Siliocous aggregates【SA) 

CaCO 

【Ca，Mg)CO3 

Ca5 o．．CO~)a[0H) 

Ca5 04．co9|【F) 

CaAI~{PO4)z(OH)。5H 20 

Ca,Ml~d,(POd6‘【OHh。l2HaO 

K2(Fe ．A1 PO4)4·【0H)2·4H20 

H b(PoJ,’l8H20 

AIPO●·21"I 20 

SiC'2 

CaO 

Ca(OH 

c 2 i04) 

KCI 

See Schiegl ef a1．【199 5】for＆detalkd dtscri~ion 

Tablelliststhemajormineral componentsfoundinhearths Kebara cave andthe nuiI1- 

bcr of hearths in which each of the mi nerals is the most abundant component．Table 2 lists the 
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dIemicalformalaeofthemineralsinTable1，aswell as alltheothersmentionedinthetext．The 

minerals we[3~identified mainly by FTIR (see Schiegi et讲 (1994)for more details of 

methodologies used)．As fresh ash is composed primarily of calcite．、M0 Call asmrne that the sev- 

∞ ca】cite--dominated hearths are the best preserved，DaMlite or francolite ale also present in 

these hearths，usually as crus ts on the top surface，implying that in this environment calcite re— 

acts with the phosphate-rich groundwaters and disso1yes and repmcipirates as carbonated 

apatite(dahllite)or fluoridated carbonated apatitefirancolite)．Careful analyses of the other as- 

sociated Phosphate minerals in hearths and jn the ：zones of reaction ofdolomitic rocks buded in 

the Kehara∞、le sediments 0Veiner et讲．，1993；Weiner et札 1995)suggest that the reaction 

sequence is as follows：dahuite or francolite is replaced by crandallite．
．which in turn is replaced 

by lnontgome ryite and finally leucophosphite．We do not know when taranakite forII矗in this 

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 ar~L'J(strai t fines parallel to grid 

sq．uares)，the areas ofdense bone aoeumalatiom (parallel-lined hatch)and thelocations ofsediments that 

oontain traces of phosphate(f'flied circles)and those that do not(empty circles)．The boundary between 

them shownas adashedline．Theca lciteash Layers aDgdesignated bytheareas ofcross--hatching andthe 

letter C ．AⅡthe abo ve information was reported by Weiner et at．(1993) The mineralogy ofeach of the 

as h layers is indica ted  by a one-letter code defined in Table 2．Each grid square is 1 m 
． The Roa n rib- 

metals indica te SOil~g of the stratigraphic Layers．Note that a very similar figure was pubbshed previously 

byWeiner et ．f1995) 
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scq~nce．Itis also conceivablethat at any Stagethe carbonate orph0spha mineralsmay dis· 

s01w in the gm und water and be transported out ofthe cavc．They arc all more soluble than the 

siliceo~ aggregates and phytofitbs in 6N HC1(schiegl et a1．，1994)，suggesting that heanbs oomo 

pos。d only0fthelatterhave been subjccttothelongest and，or severestdissolatioaconditions． 

Figlare 3 shows amapofthedistribution ofmany ofthe heartbs analyzedinKehara cavejn 

relation to the apatite dissolution boundary mapped by Weiner et al(1993)．Note that the map 

combines information from stratigraphic units Vl一忸 ，1X—X andⅪ一XⅢ ．AIl the hearths jn 

which siliceous aggregates arc the major component arc indeed south ofthe boundary，which is 

also the are-Jr in Which no bofles arc preserved．Thc ore egception(excavation square M20 is 

from a series ofhearthslocatedj tabove bed rockinUnitXⅢ inthedeep sounding．This ob— 

served distribution，therefore，stron y suppo rts the notion that a relatively stable compo nent in 

fresh ash is the silice ous aggregate fi'action
．  

Ash Ronm nts in Hayonim Cave 

Hayoaim cave has been excavatedintermittently sin∞ 1965fBa卜 Yosefl99l】．Thccurrent 

ongoing excavation is aimed at investigating the Mousterian layers．To date，however，it con 

taius very few hearths which can be recognized as such based Oil their macroscopic 

∞ rphological characteristics．Charcoal is also almost absent in Hayonlm cave and，in general， 

there is much le酶 quartz in the sedimen~ as compared to Kcbam cavc．There are also many 

a／e．．．as co ntaining abundant nodules composed of montgomeryite，leucophosphite and va rjscite
， 

Figum 4 Photograph of the ash-derived layers in Hayonim cave 

which are composed pred ominanfly ofsilic~ us aggregates 
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implying that phosphate-containing minerals have dissolved in one location and 

reprecipitated in another in the form of nodules．All the above factors probably contribute 

to the fact that hearths，as such，are poorly preserved in Hayonim cave． 

A most surprising observation in terms of the mineral components in Ha~ nim  cave，is 

that in the ce,ntral part of the cave，the single most abundant component ofthe sediments is 

siliceous aggregates『Schiegl et ．1 994)．These appear in the form of bedded layers that are 

either milky-white or grey in color(Fig．4】．Both varieties provide mo re or less the same 

infrared spectrum and it is not clear what is responsible for the co 1or variation．The bedded 

sequenceis afewmetersthickin some 01aces 

This observation im plies that wood ash is an abundant component．if not the most 

abundant co mDOnent． of the sed iments that have accumulated in Hayonim cave． 

Furthe rmore，as only the siliceous aggregates are preserved in the central part of the cave， 

we can infer tha t the more soluble calcite-derived minerals have all dissoIved and been re． 

moved from that area of the ca ve．As the latter constitute welJ over 90％ by vohme of the 

original ash(Schiegl et at．1994)，there must have been a huge reduction in volume of the 

sedim ents during this dissolution process．This，and other archaeological implications of 

these observatio ns，will be discussed jn detail elsewhere． 

Recognizing Ash Deposits in the Archaeological Record 

Very few prehistorically occupied caves have preserved ash deposits that can he 

un equi~voca lly recognized as such by the naked eye．In co ntrast many caves contain burned 

flints and bones．clearly implying that m e was used at the site．One possible explanation fo r 

this is that the ash remains have been totally destroyed 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 earlier micromo rphological study of Hay0n cave，Goldberg(1 979)observed the 

unusual nature of the sediments in the central part of the cave．but did not associate them 

with being as derived． 

The cu rrent study demonstrates that ash can be fo und in a variety ofdifferent m ineral 

forms，such as ca lcite，dahllite，franco lite，
．
crandallite，montgomeryite，leucophosphite and 

the so-called siliceous aggregates If these minerals age found as bedded Myers within the 

stratigraphic section(as opposed to concretions，nodules，or as reaction rims on the sur． 

faces of rocks buried in the section)，they should be considered as possibly being derived 

from ash．The pres}nce 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 archaeology，several words of caution are in order．Siliceous agg regates 

are known to be present in wood．It is not yet known，however，whether they are form ed  by 

all trees，or fo r that matter whethe r they are present exclusively in wood．If they are formed 

by other plants，their presence in the form ofbedded layers in an archaeological site may he 
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due to other processes．Siliceous aggregates themselves do most likely undergo diagenetic 

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 co m- 

pletely，and hence their absence does not prove timt ashes were not present at a site．Based 

oi"1 our current knowledge，it Seeilas unlikely that siliceous aggregates will dissolve before the 

other ca rbonate- or phosphare-co ntaining ash-derived minerals
， and hence ca n be ex． 

petted to be associated with the latter in bedded layers 

Concluding Comments 

Rec ognizing ash in the archaeological record is by no means simple
，
especially when 

the ash has been dispersed and subleted to diagenesis The mineral components of as h 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 

undoubted ly an important cultural attribute in human evolution
． M uch too can be learned 

from  the charco al，provided that jt is preserved in a reasonable state
． It is hoped that this in． 

formation will contribute to an improved understanding of the use of fire by homi nids
．  
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