UNIVERSITAT ROVIRA I VIRGILI

L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS
I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS
Dan Cabanes 1 Cruelles
ISBN:978-84-692-1535-7/DL-T-378-2009

, ELS MINERALS I ALTRES MICRORESTES

L'estudi dels processos de formacio dels sediments
arqueologics i dels paleosols a partir de I'analisi dels
fitolits, els minerals i altres microrestes

Els casos de la Gorja d’Olduvai, I’Abric Romani, El Mirador i Tel Dor

Tesi de Doctorat

Dan Cabanes i Cruelles

Direccio: Rosa Maria Albert i Eudald Carbonell

Universitat Rovira i Virgili, Departament d’Historia i Geografia

Area de Prehistoria - IPHES



UNIVERSITAT ROVIRA I VIRGILI

L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS
I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS
Dan Cabanes 1 Cruelles
ISBN:978-84-692-1535-7/DL-T-378-2009

, ELS MINERALS I ALTRES MICRORESTES

With your feet in the air and your head on the ground
Try this trick and spin it, yeah
Your head will collapse
But there’s nothing in it
And you’ll ask yourself

Where is my mind?
Where is my mind?
Where is my mind?

Way out in the water

See it swimmin’ ...

The Pixies, 1988, Where is my mind. Surfer Rosa, 4AD
Boston, Massachusetts
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Prefaci

Fa algun temps, durant una estada a l'estranger, va arribar a les meves mans un article
de Steven Weinberg publicat a la revista Nature i titulat Four golden lessons (Weinberg, 2003).
Aquest article va fer canviar la meva perspectiva de la ciencia i poc a poc ha fet canviar la meva
perspectiva d’una tesi doctoral. La primera de les llicons que ens déna Weinberg és que ningu ho
sap tot, i pertant jo tampoc he de saber-ho tot. La segona de les llicons és que és més interessant
abordar un camp poc conegut que un camp on s’ha treballat molt, en el desordre es troba I'accid.
La tercera llicé és perdonar-te a tu mateix per perdre el temps, ja que molts cops és dificil saber
si estas treballant amb el problema correcte i molt sovint les investigacions i els experiments no
porten a cap lloc. L'ultima i quarta llicd és que s’ha de coneéixer la historia de la ciencia, o almenys
de la branca en que treballes, ja que aquest és el millor antidot contra la filosofia de la ciéncia i
els seus models sobresimplificats. Weinberg sap bé que com a cientific molt probablement no
et faras ric, els teus amics i familiars no entendran en que treballes, i si a més investigues en el
camp de les particules elementals (o en el meu cas, en el camp de I'arqueologia), no tindras mai
la satisfaccid de que el teu treball sigui Util de forma immediata. Almenys et queda el consol de
reconeixer el teu treball en ciéncia com a part de la historia, aportant un esgladé més a la llarga
escala.

Aquesta tesi és fruit d’aquesta visié. No pretenc coneixer totes les conseqiencies dels
processos de formacid ni tots els tipus de fitolits. El mateix camp dels processos de formacio,
i més en concret, els processos de formacid a partir dels fitolits és un ambit poc treballat on
encara queden, i quedaran, moltes coses per dir. He passat moltes hores fent experiments que
no han donat els resultats esperats o treballant problemes que finalment no tenien relacié;
assaig — error. Finalment, he intentat conéixer els passos dels qui abans de mi han treballat
aquestes qliestions. El que s’intenta aqui és posar un esglad més, per molt petit que sigui, dintre
de la historia de la ciéncia.
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Des dels seus inicis I'arqueologia ha estat molt lligada a les ciéncies de la terra (Bar-
Yosef, 2001). Els avangos en aquesta disciplina, perd també en d’altres integrades en el camp
de les ciéncies pures o les ciéncies aplicades, han permés una evolucidé substancial de la
investigacid arqueologica. Aquests avancos han transformat tant el concepte com els objectius
de I'excavacié arqueologica. Si en un principi era primordial recuperar les restes per realitzar
successions crono-culturals, ara el que interessa és saber quins sistemes d’adaptacié i models
de comportament tenien els nostres avantpassats, o, en altres paraules, com vivien aquests.
Per tant, part de l'interes de l'arqueologia s’ha traslladat a coneixer com van afectar els canvis
climatics en I'evolucié de I'espécie i quin tipus d’activitats duien a terme. Dins d’aquest context
és necessari entendre com s’han dipositat les restes en els jaciments arqueologics i quina ha
estat la seva transformacio al llarg del temps, ja que els processos tafondmics poden repercutir
en la interpretacio que fem del registre arqueologic. Per tal d’aconseguir aixd cada cop més
les excavacions s’han anat tecnificant, fins al punt que una excavacid ara s’assembla més a un
experiment cientific, Uniciirrepetible, on s’intenten aplicar tots els avancgos cientifics disponibles
per extreure’n el maxim d’informacio.

Lampliacié del ventall de possibilitats cientifiques no només ha canviat la concepcié de
I’excavacio, sind que també ha canviat la concepcio de I'arqueodleg. Cada vegada és més comu
la figura de I'arqueoleg com a veritable especialista, capag de processar la informacié que fins
al moment havien de processar cientifics aliens a I'arqueologia. Per altra banda també es pot
observar el procés contrari, cientifics d’altres disciplines que han esdevingut especialistes en
afers arqueologics dintre dels seus camps. Aixi doncs, cada cop més els equips d’excavacio
s’han convertit en equips pluridisciplinars, on els seus membres sén especialistes en diferents
disciplines, algunes de les quals, evidentment, no sén l'arqueologia.
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Amb l'evolucié del procés d’excavacié també ha evolucionat I'estudi dels materials
recuperats. Es procura analitzar cada resta recuperada seguint un procediment cientific que
molts cops implica algun tipus d’analisi cientifico-tecnic complex, fins al punt que molt sovint
s’utilitzen técniques propies de la quimica, la fisica i fins i tot de la medicina, com ara els TACS
(Martinez et al., 2004). En definitiva, s’intenta exprimir totes les possibilitats per extreure’n el
maxim d’informacié possible de qualsevol resta arqueologica.

Segurament, pero, el canvi més significatiu s’ha produit en I'estudi dels sediments. Hem de
tenir en compte que des dels mateixos origens de l'arqueologia els gedlegs han estat treballant
amb els arqueolegs per entendre l'organitzacié dels conjunts sedimentaris i les successions
estratigrafiques (Bar-Yosef, 2001). Pero en els darrers anys els sediments han esdevingut un
objecte d’estudi per se. En l'actualitat s'agafen mostres de sediment per realitzar datacions,
per investigar l'orientacié magnetica dels minerals, o bé per fer estudis paleobotanics i
geoarqueologics. Ja no és l'organitzacié general dels sediments siné el contingut microscopic i
els seus minerals els que ens aporten una informacié fonamental per entendre el significat de
les restes recuperades.

Es en aquest context d’innovacié tecnologica aplicada a I'arqueologia, i sobretot dins de
la nova dimensid que pren I'estudi dels sediments, on entren en joc I'estudi dels processos de
formacio dels jaciments i les investigacions paleobotaniques. Els avangos cientifics en l'estudi
dels processos de formacié han permés entendre millor alguns dels conjunts arqueologics més
emblematics per a l'evolucié humana o del naixement de les civilitzacions urbanes. En part
també, degut a aquest anhel d’experimentar i aplicar ciéncies pures al camp de l'arqueologia,
se’ns fa necessari saber quina és la qualitat del material que analitzem, és a dir, en quines

6 condicions i sobre quin tipus de material estem realitzant totes les analitiques, per tal de reduir
al maxim la possible distorsio causada pel pas del temps i els processos tafonomics.

Lestudi dels processos de formacié esta molt sovint relacionat amb el camp de la
geoarqueologia. No obstant, també es poden abordar els problemes relacionats amb els processos
de formacid des d’altres punts de vista, com ara la tafonomia dels vertebrats, I'etnoarqueologia
o l'arqueologia experimental entre d’altres. De fet, un dels objectius principals de la tafonomia
dels vertebrats és el coneixement de l'alteracié de les restes Ossies aixi com de les empremtes
deixades en aquestes restes pels processos de formacid (Lyman, 1994; Caceres, 2002).

Dintre del camp de la geoarqueologia les dues disciplines que han aportat més informacio
en aquest sentit sén la geomorfologia i la micromorfologia dels sols aplicada a I'arqueologia.
Un avang significatiu ha estat I'aplicacié de I'Espectrofotometria d’Infrarojos per Transformada
de Fourier (FTIR) a I'estudi dels minerals que formen el sediment. Aquesta técnica permet
identificar els principals minerals d’'un sediment amb molt poca quantitat de mostra i amb tanta
rapidesa que fins i tot s’ha treballat in situ durant la mateixa excavacié per poder guiar millor les
estratégies de treball dels arqueolegs (Weiner et al., 1995; Weiner et al., 2002).

D’altra banda l'estudi de les restes vegetals recuperades als jaciments arqueologics és
cada cop més habitual. Als arqueolegs i als paleontolegs els interessa saber com era el clima
i com s’utilitzaven els recursos vegetals en el passat, aixi com quins eren els efectes en la
conducta i I'evolucié humana que provoquen els canvis climatics i de vegetacio. Els estudis de
les restes vegetals s’ha centrat sobretot en les investigacions palinologiques, antracologiques,
carpologiques i de fitolits. Cadascuna d’aquestes disciplines permet aprofundir en determinats
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aspectes de I'estudi paleobotanic, i conjuntament permeten tenir una visié més completa de
la vegetacid en el passat. Dins d’aquest conjunt de disciplines s’ha de remarcar el “boom” que
han experimentat els estudis en fitolits en els darrers anys com a disciplina paleobotanica. De
fet, més del 54% de les publicacions sobre fitolits referenciades en el Science Citation Index sén
posteriors al 2001 (font: ISI Web of Knowledge).

Lesinvestigacions en fitolits permeten fer inferéncies que van més enlla de la reconstruccio
paleobotanica. La quantificacié dels fitolits en els sediments arqueologics és una eina util per fer
aproximacions sobre el volum de mateéria vegetal dipositada en el sediment. Les diferéncies a
nivell morfologic i quantitatiu dels fitolits ens donen dades sobre quines van ser les activitats que
van dur a la formacié d’aquestes acumulacions (Harvey i Fuller, 2005). Els fitolits formen part
dels sediments on es dipositen i conseqiientment sofreixen i enregistren totes les alteracions
gue actuen sobre aquests. Amb l'analisi del FTIR podem conéixer quins sén els components
minerals basics d’un sediment, i saber si han estat alterats o no. Aquesta informacié ens ajuda
a comprendre millor les condicions de preservacié dels fitolits, i en conseqiiencia saber quina és
la qualitat de la informacié que podem obtenir de I'analisi d’aquests.

Si bé és cert que els fitolits poden ajudar a identificar el tipus d’activitat que s’ha realitzat
en una zona en concret del jaciment, cap la possibilitat que els sediments on s’ha realitzat
aquesta activitat siguin posteriorment remoguts, desplacats o alterats per processos antropics o
naturals. El desplagament dels sediments abans del seu enterrament o amb posterioritat no tan
sols pot venir indicat pel tipus de fitolits i la seva quantitat; altres elements com les diatomees
o els esferolits, que es poden observar amb facilitat durant la preparacié de les mostres dels
fitolits, ens ajuden a interpretar aquests processos.

Tant els avancos en el camp dels processos de formacié com les investigacions en el camp
dels fitolits es troben més ampliament explicats en els capitols 3.1 i 3.2 del present treball.

La transversalitat entre les analisis de FTIR i de fitolits, juntament amb el suport d’altres
analisis botaniques i geoarqueologiques, ens permeten fer inferéncies sobre els processos de
formacioé dels jaciments arqueologics, no només a nivell postdeposicional sind també a nivell

bioestratinomic i conductual.

Aguesta tesi presenta un recull de publicacions en revistes i llibres de caracter internacional
en les que l'autor hi participa directament. Cadascun d’aquests treballs ha estat revisat de forma
anodnima per especialistes reconeguts internacionalment abans de la seva acceptacié o la seva
publicacié. Tots els treballs tenen com a eix fonamental la utilitzacid dels fitolits i de técniques
complementaries, com el FTIR, per determinar tant els processos de formacié dels jaciments
estudiats com les implicacions paleobotaniques d’aquests microfossils. El nucli central de la
tesi esta format pels treballs sobre els jaciments de I'Abric Romani i de El Mirador. Realment és
durant el treball de camp i durant I'analisi de les mostres d’aquests jaciments quan sorgeix la idea
d’investigar els processos de formacio arqueologics a través de I'analisi dels fitolits. No obstant,
per tal de poder entendre en la seva totalitat les implicacions de I'analisi dels fitolits en aquests
estudis era necessari contrastar els resultats obtinguts en aquests jaciments amb els resultats
obtinguts en d’altres indrets. D’aquesta forma els treballs sobre la Gorja d’Olduvai i sobre Tel
Dor ens ajuden a confirmar o invalidar les hipotesis plantejades a partir de les investigacions
realitzades a I’Abric Romani i a El Mirador.
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Tot i que l'esséncia d’aquesta investigacié rau en I'Abric Romani i El Mirador, per tal de
facilitar el seguiment del discurs en aquesta tesi, la presentacio dels jaciments segueix un ordre
gue depen del grau d’antropitzacié del jaciment i parcialment de la seva cronologia.

Aix0 es deu a que dintre del conjunt de jaciments seleccionats el tipus i el grau
d’antropitzacid varia molt d’un als altres. Soc conscient que I'escala temporal i espacial d'aquest
conjunt de jaciments és molt extensa. Pel que fa a lI'escala temporal, si el que es pretén és obtenir
una visié dels diferents graus d’antropitzacid és absolutament necessari recérrer un bon tram
dintre de I'evolucié i la historia de la humanitat. Aquesta escala d’antropitzacié esta formada
per 4 esglaons: en primer lloc s’ha buscat un jaciment on els processos de formacié de caracter
antropic siguin minims o practicament inexistents, de tal forma que es pugui investigar els fitolits
dintre dels processos de formacié més marcadament naturals. En la segona etapa de I'escala
s’ha volgut augmentar la complexitat de la investigacié i s’ha elegit un jaciment on la majoria dels
processos de formacid continuen essent naturals, perd on els processos de formacié antropics
hi sén presents i sén evidents; d’aquesta forma ens proposem investigar a partir dels fitolits i
les analisis mineralogiques quines sén les relacions entre els processos de formacié naturals i
els antropics, en un context relativament poc antropitzat. Per al tercer nivell es va cercar un
jaciment on l'origen de la majoria dels sediments fos antropic, pero on el context de deposicié
fos en part natural; en aquest cas s’estudiaria com els fitolits i les analisis mineralogiques ens
poden donar informacié sobre activitats humanes encobertes per processos de sedimentacio
també antropics, i com els processos naturals poden alterar aquests sediments. Finalment es
va escollir un jaciment on practicament la totalitat dels sediments i les restes estan directament
relacionades amb les activitats humanes, aixi es pot investigar de forma directa les activitats

8 gue causen les acumulacions de fitolits, i quin és el paper que juguen els processos naturals en
jaciments completament antropitzats.

Quant a l'escala espacial I'eleccié dels jaciments ha vingut determinada per factors com
la presencia de fitolits en els diposits investigats, la disponibilitat d’estudi d’aquests jaciments, i
sobretot per la rellevancia dels mateixos.

Els articles sobre la Gorja d’Olduvai centren la nostra atencié sobre un tipus de jaciment
a l'aire lliure i amb processos edafologics evidents. Si bé és cert que s’han recuperat tant restes
humanes com les seves eines, considerem la formacié dels llits | i Il (en endavant Bed | i Bed
II) com un sistema completament natural, on la influencia humana sobre el conjunt de fitolits
recuperats resta en un segon pla.

En el treball de I'Abric Romani es presenta un tipus de jaciment on I'antropitzacié dels
sediments és clara i evident. Tot i aix0, I'origen antropic dels sediments del nivell J resta molt
lluny de ser la font majoritaria. Per tant, en el cas de I'Abric Romani, tindriem un jaciment on els
processos naturals i els processos antropics es combinen, i fa que estiguin a mig cami entre el
jaciment Africa i els segiients.

El cas del jaciment de El Mirador és un grau més dintre d’aquesta escala d’antropitzacié
dels sediments. En aquest cas l'origen dels sediments és majoritariament antropic, pero de
forma indirecta, ja que gran part dels sediments dipositats tenen el seu origen en els fems del
ramat estabulat en la cova. Amb tot, en el cas de El Mirador també s’han detectat processos que
estan directament relacionats amb activitats humanes realitzades a la cova i que sén diferents a
I'estabulacié dels animals.
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Finalment, en la part més alta de 'escala d’antropitzacid hi ha el jaciment de Tel Dor. Aqui
la major part del sediment és d’origen antropic i si més no tot el context urba ens indica fins a
guin punt esta antropitzat el jaciment. Aix0 no significa pero, com veurem més endavant, que
no hi hagin processos postdeposicionals d’origen natural que afecten al contingut de fitolits en
el sediment.
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1.1. Els jaciments

1.1.1. La Gorja d’Olduvai

La Gorja d’Olduvai és un dels jaciments més emblematics dintre del camp de l'evolucid
humana. Aquesta gorja, situada al nord de Tanzania, va ser investigada per primer cop al 1913
per Hans Reck, el qual va aportar fossils que més tard atraurien l'atencié de Louis Seymour
Bazett Leakey. Cap al 1935 el matrimoni format per Louis i Mary Leakey, tot i que ja havien fet
alguna expedicié a la zona, comenga les visites regulars al jaciment durant les quals recuperen
artefactes i ossos d’animals. Aquestes investigacions comporten el descobriment dels primers
fossils humans a la zona d’Olduvai; al 1955 apareixen les primeres troballes i al 17 de juliol de
1959 es recupera el crani de Zinjanthropus boisei, anomenat posteriorment Paranthropus boisei,
i que permet atribuir les primeres restes localitzades a aquesta especie (Constantino i Wood,
2007) (Figura 1). Entre el 1960i 1973 es van excavar més jaciments dintre de la gorja, alguns dels
quals van proporcionar més restes humanes. Els Leakey van revolucionar la paleoantropologia,
no només per les restes recuperades a Olduvai, sind perqueé els seus treballs van encoratjar a
d’altres investigadors per explotar altres jaciments de I’Africa oriental (Klein, 1999). En l'actualitat
els treballs a la Gorja d’Olduvai han estat continuats per I’Olduvai Landscape Palaeoanthropology

- A L
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Figura 1. Vista actual del Zinj Site on es van localitzar les restes de P. Boisei al 1959.
Fotografia: Xavier Esteve
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Project (OLAPP), amb nous descobriments d’artefactes, fossils humans i vertebrats (Marean et
al., 1992; Blumenschine, 1995; Blumenschine i Peters, 1998; Blumenschine et al., 1999; Cushing
i Blumenschine, 1999; Deocampo et al., 2002; Blumenschine et al., 2003; Bamford, 2005).

La Gorja d’Olduvai compren dues branques: la “Main Gorge” i la “Side Gorge”. Les dues
branques sumen una longitud de 50 km on estan exposats 100 metres de sediments lacustres,
fluvialsieolics dins d’una conca poc profunda. Els jaciments mésimportants se solen trobar on les
torrenteres tallen les parets de la Gorja. Aquests jaciments s'Tanomenen seguint una combinacié
del nom swahili per a torrentera (Korongo) i el nom del descobridor (Frida Leakey Korongo = FLK)
(Klein, 1999). Els diposits estan dividits en set unitats estratigrafiques successives i anomenades
de baix cap a dalt: Bed I-1V, Masek Beds, Ndutu Beds i Naisiusiu Beds. La tova volcanica apareix
en diversos nivells dintre de la seqliéncia, la qual cosa ajuda a mapar i correlacionar les unitats,
perd també permet datacions absolutes més precises. Aquestes datacions situen la seqiiéncia
d’Olduvai entre 2.03 milions d’anys abans del present i 15 mil anys a.p. Una descripcid exhaustiva
d’aquests diposits i les seves relacions es pot trobar a I'obra de Richard L. Hay (1976).

Els treballs que formen part d’aquesta tesi estan focalitzats en la part més alta de la Bed
| (UMBI) i la part més baixa de la Bed Il (LMBII). En aquests nivells s’"han registrat les activitats
d’hominids i carnivors a través de les restes de vertebrats, aixi com zones d’activitats dels primers
hominids mitjancant la industria litica (Potts, 1988). Els jaciments de la Gorja d’Olduvai han
proporcionat fossils de Paranthropus boisei, Homo habilis (Bed | i la Bed Il), Homo ergaster (Bed
I, Bed Ill, Bed IV) i Homo sapiens (Masek i Ndutu Beds). La industria litica apareix al llarg de la
seqiiencia, fins al punt de donar nom a una tradicid litica; I’Olduvaia o Mode 1. Aixi doncs, en la
Bed | i la zona baixa de la Bed Il apareix I'Olduvaia; I'Olduvaia evolucionat i I'’Acheulia apareixen
en la zona alta de la Bed Il fins a la Bed IV. Les capes superiors presenten una successio del
Acheulia fins al “Middle Stone Age” i el “Later Stone Age” (Klein, 1999). Pel que fa la UMBI i la
LMBII no queda massa clar quin és I’lhominid responsable de la manufactura de les eines; encara
gue inicialment Leakey va relacionar el Paranthropus amb la industria litica després va atribuir
aquesta al H. habilis. Segons Constantino (2007) no hi ha una evidéncia ferma que permeti
adjudicar l'autoria d’aquesta industria al Paranthropus, perd tampoc hi ha cap evidéencia que
demostri que aquests hominids no tinguessin la capacitat de fabricar eines.

S’ha de destacar que durant I'acumulacié de la Bed | la conca d’Olduvai contenia un llac
alcali i sali poc profund, el nivell del qual fluctua més de 3 metres i el seu diametre varia entre
7115 km. La majoria dels jaciments se situen en la costa sud del llac on l'aigua dolca de la zona
volcanica drenava cap al llac. Elllac va persistir durant la deposicid de la zona més baixa de la Bed
Il fins a la deposicid de la seqliencia de toves eoliques. Una disconformitat sedimentaria marca
el final de la deposicié de la Bed Il i el principi de la deposicid de la Bed IIl'i I'inici d’'un plegament
i fallament generalitzat. Aquesta disconformitat també va associada a un canvi abrupte en la
fauna, on molts dels taxons apareguts en les Bed | i Il no desapareixeran i nous taxons arribaran
alazona. Les datacions per a la Bed | se situen entre 2.03 milions d’anys i els 1.75 m.a.; la UMBI
es forma entre 1.80i 1.75 m.a., per la qual cosa s’interpreta com a un periode de canvi climatici
ecologic relativament breu (Walter et al., 1991). En canvi la Bed Il es va formar entre 1.75i 1.20
milions d’anys (Tamrat et al., 1995; Klein, 1999).

Els climes del passat a Olduvai han estat inferits fins al moment per la representacid
proporcional dels sediments transportats pel vent, la composicid isotopica de I'oxigen i carboni
dels carbonats del sol, i les restes de vertebrats. Aquests metodes poden aportar una visié molt
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generica del paisatge dominant a la Gorja. Els resultats obtinguts a partir d’aquestes analisis
indicarien que I'area d’Olduvai ha esdevingut més seca des de fa 2 milions d’anys fins ara, pero
aquesta tendéncia es va veure interrompuda per periodes més humits que correspondrien als
interglacials de I’"hemisferi nord. Durant la deposicié de la part més alta de la Bed | es registra un
canvi dramatic de condicions humides a seques, i després un altre cop a humides.

Degut a les condicions de sedimentacié dominants, la preservacié pol-linica a la zona
d’Olduvai és més aviat pobra. Amb tot, Bonnefille (1976) aconsegueix extreure’n pol-len del 10%
de les seves mostres. Els millors resultats els obté per a la Bed | i la Bed Il. Durant la formacié
d’aquestes capes les condicions eren semiarides i només van ser més arides que en |'actualitat
durant la transicié entre ambdues capes. Aquesta investigadora demostra la coexisténcia de dos
sistemes ecologics diferents que no sofreixen fluctuacions sincroniques. Un estaria format per un
espai mosaic amb arbredes i clars, mentre que l'altre estaria caracteritzat per la selva montana.
La presencia de dues espécies d’hominids diferents en aquests nivells (H. habilis i P. boisei) fa
pensar que cadascuna d’aquestes espéecies ocuparia un ninxol ecologic diferent (Bonnefille,
1976). Pero per poder fer una interpretacié d’aquest tipus es requereix una reconstruccié més
acurada a nivell espacial de la vegetacid existent, i aquesta reconstruccio es pot dur a terme a
partir de les analisis dels fitolits. Labundancia dels fitolits i de les macrorestes silificades en la
Bed Il va ser determinada per Hay (1976, pp. 72), el qual va aventurar que es podria tractar tant
de fitolits de poacies com d’altres plantes degut a la seva varietat. Lestudi dels fitolits a la Gorja
d’Olduvai ens ha permés fer una reconstruccié paleoclimatica acurada, perd a més a més, com
veurem més endavant, també ens permet entendre com funciona la deposicié dels fitolits en un
medi on els processos de formacié dominants sén clarament naturals.

1.1.2. L’Abric Romani

LAbric Romani representa una de les seqliéncies estratigrafiques classiques del Pleistoce
superior del nord-est de la peninsula Ibérica. Situat en una zona de pas entre la Depressid
Central catalana i la Depressio Prelitoral té un valor estratégic important per a les societats de
cacadors recol-lectors del Paleolitic Mitja. Les primeres excavacions a I'Abric es van dur a terme
fa aproximadament cent anys per Amador Romani (Bartroli et al., 1995; Carbonell et al., 1996) i
en l'actualitat es continuen els treballs d’excavacié a través del Grup d’Autoecologia Humana del
Quaternari de la Universitat Rovira i Virgili.

La sedimentacio de I'Abric es caracteritza per les formacions de travertins que acumulen
més de 20 metres de sediments dividits en almenys 27 nivells (Carbonell et al., 1996). Les series
d’urani-tori situen la cronologia de la seqliencia entre un interval que va dels 40 als 70 mil anys
abans del present. El nivell J, que és el nivell estudiat en aquesta tesi, té una datacid superior
de 49.3 + 1.6 ka a.p. mentre que a la base tindria una antiguitat de 50.0 + 1.6 ka 0 50.8 + 0.8 ka
(Bischoff et al., 1988). La major part dels sediments que reomplen la seqiiéncia tenen el seu
origen enla paretiel sostre de I'abric o bé en els processos de bioconstruccio, i la seva acumulacié
pot ser detritica o quimica (Vallverdd, 2002). Cadascun dels principals nivells arqueologics esta
separat del nivell de dalt i del de sota per un nivell estéril. Aquests nivells estérils es formaven
durant el funcionament de I’Abric com una cascada, moment en el qual era inhabitable.
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El tipus de
sedimentacié de
I’Abric ha permes fer
una  reconstruccio
paleoclimatica d’alta
resoluci6 que ha
convertit aquest
jaciment en un model
regional de referencia
per a lestudi dels
canvis climatics dels
estadis isotopics 4
i 3 (Burjachs i Julia,
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aquest sentit el nivell Figura 2: Vista de la seccio en excavamo 6 del fogar de 042, nivell J.

J es va formar durant

un periode fred i sec amb oscil-lacions climatiques d’'uns 1.000 anys de durada. Segons Vallverdu
(2002) el nivell J es pot notar un augment de l'activitat biologica a la part superior del nivell,
gue coincidiria amb I'expansié dels taxons arboris detectat pel pol-len (Burjachs i Julia, 1994).
Aixi mateix, els resultats de I'estudi dels carbons ens indica que el taxd dominant és el pi roig,
caracteritzat per créixer en condicions seques i fredes (Allué, 2002).

Unade les caracteristiques més especials de I’Abric Romani és que es tracta d’una excavacio
en extensid. Aquest fet permet fer inferéncies sobre I'organitzacié espacial dels campaments
mosterians, podent estudiar tota I'extensié que protegeix la cornisa de I'abric al mateix temps.
Els estudis de l'organitzacié espacial en aquest jaciment s’han basat sobretot en l'analisi de
la industria litica (Vaquero, 1999), la fauna (Rosell, 2001; Caceres 2002), la micromorfologia
(Vallverdu, 2002) i la seva relacié amb les restes de fogars (Vaquero i Pasto, 2001).

Els hominids que van habitar I’Abric Romani durant la formacié del nivell J es van adaptar
a I'espai que hi van trobar. L'area ocupada estava configurada per la caiguda de grans blocs de
la cornisa, els quals formen una barrera natural a I'entrada de I'abric, i pel paleorelleu format
per la circulacié hidrica en la base del nivell. En ocasions, pero, els habitants de I'’Abric Romani
adaptaven l'espai a les seves necessitats mobilitzant blocs i sediments (Carbonell et al., 1996).
El nivell J és un dels nivells que ha estat més intensament ocupat (Vaquero, 1997) i les activitats
gue s’hi van dur a terme, com la talla d’industria litica o el processament de carcasses animals,
equids i cérvids sobretot, es van organitzar de forma jerarquica a partir de la distribucié dels
fogars. Aquests fogars poden presentar una morfologia plana durant I'excavacid i estar aillats
els uns dels altres, o bé es poden solapar degut a la intensitat de I'ocupacié (Figura 2). També
en el mateix nivell podem trobar fogars delimitats amb blocs que en resulten de la complexitat
organitzativa dels habitants de I'abric (Pasto et al., 2000). Dintre del sistema sedimentari de
I’Abric Romani els fogars sén un exponent clar d’'un procés de formacié antropic, que no tan
sols aporta sediments (cendres) sind que a més altera els sediments i les restes arqueologiques
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a través de I'impacte termic. Entendre els processos de formacié a I'Abric Romani passa per
entendre com van funcionar els fogars al nivell J i quines van ser les alteracions que van sofrir i
gue han modificat les seves restes fins al moment de I’'excavacio.

1.1.3. La Cueva de El Mirador

El Mirador s’excava des del 1999 i es troba situat dintre del complex de jaciments de la
Sierra de Atapuerca, en la vessant meridional d’aquesta serra, a uns 15 km a l'est de la ciutat
de Burgos. La Sierra de Atapuerca ha proporcionat ocupacions humanes des de fa 1,3 milions
d’anys fins practicament l'actualitat (Rodriguez et al., 2001; Carbonell et al., 2008). Fins al
moment al jaciment de El Mirador s’ha realitzat una cala de 6 metres quadrats que ha permes
descobrir nivells de I'Edat del Bronze, del Neolitic (Figura 2) (Verges et al., 2002) i un petit nivell
del Paleolitic Superior. En aquesta tesi presentem I'estudi del nivell 4, que forma part dels nivells
de I'Edat del Bronze i les caracteristiques del qual queden descrites en el capitol 6.1.

En aquest jaciment les restes de fauna recuperades indiquen un predomini dels animals
domeéstics entotalaseqiiéncia, encaraque enalguns nivells del neolitices pot donaruna explotacié
mixta dels recursos faunistics, apareixent d’aquesta forma restes d’animals salvatges cacats pels
humans (Martin, 2007). La industria litica és escassa a I'igual que el material ceramic (Verges et
al., 2002). Uestudi dels micromamifers al Mirador mostra un ambient de bosc obert i mixt durant
la seqlieéncia holocénica del jaciment (Lopez, 2006). Per als nivells neolitics les analisis pol-liniques
ens descriuen un paisatge boscds, amb taxons termofils i humits, perd també amb espais oberts
que progressivament van agafant més importancia i els quals poden estar dominats per cultius
de cereals o per pastures (Exp6sito, 2007). Laugment de l'activitat antropica a I'area del jaciment
també ha estat determinat a partir de les analisis antracologiques; aquestes mostren com la
intensificacio de I'activitat humana afecta a les formacions de roures i com progressivament les
alzines agafen protagonisme (Allué i Euba, 2008). Els cereals, principalment blat i ordi, no eren
les Uniques plantes conreades, ja que també s’ha constatat la importancia de les lleguminoses al
llarg de la sequéncia (Rodriguez, 2005).

Tant les restes arqueologiques com el tipus de sediment que s’hi ha trobat fan pensar
que la cova de El Mirador va funcionar principalment com a lloc per estabular animals durant el
Bronze i el Neolitic. Estabular el bestiar en la cova fa que al llarg del temps es vagin acumulant
els excrements d’aquest. Periodicament els sediments sdn cremats per tal d’eliminar els parasits
i per reduir el volum dels fems, aix0 fa que augmenti drasticament la variabilitat en la texturai el
color dels sediments. Degut a aquesta variabilitat dels sediments durant el procés d’excavacié
es van definir un llistat de facies que agrupen les variacions més comuns en les caracteristiques
sedimentaries. Aquestes facies s’apliquen a tots els nivells holocens, la qual cosa ens permet
evidenciar diferéncies sedimentaries dintre d’'un mateix nivell arqueologic i també ens permet
comparar facies idéntiques de diferents nivells. Aquest tipus de seqliencies és forca habitual
en tot el Mediterrani occidental durant aquest periode, perdo molt sovint aquests jaciments no
servien només com a llocs d’estabulacid dels animals i s’hi realitzaven altres activitats de tipus
domestic (Brochier et al., 1992; Boschian, 1997; Macphail et al., 1997; Badal, 1999; Boschian i
Montagnari-Kokelj, 2000; Alday et al., 2003; Karkanas, 2006). Aquest també és el cas del jaciment
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de El Mirador on es va poder recuperar un enterrament secundari de sis individus, datat de
I’'Edat del Bronze, als quals se’ls hi havia practicat canibalisme de tipus gastronomic (Caceres et
al., 2007).

L'origen principal dels sediments que formen el nivell 4 del Mirador, és a dir els fems,
fa que sigui un nivell idoni per realitzar un estudi de fitolits i també de FTIR. Els excrements
de ruminants tenen un alt contingut en fitolits i també una alta preséncia de fosfats, aixo fa
gue tant la quantificacié dels fitolits com I'analisi del FTIR sigui necessari per entendre com es
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Figura 3. Estratigrafia Holocena de EI Mirador. Secci6 de la seqiiéncia Holocena. Mur Sud de la cala. Extreta de
Carrancho et al. en preparacio, realitzada i cedida per D. E. Angelucci.
Clau: 1 - quadres; 2 - nom dels nivells; 3 - Limits dels nivells; 4 -Limits de les facies; 5 - Limit superior de la seqiiéncia
Pleistocena; 5 - acumulacions de carbons; 7 - acumulacions de cendres (diferents facies); 8 - nivell de cendres;
9 - sediment cremat (rubefaccio); 10 - fragments de calcaria; 11 - padellassos (en. potsherds);
12 - artefactes litics; 13 - 0ssos; 14 - caus subactuals; 15 -caus antics.

15



UNIVERSITAT ROVIRA I VIRGILI
L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS
I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES

Dan Cabanes i Cruelles
ISBN:978-84-692-1535-7/DL-T~-

16

%.f,egs_tg% ge/s processos de formacio dels sediments arqueologics i dels paleosols
a partir de I'analisi dels fitolits, els minerals i altres microrestes.

dipositen els sediments i quina és la seva evolucié postdeposicional. A més a més, les diferéncies
entre tipus de fitolits, quantitat de fitolits, composicié quimica i altres elements ens permeten fer
inferencies sobre el tipus d’ocupacié que es va donar en la cova i quines activitats domestiques
s’hi van desenvolupar, a part de I'estabulacié dels animals.

1.1.4. Tel Dor

Tel Dor és un jaciment urba situat a la costa nord d’Israel (Figura 4), al sud del Mont Carmel.
Els 20 anys d’excavacié han donat una detallada successié estratigrafica on les primeres fases
d’ocupacio se situen en I'Edat del Bronze Mitja IIA (ca 2000-1750 abans de la nostra era) (Gilboa
i Sharon, 2003; Shahack-Gross et al., 2005) i acaben durant les creuades (Berna et al., 2007). El
jaciment s’identifica com a D-jr en els textes egipcis del segon mil-lenni a.n.e. o com el Dor biblic,
o bé el Dora grecoroma (Berna et al., 2007). Els primers habitants de Dor sén identificats com
un dels pobles del mar anomenat SKL (Gilboa, 2005; Stern, 1998 ), encara que posteriorment la
ciutat sera destruida i ocupada pels fenicis, els quals construeixen nous edificis, sovint seguint
noves ordenacions urbanistiques (Gilboa, 1998). A Tel Dor s’identifiquen dues fases que es
poden atribuir als SKL, la primera de les quals data de la primera meitat del segle Xll a.n.e. i la
segona de la segona meitat del segle Xll fins a mitjans del segle XI quan arriba l'ocupacio fenicia
(Stern, 1998).

Abans de la
construccié del port
roma de Caesarea,
les badies naturals
de Dor eren un
dels pocs punts
resguardats en la
costa oriental del
Mediterrani, la qual
cosa va permetre el
desenvolupament
del centre urba. A
més a més, sembla
ser que el port de
Dor comptava amb
les instal-lacions
suficients per
esdevenir un centre
comercial important
i es realitzaven les obres necessaries per mantenir la viabilitat de les bocanes naturals (Raban,
1998). El paper com encreuada comercial és més propi de la Primera Edat del Ferro (Early lron
Age). Durant aquesta época, tot i que la majoria del Mediterrani occidental estava sumit en I’'Edat
Fosca (Dark Age), Dor mostra certs luxes i contactes amb Filistea, Xipre, Egipte i d’alguna forma
amb Grécia. A més a més, té una arquitectura urbana densa, aixi com construccions publiques
de caire monumental (Stern, 1998).

- =
e = =

Figura 4: Vista del jaciment de Tel Dor durant la campanya d’excavacio




UNIVERSITAT ROVIRA I VIRGILI
L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS

I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES

Dan Cabanes 1 Cruelles .7
ISBN:978-84-692-1535-7/DL-T-378-2009 Introduccio

En els darrers anys s’han multiplicat les investigacions de caire més tecnic i que impliquen
resultats d’alta resolucié al jaciment de Tel Dor. D’aquesta forma s’han dut a terme una série
d’estudis que impliquen les analisis de fitolits, de FTIR i de micromorfologia dels sols. Quant a la
utilitzacié del FTIR, Berna et al. (2007) van determinar com s’alteren les argiles dels sediments a
partir delsimpactes térmics, mentre que Chu et al. (2008) van diferenciar entre la calcita provinent
de les cendres i la calcita natural a través del desordre cristal-li d’aguest mineral calculat amb
els espectres del FTIR. Pel que fa als fitolits i a la micromorfologia les primeres investigacions
dutes a terme van reorientar la interpretacié del conjunt monumental fenici de Tel Dor, ja que
sorprenentment els resultats d’aquest treball van apuntar a que en l'edifici public estudiat s’hi
havia estabulat ramat (Shahack-Gross et al., 2005). En aquest cas es va demostrar I'existéncia de
capes riques en fitolits que estaven relacionades amb I'estabulacié d’animals i la preséncia d’una
diagénesi intensa que fa variar el volum dels sediments.

L'alt contingut en fitolits d’algun dels nivells del jaciment fa que I'analisi d’aquests sigui
necessari per a poder interpretar I'Us de I'espai domestic durant el Bronze final i la Primera Edat
del Ferro en els emergents nuclis urbans de I'Orient Mitja. La utilitzacié del FTIR ens permet
coneixer I'estat de preservacid dels sediments que contenien aquests fitolits i en part com han
evolucionat a nivell postdeposicional, i, si es dona el cas, com afecta aix0 a la distribucié de les
restes arqueologiques. Entendre I'Us de I'espai domeéstic és entendre també com es va formar el
jaciment, pero a més a més, I'analisi de la resta de capes que no estan directament relacionades
amb l'ocupacid permet discutir I'evolucié tafondmica de les restes recuperades.

Els jaciments estudiats en aquesta tesi s’han d’entendre com l'oportunitat de realitzar
quatre experiments, cadascun dels quals, com hem vist abans, s’ha programat amb unes
variables que els caracteritzen de forma individual. Aquests “experiments” ens han de permetre
posar a prova la capacitat dels fitolits com a eina per estudiar els processos de formacié d’un
jaciment arqueologic. Les diferéncies entre els jaciments ens déna un avantatge per explorar les
nostres hipotesis en quatre condicions distintes. En definitiva, pensem que els resultats d’aquesta
aproximacio, a través dels fitolits, FTIR i altres observacions, ens han millorat 'Arqueologia com a
ciéncia i han augmentat el coneixement del nostre passat.
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2. Hipotesis i objectius
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Una interpretacié apropiada del passat a partir de les restes arqueologiques depen d’una
contextualitzacid adient d’aquestes restes. Aquesta contextualitzacié esta estretament lligada a
la identificacié dels processos de formacié arqueologics, els quals sén a la vegada responsables
de la configuracié final del registre arqueologic. Entendre els processos de formacié d’un
jaciment és un pas imprescindible dins de la recerca arqueologica actual. Millorar la qualitat de
la informacid obtinguda en I'analisi del registre implica millorar les disciplines que estudien els
processos de formacid, o si més no, aplicar noves aproximacions al problema de la formacié dels
jaciments. El present treball representa una nova forma d’estudiar els processos de formacio
arqueologics amb l'objectiu de millorar el coneixement del passat.

La nostra hipotesi de partida és la seglient: La combinacié de les analisis de fitolits amb les
analisis de FTIR i altres elements microscopics és una eina capag d’aportar informacié sobre els
processos de formacio arqueologics, i d'aquesta forma es pot millorar el coneixement del nostre
passat. Per tal de validar o rebutjar aquesta hipotesi s’han estudiat principalment dos jaciments:
LAbric RomaniiEl Mirador. Laplicacid dels estudis de fitolits, FTIR i altres restes microscopiques en
aquests jaciments ens hauria d’indicar la viabilitat d’utilitzar aquesta aproximacio per a estudiar
els processos de formacié. Per tal d’'ampliar el tipus de jaciments sobre el que estem validant
aquesta hipotesi també s’han utilitzat els resultats obtinguts a Olduvai i a Tel Dor. Les diferéncies
evidents en el tipus de jaciment, els processos de formacié dominants, i el grau d’antropitzacid
d’aquests quatre indrets ens ha de confirmar si el nostre plantejament es pot aplicar a qualsevol
jaciment arqueologic independentment de les seves caracteristiques, i sempre i quan els fitolits
s’hagin preservat en nombre suficient.
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Els objectius que es pretenen assolir en el present treball es divideixen en objectius
generals i objectius concrets per cada jaciment.

Objectius generals

1. Determinar els processos de formacié identificables a partir d’aquesta aproximacio,
i al mateix temps, identificar I'agent causant d’aquests processos i com afecten al
registre dels fitolits. Aixi doncs, es diferenciaran els processos de formacid antropics
dels processos de formacié naturals a partir del contingut de fitolits en els sediments;
en conseqliéncia, un primer pas per poder assolir aquest objectiu és distingir entre els
fitolits que tenen un origen natural en els sediments i aquells fitolits que tenen un origen
cultural o antropic. També es provara de distingir entre els processos postdeposicionals
que alteren o canvien el conjunt de les restes i els processos bioestratinomics, o previs
a 'enterrament, els quals poden tenir una relacié directa amb les activitats humanes:
aquestes activitats, que fins al moment s’han determinat principalment seguint les
restes macroscopiques, s’intentaran definir ara a partir de les restes microscopiques.

2. Definir els avantatges i les limitacions de I'aplicacié dels estudis de fitolits als processos
de formacié: entendre quins son els limits és molt important a ’hora de poder interpretar
els resultats obtinguts, d’aquesta manera s’ha de delimitar de forma conscient quines
son les possibilitats d’aplicar els fitolits a I'estudi dels processos de formacié per no fer
interpretacions erronies. Els resultats obtinguts amb I'analisi dels fitolits i del FTIR es
compararan amb els obtinguts per altres disciplines pels mateixos jaciments. D’aquesta
forma es determinara el grau de fiabilitat que té la combinacio de fitolits i FTIR a I’hora
d’investigar els processos de formacié.

3. Finalment, el darrer objectiu general és entendre els aspectes metodologics. Lestudi dels
fitolits és una disciplina que fins al moment s’ha emmarcat sobretot dins de I'ambit de la
paleobotanica o I'arqueobotanica. Aplicar aquesta disciplina a I'estudi dels processos de
formacio comporta definir de nou aspectes metodologics que poden influenciar a I’hora
d’obtenir resultats o interpretar-los. En aquest treball es definiran aquestes variacions en
la metodologia habitual que s’han d’aplicar a I'estudi dels fitolits per poder-los utilitzar
en la investigacié dels processos de formacié.

Objectius per jaciments

La Gorja d’Olduvai

Amb la inclusié dels estudis realitzats a la Gorja d’Olduvai en aquesta tesi es pretén
entendre com funciona la deposicié dels fitolits en un medi natural i veure quines implicacions té
aixo en l'estudi dels processos de formacié. Per tal d’aconseguir aquest proposit s’han plantejat
una serie d’objectius basics, que aplicats en aquest jaciment, ens permetran complementar la
informacio obtinguda en els altres jaciments (UAbric Romani i El Mirador) a I’hora d’estudiar els
processos de formacié. Aixi doncs, els objectius concrets que ens plantegem en el cas d’Olduvai
son els seglients:
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1. Definircoms’haformatelregistre dels fitolits que s’ha preservat fins a I'actualitat: per
tal d’aconseguir aix0 en primer lloc s’ha d’entendre quina és la produccié de fitolits
en les plantes i quins sén els fitolits que es preserven en els sols actuals: coneixent
aquests factors podem identificar quins son els efectes dels agents bioestratinomics
0 bé quines sén les consequencies dels processos tafonomics de caire immediat, és
a dir, tindrem una imatge de com haurien de ser els sols del passat sense que hagin
sofert els processos postdeposicionals que poden alterar el conjunt de fitolits inicial.
Lobtencié d’una col-leccié de referencia de les plantes i dels sols actuals ens ajuda
a entendre la vegetacid del passat, perd també quines son les lleis que regeixen la
deposicid natural dels fitolits en els sediments.

2. Entendre els processos tafonomics que afecten al conjunt de fitolits, a partir de la
comparacié entre mostres actuals i mostres paleontologiques, tenint en compte
els resultats del FTIR; d’aquesta forma s’hauria de poder distingir com afecten els
processos tafonomics a la formacié del jaciment.

3. Els dos primers objectius ens permetran identificar la capacitat de la preservacié
dels fitolits en els paleosols i veure quines sén les morfologies més resistents o quins
biaixos tafonomics hem d’esperar independentment de |'estat de preservacié dels
sediments.

4. Lobjectiu final a Olduvai és realitzar una interpretacié paleoclimatica tenint en
compte tots els elements que s’han plantejat anteriorment. Per realitzar aquesta
interpretacid és completament necessari entendre com es va formar el jaciment, i
sobretot, com es va formar el registre de fitolits que estem estudiant.

LAbric Romani

Lobjectiu fonamental a I'’Abric Romani és identificar i definir processos de formacio

antropics, a través de l'estudi dels fitolits i del FTIR, en un medi dominat pels processos de
formacié naturals. Un dels elements més marcadament antropics del nivell J, i que a més té
moltes possibilitats de contenir fitolits, son les restes dels fogars que els antics habitants de
I'abric van utilitzar durant els periodes d’ocupacié. Es per aixo que els objectius més concrets de

I’Abric Romani se centren en aquests fogars:

1. Entendre comvanfuncionaraquestsfogarsiquinessénles empremtes que deixen en
el registre sedimentari de forma immediata. Per aix0 cal determinar el combustible
principal emprat en aquests fogars per coneixer quines son les activitats que van
provocar la formacié del registre sedimentari antropic que estem estudiant, és a dir
les cendres, els microcarbons i els sediments alterats termicament.

2. Determinar si la intensitat de l'ocupacié del nivell J de I'’Abric Romani ha implicat
I'aparicié de processos bioestratindomics o postdeposicionals de caire cultural, com
ara el solapament de diferents fogars o bé el desplacament de les cendres i els
residus de combustié per part dels mateixos habitants de I'abric.
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3. Definir com els processos de formacié naturals de caire postdeposicional poden
afectar el registre dels fitolits en els fogars, i com aix0 afecta als sediments antropics
i no antropics que formen el nivell J.

4. Finalment, i dintre de la dicotomia entre sediments antropics i sediments naturals,
s’intentara definir quina és |'aportacid antropica en termes de fitolits i quina és
I'aportacié natural que és pot identificar en els sediments dels fogars de I’Abric
Romani.

El Mirador

Lobjectiu principal de I'estudi a EI Mirador és caracteritzar els processos de formacio
antropics a través dels fitolits, el FTIR i altres microrestes, i com aquests elements es poden
veure afectats per processos tafonomics d’origen natural. En un jaciment com El Mirador, on
els processos de formacié dominants sén de caire antropic, perd d’alguna manera de forma
indirecta, ens plantegem una série d’objectius concrets que son:

1.

Caracteritzar cadascuna de les facies estudiades al nivell 4 a partir de les seves restes
botaniques i la seva mineralogia. Amb aix0, es vol determinar, si la diferenciacié
en facies realitzada durant el procés d’excavacié del jaciment correspon amb un
determinat espectre de fitolits, o pel contrari si el contingut en fitolits no depen
directament del tipus de facies estudiada.

Determinar si l'alta variabilitat sedimentaria esta relacionada amb l'origen dels
sediments o bé, si aquesta varibilitat es deu als processos postdeposicionals que
afecen als sediments un cop dipositats. Per tal d’assolir aquest objectiu s’intentara
determinar quines son les activitats que originen I'acumulacié sedimentaria i quins
son els processos postdeposicionals que afecten als sediments.

Finalment, i davant l'oportunitat que ofereix una seqiiencia com la de El Mirador,
es determinara la relacio existent entre els fitolits i altres microrestes, com ara els
esferolits o els oxalats de calci, aixi com les interpretacions que se’n poden extreure
en termes de processos de formacio.

Tel Dor

Les caracteristiques del jaciment de Tel Dor, un jaciment on les activitats antropiques

representen la majoria dels processos de formacid, ens han de servir per entendre millor les
implicacions dels fitolits en I'estudi dels processos de formacié en un jaciment completament
antropitzat, i a partir d’aqui reforgar les hipotesis que se’n poden extreure de les investigacions
a I’Abric Romani, i sobretot a El Mirador. Per tal d’assolir I'objectiu principal proposem una série
d’objectius concrets que es poden aplicar al jaciment de Tel Dor:

1. Definir com es van formar les capes riques en fitolits i quins processos tafonomics han
sofert, ja que aquests uUltims poden afectar a I'estratigrafia i a la disposicié general de les
restes.
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2. Caracteritzar la relacié dels fitolits amb altres restes microscopiques, com ara els
esferolits, aixi com la relacié de I'espectre de fitolits amb el medi sedimentari que els
envolta.

3. Comprendre la gesti6 dels recursos vegetals i dels recursos animals en relacié als espais
estudiats a partir de I'analisi dels fitolits. Determinar el contingut en fitolits, i diferenciar
les plantes cultivades de les que no ho sdn és indispensable per entendre la utilitzacid
de 'espai en un ambit urba com el de Tel Dor.

4. Donarsuportalesinterpretacions realitzades a El Mirador a través de la comparacié amb
els resultats obtinguts a Tel Dor. Ens plantegem comparar en aquest Ultim jaciment les
dades obtingudes a través dels fitolits amb les dades obtingudes per altres disciplines,
com ara la micromorfologia dels sols, ja que d’aquesta forma es poden fer analogies
entre els resultats obtinguts a Tel Dor i els resultats obtinguts a El Mirador.
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3.1. Els processos de formacié

Els objectes recuperats durant les excavacions arqueologiques no van ser dipositats tal
i com els hem trobat, les restes arqueologiques es poden desplagar, i fins i tot poden arribar a
desapareixer (Goldberg et al., 1993). Entendre quins sén els agents que formen una acumulacié
arqueologica, i quins sén els elements que permeten la seva conservacié, modificacié o destruccid
ésindispensable per poder interpretar el conjunt arqueologic. Schiffer (1972) es pregunta perque
hi ha un registre arqueologic; la resposta a la seva pregunta és perque existeixen els processos de
formacié dels jaciments arqueologics.

Lestudi dels processos de formacié arqueologics és, entre d’altres coses, I'estudi del
comportament huma que condueix a la formacié d’aquest registre arqueologic. No obstant,
molts cops s’obvia aquest fet i hom engloba dins del terme “processos de formacié” només
aquells processos que preserven o alteren la disposicié original del registre arqueologic (Stein,
2001). Entenem doncs, com a processos de formacio arqueologics, tots aquells processos que
permeten la formacid d’un jaciment i la seva conservacid, alteracio o destruccid, ja siguin d’origen
natural o d’origen antropic.

Aixi doncs, I'estudi dels processos de formacié d’un jaciment arqueologic implica aportar
informacid sobre com es va produir la deposicid de les restes, quins patrons de conducta van
influenciar en aquesta deposicid, quines sén les condicions que han permés la preservacié del
registre, i quins van ser els agents que el van modificar o destruir.
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Coneixer els processos de formacié d’un jaciment és essencial per tal d’entendre el
registre arqueologic en tots els seus aspectes, incloent-hi les inferencies sobre el comportament
huma en el passat (Goldberg i Bar-Yosef, 1998). A més a més, la determinacié dels processos de
formacié ens permetra definir en quina escala temporal es pot treballar, o bé com es pot adaptar
I'estrategia d’excavacio als problemes especifics de cada jaciment (Texier, 2000).

3.1.1. Antecedents i formacio del corpus teoric

Els precedents dels primers estudis sobre els processos de formacid, tal i com els entenem
ara, se situen als anys 50 i 60 del segle passat. Dins del context dels estudis processuals i
d’assentament s’intenta extreure’n el maxim d’informacid social i conductual de les restes
recuperades. D’aquesta manera, les activitats humanes que produeixen un registre arqueologic
van esdevenir un dels primers focus d’atencié (Schiffer, 1983).

No és perd fins l'arribada de la “Nova Arqueologia” quan els processos de formacié
arqueologics esdevenen un tema de debat i un problema a resoldre. La “Nova Arqueologia”, de
forma quelcom ingénua, planteja uns comportaments que sdn comuns a totes les persones a
partir dels quals sorgeixen uns processos de formacié que poden ser identificats en els jaciments
arqueologics (Stein, 2001). Aixi doncs, els primers intents d’estudiar els processos de formacio es
van centrar en l'estudi de patrons conductuals que produeixen un determinat tipus d’associacié
o disposicidé d’artefactes. Interessa sobretot saber com s’arriba a aquestes associacions, és a dir,
quins son els motius pels quals els artefactes acaben la seva vida Util, son descartats, i passen
a formar part del registre arqueologic. Pero sobretot interessa saber com s’interpreten els
patrons arqueologics en termes culturals i de comportament (Binford, 1962). No obstant, aviat
es va tenir consciéncia de que hi ha agents, naturals o antropics, que poden alterar els patrons
arqueologics. Aixo, si més no, va frenar I'entusiasme desfermat amb la Nova Arqueologia i la
interpretacid directa del registre arqueologic (Schiffer, 1983).

Als finals dels 70 i principis dels 80 la majoria dels investigadors i teorics estan d’acord en
gue els processos de formacié sén un agent de maxima importancia per a poder interpretar el
registre arqueologic (Binford, 1981; Schiffer, 1987; Butzer, 1989). Es dins d’aquest context on
destaca l'obra de Michael Brian Schiffer, sobretot pel seu aspecte teoric i les definicions dels
conceptes que s’utilitzen en I'estudi d’aquests casos.

En el seu article Archaeological Context and Systemic Context (Schiffer, 1972) defineix els
conceptes basics que permeten fer la interpretacié dels patrons de comportament huma a partir
de les restes arqueologiques. Aquests conceptes son: el context sistemic i el context arqueologic.
El context sistemic esta format per les activitats en les que un element participa durant la seva vida
util, activitats com el procurament, la manufactura, etc. Com que cada activitat es desenvolupa
en un lloc en concret i utilitza uns objectes determinats, hi haura uns llocs especifics on la
probabilitat de trobar un element determinat és més alta. El context sistémic, en definitiva, ens



UNIVERSITAT ROVIRA I VIRGILI

L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS

I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES
Dan Cabanes 1 Cruelles

ISEN:978-84-692-1535-7/DL-T-378-2009 Marc teoric: Els processos de formacio

explica quines activitats sén les responsables de la formacié del registre arqueologic. El context
arqueologic ens descriu els materials que han passat per un sistema cultural i ara sén objectes
d’investigacio dels arqueolegs, en altres paraules, el registre arqueologic.

Ara bé, s’ha d’entendre també com els artefactes passen d’'un context sistéemic a un
context arqueologic, per aix0 és important saber si els objectes sén desestimats en el lloc on es
van utilitzar (refds primari) o bé van ser abandonats en un altre lloc (refus secundari), o fins i tot
si van ser abandonats sense realitzar cap accié especifica (refus de facto) (Schiffer, 1972).

Pel que fa als processos de formacié que alteren el registre arqueologic Schiffer (1983)

defineix els conceptes de “entropia”, “mostreig esbiaixat” i de “transformacié”.

El concepte d’entropia fa referéncia a la disminucié de la qualitat de la informacié a mesura
que passa el temps des de que les restes arqueologiques han estat dipositades. Deixa clar, pero,
gue no és el pas del temps per se el que provoca l'alteracié del registre; I'entropia s’origina per
processos especifics que poden afectar de forma diferent a conjunts que s’han format durant el
mateix periode. Per aixo, els estudis dels processos de formacié s’han d’aplicar cas per cas i no
de forma generalitzada. A més a més, s’ha de tenir en compte que dels diposits mal preservats
encara se’n pot extreure’n informacidé i per tant no es poden descartar.

El concepte del mostreig esbiaixat implica que no tots els artefactes es conserven de forma
igual en el registre: és a dir, que els processos de destruccio del registre no tan sols afecten al
nombre de restes arqueologiques sind que també afecten al tipus de resta arqueologica que
es conserva. Aix0 suposa doncs, que els processos de formacié funcionen seguint una série
de patrons que poden ser identificats. Entendre que els processos de formacié poden tenir un
efecte de biaix és comprendre que tenen conseqiiencies predictibles que poden ser descrites
per lleis (Schiffer, 1983).

Finalment el concepte de transformacio fa referéncia a aquells elements que distorsionen
els patrons d’artefactes, un cop aquests s’han dipositat. Aquesta transformacié fa que l'arquecleg
no pugui interpretar directament el comportament huma a partir de les associacions que es
troben en un jaciment, ja que aquestes poden estar alterades. Aquestes transformacions, pero,
exhibeixen regularitats que poden ser definides com a lleis, i per tant la distorsié que causen es
pot rectificar utilitzant les eines adients (Schiffer, 1995).

3.1.2. Tipus de processos de formacié: processos de

formacio naturals i processos de formacié antropics

La genesi dels jaciments arqueologics implica nombrosos processos de formacié que
poden actuar en diferents escales temporals o simultaniament. La variabilitat dels processos
de formacié pot fer dificil la seva identificacio i, fins i tot, pot alterar els rastres dels processos
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més antics. Identificar i aillar, en la mesura del possible, cadascun d’aquests processos i les seves
empremtes és imprescindible per a poder realitzar inferéncies arqueolodgiques amb un minim de
gualitat.

Stein (2001) diferenciatrestipus essencials de processos de formacié: els processos culturals
gue son elsresponsables de I'origen de I'acumulacio de restes antropiques; els processos culturals
contemporanis a la deposicio del registre que afecten a la disposicié i preservacié d’aquest, i
finalment; els processos naturals que modifiquen o conserven el registre arqueologic.

En definitiva, pero, tenim dos grans tipus de processos de formacio: Els processos de
formacio naturals i els processos de formacié antropics. Segons Schiffer (1987) els processos
antropics sén aquelles activitats humanes que afecten o transformen els artefactes després del
seu periode inicial d’us durant una determinada activitat, mentre que els processos de formacié
naturals son aquells processos de I'ambient natural que incideixen en els artefactes o els dip0sits
arqueologics.

El naixement d’un jaciment arqueologic només es pot produir a partir dels processos de
formacié antropics (o culturals). En altres paraules, en tots els jaciments arqueologics s’han
recuperat restes que, de forma directa o indirecta, sén fruit de I'activitat humana. Sense aquesta
activitat antropica no pot haver-hi jaciment arqueologic ja que no entraria dintre de la propia
definicid de registre arqueologic. Aquesta activitat pot quedar enregistrada de formes molt
diverses, algunes de les quals, no es poden identificar directament durant I'excavacié i només
es poden observar en el procés d’estudi dels materials. En alguns jaciments, per exemple, pot
ser que practicament no tinguem industria litica pero tenim les marques de tall que van produir
les eines de pedra (Rosas et al., 2001; Huguet, 2007). En d’altres no trobem les cendres ni els
carbons, pero podem detectar els fogars a partir de la preséncia de microrestes vegetals (Schiegl
et al., 1996; Albert et al., 2000). En canvi, hi ha altres jaciments que estan formats basicament per
sediments d’origen antropic o sediments acumulats de forma intencional, com ara els Tells del
proxim orient o els fumiers del Mediterrani (Brochier et al., 1992; Brochier, 2002; Shahack-Gross
et al., 2005; Karkanas, 2006; Berna et al., 2007). Fins i tot, hi ha jaciments on les caracteristiques
d’una acumulacié aparentment paleontologica (o d’origen natural) ens donen informacid sobre
les activitats humanes que causen aquesta acumulacid (Arsuaga et al., 1997). En aquest sentit,
s’ha de distingir clarament entre el que pot ser un jaciment arqueologic (caracteritzat per les
restes de l'activitat humana) i un jaciment paleontologic (on poden haver-hi restes humanes
pero no restes de les seves activitats). S’ha de tenir en compte perd que en alguns jaciments
arqueologics hi ha elements tan abundants com els ossos o el guano, que en part o totalment
han estat acumulats per agents naturals com els depredadors, carronyers, ocells o ratpenats
(Texier, 2000).

Si bé els processos de formacio culturals sén els Unics que sén capagos de crear un jaciment
arqueologic, tant aquests ultims com els processos de formacid naturals son capacos de preservar
un jaciment. Els processos de formacid culturals que permeten la preservacio del registre poden
anar des d’una practica funeraria fins a la reordenacio urbanistica d’una ciutat o un barri (Schiffer,
1987; Butzer, 1989). Butzer (1989) considera als humans com un agent geomorfologic, a I'igual
gue els animals, que crea una gamma especifica de sediments arqueologics. Rapp (1998) per
la seva banda utilitza el terme “arqueosediment” per distingir els dip0osits que formen part del
registre sedimentari i que son el resultat directe de les activitats humanes. Aquests sediments
inclourien artefactes, carbons, cendres, estructures de combustio, etc. (Texier, 2000).
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D’altra banda, des del moment que el lloc d’'una activitat és abandonat pels seus
protagonistes entren en joc una serie de factors naturals que permetran la preservacié del
registre. El ventall de processos naturals que permeten la preservacié d’'un jaciment és
amplissim, i van des de processos de sedimentacio rapids com una erupcié volcanica (Mallol,
2004), fins a processos molt més lents com una sedimentacié eolica (Goldberg et al., 2001) o una
sedimentacié en cova (Vallverdu, 2002; Goldberg i Sherwood, 2006). La preséncia dels processos
naturals en un jaciment depén molt del lloc i del medi en el que ens trobem, i d’ells dependra, en
gran mesura, el grau de preservacié de les restes i la conservacio de la disposicio original.

Molts dels estudis en processos de formacié s’han basat en diferenciar quan un jaciment
es trobava in situ o en posicid primaria (és a dir, en la seva posicié original) i quan un jaciment es
trobava en una posicié secundaria (materials transportats i redipositats). Tant agents humans
(Butzer, 1989) com agents naturals (Schiffer, 1987) poden causar una rediposicié secundaria del
registre arqueologic que permeti d’alguna manera també la seva preservacié. S’ha de tenir en
compte pero, que els artefactes que estan en posicié primaria poden no indicar la seva disposicid
antropica original (Schiffer, 1987). Aquesta pot haver estat modificada de forma subtil per agents
contemporanis a la seva deposicid, que tant poden ser naturals com antropics.

Molts cops els mateixos processos (antropics o naturals) que permeten la preservacié d’un
jaciment també son els responsables de la modificacié o alteracio de les restes (Nash i Petraglia,
1987). Hi ha processos antropics que impliquen el reciclatge o la reutilitzacié d’artefactes
descartats. També s’han d’incloure els processos de remobilitzacié de sediments que alteren,
o fins i tot poden arribar a invertir, les relacions estratigrafiques. Podriem dir que els processos
antropics que modifiquen o destrueixen el registre arqueologic son tan variats com les activitats
humanes, fins al punt que es déna la paradoxa de que un dels processos que més modifica, o en
desafortunades ocasions destrueix, el registre arqueologic és la propia excavacio arqueologica.
Tots hem sentit a parlar del simil entre una excavacié arqueologica i la lectura d’un llibre al qual
s’estripen les pagines que s’han llegit.

Els processos naturals també sdn responsables de la transformaciod del registre arqueologic.
Elements com la bioturbacié o la diagenesi son molt comuns; la formacié de sols, la crioturbacio
o els efectes erosius de I'aigua també sén forca coneguts. De fet es podrien dividir els processos
d’alteracié i destruccié del registre arqueologic d’origen natural en dos grans grups; per una
banda, els processos que depenen d’un factor biotic, com per exemple la bioturbacid. Per una
altra els processos que depenen d’un factor abiotic, com ara la crioturbacié. Aquests processos
no solament afecten als objectes arqueologics i a la seva distribucié siné que a més també poden
afectar a la matriu sedimentaria que els envolta (Karkanas et al., 1999; Karkanas et al., 2000;
Karkanas et al., 2002; Weiner et al., 2002; Shahack-Gross et al., 2004a). Pero al mateix temps
que els processos naturals transformen el registre arqueologic també hi deixen la seva marca, i
molts cops aquests processos biodtics o abiotics tenen uns condicionants climatics o ambientals
que permeten la seva posterior interpretacié en termes paleoecologics (Courty i Vallverdd, 2001;
Karkanas, 2001; Vallverdu et al., 2001; Woodward i Goldberg, 2001).
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3.1.3. Disciplines implicades en I'’estudi dels processos de

formacio

Engran partl’estudidels processos de formacié d’un jaciment és una questid pluridisciplinar,
on especialistes procedents de diferents camps comparteixen informacio i intervenen en ambits
gue no son propiament els seus. Un exemple d’aixo son els treballs que han realitzat diferents
investigadors, geoarqueolegs o biolegs de formacid, en ambits com l'etnoarqueologia (Goldberg
i Whitbread, 1993; Shahack-Gross et al., 2003; Shahack-Gross et al., 2004b) o la tafonomia dels
vertebrats (Weiner i Bar-Yosef, 1990; Weiner et al., 1993; Stiner et al., 1995; Shahack-Gross et al.,
1997; Stiner et al., 2000; Stiner et al., 2001; Karkanas et al., 2002; Weiner et al., 2002; Berna et
al., 2004; Shahack-Gross et al., 2004a). De fet, aquesta tesi també suposa aplicar una disciplina
gue inicialment esta emmarcada dins de la paleobotanica en I'estudi dels processos de formacid
dels jaciments arqueologics.

Les disciplines que estudien els processos de formacié disposen d’eines capaces per al
coneixement del problema, i encara que es poden utilitzar de forma independent, les dades
obtingudes per cadascuna d’aquestes disciplines s’"han de confrontar amb les dades obtingudes
per la resta (Texier, 2000).

Inicialment cal diferenciar I'escala sobre la qual es fa l'estudi. En l'obra editada per
Goldberg, Nash i Petraglia: Formation Processes in Archaeological Context (Goldberg et al.,
1993), els diferents capitols estan separats depenent de l'escala d’estudi. Aixi doncs, ens
trobem amb una escala d’estudi inter-jaciments, una escala intra-jaciment i una escala d’estudi
microscopica. Lescala d’observacio inter-jaciments ens permet comparar jaciments o tipus de
jaciments, d’aquesta forma, quan més tipus de jaciments comparem, més possibilitats tenim de
veure repeticions en els processos de formacié i poder identificar-los. L'escala intra-jaciment té a
veure amb els problemes especifics de cada jaciment, i en concret, a la forma en com un diposit
dintre d’un jaciment pot tenir un origen diferent a un altre diposit del mateix jaciment. Lescala
microscopica estudia objectes de menys d’'un mil-limetre i aporta tant informacié sobre els
processos naturals com dades sobre els processos antropics. En aquesta tesi s’utilitzen les tres
escales: I'escala inter-jaciment com a exemple de diferents tipus de jaciments per tal de definir
els processos de formacié a partir dels fitolits; I'escala intra-jaciment per definir les diferéncies
dels processos de formacié en els diposits d’'un mateix jaciment; i I'escala microscopica ja que
aquest és el rang d’observacié dels fitolits.

Tot i que com hem comentat anteriorment els processos de formacié d’un jaciment es
poden abordar des de diferents punts de vista metodologics, son quatre les principals disciplines
gue fins al moment han aprofundit més en aquests estudis: la geoarqueologia, la tafonomia dels
vertebrats, I'etnoarqueologia i 'arqueologia experimental (Schiffer, 1983). En aquesta tesi en
centrarem més en I'ambit de la geoarqueologia, ja que les técniques que s’han utilitzat per dur a
terme aquesta investigacié son més properes a aquesta disciplina.
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3.1.3.1. L’etnoarqueologia, I'arqueologia experimental i la tafonomia

Letnoarqueologia és I'estudi de la cultura material en un context sistemic per tal d’adquirir
informacido que sigui utilitzable per la investigacid arqueologica (Schiffer, 1995). Aquesta
informacio ha de ser recollida de forma meticulosa en el camp per un arqueoleg i no pas per un
etnograf, ja que d’aquesta manera s’aconsegueix una major resolucid en el posicionament dels
objectes que formen el registre (Yellen, 1977). Aixi doncs, no és d’estranyar que les investigacions
de I'etnoarqueologia en el camp dels processos de formacid se centrin sobretot en els artefactes
continguts en els diposits i no en els diposits en si mateixos (David i Kramer, 2001). Interessa
saber on es localitzen les activitats i quins sén els productes d’aquestes activitats (Yellen, 1977),
aixi com entendre els patrons que conformen cadascuna d’aquestes activitats depenent del grup
que les realitza (Binford, 1980). Els estudis etnoarqueologics constaten també la diferéncia entre
els objectes dipositats en el registre i els objectes recuperats, o en altres paraules, el biaix entre
els artefactes utilitzats per una societat determinada i els artefactes del registre arqueologic
que genera aquesta societat (Schiffer, 1983). Tot i aix0, en els darrers anys estan sortint a la
llum treballs de caire etnoarqueologic que no tan sols estudien els artefactes siné que també
estudien els sediments des d’aquesta perspectiva. En aquest sentit sén destacables els treballs
de Brochier en les coves de pastors sicilianes (Brochier et al., 1992) i els de Shahack-Gross amb
els Maasai (Shahack-Gross et al., 2003; Shahack-Gross et al., 2004b).

S’ha de diferenciar, pero, entre el que és etnoarqueologia purail’arqueologia experimental,
encaraque moltscopssesolapen (Schiffer,1995). Larqueologia experimental no estudia situacions
actuals en les que es poden observar comportaments, sind que simula aquests comportaments
per tal d’extraure’n informacid. No es pot negar, pero que també I'arqueologia experimental ha
contribuit a estudiar els processos de formacid, com ara per exemple els desplacaments provocats
pel gel en els objectes (Hilton, 2003) o fins i tot la composicid i organitzacio dels sediments en
una granja experimental (Macphail et al., 2004; Canti et al., 2006; Macphail et al., 2006).

La tafonomia estudia la forma com els materials organics deixen I'ambit de la biosfera i
passen al de la litosfera, és a dir, quines sén les lleis de I'enterrament d’aquests materials (Efremoy,
1940; Lyman, 1994), aixo inclou tant la tafonomia dels vertebrats com la tafonomia dels vegetals.
La mateixa definicid de tafonomia la implica directament en I'estudi dels processos de formacio
dels jaciments, tant aquells que provoquen les acumulacions com aquells que les alteren. En el
cas concret de la tafonomia dels vertebrats s’estudien tant els processos pre-enterrament com
els processos post-enterrament de les restes, i dintre d’aquests processos tant podem trobar
les activitats humanes com els agents naturals (Lyman, 1994). La tafonomia dels vertebrats
també utilitza el concepte de biaix en el registre arqueologic, en el que, fins i tot, en ocasions es
consideren els processos tafonomics en si mateixos els propis biaixos (Schiffer, 1983). Moltes
de les discussions en la tafonomia dels vertebrats s’han centrat en descobrir quin és I'origen
d’'una determinada acumulacié d’ossos, sobretot en els jaciments més antics (Binford i Ho,
1985; Binford et al., 1988; Marean et al., 1992; Arribas i Palmqgvist, 1998; Dominguez-Rodrigo i
Pickering, 2003). També la tafonomia dels vertebrats té un contingut important d’arqueologia
experimental (Selvaggio, 1994; Blumenschine, 1995; Marean i Frey, 1997; Pickering i Egeland,
2006), a I'igual que moltes interconnexions amb I'etnoarqueologia.
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Les investigacions en tafonomia de vegetals no son tan extenses com en el cas de
la tafonomia dels vertebrats. Més que en el camp de l'arqueologia aquests treballs s’han
desenvolupat sobretot en I'area de la paleoecologia (Martin-Closas i Gdmez, 2004). Pel que fa a
la tafonomia vegetal en jaciments arqueologics van der Veen (2007) documenta com es formen
i s’alteren les acumulacions de llavors carbonitzades i plantes dessecades.

Minnis (1981) per la seva banda intenta identificar quins sén els processos naturals i
culturals que influeixen en la preservacid del registre carpologic. La tafonomia del registre
palinologic dels jaciments arqueologics s’ha centrat sobretot en I'estudi de les coves (Coles i
Gilbertson, 1994; Goni, 1994; Navarro et al., 2001) perd també dels coprolits de diferents tipus
d’animals (Fernandez-Jalvo et al., 1999; Carrion, 2002; Carrion et al., 2005). L'antracologia centra
els seus estudis en la tafonomia de la fusta, tant abans de ser cremada com després d’esdevenir
carbd (Allué, 2002; Cohen-Ofri et al., 2006). Pel que fa als fitolits s’ha estudiat sobretot com es
preserven aquests elements en els sols actuals (Meunier et al., 2001; Conley, 2002; Farmer, 2005;
Farmer et al., 2005), en canvi els estudis de la preservacié de fitolits en jaciments arqueologics
o paleontologics no sén tan comuns (Osterrieth et al., en premsa; Piperno, 1985; Albert et al.,
2006; Lejju et al., 2006).

3.1.3.2. La Geoarqueologia

Entre els anys 70 80 es va produir un canvi de perspectiva a I’hora d’estudiar els processos
de formacid. Si abans l'objecte d’estudi eren les restes arqueologiques i les seves associacions,
ara l'objecte d’estudi passava a ser el diposit. Investigar els diposits no només déna informacié
sobre com es van formar les acumulacions arqueologiques, sind que a més, ens permet obtenir
dades sobre I'edat, el paisatge i 'ambient en que s’han format aquests registres arqueologics
(Rapp i Hill, 1998).

La necessitat de descriure aquests diposits provoca el naixement d’una nova branca dins
I'arqueologia, la geoarqueologia, fruit de la col-laboracié dels geocientifics amb els arqueolegs
(Stein, 2001). Amb tot, s’ha de tenir en compte que els arqueolegs han treballat conjuntament
amb geolegs i paleontolegs des de principis del segle XIX, fins al punt que I'arqueologia agafa de la
geologia conceptes basics per a I'ordenacio cronologica dels jaciments (Bar-Yosef, 2001). Pero en
aquest cas s’ha d’entendre que les geociéncies no només inclouen la geologia o la paleontologia,
ja que, tant I'edafologia com la geografia formen part d’aquest conjunt (Butzer, 1989).

El terme geoarqueologia va ser encunyat per Renfrew al 1973 (Stein, 2001). Gladfelter
(1977) utilitza el terme geoarqueologia en un sentit més paleoambiental, perd Hassan (1979)
amplia les competéncies de la geoarqueologia fins incloure els processos de formacié com
una de les qliestions a resoldre per aquesta branca de l'arqueologia. Amb anterioritat Butzer
(Butzer, 1989) ja havia ampliat 'ambit de la geoarqueologia, fins a incloure dins d’aquesta
disciplina les datacions, els sondatges magnetics o bé els registres paleoambientals dels diposits
sedimentaris.
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Lageoarqueologianonoméssecentraenelsdiposits que formen els jaciments arqueologics:
la historia geologica de diferents arees, és a dir la variacié del paisatge al llarg del temps, ens pot
indicar quins jaciments es van preservar i quins van desapareixer, i per tant modificar el concepte
de la distribucio dels jaciments arqueologics en una zona determinada (Waters i Kuehn, 1996).

En els ultims anys els treballs en geoarqueologia s’han multiplicat i dispersat arreu del
mon, fins al punt que hi ha diversos manuals o revistes internacionals que porten el terme
geoarqueologia en el seu titol.

Una de les branques de la geoarqueologia que ha participat més en I'estudi dels processos
de formacio és la micromorfologia dels sols aplicada a 'arqueologia (Courty et al., 1989). Aquesta
disciplina ha permeés, només com a exemple, interpretar els processos de formacié de jaciments
en cova o abric en diferents cronologies (Goldberg, 2000; Courty i Vallverdd, 2001; Vallverdu et
al., 2001; Angelucci, 2003), a l'aire lliure (Shahack-Gross et al., 2003; Mallol, 2004; Mallol, 2006)
0 en contextos urbans (Matthews et al., 1997; Macphail et al., 2003; Shahack-Gross et al., 2005;
Goldberg i Macphail, 2006), entre molts altres estudis.

La geoquimica i la mineralogia dels sediments es pot considerar també part de la
geoarqueologia. Aquestes disciplines poden ajudar a resoldre qliestions sobre processos de
formacio; Schiffer (1983) considera que poden assistir sobretot a resoldre problemes sobre
I'evidéncia negativa, ja que poden explicar quan les condicions van ser favorables per a la
preservacié o no dels materials arqueologics en els diposits sedimentaris.

En aquest sentit s’ha de destacar que en els darrers anys hi ha hagut un augment de les
investigacions que tenen com a objectiu determinar els minerals amb I'analisi del FTIR. Aquests
estudis permeten interpretar la diagenesi dels minerals o dels ossos, i conseqlientment, fer
inferencies sobre els processos tafonomics i de formacié d’un jaciment (Karkanas et al., 1999;
Karkanas et al., 2000; Stiner et al., 2001; Weiner et al., 2002; Berna et al., 2004; Shahack-Gross
et al., 2004a). Sovint aquests treballs van acompanyats de I'estudi dels fitolits i de les analisis de
micromorfologia (Albert et al., 1999; Albert et al., 2000; Goldberg et al., 2001; Karkanas et al.,
2002; Albert et al., 2003; Schiegl et al., 2003; Shahack-Gross et al., 2004b; Shahack-Gross et al.,
2005; Karkanas, 2006).

Les diferents branques de la geoarqueologia es complementen facilment entre elles, i
també es poden complementar amb d’altres disciplines que no pertanyen a la geoarqueologia.
Aix0 permet abordar els processos de formacié des d’una perspectiva més amplia, fins i tot
holistica, que contribueix a una interpretacié més fidedigna del passat.
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3.2. Els fitolits

3.2.1. Definicié, formacié i propietats dels fitolits

El terme fitolit prové del grec fito —planta i litos —pedra, de forma literal: pedres que
produeixen les plantes. Els fitolits son biomineralitzacions (Perry et al., 2007) que es formen en
algunes de les plantes superiors. Aquestes formacions minerals poden ser de silici o d’oxalat de
calci, encara que normalment quan es parla de fitolits ho fem referint-nos als fitolits d’opal, és a
dir, silici hidratat (SiH,0). El silici és un dels elements més comuns en la superficie terrestre i les
plantes I'absorbeixen en forma liquida (acid monosilicic Si(OH),) a través de les arrels, juntament
amb l'aigua i d’altres nutrients. Aquest silici es diposita en les parts aéries de la planta, sobretot
en aquelles parts relacionades amb la fotosintesi (Epstein, 1994; Alexandre et al., 1997a),
i ho fa a l'interior de les cel-lules, a les parets cel-lulars o a I'espai intercel-lular adoptant la
morfologia d’aquestes cél-lules (Piperno, 1988; Piperno, 2006). La varietat morfologica de les
cel-lules vegetals és la que ens permet a posteriori identificar I'origen dels fitolits. S’ha de tenir
en compte, pero, que hi ha algunes plantes que no dipositen silici entre les seves cel-lules o
n‘acumulen ben poc, essent en la practica “invisibles” en el registre arqueologic. A més a més,
no tots els vegetals acumulen la mateixa quantitat de silici, de tal forma que davant uns taxons
“invisibles” podem trobar uns altres taxons sobrerepresentats (Tsartsidou et al., 2007).

Tot i que la produccié de fitolits esta directament relacionada amb I’heréncia genetica de
la planta (Piperno et al., 2002; Zheng et al., 2003), la quantitat d’aigua i de silici disponibles en
el sol poden fer variar la quantitat de fitolits que produeix un vegetal, aixi com el seu grau de
silificacié i els tipus de fitolits que es produeix (Rosen i Weiner, 1994). Com s’ha comentat abans
les plantes adquireixen el silici del sol de tal forma que tenen un paper important dintre del
cicle del silici en la natura. Aquest paper és tan important que, fins i tot, abans de meteoritzar
els minerals silicis per obtindre aquest component molts cops les plantes “reciclen” el silici dels
fitolits que previament s’han dipositat en el sol (Meunier et al., 2001; Conley, 2002; Farmer,
2005; Farmer et al., 2005).

La funcié del silici, i en concret dels fitolits, en les plantes superiors no queda massa clara,
hi ha qui pensa que funcionen com a elements estructurals per al creixement del vegetal, mentre
que d’altres suposen que és un sistema defensiu de cara als herbivors i parasits (Lucas et al.,
2000; Massey et al., 2006), fins i tot s’ha arribat a proposar que els fitolits son el resultat de
I'excrecio per part de les plantes d’una substancia com el silici, que en excés pot arribar a resultar
toxica (Piperno i Pearsall, 1993a).

Els fitolits es dipositen en els sols o en els sediments quan la planta es mor i es descompon
o bé és incinerada. En condicions extremes, com ara sota I'efecte dels vents provinents del
desert del Sahara que arriben a les costes de les llles Canaries, els fitolits es poden desplagar
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centenars de quilometres (Piperno, 1988) pero generalment es considera que la seva deposicid
és in situ i que el seu desplagcament horitzontal o en vertical entre els estrats és imperceptible
(Grave i Kealhofer, 1999). La natura inorganica dels fitolits els fa resistents a processos que la
materia organica vegetal no carbonitzada és incapag de superar. Aixi doncs, sén resistents al foc,
almenys no canvien la seva morfologia fins a temperatures de 7002C tot i que el punt de fusid
del silici se situa sobre 900-10002C. També soén resistents a pH acids, perd en canvi es poden
dissoldre quan el pH del sol és elevat (Jones i Beavers, 1963; Piperno, 1988; Piperno, 2006).

3.2.2. Historia de les investigacions en fitolits

La historia de la investigacio dels fitolits comenca a principis del segle XIX, quan al 1835
I'alemany Struver els va identificar per primer cop en les plantes vives (Piperno, 1988). Amb tot,
abans ja s’havien descrit els fitolits com a constituents del sol o dels sediments transportats pel
vent. Un exemple d’aix0 ho tenim en el mateix Darwin, que durant el seu viatge a bord del Beagle,
cap al 1845, va detectar a uns quants quilometres de la costa nord-africana aquestes particules
(Powers, 1992). El primer sistema de classificacié pertany, pero, a Eherenberg, cientific alemany,
gue els va anomenar “Phytolitharia” (pedres de planta en grec) (Piperno, 1988). Aquest mateix
cientificvatreballar amb les mostres recollides per Darwin, i és considerat com el pare dels estudis
de fitolits (Powers, 1992). Més endavant els interessos dels cientifics que estudien els fitolits es
mouran cap a la botanica per investigar el seu origen. Cap a finals del segle XIX i almenys fins al
periode de la Segona Guerra Mundial, les investigacions se centren en Europa, i especialment en
Alemanya. Es durant aquest periode, un cop ja s’ha reconegut la procedéncia vegetal d’aquests
elements, quan comencen les primeres exploracions sistematiques de la produccié de fitolits,
taxonomia i variacio intraespecifica. També es van dur a terme estudis quantitatius de silici en
plantes modernes i es proposen els primers sistemes de deposicid.

El periode de la Segona Guerra Mundial produeix un hiatus que practicament interromp
les investigacions en aquest camp, encara que destaquen alguns treballs en els talls dels sols
russos (Powers, 1992). Als voltants de 1950 es renova l'interés pels fitolits, aquest cop per part
de cientifics anglosaxons, on destaca el paper de Smithson (Powers, 1992). Sobretot es tracta,
pero, de botanics, cientifics del sol, agronoms i geodlegs que apliquen les investigacions de fitolits
a la historia ambiental i al paleoclima. Al mateix temps es continuen els processos de descripcid
dels fitolits en plantes actuals i la seva classificacié. Destaca en aquest moment el treball de
Twiss en les graminies (Twiss et al., 1969; Piperno, 1988). En els tltims anys s’han dut a terme dos
tipus d’estudis sobre fitolits: la sistematica dels fitolits de les plantes modernes i la interpretacid
dels fitolits que es recuperen de contextos sedimentaris, incloent-hi els contextos arqueologics
(Mulholland i George Rapp, 1992).
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La utilitzacio dels fitolits en I'arqueologia arranca ja de principis del segle XX quan Netolizky
corregeix alguns errors d’interpretacié de restes carpologiques d’alguns jaciments suissos i de la
resta d’Europa a través de I'analisi del residu inorganic de les cendres, la qual cosa inclou també
els fitolits. Durant aquesta época també es realitzen treballs en Turquia, on s’identifiquen per
part de Schellenberg, restes de fitolits en ceramiques d’assentaments prehistorics. El gruix del
treball, no obstant, se centra en I'origen de I'agricultura al Proxim Orient durant els anys seixanta,
on destaquen els treballs de Helback en jaciments neolitics. Segons Piperno (1988), pero, la
primera aproximacié sistematica als fitolits des de I'arqueologia apareix en els jaciments de la
zona Atlantica de I’America del Nord i els tropics, on la conservacio vegetal és molt pobra, encara
gue ella marca com una fita important I'article de Rovner (1971), a partir del qual pensa que creix
I'interés dels prehistoriadors per aquesta disciplina.

En els darrers anys les investigacions sobre fitolits s’han diversificat fins a incloure periodes
gue van des del Cretacic (Prasad et al., 2005) fins a I'actualitat i abragant a la practica els cinc
continents i, fins i tot, alguns oceans (Flores et al., 2000; Abrantes, 2003; Abrantes et al., 2007).

3.2.3. Aplicacions dels fitolits

3.2.3.1. Paleoecologia i vegetacio

El potencial paleoecologic dels fitolits és evident, en tant i en quant ens permet la
reconstruccié de la vegetacié del passat (Rovner, 1971; Fredlund i Tieszen, 1997a; Blinnikov et
al., 2002; Stromberg, 2002; Stromberg, 2004). Agquesta reconstruccid passa per identificar les
plantes que produeixen un determinat tipus de fitolit. D’aquesta manera molts dels treballs que
s’han dut a terme en aquest camp estan orientats a I'obtencié d’una col-leccié de referencia d’un
determinat conjunt de plantes amb un significat ecologic, o bé a la determinacié d’una espécie de
planta a partir de la definicié dels fitolits que la caracteritzen (Ollendorf et al., 1987; Mulholland
et al., 1988; Bozarth, 1992; Cummings, 1992; Kaplan et al., 1992; Ollendorf, 1992; Zhao et al.,
1998; Albert, 2000; Krishnan et al., 2000; Wallis, 2003; Carnelli et al., 2004; Gallego i Distel, 2004;
Tsartsidou et al., 2007). Es ddna el cas, pero, que no tots els fitolits identificats en les plantes es
poden recuperar dels sediments estudiats, per aixo sovint s’utilitza com a referencia els fitolits
gue es troben als sols, o la combinacié d’una col-leccié de referencia de la vegetacié actual i
I'estudi dels fitolits del sol on creixen aquestes plantes (Fredlund i Tieszen, 1994; Fredlund i
Tieszen, 1997a; Runge, 1999; Bobrov, 2003; Blinnikov, 2005; Albert et al., 2006).

En un primer moment, la majoria de les investigacions paleoecologiques que es feien a
partir dels fitolits es van centrar en els tropics, sobretot els americans, degut a que les condicions
de preservacié en aquest tipus de medi afavoreixen la conservacid dels fitolits (de natura
inorganica) per davant d’altres restes paleobotaniques formades per material organic (Piperno,
1989; Piperno, 1991; Bush et al., 1992; Bush i Colinvaux, 1994). En l'actualitat, pero, els estudis
paleobotanics basats en les investigacions sobre fitolits s’han estés per tot el mén i comprenen la
majoria de les cronologies, prova d’aixo és 'extensa bibliografia que existeix sobre el tema. (Fisher
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etal., 1995; Alexandre et al., 1997b; Fredlund i Tieszen, 1997a; Fredlund i Tieszen, 1997b; Carter
i Lian, 2000; Blinnikov et al., 2002; Prebble i Shulmeister, 2002; Stromberg, 2002; Bremond et
al., 2004; Stromberg, 2004; Thorn, 2004a; Bamford, 2005; Zucol et al., 2005; Albert et al., 2006;
Bamford et al., 2006; Stromberg et al., 2007). Molts d’aquests estudis es basen sobretot en el
tipus de fotosintesi (C3 vs C4) que realitzen les plantes (Barboni et al., 1999; Thorn, 2004a) i en la
diferenciacio d’aquest procés a partir de les cel-lules curtes d’aquestes plantes, majoritariament
poacies (Twiss et al., 1969; Twiss, 1987; Twiss, 1992). En els darrers anys aquestes investigacions
s’han complementat amb estudis, per exemple, de I'estres hidric que poden sofrir les plantes i
com s’expressa aixo en les proporcions de certes morfologies dels fitolits (Bremond et al., 2005).
Els fitolits, perd, no només ens aporten informacié paleoecologica a partir de la seva identificacio
i I'assignacio a la planta o familia que els ha format. Cada cop més es publiquen investigacions
que aporten dades paleoclimatiques a partir de la determinacié dels isdtops dels mateixos fitolits
(Kelly et al., 1991; Shahack-Gross et al., 1996; Fredlund i Tieszen, 1997b; Kelly et al., 1998; Lu et
al., 2000; Webb i Longstaffe, 2002; Webb i Longstaffe, 2003; Webb i Longstaffe, 2006).

3.2.3.2. Arqueologia

Degut a les seves caracteristiques els fitolits s’han aplicat en diferents camps de
I'arqueologia. En els jaciments prehistorics, o paleolitics, els fitolits permeten coneixer millor el
funcionament de les estructures de combustid (Albert et al., 2000), o la forma en la que els grups
cacadors recol-lectors gestionaven els recursos vegetals (Boyd, 2002; Madella et al., 2002).

Laparicid de les primeres societats productores i de l'agricultura ha estat un objecte
d’estudi clau per a I'aplicacié dels fitolits a 'arqueologia. Moltes de les fites en les investigacions
dels fitolits s’han aconseguit a través de I'estudi d’aquests microfossils en jaciments neolitics
antics en el continent america, on destaquen principalment els treballs en les zones tropicals
(Piperno, 1998; Piperno et al., 2000; Piperno i Stothert, 2003) i en l'aparicio del blat de moro
(Piperno i Pearsall, 1993b; Pearsall, 2002; Iriarte, 2003; Pearsall et al., 2003; Pearsall et al.,
2004a; Pearsall et al., 2004b; Boyd et al., 2006; Holst et al., 2007; Pohl et al., 2007), encara
qgue en aquest ultim cas no falta la polemica (Pearsall et al., 2004a; Rovner, 2004). També
en el continent asiatic 'aparicié dels primers cultigens d’arros ha centrat molta de la feina
desenvolupada fins al moment; destaquen els casos de la Xina (Jiang, 1995; Itzstein-Davey et
al., 2007; Li et al., 2007), Tailandia (Kealhofer i Piperno, 1994) i I'india (Saxena et al., 2006). Com
a fet curids dintre d’aquest context asiatic s’"han pogut arribar a identificar alguns dels primers
plats de pasta coneguts a partir dels fitolits (Lu et al., 2005). El Proxim Orient, focus reconegut
dels processos de neolititzacid i de la formacié de societats complexes, ha estat també un camp
abonat per a I'estudi dels fitolits en els jaciments neolitics i posteriors (Portillo et al., en premsa;
Rosen, 1989; Rosen, 1993; Rosen i Weiner, 1994; Rosen, 1997; Albert i Henry, 2004).

Lanalisi dels fitolits sobre restes ceramiques o estructures d’emmagatzematge permet
coneixer el contingut d’aquestes (Jones, 1993; Pearsall et al., 2003; Bozarth i Guderjan, 2004).
De la mateixa manera, tant de forma directa com de forma indirecta a través de les traces d’Us,
I'aplicacio dels estudis de fitolits sobre diferents tipus d’eines, com ara molins o industria litica,
permet fer inferéncies sobre la utilitzacid de dites eines (Derrico et al., 1995; Sobolik, 1996;
Kealhofer et al., 1999; Dominguez-Rodrigo et al., 2001; Hardy, 2004; Pearsall et al., 2004b;
Portillo, 2006; Debert i Sherriff, 2007). Els fitolits, en major o menor mesura poden deixar les
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seves traces en la superficie de les dents (Gugel et al., 2001; Sanson et al., 2007) i aix0 es pot
aprofitar per estudiar la dieta dels animals i dels humans durant el passat, i fins i tot es poden
arribar a recuperar fitolits del calcul dental encara que en aquest camp queda molt treball per
desenvolupar (Fox et al., 1994; Middleton i Rovner, 1994; Lalueza et al., 1996; Mainland, 2003;
Pearsall et al., 2003; Merceron et al., 2005; Okumura i Eggers, 2005; Palombo et al., 2005;
Boyadjian et al., 2007).

Un dels avangos més importants en els darrers anys és la utilitzacid de les analisis
morfometriques per determinar amb una major precisié la procedencia dels fitolits identificats
en contextos arqueologics (Albert et al., en premsa; Portillo et al., en premsa; Ball i Brotherson,
1992; Ball et al., 1993; Ball et al., 1996; Whang et al., 1998; Ball et al., 1999; Parr et al., 2001,
Berlin et al., 2003; Ball et al., 2006; Portillo et al., 2006; Albert et al., 2008).

També s’han de destacar treballs experimentals duts a terme sobre els fitolits i que tenen
molt sovint aplicacions directes sobre els jaciments arqueologics. Aquests treballs poden anar
des de l'estudi del processament dels vegetals (Harvey i Fuller, 2005) fins a la deteccio de fitolits
gue han estat alterats termicament i que poden formar part dels residus de combustio (Elbaum
et al., 2003; Parr, 2006). S’ha de comentar que les investigacions etnoarqueologiques amb analisi
de fitolits també s’estan obrint pas en els Gltims temps (Zurro et al., en premsa; Shahack-Gross et
al., 2003; Shahack-Gross et al., 2004b; Tsartsidou et al., 2008).

Cal fer una mencid especial a les analitiques de fitolits combinades amb d’altres técniques,
com la micromorfologia dels sols o la mineralogia que han permés fer avangos substancials en la
ciéncia arqueologica i, si més no, realitzar aquesta tesi doctoral. Laplicacié de I'analisi de fitolits
conjuntament amb les disciplines més propies de les ciéncies de la terra neix de la necessitat
d’entendre els processos tafonomics i diagenétics en jaciments, principalment paleolitics, del
Mediterrani Oriental. D’aquesta forma, durant la segona meitat de la década dels noranta del
segle passat sorgeixen les primeres investigacions que combinen I'analisi delsfitolitsil’aplicacié del
FTIR en jaciments arqueologics (Schiegl et al., 1996; Albert et al., 1999). Aquestes investigacions
s'emmarquen dintre de tot un procés que intenta identificar la diagénesi mineral en les coves i
en concret dels biominerals com els ossos (Weiner i Bar-Yosef, 1990; Weiner et al., 1993; Stiner
et al., 1995; Weiner et al., 1995; Shahack-Gross et al., 1997; Karkanas et al., 1999). A principis
d’aquest segle les investigacions en ambdds sentits es multipliquen i comencen a participar més
activament altres disciplines com la micromorfologia del sols aplicada a I'arqueologia (Albert et
al., 2000; Karkanas et al., 2000; Stiner et al., 2000; Stiner et al., 2001; Karkanas, 2002; Weiner et
al., 2002; Albert et al., 2003; Shahack-Gross et al., 2003), pero ara, a més a més s’'obren noves
linies d’investigacio fora dels jaciments del Mediterrani Oriental (Goldberg et al., 2001; Karkanas
et al., 2002; Shahack-Gross et al., 2003).

Una de les innovacions més importants en aquest sentit és poder realitzar un calcul de
la quantitat de fitolits en els sediments; aixd ens permet comparar no tan sols mostres dintre
del mateix jaciment, encara que els sediments tinguin un estat de preservacié desigual o hagin
sofert processos tafondmics en diferent mesura, sind que a més permet comparar mostres entre
jaciments (Albert i Weiner, 2001). En els darrers anys han continuat les investigacions en els
jaciments paleolitics, pero aquests s’han estes pel Mediterrani Occidental, I'Europa continental i
Africa (Berna et al., 2004; Karkanas et al., 2004; Schiegl et al., 2004; Shahack-Gross et al., 2004a;
Albert et al., 2006; Bamford et al., 2006; Cabanes et al., 2007; Karkanas et al., 2007). A més a més,
no tan sols s’estudien jaciments paleolitics sind que s’esta aplicant aquesta complementarietat
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de les ciéncies de la terra amb els fitolits a jaciments de cronologies més recents (Cabanes et al.,
en premsa ; Shahack-Gross et al., 2004b; Shahack-Gross et al., 2005; Berna et al., 2007; Albert
etal., 2008).

3.2.3.3. Datacions

En algunes ocasions la materia organica procedent de la planta original queda envoltada
quan els fitolits es formen. Aquesta matéria organica es pot observar en forma d’arees negres
a l'interior dels fitolits, les quals han estat reconegudes com a carbd, o almenys, com a materia
amb un alt contingut de carboni (Mulholland i Prior, 1993). Si es concentra aquesta materia
organica es pot arribar a obtenir suficient carbd per a poder realitzar datacions amb carboni 14
per AMS (Mulholland i Prior, 1993).

De la mateixa manera s’ha demostrat que si els fitolits han sofert temperatures de com
a minim 3502C poden ser utilitzats per realitzar datacions per termoluminescencia (Rowlett i
Pearsall, 1993).

3.2.3.4. Altres aplicacions

Aguesta matéria organica que queda atrapada dintre de la matriu de silici pot arribar a
contenir les restes d’ADN de la planta que ha format el fitolit, tenint 'avantatge que les cadenes
d’ADN no haurien sofert atacs bacterians ja que es troben aillades i protegides pel silici que
forma el fitolit (Elbaum et al., en premsa). Reproduir i amplificar les cadenes d’ADN contingudes
en els fitolits ens donaria una informacid clau per resoldre qiliestions referents a I'evolucié i la
domesticacié de les plantes. Fins al moment, perod, no s’ha aconseguit extreure ADN en suficient
guantitat per poder ser amplificat pel procediment del PCR (Elbaum et al., en premsa).

Una altra aplicacid, curiosa si més no, dels fitolits és determinar la qualitat de la pasta
alimentaria. El tipus de blat ideal per a fabricar pasta és el Triticum durum, mentre que el que
s’utilitza normalment per fer el pa és el Triticum aestivum. Les diferéncies morfomeétriques entre
els fitolits de la inflorescencia d’aquests dos tipus de blat permet saber si la pasta que ens estem
menjant ha estat fabricada amb la farina adient, o bé aquesta pasta conté farina adulterada amb
farina que s’hauria d’haver utilitzar per fer el pa (Hodson et al., 2001).
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4.1. Taphonomy of phytoliths and macroplants
in different soils from Olduvai Gorge (Tanzania)
and the application to Plio-Pleistocene
palaeoanthropological samples
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Abstract

The abundance and types of phytoliths in the fossil record are taphonomically biased and do not correspond with the macroplant
record. To better understand the bias and improve the interpretation of samples from Olduvai Gorge, Tanzania, we analysed the
phytoliths from three sample sets: modern grasses, sedges, palm and dicots in the area; modern soils in the area; and the fossil soils from
the eastern palaeolake margin in lowermost bed II. Fourier transform infrared spectrometry analyses were performed in parallel to
compare the mineral composition of both modern soils and fossil soils. We found that the abundance of phytoliths is greatly reduced in
soil samples compared with modern plant material, but the morphotypes can be reliably interpreted. Dicotyledonous wood/bark
phytoliths appear to be over represented in the soil types. Grass phytoliths, and sedges to a lesser degree, are preserved in the soils but in
lower abundances resulting in these groups being under-represented. The macroplant fossils are fragments of grass and sedge aerial
culms, and dicotyledonous stems that are preserved in fluvial and lacustrine deposits. It is suggested that phytoliths represent the
continuous flora whereas macroplant fossils represent the more robust tissues of selected plants preserved under more catastrophic
conditions. A post-depositional model is proposed and the palacovegetation is reinterpreted as being richer and more complex than

indicated by other fossil data.
(© 2005 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

A variety of methods have been employed to interpret
the palaecoenvironments of early hominin sites since it is
generally accepted that the vegetation and climate affect
the distribution and behaviour of the hominins and other
faunas. The sedimentological record provides broad
palaeocological signatures such as fluvial, lacustrine,
volcanic or dune settings. Isotope analyses of carbonates
can provide a temperature and moisture regime. Faunal
composition and comparison with modern faunas is
another common method employed. A refinement of this
method is that of functional ecomorphology where

*Corresponding author. Tel.: + 3493 3333466x3198;
fax: +34934498510.
E-mail address: rosamaria.albert@icrea.es (R.M. Albert).

physical adaptations of modern animal limbs to certain
conditions (running, climbing, burrowing) are extrapolated
to the fossils. These methods can provide an indication of
the general type of vegetation: open woodland, closed
woodland, bushy grassland, etc, but the fossil plants
themselves should be considered when a more detailed
reconstruction of the vegetation is required.

At Olduvai Gorge in northern Tanzania, there already is a
good geographic and stratigraphic framework for the
occupation by hominins of the basin and palaeolake margins
(Hay, 1976, 1996) and this is being further refined by the
multidisciplinary efforts of the Olduvai Landscape and
Palacoanthropological Project (OLAPP) team members.

Palynological samples from uppermost bed I (UMBI)
and lowermost bed II (LMBII) separated by the marker
tuff, IF (dated at ca. 1.785 myr, Blumenschine et al., 2003),
have been processed by Bonnefille (1984). She interpreted

1040-6182/$ - see front matter © 2005 Elsevier Ltd and INQUA. All rights reserved.
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the vegetation as changing from wetter conditions (mon-
tane pollen such as Olea) to drier conditions just below tuff
IF, with an increase in Sudano-Zambezian taxa. Not all the
other strata, however, contain pollen. Silicified wood has
been identified from one locality and, based on compar-
isons with the distribution of the modern analogue, it
indicates a medium-sized shade tree growing on well
drained soils (Guibourtia coleosperma; HWK-East locality,
probably LMBII; Bamford, 2005). Silicified wood, how-
ever, is not common and fossil leaves have not been
recovered to date.

Fossil macroplants and phytoliths (Hay, 1976; Peters
and Blumenschine, 1995) have been widely recognised in
the fossil record and were interpreted as representing a
general marshland type of vegetation along the eastern
palaeolake margin, an area of 10-20km long by 1-10km
wide. On closer inspection, however, the macroplants have
a more precise distribution within this large area and time.

Phytoliths have been widely used for palacoecological
reconstruction (Bamford et al., this volume, and references
therein). When applied to archaeological contexts, phyto-
liths have been used to identify plants used by prehistoric
populations as well as to distinguish between those used by
people, and those that are natural accumulations and that
indicate the past vegetation (Rosen and Weiner, 1994;
Runge, 1999; Albert et al., 1999, 2000, 2003; Mercader
et al., 2000; Madella et al., 2002; Berlin et al., 2003; Pearsall
et al., 2004; Albert and Henry, 2005). To date, there have
been different approaches to reconstruct the palaconviron-
ment. Some have focused on the comparison between
phytoliths and fossil plants, for example Zucol et al. (2005),
or have compared phytoliths from modern plants and
modern soils (Blinnikov, 2005). The comparison of modern
and fossil soils has also been done (Fredlund and Tieszen,
1997). For the first time, however, we attempt to correlate
phytoliths from modern plants and modern soils, following
a quantitative and morphological approach, and apply
these data to the early hominin-bearing sediments at
Olduvai Gorge, within a well-constrained stratigraphical
framework.

The macroplants (fragments of stems and culms) and
phytoliths have been used to reconstruct the vegetation and
how it has changed during the relatively short period of
time represented by LMBII and confined to the eastern
palacolake margin (Bamford et al., this volume). The
interpretation of the results showed that the vegetation
during this time was composed of a variety of grasses,
sedges and dicotyledonous plants in different proportions
and in different areas and in one specific place showed the
presence of palm trees (Bamford et al., this volume).
The caveats are that there are taphonomic biases in the
preservation of certain phytolith morphologies and the
abundance of phytoliths varied between sites and between
similar facies for no apparent ecological reason. Further-
more, the vegetation signature from the macroplants and
from the phytoliths did not always correlate. With the very
narrow time stratigraphic and spatial constraints at play

within the Olduvai Basin localities we would expect the
macro and micro fossil plant data to be comparable. Since
this is not always the case, we attempt here to determine the
taphonomic biases and then correlate the plant data. Then
the phytoliths and macroplants can be used for other areas
within Olduvai, and other time frames.

Several modern soil types have been sampled to reflect as
closely as possible those in the fossil record, Fourier
transform infrared spectrometry (FTIR) analyses were
done as well as noting the plants growing in the modern
soil samples. By comparing the phytoliths from the living
plants with those found in the modern soils we are able to
get an indication of which plants and plant parts are
represented in the soils, whether or not they relate to the
extant vegetation, and finally some of the ways in which
the types of soil affect the preservation and diversity of the
phytoliths, macroplants and pollen. Using this database,
we can better interpret the fossil soil phytoliths for
palacoenvironmental reconstructions.

Several basic assumptions are made: firstly, that most
plants produce a variety of phytoliths, some of which are
diagnostic for that species/genus/group. This we have
shown (Bamford et al., this volume) and others before us
(Piperno, 1988; Rosen and Weiner, 1994; Runge, 1999;
Albert and Weiner, 2001 and references therein). Secondly,
the abundance of phytoliths produced by various plants
and plant parts is an important factor and diagnostic for
the taxon (Albert et al., 1999, 2000, 2003). Thirdly, the
phytoliths from the dead plants are deposited in the soil
where the plant grew. Transportation of plant litter is
minimal but can be recognised by fluvial or eolian
signatures. Dune formation is minimal in the Olduvai
sediments and these deposits were not sampled. Thus, we
can analyse a variety of soils from various types of
vegetation and the phytoliths should reflect the local
vegetation. The longevity and durability of the phytoliths
is unknown but we assume that it will depend upon the
mineralogical conditions of soils and diagenetic processes
suffered after their deposition in the soil. The frequent
pyroclastic fallout effectively capped and sealed the
successive layers of clays through beds I and II.

We present here the comparison of the results of modern
plants, modern soils and fossil samples, both from
phytoliths and silicified plant fragments, from LMBII, to
obtain more reliable information on the changing vegeta-
tion of the area after the catastrophic event of the
deposition tuff IF and its relation to the recolonisation of
the area by hominins.

2. Materials and methods
2.1. Sample selection

Although phytoliths are produced by the aerial parts of
plants, they are preserved in soils after the decay and

disappearance of the organic matter. Since the mineralo-
gical composition of the soils, as well as the pH, fluctuating
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ground water, reworking and chemical and physical post-
depositional processes appear to affect the preservation of
phytoliths, different soils have been sampled. Selection of
modern soil samples (from different localities) has been
correlated with fossil soil types present at Olduvai Gorge,
namely earthy clays, waxy clays, tuffs, surge, reworked
tuff, lacustrine and fluvially associated clays (Hay, 1976;
Peters and Blumenschine, 1995; Blumenschine and Peters,
1998). From analogous regions close by we have collected
soils from lake margins, river bed and banks, the edge of
the Serengeti plains, and with different vegetation types
such as open grassland, open woodland and riverine
woodland. The phytoliths have been extracted from these
samples and compared to the modern plant reference
collection analysed from the same area, thus enabling
identification of the soil phytoliths. From these results a
model to explain the taphonomy of phytolith preservation
in a silica-rich environment, such as the one present at
Olduvai Gorge (Hay, 1976) is proposed and compared with
macroplant and pollen preservation.

Olduvai Gorge sampling, thus far, has concentrated
on the UMBI, tuff IF and LMBII levels in the eastern
palacolake margin localities of HWK-East, MCK, FLK-
North and VEK (locality notation of Leakey, 1967). From
each of these sites, soil samples have been taken at various
levels for phytolith analyses. The sediments have been
excavated within 1-2m wide archaeological-geological
trenches, and sieved to recover all the contained stone
artefacts, bone and silicified plants.

2.2. Preparation of modern soil samples for phytoliths

The phytolith extraction method followed was described
in detail by Albert et al. (1999) for the Tabun cave study. A
weighed aliquot of about 1g of air-dried sediment was
treated with 10ml of an equivolume solution of 3N HCl
and 3N HNO; for 30 min and then centrifuged to eliminate
the carbonates and phosphates present in the soils. After
washing the pellet with water the organic material was
oxidised with 30% hydrogen peroxide at 70 °C. The sample
was dried and the remaining sediment was weighed. This is
referred to as the inorganic acid insoluble fraction (AIF).

Mineral components of the AIF were separated accord-
ing to their densities in order to concentrate the phyto-
liths by adding Sml of sodium polytungstate solution
[Nag(H,W1,04).H,0] of 2.4 g/ml density. The suspension
was centrifuged and the supernatant was transferred to
another centrifuge tube, 1.0ml of deionised water was
added and the tube was vortexed and again centrifuged as
above. This cycle was repeated until no visible mineral
particles remained in the supernatant. The heavy liquid was
then diluted by filling the centrifuge tube with deionised
water, to ensure that even the lightest minerals are
recovered. After each centrifuge step, the sediment
deposited at the bottom of the tube (pellet) was transferred
to a 1.5 ml microcentrifuge tube. Note that this method has
the advantages of creating separation conditions that

concentrate the relatively light opaline phytoliths, which
have a density between 1.5 and 2.3g/ml (Jones and
Beavers, 1963), in the last two cycles.

Slides of the pellets were prepared for the three lightest
fractions by weighing approximately 1 mg of sample, with
an accuracy of 0.1mg, onto a microscope slide. The
samples were mixed with Entellan New (Merck), and a
cover slip was placed over the suspension. The aerial
coverage of the sample on the slide was estimated by
counting the total number of fields containing sample
grains. Slides were studied using an Olympus BX41 optical
microscope and digital images were taken and stored with a
digital camera Olympus Camedia C-5060 and Olympus DP
soft 5.0 software.

Since phytoliths are produced by many living plants, and
many phytolith morphologies are common to a variety of
different plants, only some morphologies, or suites of
morphologies, are useful for the identification of particular
plants. According to previous results (Albert and Weiner,
2001), the counting of only 50 phytoliths with diagnostic
morphologies gives an error margin of 40% and is
considered too unreliable for interpretation, whereas the
counting of 200 diagnostic phytoliths gives an error margin
of around 20%. Thus, whenever possible, a minimum
number of 200 diagnostic morphologies were counted in
order to obtain the maximum reliability in the identifica-
tion and interpretation of the phytolith record. Siliceous
fragments were not counted.

2.3. Description and identification of phytoliths

To estimate the phytolith abundance in the different
samples we followed standard methods described in Albert
(2000); Albert et al. (1999) and Albert and Weiner (2001).
The morphological identification of phytoliths was based
on the results obtained from the study of the modern plant
reference collection carried out in the same area and, when
possible, on the same plants growing where the soil samples
were collected (Bamford et al., this volume). Comparison
of morphologies with other modern plant reference
collections was also performed (Twiss et al., 1969; Brown,
1984; Ollendorf et al., 1987; Piperno, 1988; Bozarth, 1992;
Mulholland and Rapp, 1992; Ollendorf, 1992; Runge,
1999; Mercader et al., 2000). The terms used to describe the
phytoliths followed the anatomical terminology of the cell
in which they were formed and, when this was not possible,
we followed geometrical definitions (Albert, 2000; Albert
and Weiner, 2001). The new phytolith code of terminology
has also been checked to homogenise some of the
terminologies used (Madella et al., 2005).

2.4. FTIR analysis of soils

Infrared spectra of modern soils were obtained using
KBr pellets (about 0.1 mg or less of sample in about 50 mg
of KBr) and a Fourier transform infrared spectrometer
(FTIR) (Jasco 680 plus with Spectra Manager software).
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Samples were dried under a hot lamp for 12h. About 1 mg
of initial sample, previous to acid treatment, was added to
KBr to make pellets. The spectrometer was calibrated twice
and blank samples of known composition were checked.
The spectra were collected at 4cm ™ resolution. The FTIR
analysis provides information on the nature of the siliceous
minerals that constitute the bulk of the sample, namely
quartz, volcanic siliceous minerals, clay and phytoliths
(Weiner and Goldberg, 1990). This complements the
identification of the minerals using a petrographic optical
microscope, which provides information on mineral grain
morphology and colour.

Macroplant fragments were identified on the external
morphology, for example triangular culms of sedges, and
also on the internal anatomy (vascular bundle arrange-
ment).

3. Results

Modern soil samples and the localities from where they
were collected, the type of vegetation and type of soil,
FTIR results, percentage of AIF, estimated amount of
phytolith numbers per gram of AIF, and the percentage of
weathered ones are listed in Table 1. Phytoliths were
divided morphologically into different groups depending
on the origin of the plant or plant part where they were
formed: monocotyledonous plants (when it is not possible
to differentiate between grasses, sedges or palms, i.e.
elongate morphologies with smooth or rugose margins),
grasses, sedges, palms, dicotyledonous-leaf phytoliths,
dicotyledonous wood-bark phytoliths and others not
determined.

3.1. Mineralogy of the soil samples

The mineralogical composition of the modern soils is
dominated by clay in most of the samples. In Lake
Manyara and Msasa River samples the type of clay has
been identified as kaolinite. Water bending at 1630 cm ™ is
noted to a higher or lesser degree in all the samples and
probably corresponds to the water contained in some of
these clays. Calcite is also clearly present in some samples
and seems to be related to the open grassland and/or areas
with no vegetation. The third mineral of importance is
opal, although most of the times it appears as a shoulder of
clay. The opal usually corresponds to the presence of
phytoliths, and therefore when opal is noted in FTIR this
relates to the phytolith presence. Quartz also appears as a
shoulder of clay and its presence is not associated with high
phytolith content. Finally, only in the black organic sample
from Lake Manyara (Table 1) has the presence of alkali
feldspar been detected.

The main differences noted between the two black
organic sediments from Lake Manyara and Lake Masek
are related to the major presence of clay (kaolinite) in the
former and the calcite in the latter. Lake Masek sediments
are distinguished because of clear calcite peaks not

observed in other samples and also reflected in the
percentage of AIF.

Within each soil type the difference in percentage of AIF
is fairly consistent, varying from 7% to 15%. Between soil
types it varies more with the sandy-clay soils having an
average AIF percentage of 88% compared to the 45% for
the saline-alkaline soil, a difference of 43%. The percentage
of weathered morphologies is variable with the volcanic
lava soils showing the least degree of weathering and the
saline-alkaline soils the most.

3.2. Phytoliths from the modern soil samples

3.2.1. Pyroclastic clays

The pyroclastic clay soil samples from the Leakey camp
in the Olduvai Basin (Table 1, samples 1-4) were collected
from two open grassland sites on shallow soils above
calcrete hardpan and from the Commiphora open wood-
land under the trees which tend to grow where there is
better drainage along cracks or faults in the hardpan.
Samples collected from the open grassland (samples 3
and 4) showed twice the number of phytoliths than samples
collected from the Commiphora woodland (samples 1 and 2),
related, however to almost double the percentage of
dissolution (weathering). The increasing dissolution rate
might be related to the higher presence of calcite observed
in the FTIR results (Table 1). The morphological results
(Fig. 1) indicate that, contrary to expectation, monocoty-
ledonous plants, most probably grasses, are more abun-
dant in Commiphora woodland than in open grassland,
although it needs to be pointed out that the grasslands also
have many herbaceous dicots whereas in the Commiphora
woodland, the dicotyledonous plants correspond mostly to
the trees. At this stage of the research, it is not possible to
distinguish between herbaceous and woody dicots.

The non-determined phytolith group includes big
cylindroid morphologies with one of the margins echinate.
This morphology has not been identified in the modern
plant reference collection analysed to date. Grasses are
represented mainly by bulliform cells (Fig. 2a, k) and
trichomes (Fig. 2b) from the leaves, and short cells
(Fig. 2c-¢) that can also be found, apart from the leaves,
in the inflorescences and the stems of the same plants. Long
cells with echinate margins produced in the inflorescences
were also noted although in low quantities (less than 2%).
The morphological characteristics of the grass short cells
indicated that the C3 group (Fig. 2c) was present both in
the Commiphora woodland and in the open grassland. C4
grass phytoliths (Fig. 2d, e), however, are more common in
the Commiphora woodland and are practically absent in the
open grassland, especially those belonging to the chloridoid
group (Fig. 2d). From our own collections during the dry
season (June-August) modern grasses growing in the
Commiphora woodland are Setaria sp. (Panicoideae, C4)
and in the open grassland are Aristida sp. (Arundinoideae,
C4), Dactylotenium aegyptiacum, Eragrostis spp. and
Sporobolus spicatus (Chloridoideae, C4). Overgrazing and
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Modern soil samples; from different localities and vegetation types with the soil type, FTIR analysis, percentage acid insoluble fraction (AIF), number of
phytoliths per gram of AIF, percentage of weathered forms

Sample Localities Vegetation type Type of soil FTIRY % AIF  No. %
number Phytoliths/ ~ weathered
1g AIF material
1 Olduvai Gorge, west of ~ Commiphora woodland Pyroclastic clay ~ Cl, C 61.3 700000 149
Leakey camp
2 Olduvai Gorge, west of  Commiphora woodland, Pyroclastic clay ~ Cl, C 65.0 600000 11
Leakey camp Acacia mellifera, Sanseveria
3 Olduvai Gorge, west of  Open grassland with Pyroclastic clay ~ Cl, C+ 60.1 1600000 24.5
Leakey camp herbaceous dicotyledonous
plants (100 m away from
sample 2)
4 Olduvai Gorge, west of ~ Open grassland closer to Pyroclastic clay ~ CLC+ + 58.0 1100000 20
Leakey camp trees with more grasses than
sample 3, 78 m away from
sample 1 and 360 m away
from Leakey camp
5 Lake Manyara Open woodland, the lower Volcanic lava CLC 0 61.8 15700000 7.1
and middle fan zone.
Phoenix reclinata
6 Lake Manyara Open woodland, the lower Volcanic lava CL,C+,0 61.4 18000000 6.2
and middle fan zone. Below
Hyphaene petersiana
7 Lake Manyara Open woodland, ground Volcanic lava CLC 0 60.9 6900000 9.9
water forest in lower and
middle fan zone. Acacia
xanthophloea, Senna and
Achyranthes
8 Lake Manyara Open woodland, lower and ~ Volcanic lava Cl (kaol), C  75.5 4800000 53
middle fan zone. Acacia
albida, grasses, Achyranthes
and Malvaceae
9 Lake Manyara, Msasa Bottom of the river bed with  Sandy-clay Cl (kaol), Q  91.6 400000 8
River few grasses. Seasonal water
10 Lake Manyara, Msasa Bank side with herbaceous  Sandy-clay Cl (kaol), Q  86.3 400000 11.6
River plants
11 Lake Manyara, Msasa Top of bank side with Sandy-clay Cl (kaol), Q  85.7 500000 12.5
River herbaceous plants and a few
trees
12 Lake Manyara Open grassland next to lake ~ Waxy-clay Cl (kaol), Q  84.6 300000 128
(flooded in 1997)
13 Lake Manyara Open area (seasonally no Black organic Cl (kaol), 65.0 1100000 122
vegetation) next to lake sediment C, 0, alkali
feldspars
14 Lake Masek Open area (no vegetation). Black organic Cl, 63.9
First line next to the lake. sediment, C+++,Q
Bird footprints. Roots saline-alkaline
below
15 Lake Masek Open area (seasonally no Saline-alkaline C,Cl 45.7 1200000 25
vegetation). Second line
next to the lake
16 Lake Masek Fringing grassland Sand, saline- C, Cl 55.3 1600000 31.8
(Sporobolus consimilis) alkaline
17 South of Lake Jipe, Cyperus papyrus and Sandy-clay CL O 88.0 3700000 8.6

below Kilimanjaro

Cyperus immensus marsh

Samples 1-17 are used in the text and graph.
“For the FTIR results: Cl = clay; C = calcite; O = opal; Q = quartz; kaol = kaolinite.

and browsing are strong evidence of animal activity
concentrated under the trees.

Phytoliths characteristic of sedges (hat shape) have only
been noted in sample 4. This is consistent with the ground

the lack of inflorescences means that the diversity of grasses
is most probably under estimated in the extant vegetation
and is also poorly represented in the soil phytoliths. The
accumulation of dung, weeds of disturbance and grazing
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Fig. 1. Histogram showing percentages of different phytolith morphologies in modern soil samples listed in Table 1. Samples 1-4 from pyroclastic clays
near the Leakey camp, Olduvai Gorge; 1-2 in Commiphora woodland; 3-4 in open grassland. Samples 5-8 from volcanic lava soils of Lake Manyara open
woodland; 5—Phoenix reclinata, 6—Hyphaene petersiana, T—Acacia xanthophloea, 8—Acacia albida.

vegetation where the small dryland sedge, Kyllinga sp. was
observed. Nevertheless, it is important to note, that in the
analysis of the living plant Kyllinga sp. from the same open
grassland area (Bamford et al., this volume), the percentage
presence of hat-shaped phytoliths was about 77%, whereas
in soil samples 3 and 4, this morphological type was only
noted in sample 4 and at less than 1%. Other monocot
phytoliths identified were cylindroid morphologies with
smooth and rugose margins (Fig. 2f, g). The relatively few
multicellular structures found (only in the Commiphora
samples) indicate that silicification was not intense enough
for the individual cells to remain adherent. Note, however,
that multicellular structures were not abundant either in
the modern plant reference collection or in the modern soils
(Bamford et al., this volume).

Dicotyledonous wood/bark phytoliths are mostly repre-
sented by parallelepiped forms, common in bark (Fig. 2h)
and a few spheroid and irregular morphologies more
characteristic of wood. The wood/bark phytoliths were
common in the open grassland (70% and 48%) and
presented a similar proportion in the Commiphora wood-
land samples (Fig. 1). The identification of dicotyledonous
wood/bark phytoliths is also based on the results from the
Middle East modern plant reference collection (Albert

et al., 1999, 2000, 2003; Albert and Weiner, 2001). Due to
the difficulty of differentiating between phytoliths from
wood and bark and until there is a complete modern plant
reference collection from the greater Olduvai area, we have
decided to group together the phytoliths characteristic of
wood and bark.

Dicotyledonous leaf phytoliths occur in all the soil
samples and comprise 3-11% of the total phytolith record.
They are characterised mainly by hairs, platelets and
brachiforms, whereas multicellular structures with poly-
hedral morphologies (typical of modern leaf samples) have
not been identified. One important observation was the
identification of diatoms (Fig. 2i) in the Commiphora
woodland samples indicating some degree of moisture in
these soils, probably derived from the rainy season.

3.2.2. Volcanic lava soils

In contrast to the pyroclastic soils and despite the similar
AIF percentage obtained from both areas, phytoliths are
more abundant and better preserved in the volcanic lava
soils from the open woodland of Lake Manyara (Table 1,
samples 5-8). They are especially numerous in those
samples collected from below palm trees (Phoenix reclinata
and Hyphaene petersiana) (Fig. 2j). The dissolution

Fig. 2. Photomicrographs of phytoliths from modern soil samples. Pictures taken at 400 x : (a) bulliform cell from the leaves of grasses, (b) trichome from
the leaves of grasses, (c) short cell from grasses C3 type, (d) short cell from grasses (saddle) from the C4 group grasses, (¢) short cell bilobate from the C4
group, (f) and (g) cylindroid morphologies with smooth and rugose margin from monocotyledonous plants, (h) parallelepiped blocky morphology from
dicotyledonous plants, (i) diatom, (j) spheroid echinate from palms, (k) bulliform cell from the leaves of grasses with signs of chemical alteration, (1)
parallelepiped morphologies with strong signs of chemical alteration, (m) hat shape with rounded tip probably from sedges, (n) multicellular structure with
long cells smooth margin from monocotyledonous plants (sedges?) and (o) parallelepiped elongate with facetated margins from monocotyledonous plants

(sedges?).
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percentages in these Lake Manyara samples range from
5% to 10%, which is low. Note that mineralogically these
soils differ from the pyroclastic clays in showing less
calcite, similar to the Commiphora woodland. The presence
of opal, derived from phytoliths, is visible microscopically
and detected in the FTIR analysis. Furthermore, the open
woodland samples from below the dicot trees yielded
a higher total number of phytoliths than the open
grassland samples from the pyroclastic soil samples at the
Olduvai Gorge Leakey camp, despite the higher production
of phytoliths by modern grasses (Bamford et al.,
this volume).

Considering the phytolith morphological results (Fig. 1,
samples 5-8), monocots (probably grasses) and phytoliths
characteristic of grasses are more abundant below the dicot
trees. Sedges are rare in all four samples and were not
noted as a part of the living vegetation. Palm phytoliths are
ubiquitous under the palm trees and rare under the dicot
trees. Dicot wood/bark phytoliths, as expected, exhibit
higher percentages under the dicot trees. Dicot leaf
phytoliths are low in all four samples. One phytolith type
(circular double ring) characteristic from Achyranthes
spicata, a shrub which is an indicator of shady conditions,
was noted in samples 6-8 (below Hyphaene and dicot
trees). These phytoliths were present, however, in low
numbers, which is consistent with the modern reference
collection (Bamford et al., this volume). 4. spicata was
present in the extant vegetation in samples 7 and 8.

Looking in more detail at the suites of phytoliths that
characterise the different plants, within the palms the
percentage of spheroid echinate morphologies is consider-
ably lower (15.8% in the soil sample below P. reclinata and
8.5% in the sample below H. petersiana) than that observed
in the living plants (in Phoenix it is 27% for the leaves and
above 90% for the flowers, rachis and roots, whereas in
Hyphaene it is always above 34% with the exception of the
fruits where smooth spheroid morphologies dominated
the phytolith record) (Bamford et al., this volume). Grasses
are represented by all their parts: phytoliths from the
inflorescences represent 4-9% of the total record, (which is
higher than the percentage observed in pyroclastic soil
samples. C3 and C4 phytoliths from grasses (Fig. 2c-¢) are
present in the volcanic lava soil samples.

3.2.3. Sandy-clay soils

Samples collected from the Msasa River that flows into
Lake Manyara, defined as sandy-clay soils, show an elevated
AIF percentage (85-92%, Table 1, samples 9-11). The FTIR
results indicate that this high AIF percentage is due to the
major presence of the clay kaolinite, and is accompanied by
quartz. These samples contain a lower number of phytoliths
than both previous soil types. The dissolution percentage of
phytoliths is slightly higher than the former set of samples
with the exception of the one collected from the bottom of
the river, which is also the sample with highest AIF
percentage. The apparently lower number of phytoliths
may be due to the masking effect of the kaolinite.

The sample from the river bottom (sample 9) contained a
higher percentage of grass and other monocot phytoliths
(Fig. 3). Sedges and palms were not seen in the vicinity of
the sample sites but they are represented by very low
percentages in the soil samples. Dicot wood/bark phyto-
liths are present in fairly low numbers in the river bottom
sample and more abundant on the bank side and top
whereas the dicot leaf phytolith morphologies are present
in similar amounts in all three samples. Although no
vegetation grows on the river bottom soils, most probably
are washed in and deposited there. This accumulation
would reflect the vegetation of a wider area. A variety of
trees, shrubs and grasses grow in the immediate vicinity of
the river.

3.2.4. Lake Manyara sandy/waxy clay

The last two samples from Lake Manyara (samples 12
and 13) were collected from an open area next to the lake
(Table 1, Fig. 3). Sample 12 was from a grassy area and 13
from a seasonally denuded area close to the lake shore on
black organic sediment. Mineralogically the waxy clay
sediment (sample 12) is identical to the samples collected
next to the Msasa River, in bulk mineralogical composition
(major presence of the clay kaolinite), percentage of AIF
and phytolith abundance (Table 1). The black organic
sediment (sample 13), on the contrary, contained calcite
and alkali feldspar minerals not noted in the Lake
Manyara open grassland. It is interesting to note that
sample 13, with some organic matter but no above ground
vegetation in the dry season, showed almost three times
more phytoliths than the waxy-clay (sample 12), which was
below grasses and dicotyledonous plants. The presence of
opal was observed in the FTIR analysis. In spite of the
current difference in vegetation cover, no morphological
differences were noted between these two samples (Fig. 3);
both have grass and other monocot phytoliths as a major
component, some dicotyledonous wood/bark phytoliths
and a significant number of non-determined phytoliths
including parallelepiped blocky elongate morphologies that
have also not been identified in the reference collection.
The presence of phytoliths in a seasonally non-vegetated
area should be noted.

3.2.5. Saline-alkaline soils

Three samples were collected from the shores of Lake
Masek (Table 1, samples 14-16) where there was little or
no vegetation along the margin between low and high
water lake levels. None of these samples showed an
abundance of phytoliths. The AIF percentages are lower
in two of these samples than any other soil type analysed
here (45-55%) and they are related to a major presence of
calcite noted in the FTIR results (Table 1). Sample 14
yielded no phytoliths. The dissolution percentage of
phytoliths in the other two samples is high (25-32%)
(Fig. 2k, 1), and is associated with the calcite and water that
would have increased the pH above 9 and dissolved the
phytoliths. The AIF percentage, presence of calcite and
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Fig. 3. Histogram showing percentages of different phytolith morphologies in modern soils listed in Table 1. Samples 911 from the sandy-clay soils of the
Msasa River, Lake Manyara: 9—river bottom, 10—side of bank, 11—top of bank; Samples 12-13 from the shore of Lake Manyara: 12—open grassland
on waxy clay, 13—black organic sediment in open area, no vegetation; Samples 15-16 from the saline-alkaline shore of Lake Masek; 15—un-vegetated,

16—fringing grassland. Sample 17—Lake Jipe sedge marsh on sandy clay.

degree of dissolution differs notably from the equivalent
samples collected from Lake Manyara which, however, is
more densely vegetated and presumably has fresher water
than Lake Masek.

The phytolith composition is similar for samples 15 and
16 (Fig. 3) with some minor differences, such as the
presence of palm phytoliths, in low amounts, in the open
area but absent from the fringing grassland. In the two
samples, monocotyledonous and characteristic grass phy-
toliths occur in similar numbers, whereas dicotyledonous
wood/bark phytoliths predominate. Grass phytoliths are
represented mostly by short cells and trichomes. No silica
skeletons were noted. Surprisingly, sample 16 does not
completely correspond to the morphological types of the
leaves of Sporobolus consimilis (Chloridoideae, C4) which
were isolated from the modern plant reference collection
and is dominated (72%) by short cells of the festucoid type
(C3 grasses). In this sample, collected next to this grass,
short cells are represented by C3 grasses and also from C4
grasses (both panicoid and chloridoid) in similar quantities
but altogether in much lower percentages (5%). A similar
situation was observed, however, when analysing the
modern plant reference collection for the grass Cynodon
dactylon, (Chloridoideae, C4), where both types of short
cells (C3 and C4, chloridoid) were noted (Bamford et al.,
this volume).

Assuming that the present vegetation has not changed
significantly in the recent past, the high number of dicot

wood/bark phytoliths is surprising given the present
vegetation in the area; the low number of dicot leaf
phytoliths would seem to be more representative as there
are no trees within several hundred metres of the sample
sites. Many trees were killed by the El Nifio high water
stand in 1997-1998, and along some old channels dead
trees can still be observed. This phenomenon has been
observed in other shallow lake systems in east and southern
Africa (Lake Eyasi, Lake Ngami). The vegetation has
shifted several hundreds of metres over a few decades.

3.2.6. Sedge marsh on sandy-clay

In the sandy-clay sample from Jipe Lake (Table 1, 17,
Fig. 3), collected from a marsh where Cyperus papyrus and
Cyperus immensus were growing, phytoliths are numerous
and relatively well preserved. The AIF percentage is high
(88%) due to the major presence of clay and opal derived
from phytoliths (FTIR). Percentage of dissolution is
relatively low and it is similar to the other sandy-clay
samples from the Msasa River.

Morphologically, grass phytoliths were present in low
numbers (6%). Monocotyledonous forms probably corre-
sponding to sedges (Fig. 2m-o0) dominated the phytolith
record. It is interesting to note the very low occurrence of
hat-shaped phytoliths (characteristic of sedges) as indivi-
dual cells, although they occur as components of multi-
cellular structures. Cylindroid bulbous morphologies,
common in some of the plant parts of the living samples
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of both C. immensus and C. papyrus, have not been
identified either in the soil sample. These results indicate
that although hat-shaped and cylindroid bulbous morphol-
ogies are widely distributed among sedges the single
components are easily dissolved, thus forming a bias in
the morphological interpretation which can be only
resolved by including the identification of associated
morphologies. The dicot leaf and wood/bark phytolith
morphologies are in low numbers in this sample (Fig. 3),
which appears consistent with the modern vegetation at the
site.

3.3. Summary

Phytolith morphologies in soils commonly represent
the modern vegetation but their abundance is greatly
decreased, to different degrees, depending on the miner-
alogical conditions of soils. Volcanic soils and lake margins
with more acidic conditions are good for the preservation
of phytoliths whereas pyroclastic and saline-alkaline soils
are Worse.

(a) Specific phytolith types can disappear almost comple-
tely from the soil record, independent of the miner-
alogical conditions of soils. This is the case of hat-
shaped and cylindroid bulbous morphologies from
sedges. Other morphological types such as short cells
from grasses and spheroid echinates from palms remain
in the soil but in lesser amounts.

(b) Wood/bark phytoliths are resistant and preserve well
and reduce the apparent abundance of the less resistant
types such as those of sedges and grasses.

(c) FTIR analysis helps in understanding the soil chem-
istry and its effect on the phytolith preservation. For
example, the presence of calcite in combination with
hydrological activity considerably reduces the preserva-
tion of phytoliths.

(d) Drainage, both palaco and extant, is also a factor to
take into account when studying the conditions for
phytolith preservation. The slope and aspect of any
setting should be noted so that any possible input of
phytoliths from wind or water borne soils can be
considered. (LMBII is flat where we sampled but some
other sites are gently dipping.)

4. Comparison of modern plant, modern soil, and fossil
phytoliths

We have selected those plants that have been identified
as part of the vegetation of the modern soils studied.
Table 2 shows the most characteristic morphologies
identified in the modern plant reference collection, the
plants and plant parts that produce them and their relative
abundance, expressed as a percentage, in the living plants,
modern and fossil soils. Regarding the fossil samples
studied, the mineralogical analyses (FTIR) show that there

was little variation, the main minerals being alkaline
feldspar or zeolite group or probably both. No evidence
of clay is shown by the FTIR but XRD showed a small
amount and only two samples have a significant content of
calcite. Most of the phytoliths showed strong signs of
chemical dissolution but some were preserved well enough
for a reliable morphological interpretation (Bamford et al.,
this volume).

As a first observation, most of the morphologies decrease
in abundance from living plant to modern soils to fossil soil.
Therefore, there is a dissolution process that affects the
phytolith preservation through time. Some of the morphol-
ogies present in the modern soils are absent in the fossil
record. The absence of these morphotypes may be related to
two different factors:

(a) the plants that produce this type were not there and
(b) the phytoliths have been dissolved/removed by some
post-depositional processes.

Most of the morphologies that have “disappeared” from
the fossil record were either absent or not present in high
numbers in the modern soil samples (always below 1%),
yet we know that some of these morphologies are produced
in large numbers in the living plants (Table 2). The
differential preservation of phytoliths is outlined below,
but this analysis is limited by the fact that some of those
found in the modern and fossil soil samples have not been
identified in the reference collection.

Verrucate morphologies (elongates and parallelepipeds)
were only noted in the leaves of P. reclinata (Table 2).
These morphologies are absent from the modern soils even
though they were heavily silicified and the fact that other
elongate and parallelepiped morphologies are well pre-
served in soils. These results suggest that in this specific
situation, the leaves of P. reclinata palms are not
represented in modern soils and have not been recognised,
to date, in the fossil record.

The comparison of phytoliths from all three sample sets
showed the following:

(a) Preservation of phytoliths depends, first of all, on
the degree of silicification in the plant, which at the
same time is reflected in the different morphological
types.

(b) Some morphologies, although they are produced in
huge numbers in the plants, are much less abundant in
the modern and fossil soil records (for example, short
cells from the epidermal tissue of grasses).

(c) Some morphologies are produced in high numbers in
plants, but they do not preserve well in the modern soils
and disappear from the fossil record: cylindroid
bulbous from sedges.

(d) Some morphologies are produced in relatively low
numbers in modern plants but once they have been
silicified and deposited in the soils they remain more or
less stable for long periods of time (more than one
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Table 2

Percentages of different morphological types in the modern plant reference collection from Olduvai Gorge (Bamford et al., 2006) and represented in the

modern and fossil soils

Phytolith type Species Plant part % Presence % Average % Average presence
presence in in LMBII fossil
modern soils  samples

Bulliform (fan and pillow shape) Sporobolus consimilis Leaves 2 1 1

Circular double ring Achyranthes spicata Leaves 10 0.5 Absent

Cylindroid bulbous (single or in group)  Cyperus immensus Stem 10

Cyperus papyrus Culm 28 03 Absent

Ellipsoid smooth/rugose surface Cyperus immensus Stem 16

Cyperus immensus Leaves 19 ! 3

Elongate forms granulated surface Phoenix reclinata Leaves 52 Absent Absent

Elongate forms smooth/rugose margin Cyperus immensus Stem 30

(single or in group)

Cyperus immensus Leaves 34
Cyperus papyrus Flowers 21 6 7
Kyllinga sp. Whole plant 8
Sporobolus consimilis Leaves 12
Hair Acacia xanthophloea Leaves 4
Cyperus papyrus Flowers 17 1 !

Hat-shaped morphologies (single or in Cyperus immensus Leaves 15

group)

Cyperus immensus Stem 19 04 1
Kyllinga sp. Whole plant 71

Multicellular silicified tissue with hairs, Cyperus papyrus Culm 20 Absent Absent

parallelepiped thin and cylindroid

bulbous

Multicellular silicified tissue with Acacia xanthophloea Leaves 50 0.2 1

polyhedral morphologies

Parallelepipeds granulated margin Phoenix reclinata Leaves 19 Absent Absent

Parallelepipeds thin rugose (single or in  Acacia xanthophloea Leaves 20

group)

Cyperus immensus Leaves 19 9 23
Cyperus immensus Stem 14
Kyllinga sp. Whole plant 3

Parallelepiped smooth (single or in Hyphaene petersiana Leaves 15 1 Absent

group)

Parallelepiped smooth & stomata cells Hyphaene petersiana Leaves 7 Absent Absent

(in group)

Parallelepiped elongates with hat shape Cyperus papyrus Flowers 14

In groups Absent Absent

Cyperus immensus Leaves 7

Trichome Sporobolus consimilis Leaves 1 5 2

Short cell Sporobolus consimilis Leaves 7 6 4

Silica Skeleton long cells smooth Sporobolus consimilis Leaves 1 0.4 6

Spheroid echinates (single or in group) Phoenix reclinata Leaves 27

Phoenix reclinata Flower, >90

rachis, roots 15 31
Hyphaene petersiana Leaves, 35-43

flower, rachis

Spheroid smooth/rugose (single or in Hyphaene petersiana Rachis, 31-52

group) flowers
6 3

Hyphaene petersiana Fruits 95

Cyperus papyrus Culm 31
Stomata cells (single or in groups) Sporobolus consimilis Leaves 9 0.3 0.01
Tracheary Hyphaene petersiana Flowers 3

Phoenix reclinata Flower 4 0.3 1

The % average presence in modern and fossil soils was calculated and divided by the total number of appearances in the different samples.
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million years). They are indicative of plant parts and
specific families (e.g. bulliform cells from grass leaves).

(e) Elongate morphologies with smooth surfaces tend to
become rugose as a result of post-depositional pro-
cesses. This fact has been already observed in a modern
plant reference collection from Israel (Albert and
Weiner, 2001).

The macroplants have been identified using a 40 x hand
lens to determine their internal anatomy but there is a large
proportion of them that are unidentifiable without the
preparation of thin sections or scanning electron micro-
scopy. The external morphology was only found to be
reliable in identifying the triangular sedge culms; cylind-
rical or irregularly shaped forms were found to be grasses,
sedges, dicots or monocots (when it was not possible to
distinguish between grasses and sedges). No palm forms
were noted.

5. Development of taphonomic model

The taphonomy of angiosperm leaves has been studied
extensively (Ferguson, 1985; Burnham, 1989; Gastaldo et al.,
1989; Martin-Closas and Gomez, 2004) and the relative
durability of plant tissues is known (Cleal, 1991) but less is
known about the taphonomy of phytoliths. Phytoliths
dissolve in basic conditions with pH above 9 (Benayas,
1963; Piperno, 1988), especially when combined with constant
hydric conditions that keeps the pH elevated for long periods
of time (Albert et al., 1997, 2000, 2003), but little is known
about other mineralogical or taphonomic conditions that can
affect the durability of phytoliths. Here, we develop a model
based on the observations above for the phytoliths and also
outline a comparative model, based on a variety of other
works as well as field observations, for the macroplants. The
term “preservation” is used here to mean long-lasting
survival, without alteration, and the term “petrifaction” to
include chemical alteration resulting in long-lasting survival.
Silicification is one form of petrifaction.

In the natural environment where plants are growing in
the soils, rain falls seasonally, resident and migrating
animals graze or browse on the plants, plants die and new
ones grow, we can assume that there are two cycles in
progress, one is the phytolith silica cycle and the other is
the macroplant silicification process.

5.1. Phytolith silica cycle

1. Living plants take up monosilicic acid from the moist
soil and deposit silica in various cells.

2. Either as a factor of age, increase in humid conditions
that favour the heavier silicification of plant cells, or
physical attributes of the plant, some phytoliths are
robust and some are fragile.

3. Plants are eaten by browsers or grazers and removed
from the immediate environment or re-deposited in
dung.

4. Some plant parts are present year-round (wood, bark,
some leaves) whereas others only appear seasonally
(flowers, seeds).

5. The plant dies and disintegrates, leaving the robust and
fragile phytoliths in the soil.

6. Phytoliths from the wood and bark of trees will be
deposited after the death of the tree or branch.
Herbaceous plants, with a shorter life cycle, on the
contrary, will be deposited in the soil more frequently.
Herbaceous dicots occur in grassland, shrubland and
woodland, i.e. are widespread. Trees are confined to
woodlands. Their phytoliths should reflect their
distribution.

7. It can be assumed then, that herbaceous (monocot and
dicot) phytoliths are more abundant than woody dicots
in soils.

8. External environmental processes remove or deposit
some soil and phytoliths (wind, water erosion) or
increase the silica content of the soil e.g. volcanic ash
fallout. Since phytoliths become part of the soil, only
where soils accumulate will there be an accumulation
of phytoliths from other areas.

9. Soil processes (alkalinity, ground water movement,
recycling by new roots) can destroy some of the
phytoliths, partially dissolve or do not affect the
phytoliths.

10. New plants continuously inhabit an undisturbed
habitat or eventually recolonise a disturbed habitat,
resulting in a net accumulation of phytoliths.

11. The cycle repeats.

There can be a net input of silica, a net loss or equili-
brium. In a silica-rich environment such as the Olduvai
Basin we do not think that silica would ever be a limiting
factor for the formation of phytoliths. The number of
phytoliths in the soil will be less than that produced by one
generation of vegetation but they would accumulate over
hundreds or thousands of years in a stable environment.

3.2. Macroplant silicification process

1. Plants die and disintegrate into leaves, stems, seeds,
trunks and roots, most organic parts being recycled by
fungi, bacteria and arthropods in a sub-aerial environ-
ment.

2. The more robust parts of plants (wood fragments, stems
or seeds) are sometimes transported and buried in a
saturated anoxic environment, such as a pond or river
bank, thus greatly reducing the rate of decomposition.

3. In a monosilicic acid saturated environment where the
buried organic material is beginning to decompose so is
negatively charged, it attracts the Si2* ions and is
slowly replaced by silica. (Duration of process unknown
but could be quick in certain conditions).

4. New plants inhabit the same environment or the recently
deposited sediments.

5. The cycle repeats.
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The petrified proportion of the total original vegetation
is probably very small, but in such a silica-rich environ-
ment such as the Olduvai Basin, we would expect that all
the plant fragments that are buried would have a good
chance of being petrified. The cycles of burial are probably
not seasonal but more likely to be catastrophic events such
as mud slides, so called “hundred year” floods or El Nifio
events.

Assuming that the sediments have not been reworked
and based on these two models we would expect the
following:

Ju—

. Phytoliths are inorganic, internally silicified cells, and do
not need to undergo any petrifaction process. Macro-
plants are organic and time and suitable conditions are
required for the replacement of organic material by
mineral silica—petrifaction.

2. Phytoliths represent a continuous record of vegetation
whereas macroplant fossils represent burial (flood)
events only.

. Despite some external factors (wind, water erosion,
etc.), phytoliths represent, in general, the immediate
vegetation (autochthonous) and macroplant fragments
represent transported vegetation (allochthonous or
parautochthonous).

4. Phytoliths represent the soft tissues of all herbaceous
and woody vegetation (i.e. a greater diversity of plants)
whereas the macrofossils represent only the more robust
plant parts (low diversity).

. Post depositional conditions such as ground water
movement or change in pH, or root acids, will dissolve
or destroy some of the phytoliths but do not affect the
already silicified plant fragments.

. Phytoliths and macroplants are not always expected to
be correlated but the presence of each can be comple-
mentary and interpreted as such.

w

w

N

As far as we can tell, the main filters (removal of plant
material from the preservation cycle) that would introduce
biases for phytolith preservation occur at two stages in the
cycle. The first stage is between death of the plant and
incorporation of phytoliths into the soil. Leaves of trees
and grasses are the parts eaten by animals, so depending on
the grazing/browsing pressure, these parts of the plants
may be under-represented in the record. Some of the leaf
material may be returned to the soil in the form of dung
but this is usually recognised either by micromorphology
or by the identification of faecal spherulites produced by
herbivore ruminants when the soil conditions are adequate
(Brochier et al., 1992; Canti, 1997, 1998, 1999; Korstanje,
2002; Shahack-Gross et al., 2002; Albert and Henry, 2005).
Edible pods and seeds would suffer the same fate as the
leaves but thorns should be well represented, as should
the bark and wood. Nevertheless, as already pointed out,
the bark and the wood of trees will only be represented in
the soil after the death of the tree, which does not occur
with the same frequency. No work has been done on

phytoliths from roots. Ground vegetation cover, although
it will be eaten by certain grazers, is unlikely to disappear
completely from the soil phytolith record.

The second filter is post depositional and includes the
affects of the soils and soil processes on the phytoliths.
Different soils are formed from different parent materials
and under different conditions and factors such as
fluctuating ground water, pH, chemical composition and
bioturbation can dissolve phytoliths partially or completely
but may have less of an effect on larger (with respect to the
phytoliths) silicified plants.

6. Conclusion
6.1. Re-interpretation of fossil samples from Olduvai Gorge

As a test case, we consider the phytolith and macroplant
samples from LMBII from the eastern palacolake and at
different localities (FLKN, HWKE, HWKEE, VEK and
MCK). The phytolith morphological results from each
fossil sample (Fig. 4) are compared to the macroplant
results (Table 3) and the modern soil samples and
interpreted using the taphonomic information above,
where the sedge phytoliths are most likely to be under-
represented, the palm phytoliths are likely to be a reason-
ably accurate representation and the dicot phytoliths are
likely to be over-represented. Thus, taking both phytoliths
and macroplants into account for these well-constrained
deposits, the overall interpretation of the palacovegetation
is re-assessed

6.2. FLKN

This locality is the most westerly one within the eastern
palaeolake margin where most of the research to date has
been concentrated. From FLKN (trench 116), the only
sample with a minimum amount of phytoliths for a reliable
interpretation showed the presence of monocotyledonous
plants (grasses) and dicotyledonous plants. Phytoliths from
these samples showed strong signs of chemical dissolution.
Macroplants are represented by roots and biogenic tubules
and can only be interpreted as there having been a
vegetated surface and, if the biogenic tubules were formed
by invertebrates such as termites, then the ecosystem was
well established and complex. Comparing the phytolith
presence with the modern soils samples (Fig. 4), the closest
in vegetation type would be the open woodland from Lake
Manyara (sample 7) where monocots and grasses dominate
the phytolith record. Trees would not have been abundant
and the vegetation would then have been dominated by
monocotyledonous plants and fewer herbaceous dicots
during LMBII times (ca. 1.785 myr).

6.3. HWKE and HWKEE

Samples from HWKE, trench 115, the palacolake
margin, showed a relatively significant number of phytoliths
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where dicotyledonous plants dominate the phytolith record
followed by grasses. No macroplant fossils were found. The
phytolith assemblage is similar to that from open grassland
sample from Olduvai Leakey camp (sample 3), that was
dominated by herbaceous vegetation and some Commi-
phora trees (Fig. 4). We interpret the palacovegetation
to be open woodland with dicotyledonous trees and

Table 3

Percentages of macroplant specimens belonging to the different plant
groups from fossil soils in Olduvai gorge, lowermost bed II, eastern

palaeolake margin

Localities

HWKEE Tr-107

MCK Tr-108

Plant groups (%)

Level 3b plants

Level 7 plants

a mixture of grasses and herbs. Sedges may have been  gedge 59 18.6
present but would be few in number and have not been  Grass 4.1
preserved. The amount of palms is too low but it sug- 11:4‘1’“0001 00 6.6
gests that these plants would be present in the vicinity of Daicr;lt wood/bark 5
trench 115. Dicot leaves

If the macroplant record from HWKEE, trench 107, in  ogher 623 746
the earthy and siliceous earthy claystone layer from  Total number* 170 75

52-92cm above tuff IF (plant level 3b) is considered first,
it shows a rich diversity of plants from a wetland with
at least three species of sedge, two grasses, unknown

“The total number of specimens recovered from that level within the

2m trench.
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Fig. 4. Results from the correspondence analysis in x-y graphic. Modern soil samples are plotted as circles and palacoanthropological samples as squares.
Soil samples: 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 15, 16, 17; palacoanthropological samples: FLKN T-116 (38), HWKE T-115 (2), HWKEE T-107 (2),
HWKEE T-107 (4), VEK T-111 (25), VEK T-111 (26), VEK T-111 (27), MCK T-50 (11).



UNIVERSITAT ROVIRA I VIRGILI

L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS

I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES
Dan Cabanes 1 Cruelles

ISBN:978-84-692-1535-7/DL-T-378-2009 La GOFjCI d'Olduvai

92 R M. Albert et al. | Quaternary International 148 (2006) 78-94

monocots and several dicots (Table 3). Amongst the large Sample 26 is higher up and younger and has a reduction
number of unidentified plant fragments, there could well be  in the wood/bark phytoliths with a corresponding increase
some more dicot and monocot species represented. From  in monocots and grasses. This implies no palms, fewer
our own field observations, we know that the diversity of  trees, shrubs or herbs and a more open grass-(sedge).
sedges likely to be preserved in the mud of a typical African ~ Sample 27 shows a shift back to more dicots, but still has
wetland is only a fraction of the true diversity (1 of 20 sedge  lots of monocots, grasses, sedges and palms in the vicinity.
species, 1 of 12 grasses and 1 of 6 dicots; Bamford and ~ The shifts could be a result of climatic shifts such as
Peters, in preparation). moister to drier to moister which occur with lake level
Considering the phytoliths from the same level fluctuations of low, high, low. If that is the case, then the
(HWKEE, trench 107, sample 4, above the calcareous lake levels are out of synchrony with the rainfall.
nodular horizon) sedges are absent, and in descending
order of abundance are palms, monocots, grasses and  6.5. MCK
dicots. This phytolith assemblage is most similar to the
modern soil samples 5 and 6 which are from grassland with Finally, in phytolith samples from MCK (trench 50,
clumps of palms spread throughout (Fig. 4). Beneath the  sample 11), in the waxy brown claystone sample, dicoty-
clumps are several shrubs and there were signs of animals  ledonous plants were dominant, followed to a lesser degree
having rested amongst the vegetation. When the macro- by monocots and grasses. The other samples from MCK
plant record is added it shows that sedges were present too  contained too few phytoliths for a reliable interpretation of
and implies that the palacovegetation was probably denser  the plants represented. Macroplants were recovered from
and richer than the modern analogue. another trench in MCK, trench 108, in level 7, (just above
The sample below 4, sample 2, from this trench shows an  tuff IF and equivalent to this phytolith sample). Most of
overwhelming dominance of palm phytoliths followed by  the macroplants were unidentified but sedges and mono-
low numbers of monocots, dicots and grasses with no  cots are present (Table 3). The interpretation of the
comparison among the modern soil samples (Fig. 4). No  paleovegetation for this sample would be comparable to
macroplants were recovered from this level. (The level  that of the open grassland (sample 4) from Olduvai Leaky
below this which is below the calcareous nodular layer and  camp, with monocots, sedges and herbs and few trees in the
Scm above tuff IF, contained no macroplants and too few  surroundings but much more species rich.
phytoliths to interpret.) Dicotyledonous leaf phytoliths The palaeovegetation reconstruction of the eastern
were also noted and sedges were uncommon. The  palaeolake margin of Olduvai Gorge during LMBII times,
reinterpretation of this sequence of vegetation is that the  when phytolith and macrofossil taphonomy are taken into
palms were more common and their numbers and density  consideration shows that the vegetation varied over small
reduced over time as the climate dried out and canopy  distances (100-200m) and over relatively short periods of

cover was reduced to more open grassland. time. The palaeovegetation was also much more diverse
and species rich than has been interpreted from other data
6.4. VEK such as faunal and isotopic analyses. It is possible to

reconstruct the vegetation on a small spatial and temporal

Below the calcareous nodular layer in VEK (trench 111)  scale and apply the data to the facet-level models developed
phytoliths occurred in low numbers, whereas above this by Blumenschine and Peters (1998) for predicting hominin
layer, they were relatively abundant and well preserved  land use. The fine scale sampling of fossil plants and
(sample 27), which is the same pattern as in the HWKEE  phytoliths can now be applied to other stratigraphic levels
samples. The VEK samples were dominated by monocots  and localities, using and expanding the modern plant and
and dicots in different amounts. Spheroid echinate  soil reference collections, to reconstruct more of the
morphologies from palms were less numerous than in both  palaeovegetation.
the HWKEE and modern reference samples. Only roots
and biogenic tubules (unidentifiable silicified tubes sensu;  Acknowledgements
Bamford et al., this volume) occur above tuff IF at this
locality. Pollen samples from just above tuff IF indicated We thank COSTEC for permission to carry out research
predominantly grasses, few sedges, few Sudano-Zambezian  at Olduvai Gorge, the excavators and members of OLAPP
elements and Afromontane taxa (Bonnefille, 1984). The  for assistance in the field, Marta Portillo of the University
phytolith record of sample 25 is closer to that of the  of Barcelona for preparing the phytolith samples, and Rob
modern sample 15 from the Lake Masek margin with saline ~ Blumenschine for useful discussions. The Ministerio de
tolerant grasses. The fossil site is interpreted as having had ~ Ciencia y Tecnologia (Spain) is acknowledged for financial
a variety of trees or shrubs in a mixed grass and sedgeland  support to RMA for the acquisition of the material
but was subject to lake inundation and tree dieback. This  necessary to perform the digital image data base catalogue
locality had more palms and sedges than HWKE trench  and to process the modern soil samples (Ref. BSO2002-
115 (2) sample which might be explained by the fact thatit ~ 12596-E). Financial support was gratefully received
was farther from the palaeolake. from the NSF (SBR-0109027) to OLAPP, and from
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Abstract

Fossil macroplants and phytoliths occur in the sediments of the palacoanthropological site of Olduvai Gorge, northern Tanzania.
Current research on hominin land use in the Basin during the Plio-Pleistocene has a strong palaeoenvironmental emphasis on the
palaeovegetation in particular. The occurrence of macroplants and phytoliths at Olduvai, and their usefulness and reliability for
palaeovegetation interpretation are assessed here for the first time. Modern reference collections from analogous environments have been
established and used to identify the fossil taxa from the eastern palaeolake margin of Lowermost Bed II as the test case for very detailed
spatially and temporally constrained vegetation reconstruction. Fourier Transform Infrared Spectrometry (FTIR) analysis was used to
identify the minerals of the fossil sediments. Modern plants produce more phytoliths than are preserved in the fossil soils but there were
sufficient numbers to show diverse and changing vegetation over short time periods Silicified macroplant fragments of sedge culms and
dicot stems occur with phytoliths, but do not always represent the same plant taxa. A more complex flora was shown when using both
forms of fossil plants. During Lowermost bed II times, at the locality of FLKN monocots and dicots occurred, indicating the presence of
marshland and grassland after the deposition of Tuff IF. At VEK, the phytoliths indicate a shift in dominance from dicots to monocots
to a mixture of the two and including palms. At HWKEE, initially palms dominated then there was a mixture of palms, grasses and
dicots. The vegetation at MCK comprised dicots, monocots sedges and grasses. This detailed vegetation data complements the more
broad scale vegetation interpretations that have been deduced from the pollen, isotopes and faunal data sets.
© 2005 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction of hominin activity traces over broad spatial scales,

throughout exposed deposits of the Plio-Pleistocene Old-

Olduvai Gorge in northern Tanzania is a well-known site
with a rich vertebrate fossil record including hominins and
stone artefacts from Plio-Pleistocene lacustrine and tuffac-
eous deposits (Leakey, 1971; Hay, 1976; Potts, 1988;
Blumenschine et al., 2003). Current multidisciplinary
research by the Olduvai Landscape Palacoanthropology
Project (OLAPP) is focussed on reconstructing the land use
patterns of the hominins, who produced Oldowan stone
artefacts during Bed I and lowermost Bed II times
(LMBII), ca. 1.85-1.79 myr. This work combines sampling

*Corresponding author. Tel.: +27117176690; fax: +27 11403 1423.
E-mail address: bamfordm(@ geosciences.wits.ac.za (M.K. Bamford).

uvai lake Basin with detailed palacoenvironmental ana-
lysis focussing on terrain, hydrology and vegetation
(Blumenschine, 1989; Blumenschine and Masao, 1991;
Peters and Blumenschine, 1995, 1996; Blumenschine and
Peters, 1998; Blumenschine et al., 2003). Models of palaeo-
landscape ecology and hominin land use highlight the
central role of the landscape distribution and cover
abundance of herbaceous and woody vegetation in
determining the landscape distribution and nature of
hominin activities throughout the lake margin and alluvial
fan landscapes of the central Olduvai Basin.

Previous studies based on the pollen spectra, carbon
isotopes and faunas have provided a general picture of the

1040-6182/$ - see front matter © 2005 Elsevier Ltd and INQUA. All rights reserved.
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palaeoenvironment and vegetation. A shift from more
wooded vegetation cover during middle and upper Bed I
times to more open vegetation by uppermost Bed I, to
woodland mosaics in lower Bed II have been interpreted
from the occurrence of the pollen of the montane tree Olea,
and the drier Sudano-Zambezian taxa such as the
Capparidaceae, Amaranthaceae and Combretaceae (Bon-
nefille, 1984). For the time period studied here, only the
pollen samples from localities VEK and FLK were
productive (Fig. 1).

Carbon isotopes from Bed I and lowermost Bed II
indicate that the C3 pathway dominated, which implies
that the vegetation was mostly trees and shrubs or that
there were more higher altitude grasses (Cerling and Hay,
1986; Sikes, 1994). Carbonate layers, however, are formed
after the soils and can be affected by fresh versus
saline-alkaline ground waters (Hay and Reeder, 1978).
The samples collected by Sikes (1994) were from basal
Bed II near HWK and FLK, the palaeolake margin,
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Fig. 1. Locality map showing the eastern palaeolake margin and localities
in LMBII, which have phytoliths and macroplant fossils. Localities
HWKE and HWKEE are part of the HWK complex and FLKN is part of
the FLK complex, where E = east and N = north. Position: 3°0'S, 35°0'E
(based on Hay, 1976; Peters and Blumenschine, 1995; Ebert unpublished
map).

and interpreted as supporting a riparian forest to grassy
woodland.

Using micro-mammal composition and taphonomic
factors, Fernandez—Jalvo et al. (1998) showed that the
middle Bed T vegetation was more complex than any
flora today and comprised dense canopy woodland and
rich bush and ground cover. By upper Bed I times the
vegetation was woodland in a savanna biome.

An increase in bovids that inhabit more open and arid
habitats was found below Tuff IF in uppermost Bed I,
indicating a drying trend (Shipman and Harris, 1988;
Kappelman, 1984). This is further supported by the bovid
ecomorphological approach used by Kappelman et al.
(1997) and Plummer and Bishop (1994). All these data
show that there were more woody (closed) and more grassy
(open) landscapes at different times, in general, indicating
an increase in more open and drier conditions throughout
the Bed I and Lower Bed II sequence.

A more precise picture of the vegetation is required in
order to be able to predict when and where the hominins
performed various activities. Using contrasting landscapes,
Peters and Blumenschine were able to develop basin-wide
ranging patterns for the two hominin species, one
herbivorous and one omnivorous. Subsequently, Blu-
menschine and Peters (1998) formulated predictions of
the density and composition of vertebrate fossil and stone
artifact assemblages that could be recovered for each
hypothesized palacolandscape facet. These predictions
were based on a series of principles of ecological archae-
ology, and on two environmental variables (Peters and
Blumenschine, 1995, 1996; Blumenschine and Peters, 1998).
These are the landscape facet-specific cover abundance of
trees and shrubs, and the degree of competition amongst
carnivores and hominids for scavengeable carcass parts.
The density and distribution of bone and stone remains can
then be used to test the model for predicted hominin land
use. It is, therefore, critical to obtain well-constrained,
independent data, both spatially and temporally, of the
vegetation structure and type.

Fossil macroplants and phytoliths (Hay, 1976; Peters
and Blumenschine, 1995) have been interpreted as repre-
senting a general marshland type of vegetation along the
eastern palaeolake margin, an area of 10-20km long by
1-10km wide. On closer inspection, however, the macro-
plants have a more precise distribution. Here, for the first
time, we use the macroplant and phytolith record to
interpret the vegetation structure and composition of a
portion of the eastern lake margin including localities
FLK, VEK, HWKE and MCK, over a distance of about
2km, and during lowermost Bed II times, about 80 kyr.

During LMBII times (bracketed by Tuffs IF and IIA:
Blumenschine et al., 2003: IF = 1.795myr; Hay, 1976:
ITA = 1.71 myr), the Olduvai Basin was a silica-rich area
having been blanketed frequently by volcanic glass and
lapilli diamictites from the different volcanoes in the region
at different times (Hay, 1976). Between the tuffs are layers
of siliceous earthy claystones that are fluvial deposits, and
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layers of smectitic (alumino-silicate) waxy claystones that
are lacustrine sediments (Hay, 1976) deposited by the
fluctuating palaeolake. Excavation and mapping through
these layers in Olduvai Gorge has shown that macroplants
and phytoliths are common in some of the fresher water
sediments (Hay, 1976, pp. 22 and 24 respectively).
Macroplants are rarely preserved in fossil hominin sites,
yet Olduvai Gorge has an abundance of silicified plant
fragments with well-preserved internal structure, first
recognised by Charles Peters in 1997, that will potentially
allow for the identification to generic level in some
instances. Macroplants are particularly abundant in some
of the stratigraphic levels of the eastern margin of the
palaeolake; preliminary identifications of these plants
suggested a wetland environment (Hay, 1976; Blu-
menschine and Peters, 1998). Silica phytoliths, noted by
Hay (1976) and confirmed by Rosa M. Albert in
preliminary studies in 2001-2002, have the potential to
become a proxy for the study of the paleovegetation in
Olduvai Gorge.

Phytoliths have been widely used for paleoecological
reconstruction during the last 20 years (Wilding and Dress,
1969; Carbone, 1977; Piperno, 1997, Carter and Lian,
2000; Smith and Anderson, 2001). Their durability and
resistance to post-depositional processes (their chemical
composition is the same as opal) and their morphological
characteristics (which reproduce the cellular tissue of
certain plants and plant parts), make phytoliths a suitable
tool with which to study both archaeological and
paleoanthropological sites. They have been used in
archaeological contexts since the 1970s and have allowed
the identification of not only human use of plants (Rosen
and Weiner, 1994; Albert et al., 1999, 2000, 2003; Madella
et al., 2002, 2005; Albert and Henry, 2005), but also the
correlation of the plants’ presence (natural accumulation
rather than anthropogenic) to the paleoenvironment of
certain areas (Runge, 1999; Mercader et al., 2000; Albert
and Henry, 2005). In Africa there have been several
attempts to identify and reconstruct the paleovegetation
through phytolith analyses on deposits of Paleolithic age
(Alexandre et al., 1997; Barboni et al., 1999; Runge, 1999;
Mercader et al., 2000; Mulder and Ellis, 2000). To date,
however, there has not been an attempt to correlate the
morphologic, morphometric and quantitative results of
phytoliths from modern plants to those extracted from
early hominin-bearing sediments within a well-constrained
stratigraphical framework.

2. Materials and methods

Because phytoliths can vary greatly morphologically and
quantitatively, depending not only on the type of plants
but also on the part of the plant in which they have formed
(Albert et al., 1999, 2000, 2003; Albert and Weiner, 2001),
each plant selected for study was later separated, when
possible, into the component parts, i.e. leaves, inflores-
cences, seeds, pods, bark and roots, before analysis.

In order to assess the usefulness of macroplants and
phytoliths for reconstructing the palacoenvironment, we
have developed the following research design. Firstly, we
collected modern plants (and their soils) for anatomical
study and phytolith analysis. Secondly, we collected fossil
macroplants from specific stratigraphic levels in specific
localities and used our reference material and other
published material to interpret the fossils. Thirdly, we
collected fossil soils for phytolith analysis. Finally, the
results of the macroplant and phytolith analyses were
compared for each level and locality (modern soils were
collected for later analysis; Albert et al., 2006).

The study we present here is focused on the macroplant
fossil remains and phytoliths identified in samples collected
from the eastern paleolake margin, in LMBII (Fig. 1). If
the approach is found to be informative it can be extended
to include other areas, such as the western margin, and
other stratigraphic levels above or below LMBII.

2.1. Selection of modern reference samples

Two criteria have been used to select the samples for the
modern plant and phytolith reference collection. Firstly,
based on preliminary identifications of the macroplant fossils
and, secondly, assuming that the fossil vegetation bore some
physiognomic and taxonomic resemblance to the large scale
regional vegetation in analogous ecosystems, collections of
modern plants and soils were made from a number of sites in
eastern and southern Africa. The fossil plants were pre-
dominantly fragments of round grass culms, triangular and
round sedge culms (recognised by Charles Peters) and small
branches and stem bases of dicotyledons and possible palm
roots. Wetlands and saline lakes sampled for vegetation in the
area of Olduvai by the authors and Charles Peters, were the
Ol'Balbal Depression, Lake Manyara, Lake Masek, Lake
Ndutu, Lake Jipe, Ngorongoro Crater (Tanzania). In south-
ern Africa Marion Bamford and Charles Peters additionally
sampled the permanent and seasonal freshwater wetlands of
Seckoeivlei, Nylsvley, Mkuze and the Okavango Delta.

2.2. Preparation of modern plants for anatomical studies

Only a few samples have been sectioned so far because
large collections of dicotyledonous and monocotyledonous
plants have already been prepared, described and published
(Metcalfe and Chalk, 1950; Metcalfe, 1971). Soft tissues such
as those of the sedges and grasses were first dehydrated in an
alcohol series, embedded in paraffin wax, sections cut on the
rotary microtome, mounted on microscope slides, stained and
studied (Johansen, 1940). Since there are many different
sedges in East Africa (Haines and Lye, 1983), the triangular
culmed sedges have been targeted to confirm identifications.

2.3. Preparation of fossil macroplants

A number of silicified plant fragments were selected to
represent a variety of external morphologies such as round
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culms, triangular culms, stem bases and woody branches.
Specimens were embedded in resin, cut, polished and
mounted on petrographic slides. The rest of the block was
cut off and the remaining part ground and polished to a
final thickness of about 40 um. If the specimen was large
enough, sections were made in all three planes: transverse,
radial longitudinal and tangential longitudinal. Using a
Zeiss Axiophot petrographic microscope, the slides were
studied, measured and photographed. Preliminary identi-
fications were made by comparing the anatomical features
with descriptions and illustrations in the literature (Met-
calfe (1971) for the grasses and sedges; Ilic (1987) and
Wheeler et al. (1986) for the woods). Wood identifications
were not possible because of the apparent juvenile features
of the small diameter stems; identification keys are based
on mature wood of branches at least §cm in diameter.
Detailed descriptions and identifications of the macro-
plants are beyond the scope of this paper and will be
published elsewhere.

2.4. Preparation of modern plants for phytolith analysis

The study of the modern plant reference collection was
carried out in order to understand the taxonomic
significance of different phytolith morphologies and their
absolute amounts in different plant taxa from the Olduvai
Gorge area. This collection focused on sedges, grasses,
palms, herbaceous and woody dicotyledons.

The methods used for the extraction of phytoliths from
the modern plants follows those described in Albert and
Weiner (2001). Washed and air dried aliquots were weighed
and burned in a muffle furnace at 500 °C for 4h. The ash
was treated with an equivolume solution of 3N HCI and
3N HNO; for 30min at 100 °C, to leave only the siliceous
minerals, where phytoliths are included. The inorganic acid
insoluble fraction (AIF) was centrifuged, re-suspended in
deionized water and centrifuged again. The supernatant
was discarded and the washing was repeated three times.
When necessary, the AIF was re-ashed at 500° for 90 min
and then weighed to an accuracy of 0.1 mg.

2.5. Preparation of fossil soils for phytolith analysis

The method used for the paleoanthropological soil
samples is similar to that described in a study of Tabun
cave (Albert et al., 1999). A weighed aliquot of about 1 g of
air-dried sediment was treated with 10 ml of an equivolume
solution of 3N HCl and 3N HNO, for 30min and then
centrifuged at 3000r.p.m. for 2min to eliminate the
carbonates and phosphates present in the soils. After
washing the pellet with water, the organic material was
oxidized with 10ml of 30% hydrogen peroxide at 70°C.
The sample was dried and the remaining sediment was
weighed. This is referred to as the inorganic AIF.

The mineral components of the AIF were then separated
according to their densities in order to concentrate the
phytoliths by adding 5 ml of sodium polytungstate solution

[Nag(H,W,049) - HyO] of 2.4 g/ml density. The suspension
was then centrifuged at 3000r.p.m. for Smin and the
supernatant was transferred to another centrifuge tube,
1.0ml of deionized water was added and the tube was
vortexed and again centrifuged as above. This cycle was
repeated until no visible mineral particles remained in the
supernatant. The heavy liquid was then diluted by filling
the centrifuge tube with deionized water, to ensure that
even the lightest minerals were recovered.

2.6. Preparation of microscope slides for phytolith
description

The preparation of the slides for examination under an
optical microscope (Olympus BX41) followed the same
methods for both the modern plant reference collection
and the paleoanthropological samples. Slides were pre-
pared by weighing approximately 1 mg of sample, with an
accuracy of 0.1 mg, onto a microscope slide. The aerial
coverage of the sample on the slide was estimated by
counting the total number of fields containing sample
grains. If possible, a minimum of 200 phytoliths with
recognizable morphologies was counted. Siliceous frag-
ments were not counted. According to previous results
(Albert and Weiner, 2001), the identification of only 50
phytoliths with recognizable morphologies gives an error
margin in the interpretation of the results of 40%, whereas
with the identification of 200 phytoliths the error margin
decreases to 24%.

2.7. Description and identification of phytoliths

The morphological identification of the phytoliths was
based on standard literature (Twiss et al., 1969; Geis, 1983;
Brown, 1984; Piperno, 1988; Bozarth, 1992; Mulholland
and Rapp, 1992; Ollendorf, 1992). The combination of
morphological identification of phytoliths in relation to
their abundance in different plants and plant parts was
based on previous quantitative and morphological studies
of modern plants (Albert, 2000; Albert et al., 2000, 2003;
Albert and Weiner, 2001) The terms used to describe the
phytoliths followed the system proposed by Albert (2000),
which follows, wherever possible, the anatomical terminol-
ogy of the cell in which they were formed. When this was
not possible, terms describing the geometrical character-
istics of the phytoliths were used. The new phytolith
terminological code has also been checked to homogenize
some of the terminologies used (Madella et al., 2005), but
the latter is work in progress.

Additionally, infrared spectra of paleoanthropological
soils were obtained, using Fourier Transform Infrared
Spectrometry (FTIR) analysis. The spectrometer used was
a Jasco 680 Plus, with the software Spectra Manager, by
one of us (DC). Samples were dried out under a hot lamp
for 12 h; then approximately 1 mg of initial sample without
treatment was added to about 50mg of KBr to make a
pellet. The spectrometer was calibrated twice and blank
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samples of known composition were also used as a check.
The spectra were collected at 4cm ™' resolution. The FTIR
analysis provides information on the nature of the minerals
that constitute the bulk of the sample (Weiner and
Goldberg, 1990). This method complements the identifica-
tion of the minerals seen under the petrographic optical
microscope, which provides information on mineral grain
morphology, color and refractive index.

3. Results
3.1. Modern plant phytolith analysis

Our results on the phytolith production show that the
abundance of phytoliths differs depending on the group of
plants (grasses, sedges, palms, dicotyledons) and parts
of plants (stems, leaves, inflorescences, wood/bark). The
grasses analyzed here produced between 70 and 180 million
phytoliths per gram of AIF (Table 1). Sedges also produce
a significant number of phytoliths, although fewer than
grasses. This production varies depending on the type of
sedge and the plant part. The family that produced
the most phytoliths was the Arecaceae (palms; tree-like

Table 1

monocots) represented here by Phoenix reclinata and
Hyphaene petersiana. P. reclinata, in particular, produced
over 350 million phytoliths in the flowers alone, and
125-170 million phytoliths in the rest of the plant parts.
Another monocot, the cattail or bulrush, Typha, produced
in general a small and non-morphologically characteristic
number of phytoliths (Table 1).

Amongst the dicotyledonous plants, phytoliths are
common in the leaves of trees, especially in Acacia tortilis
and Balanites aegyptiaca. In this study, the leaves of
A. tortilis produced around 18 million phytoliths per gram
of AIF whereas the thorns and pods produced 4 million
and 3 million phytolith per gram of AIF respectively
(Table 1).

Morphologically, phytoliths are distinct for each group
of plants. Grasses are represented mostly by short cells
of the C3 type (Fig. 2a) in Sporobolus consimilis and
Sporobolus spicatus (72 and 81% respectively) and in lesser
amounts in Cynodon dactylon (36%; Fig. 3). Short cells are
associated with long cell cylindroids with psilate or
scabrate margins, and parallelepiped elongates (mainly in
C. dactylon). The presence of multicellular structures from
the inflorescences of grasses was also observed (Fig. 2b).

Modern plant reference collection: taxa, plant parts, %AIF, number of phytoliths per 1 g inorganic acid insoluble fraction (AIF)

Name of plants Place of collection Habit Part of plants No. of phytoliths per gram of AIF
Acacia tortilis Ol'Balbal lake margin Tree Pods 3000000
Ol'Balbal lake margin Tree Thorns 4000000
Ol'Balbal lake margin Tree Leaves 18000000
Acacia xanthophloea Or'Balbal lake margin Tree Leaves 6000000
Achyranthes spicata Ol'Balbal depression Herb Leaves 2000000
Balanites aegyptiaca Ol'Balbal depression Tree Leaves 12000000
Cynodon dactylon Ol'Balbal depression Grass Whole plant 75000000
Cyperus dives Ol'Balbal depression Large sedge Leaves 31000000
Ol'Balbal depression Large sedge Stem 38000000
Cyperus immensus Ol'Balbal depression Large sedge Leaves 23000000
Ol'Balbal depression Large sedge Stem 37000000
Cyperus laevigatus Lake Masek Medium sedge Upper part of leaves 50000000
Lake Masek Medium sedge Whole plant 18000000
Cyperus papyrus Jipe lake Large sedge Flowers 16000000
Jipe lake Large sedge Stem 9000000
Fuirena sp. Ol'Balbal depression Medium sedge Leaves 40000000
Stem 18000000
Hyphaene petersiana Lake Manyara Palm Leaves 46000000
Flowers 147000000
Dry rachis 47000000
Seeds 147000000
Kyllinga sp. W. Leakey camp Small sedge Whole plant 12000000
Phoenix reclinata Jipe lake Palm Leaves 131000000
Flowers 359000000
Dry rachis 167000000
Roots 125000000
Sporobolus consimilis Lake Masek Grass Leaves 73000000
Sporobolus spicatus Ol'Balbal depression Grass Whole plant 178000000
Typha sp. Ol'Balbal depression Reed Fresh leaves 100000
Dried leaves 2000000

Flowers 1000000

73
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Fig. 2. Photomicrographs of phytoliths from the modern reference collection. Photographs at 400 x magnification, light microscope. (a) Short cells from
the leaves of the grass Sporobolus consimilis, (b) multicellular structure with short cells from the flowers of Sporobolus consimilis, (c) bulliform silicified cell
from the leaves of Sporobolus consimilis, (d) hemispherical verrucate forms (stomata cell?) identified in the leaves of Fuirena sp., (e) single hemispherical
verrucate form from Fuirena sp., (f) multicellur structure of hat-shaped phytoliths recovered from the leaves of Fuirena sp., (g) awn hair from the flower of
Cyperus papyrus, (h) cylindroid bulbous morphology from the culm of Cyperus papyrus, (i) spheroid echinate morphologies from the leaves of Phoenix
reclinata, (j) spheroid echinate morphologies attached to parallelipipid elongate with facetate margins from the leaves of Phoenix reclinata, (k)
multicellular structure with parallelipipids thin psilate margin from the leaves of Hyphaene petersiana, (1) spheroid echinate morphologies from the leaves
of Hyphaene petersiana, (m) multicellular structure with parallelipipid thin psilate morphologies associated with stomata cells silicified identified in the
leaves of Hyphaene petersiana, (n) tracheary elements from the leaves of Acacia tortilis, (0) epidermal appendage hair base with hair attached from the
leaves of Acacia xanthophloea.
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Fig. 3. Relative abundance of the different phytolith morphologies in some of the modern grasses, Sporobolus consimilis, Sporobolus spicatus and Cynodon
dactylon.

Stomata cells were noted in low numbers (7%) in S.  observed or published in any other sedge from this or other
consimilis, even lower numbers in S. spicatus (1%) and  reference collection studies (Ollendorf et al., 1987; Ollen-
were absent from C. dactylon. Bulliform cells were noted in ~ dorf, 1992; Carnelli et al., 2004). These morphologies
S. consimilis and C. dactylon, but in low amounts (<2%)  are also accompanied by spheroid morphologies with a
(Fig. 2¢). The most interesting observation from this study  verrucate surface, but in lower numbers (9%). Hat-shaped
of grasses was that C. dactylon and Sporobolus spp., all C4  phytoliths (Fig. 2f) were common and abundant both in
grasses, contained more short cells characteristic of C3  Fuirena sp. and the other sedges analyzed (Fig. 4). In the
grasses in the preparation (Fig. 3). flowers of Cyperus papyrus hairs with recognizable
The phytolith morphological results of sedges are shown — morphologies were identified (20%) (Fig. 2g), yet bulbous
in Fig. 4. From the leaves of Fuirena sp., there is an  morphologies were particularly common in C. papyrus
important percentage of the hemispherical verrucate forms  culms (Fig. 2h).
(34%) appearing either singly or in groups resembling Palms were dominated, as expected, by spheroid echinate
stomata cells (Fig. 2d and e). These morphologies seem to  morphologies occurring in almost all of the plant parts
be characteristic of this type of sedge, and have not been  of both species analyzed (Fig. 5). There were, however,
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Fig. 4. Relative abundance of the different phytolith morphologies in the different parts of some modern sedges, Cyperus dives, Cyperus immensus,
Cyperus laevigatus, Cyperus papyrus, Fuirena sp. and Kyllinga sp.
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Fig. 5. Relative abundance of different phytolith morphologies in different parts of the palms Hyphaene petersiana and Phoenix reclinata.

some differences. All morphologies from the leaves of  echinate morphologies. The leaves of H. petersiana were
P. reclinata were typified by elongate forms with a  characterized by elongated and short parallelepiped forms
verrucate surface and spheroid forms with an echinate  comprising over 60% of all phytoliths, associated with
surface (Fig. 2i and j). The rest of the plant parts from  spheroid echinate forms (35%; Fig. 2k and 1). Stomata cells
P. reclinata were dominated almost exclusively by spheroid ~ were also recognized in this sample and usually as a part
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Fig. 6. Relative abundance of different phytolith morphologies in the dicotyledons Acacia tortilis, Acacia xanthophloea, Achyranthes spicata and Balanites

aegyptiaca.

of multicellular structures with parallelepiped elongate
morphologies (Fig. 2m). This study showed that in palm
seeds the spheroid morphologies were present not with
echinate but with psilate margins. Echinate morphologies
are practically non-existent. Psilate morphologies were also
noted but in association with echinate morphologies in the
rachis and the flowers (Fig. 5).

Dicotyledonous plant phytoliths are shown in Fig. 6.
A. tortilis leaves were represented mostly by tracheary
elements (74%) (Fig. 2n). Polyhedral multicellular struc-
tures and hair bases were common in the leaves of Acacia
xanthophloea (Fig. 20). These morphologies were com-
monly found silicified in most dicotyledonous plants leaves
and therefore their designation to different types of plants
from the area will need a more refined morphometric study
of phytoliths. Nevertheless, it is interesting to note that
there is some differential silicification for both types of
acacias. In A. xanthophloea, there is also a relatively
significant number of cylindroid rugose morphotypes in
the leaves that could correspond to tracheary elements

undergoing dissolution processes, whereas in A. tortilis this
morphology is much less common in the leaves but is
abundant in the pods and thorns. Achyranthes spicata
leaves, which have an elevated estimated amount of
phytoliths per gram of AIF, showed a variety of different
morphologies where discoidal and irregular morphologies
dominate the phytolith record. Cylindroid rugose morphol-
ogies that could correspond to tracheary elements were
noted also in noticeable numbers, as well as parallelepipeds
and ellipsoid morphologies. With the exception of the
circular morphologies, which can be diagnostic of this
specific plant, other morphologies identified do not present
characteristic traits because they can be found in many
other dicotyledonous plants. Specific to B. aegyptiaca
leaves are the honeycombed assemblages of phytoliths,
which are present as more than 18% of the total phytolith
record. These morphologies, which represent the mesophyll
tissue of dicotyledonous-leaf plants, were not found to
be silicified in the other plants analyzed, suggesting a
deeper silicification process for this plant. Cylindroids,
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parallelepipeds and spheroids with rugose surface morpho-
logies were the most common types identified in the thorns
and pods of A. tortilis (Fig. 6).

In summary, our results show that morphologically
some phytoliths are specific to certain groups (parallepiped
elongate forms to monocotyledonous plants, tracheary
elements in dicotyledonous plants, etc.). There is a
preference for the silicification of certain cells depending
on the type of the plant (i.e. tracheary elements in 4. tortilis
and polyhedral forms in A. xanthophloea). The reason
for this “selection” needs to be further explored. It is
possible to differentiate certain sedges and their parts, for
example Fuirena sp. leaves, by the presence of hemisphe-
rical verrucate morphologies. Diagnostic hairs were noted
also in C. papyrus. The great abundance of verrucate
elongate morphologies in association with spheroid
echinate morphologies is characteristic of the leaves of
P. reclinata.

3.2. Phytoliths from palaeoanthropological sediments of the
Olduvai Gorge

In order to test the usefulness of this method and
approach, we have selected fossil samples from LMBII in
those localities where phytoliths and macroplant fossils
occur together in this stratigraphic interval. Table 2 lists
only the fossil samples analyzed that gave a minimum
number of phytoliths with characteristic morphologies to
obtain a reliable interpretation of the results, as well as the
main mineralogical and quantitative results obtained from
their study. The samples with more than 200 identifiable
phytoliths are more reliable than those close to 50.

The FTIR analysis showed that there was very little
variation in the mineralogy of the fossil sediments, the
main minerals being alkaline feldspar or zeolite group
minerals, probably both. Structural water from the zeolites
is shown as water bending peaks in all samples. No
evidence of clay is shown by the FTIR but XRD showed a
small amount. According to Hay (1976), zeolites are the
hydrated aluminosilicates with a framework structure
enclosing pores and water molecules. Two samples have a
significant content of calcite (with three peaks). There is,
however, no clear relationship between phytolith content
and mineral composition of the samples.

The AIF percentages vary depending on the different
sampling localities as well as the amount of estimated
phytoliths per gram of AIF. Most of the phytoliths showed
strong signs of chemical dissolution, but some are well
enough preserved to attempt an interpretation of the plants
that were present in the past (Table 2).

3.3. HWKEE and HWKE samples

In sample la from Trench 107, (HWKEE) below a
calcareous nodular layer, only 10 phytoliths were counted.
In samples 2a from the same trench (waxy claystone
sediment 42cm above Tuff IF and above the same

Table 2

Fossil phytoliths from LMBII from the different localities, % AIF, number of phytoliths per 1 g AIF, FTIR, and comparison of phytolith and macroplant data from the fossil samples

Macroplant

Phytolith interpretation

No. of phyt
identified

No. of phyt 1
gram of AIF

% AIF

FTIR

Description

Locality and sample no.

interpretation

Vertical and fine roots

Not interpreted

10

9000

None

Waxy claystone below calcareous

nodular horizon

HWKEE Tr-107.1a

Monocots, sedges,
grasses, dicots

Palms 80%, grasses

1458

10 500 000

75.0

Alkali feldspar, zeolite mineral group,
low calcite, peak 1296 is O-H not

identified

Waxy claystone above concretion

(palaeolake margin)

HWKEE Tr-107.2a

None

Palms.48%, grass 38%,
dicot w/b 12%

1015

6000 000

74.9

Alkali feldspar, zeolite mineral group,

low calcite

Earthy claystone (palaeolake margin)

HWKEE Tr-107.4a

Dicots w/b, sedge Roots

108

400 000

62.8

Alkali feldspar, zeolite mineral group,

dolomite low

Waxy claystone above Tuff 1F

(palacolake margin)

HWKE Tr-115.2'02

Roots

Monocots, dicots w/b,

64
grass

300 000

68.3

Alkali feldspar, zeolite mineral group,

low calcite

None

Waxy earthy claystone, vertical roots

top 1F (Lake margin)

FLKN Tr-116.38'02

DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES

Dicot w/b, monocots, Roots

88

400 000

71.6

Earthy claystone tongue (Maximum

transgression)

VEK Tr-111.25'02

grasses, palms, sedges

Grasses, dicots

Roots

69

100 000

80.8

None

Waxy claystone parallel to earthy

VEK Tr-111.26'02

%ﬁggs_tg% ge/s processos de formacio dels sediments arqueologics i dels paleosols
a partir de I'analisi dels fitolits, els minerals i altres microrestes.

claystone (maximum transgression)
Earthy (maximum transgression)

Roots

Dicots w/b, monocots,

sedges, palms

363

2000000

80

None

VEK Tr-111.27'02

Tr-108: dicot stems,

sedges

Dicots w/b, monocots,

sedges, grass

63

400 000

Alkali feldspar, zeolite mineral group, 69.7

quartz shoulder low

Waxy brown claystone (Lake margin)

MCK Tr-50.1102
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Fig. 7. Relative abundance of different phytolith morphologies in different palacoanthropological sediments from Olduvai Gorge (Tanzania).

calcareous nodular layer) and 4a (earthy sediment 84 cm
above Tuff IF and calcareous nodular layer), however, the
estimated number of phytoliths per gram of AIF is the
highest (Table 2). The phytoliths in the middle sample were
represented by more than 85% of spheroid echinates
(palms), with practically no other morphological types. In
the upper sample, these morphologies represented 49% of
the total count and were accompanied by grasses (38%)
and dicotyledonous plants (12%; Fig. 7). Grasses were
represented by bulliform cells (Fig. 8a and b), prickles and
long cells with either wavy or dendritic margins (Fig. 8c),
suggesting that the leaves and the inflorescences of these
plants were present, although in much lower numbers. A
few phytoliths characteristic of dicotyledonous leaves were
also noted. The only indication of sedges is the spheroid
morphologies with sculptured surfaces, in this case
verrucate, characteristic of Fuirena sp. leaves. These
spheroid morphologies were accompanied in significant
numbers by hemispherical verrucate morphologies, either
singly or in groups. The latter have not been identified in
the fossil samples.

Samples from HWKE, Trench 115, the palaeolake
margin (Fig. 1), showed a relatively significant number of
phytoliths with characteristic morphologies. In this sample,
dicotyledonous plants (Fig. 8d) dominate the phytolith
record followed by grasses (Fig. 7 and 8e). Parallelepiped
morphologies that most probably correspond to zeolite
crystals of volcanic origin were abundant in this sample.

3.4. VEK samples

From Trench 111 we find the same preservation as in
Trench 107 in HWKEE (Fig. 7). Samples located below the
calcareous nodular horizon contain very few phytoliths.
Samples above this horizon have a much higher number of
phytoliths, especially from the earthy claystone layers.

Overall, however, the numbers are lower and morpholo-
gically the taxonomic composition for this area is different
from that of Tr-107. Above the nodular layer (sample 27),
dicots (Fig. 8f) are more common than the various
monocots, then monocots dominate (sample 26) and then
dicots dominate again (sample 25) showing distinct shifts in
vegetation over less than a metre of sediment and a fairly
short time span. Palms phytoliths occurred in samples 27
and 25 but in low percentages (Fig. 8g).

3.5. FLKN samples

From Trench 116 in the FLKN area, the samples do not
contain many phytoliths. Only one sample (38) shows the
presence of monocotyledonous plants (grasses) and dico-
tyledonous plants (Fig. 7). However, the number of
phytoliths recovered was relatively low, and therefore
caution should be taken when interpreting these results.
Phytoliths from these samples showed strong signs of
chemical dissolution.

3.6. MCK samples

In the waxy brown claystone sample from Trench 50
dicotyledonous plants were dominant, followed to a lesser
degree by grasses (Fig. 7). The other samples from MCK
contained too few phytoliths for a reliable interpretation of
the plants represented.

3.7. Macroplant fossils from Olduvai Gorge

Some of the fossilized wood samples from HWKE have
been described and identified as Guibourtia coleosperma, a
medium-sized tree in the family Caesalpiniaceae, which
today only grows farther south on deep well-drained soils
(Bamford, 2005). Unfortunately, their exact provenience is
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Fig. 8. Photomicrographs of fossil phytoliths recovered from palaeoan-
thropological samples. Photographs were taken at 400 x magnification,
light microscope. (a and b) Bulliform cells recovered from VEK locality, in
Trench 111, (c) multicellular structure from the flowers of grass from VEK
Trench 111, (d) irregular morphology from HWKE Trench 113, (e)
parallelepiped elongate morphology from monocotyledonous plant
recovered from VEK, Trench 111, (f) brachiform identified in VEK
Trench 111, (g) spheroid echinate morphology from HWKEE T-107.2
sample, (h) silica volcanic fragment from HWKE.

in question as they could have been derived from either
UMBI or LMBII. The wood was identified using detailed
anatomical features and computer aided keys of Wheeler et
al. (1986) and Tlic (1987) and then verified using the
collection of modern wood slides in the xylarium of the
Musée Royal de ’Afrique Centrale, Tervuren, Belgium.
In the eastern palaeolake margin, immediately above
Tuff IF, which forms the base of LMBII, no macroplants
were preserved, but at FLKN and VEK, about 20cm
above the tuff, there are silicified tubular fragments. These
are not identifiable because they have no internal structure
but, based on their external morphology (5mm diameter,
2-25mm long, smooth exterior with sporadic small
protrusions), indicate that there was a vegetated surface.

Until they can be identified we have termed them ““biogenic
tubules” (Fig. 9a).

In the waxy/earthy claystone sediments at HWKE, plant
fragments are more common 0.5-1.0 m above the tuff (470
pieces collected in a 1 x2m plot and all within the size
range 2-7mm diameter, 5-21 mm long). The macroplant
remains include dicotyledonous stem bases, and triangular
sedge culms (Fig. 9b) of at least three different types. These
dicotyledonous stem bases or twigs have fairly well
preserved internal structure but the juvenile wood is not
characteristic of the mature wood, the part always collected
and described for the large regional databases, so
identifications are not possible at this stage. They are
evidence, nonetheless, of woody vegetation (either shrubs
or trees).

At MCK above the concretionary layer, there are
dicotyledonous stem bases, triangular sedge culms and
some other indeterminate plant fragments.

None of the samples sectioned so far is well enough
preserved to allow any identification to the generic level,
but it is possible to say that there are at least three different
types of stem bases (two of the better preserved ones are
described below) and at least five types of sedges (two of
the better preserved ones described below).

3.8. Description of dicotyledonous stem bases

One of the silicified fragments (BP/16/1379), collected
from MCK, Trench 108, Level 4 (about 1 m above tuff, in a
bioturbated waxy-earthy claystone layer) is illustrated in
Fig. 10a. The stem is round, 4.5mm in diameter, with a
very small central cortex. The external surface is very finely
striated longitudinally. Study of the thin section under the
microscope shows that growth rings are absent, and the
wood is diffuse-porous. In transverse section, the vessels
are oval in outline, solitary in arrangement with a density
of 32 vessels per square mm. The average tangential
diameter of the vessels is 60 um. Rays are narrow, only 1
and 2-5 cells wide and are composed of procumbent and
square to upright cells. The axial parenchyma is predomi-
nantly paratracheal and is arranged in 1-2 rows of cells
around the vessels. There is possibly some apotracheal
diffuse parenchyma present. Fibres are thick-walled (the
specimen was too small to make longitudinal sections).

Another sample (BP/16/1387), from HWKE, Trench
104.5, Level 3 Spit 4 (approximately 1.5m above tuff, in an
earthy claystone horizon), shown in Fig. 10b, is a small,
round stem, Smm in diameter, with a small parenchyma-
tous central cortex. Growth rings are absent and the wood
is diffuse porous. Vessels are round to oval in the
transverse section. 50% of the vessels are solitary; the rest
are arranged in low radial multiples of 2-5 cells. There are
30 vessels per square mm, and the mean vessel tangential
diameter is 85 um. Rays are 4-7 cells wide and there do
not appear to be any uniseriate rays. Rays are hetero-
cellular with procumbent and square to upright cells.
Parenchyma is paratracheal only, vasicentric with mostly
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Fig. 9. (a) Biogenic tubules from VEK level 1, just above Tuff IF. (b) Triangular sedge culms from MCK.

Fig. 10. Photomicrographs of thin sections of transverse sections of
macroplant fossils from LMBII, Olduvai Gorge, Light microscope. Scales
as indicted by scale bars. (a) BP/16/1379, dicotyledonous stem base; more
or less horizontal lines are the rays and white holes the vessels. Centre of
the stem is to the right. Scale bar = 1320 yum or 1.32mm. (b) BP/16/1387,
dicotyledonous stem base, with vessels in radial groups of 2-3 pores.
Centre of stem is towards the left. Scale bar = 450 um or 0.45cm. (c) BP/
16/1382, triangular sedge culm; teardrop shape is the outline of a vascular
bundle with 2-3 rows of mesophyll cells. Scale bar = 360 um. (d) BP/16/
1389, triangular sedge culm, with one vascular bundle to right and possible
aerenchyma cells on the left (white). Scale bar = 360 um.

one, sometimes two, rows of cells around each vessel and
also aliform in distribution, enclosing adjacent small
vessels, but not confluent. Fibres are thick-walled.

3.9. Culms of triangular sedges
Sample BP/16/1382 from MCK, Trench 108, level 5

(97-105cm above tuff in earthy claystone sediments) is
shown in Fig. 10c.

All that remains of the sedge is a fragment of the
triangular culm, each of the sides is 4.5mm long and the
fragment is 17mm long. The culm is composed of central
aerenchyma and around the periphery there are alternating
vascular bundles with oval sections containing small
aerenchyma cells or break-down areas. Peripheral vascular
bundles have peripheral girdles of sclerenchyma. The
central aerenchyma is composed of a network of large
T-shaped cells, cell gaps and a few vascular bundles
scattered in between. All vascular bundles are collateral
with two layers of darkened cells surrounding the two
metaxylem vessels, sclerenchyma cap and phloem region.
Immediately outside the mestome sheath is a row of larger,
pale parenchymatous mesophyll cells. Many sedges,
including some species of Cyperus, have a similar internal
anatomy so it is not possible to identify this sample to
generic level other than to note that is has a typical C4
structure.

Another specimen, BP/16/1389, from HWKE, Trench
104.5, Level 3 spit 4 (1.5m above tuff in an earthy
claystone horizon) is shown in Fig. 10d. The culm fragment
is triangular with all sides equal in length, Smm, and more
or less straight. The piece is 21 mm long. Large vascular
bundles are evenly distributed throughout the npith.
Peripheral vascular bundles are immediately adjacent to
the epidermal sclerenchyma band. Vascular bundles are
150 um in transverse diameter (oval outline). There are two
rows of small dark mesotome sheath cells surrounding the
two metaxylem vessels, sclerenchyma cap and phloem
region. In contact with the mestome sheath is a row of
larger, lighter mesophyll cells containing small dark bodies
(chloroplasts?). This C4 anatomy is also common amongst
the sedges.

4. Discussion
From the Olduvai Gorge sediments, it is evident that

samples selected appear to have undergone some degree
of diagenesis induced by post-depositional factors. These
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include the formation of calcareous nodular layers that can
induce an increase in pH and therefore the dissolution of
phytoliths, noted both in HWKEE and VEK, and volcanic
activity wherein the incorporation of siliceous volcanic
minerals appears to have interfered with the identification
of phytoliths (Fig. 8h). When phytoliths have been
preserved in sufficiently high numbers for interpretation,
they appear in relatively good condition, allowing for their
morphological identification, in spite of the partial diagen-
esis. In general, the fossil phytoliths are sufficiently distinct
morphologically to permit the identification of different
groups of plants (monocotyledonous, dicotyledonous,
etc.), plant families (palms, grasses, sedges, etc.), and plant
parts (leaves and inflorescences of grasses; leaves of
dicotyledonous plants, etc.) with the aid of the modern
reference collection. The quality of preservation of
phytoliths differs above and below calcareous nodular
horizons, which are post-depositional features. The quality
also seems to deteriorate in close proximity to tuffs. These
taphonomic influences need further investigation so that
better interpretations of the vegetation can be made.

Various macroplant fossils and phytoliths have been
described from LMBII and although one might expect
them to indicate the same vegetation type at any one
particular time and locale, this is not always the case
because of taphonomic biases. The fossil floras for each site
are discussed below and summarized in Table 2.

Confining this study to the lowermost Bed II strati-
graphic levels (1.795-1.71 myr), we consider the localities
closest to the lake first (west to east, Fig. 1). At FLKN
Trench 116 very few phytoliths are preserved yet they show
a diversity of plants: monocots (meaning sedges, grasses
and bulbs cannot be distinguished), wood/bark of dicots
and grasses. The abundance of dissolved silica in this
sample is from the volcanic siliceous minerals. The only
possible macroplants preserved in the same horizon are
white, silicified, vertical biogenic tubules, which could
represent root casts or invertebrate tunnels, such as those
produced by termites. Since they do not closely resemble
monocot roots or stems, it is not possible to correlate them
with the phytolith data from FLKN. Triangular culms
of sedges have been recovered from other trenches in
FLK. Although the low numbers of phytoliths and
macroplant remains may indicate that the vegetation was
sparse it could also be a result of poor conditions for
preservation. Nonetheless, there is good evidence for the
presence of sedges, grasses and dicots at FLKN during
LMBII times, indicating marshland and grassland close to
the palaeolake after the deposition of Tuff IF. The presence
of trees cannot be confirmed because we are unable to
distinguish, at this stage, between the wood/bark phytoliths
of woody and herbaceous dicots. The rhizocretions in
levels 1 and 2 above Tuff IF (Leakey, 1971; Hay, 1976)
have a rough exterior and are larger and more robust than
the biogenic tubules already described here. These will
not be interpreted until more comparative studies have
been done.

At VEK Trench 111, in LMBII, the biogenic tubules are
more abundant than in FLK. Phytoliths are absent below
the calcareous nodular layer but present above it, indicat-
ing the presence of monocots, some grasses and dicots. The
samples also contained lots of volcanic siliceous minerals.
Since the phytoliths do not show a high degree of
dissolution we can assume that the conditions for
preservation are good. Closer to Tuff IF the phytoliths
are abundant but decrease in number going up the
sequence (samples 27, 26, 25 respectively). The sediments
(earthy claystone, waxy-earthy claystone, earthy claystone,
respectively) indicate fluvial, lacustrine-fluvial and fluvial
settings, in other words fluctuating lake levels, which may
explain the apparent decrease in vegetation cover over the
time period. Although more sampling is needed to check
this hypothesis, it is important to note that phytoliths and
macroplants do reflect vegetation changes. The macroplant
record indicates the presence of sedges (very few) and non-
determinate plant material. Corresponding with the sedi-
ment and environmental changes the phytoliths indicate a
shift from dicot dominated to monocot dominated to a
mixture of dicot and monocot vegetation and low numbers
of palms.

At HWKE the samples are much more interesting. From
Trench 115 in the waxy claystone the phytoliths indicate
the presence of dicotyledonous plants and grasses, but
there is also some degree of dissolution of the phytoliths.
The macroplants are of dicotyledonous stems and sedges.
Biogenic tubules are also present. The presence of
dicotyledonous plants is evident from both types of fossils
(phytoliths and macroplants) and the discrepancy between
grasses and sedges can only be partially explained by the
small sample size for the macroplants. Some of the tubular
plant fragments not yet sectioned could well be grass
culms. Sedge phytoliths are easily recognized based on the
modern reference collection and also as triangular stems
amongst the macroplant fossils. Trench 107, with more
intensive sampling, contained no phytoliths immediately
above Tuff IF, succeeded by a dominance of palms and
then a mixture of palms, grasses and dicotyledonous
plants. The macroplant record follows the same pattern
with no plants immediately above Tuff IF, then an
abundance of silicified pieces between 0.5 and 1 m above
Tuff IF comprising mostly indeterminate pieces, 0.1%
round stems and culms and only 0.06% triangular culms.
No palms have yet been recognized in the macroplant
record yet the phytolith record shows that they were
common or dominant.

The only mineralogical difference between samples la
and 2a from Trench 107 is the presence of a calcareous
nodular layer in between these two samples. This layer
seems to notably have affected the preservation of
phytoliths; dissolution is extremely high before its forma-
tion (close to 90%) and much less after the layer was
formed (12%). Thus, the absence of phytoliths in sample la
could be a result of the absence of vegetation or due to the
high dissolution rate associated with the formation of the
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calcareous nodular layer. Calcareous nodular layers are
formed by the accumulation of calcite and circulating
water that could have notably increased the pH and
therefore affect the preservation of phytoliths. After its
formation, the preservation condition for phytoliths was
good and they are recognized in abundance.

No macroplants have been studied from Trench 50 in
MCK but the phytoliths show the presence of dicots,
monocots sedges and grasses. From Trench 108 waxy
claystones very few phytoliths were recovered, but these
also indicated dicots and grasses. The macroplants
indicated woody dicots and sedges (but in very low
proportions) based only on external morphology. The
trenches are some meters apart so it would be risky to make
direct comparisons but if the sub-facet level/area is
considered, the vegetation would have included shrubs
(possibly trees), forbs, grasses and sedges.

It is clear from these comparisons that there is some
degree of correlation between the macroplant and phyto-
lith record (Table 2). There are several possible reasons for
the lack of complete correlation. The time represented by
any of the stratigraphic horizons is unknown, and although
probably fairly short in geological terms (10* years), it is
sufficiently long for significant changes in vegetation to
have occurred if the climatic conditions changed. Care was
taken to sample phytoliths and macroplants from the same
sites and levels to minimize this effect. Research is in
progress on the geochronology and duration of time
represented by the specific stratigraphic levels (Stanistreet,
pers. comm. July 2005).

It would also be useful to be able to distinguish between
woody and herbaceous dicots from the phytolith record as
this is critical in reconstructing the palacoenvironment. The
“rugose” types described by Alexandre et al. (1997) from
woody dicots have been found by Albert et al. (1999, 2000,
2003), Albert and Weiner (2001) and Albert (2000) to be
variable in their degree of rugosity. They have found that
older phytoliths buried in soils tend to be more rugose than
the younger psilate equivalents. The modern reference
collection will have to be extended in order to address this
question. The phytoliths themselves vary in hardness and
degree of silicification so their durability varies and the
more delicate ones are likely to be under-represented in the
fossil record. It should be kept in mind that some
morphologies characteristic of sedges, such as hat-shape
phytoliths are not commonly preserved in soils.

One important observation is the presence of C3-type
phytoliths in C4-grasses. This phenomenon was already
suggested by Barboni et al. (1999) and showed by T. Ball in
his phytolith morphological catalogue. The implication
from our results is that the interpretation of C3/C4
vegetation using grass phytoliths should be treated with
caution and requires more detailed studies of reference
material. Furthermore, the study of the same species of
plants from other areas with different mineralogical and
climatic conditions could produce interesting comparisons.
The degree of silicification for grasses seems to be higher at

Olduvai than other regions such as the eastern Mediterra-
nean.

Phytoliths are inorganic whereas plants are organic.
Phytoliths are numerous, small and durable, being made of
silica, and so are easily incorporated into the sediments
with no chemical transformation required. In contrast, a
sequence of events is required from the death of a plant,
disintegration, burial and chemical alteration to produce a
silicified fossil. Thus, there is a difference in time and
conditions for the preservation of phytoliths and macro-
plants. Some samples showed a high degree of dissolution
of the phytoliths, and this may be due to very alkaline
conditions in the soil and/or the movement of water
through the sediment associated with the formation of the
calcareous nodular horizons.

There does not seem to be any correlation between the
type of fossil sediment (from field observations and FTIR
analysis) and the occurrence of phytoliths or macroplants
(Table 2). Both main sediment types, earthy claystone and
waxy claystones, can either be sterile or have abundant
macro-or microplant remains. This is clearly indicative of
the fact that neither do we understand the taphonomy of
the plant remains nor the precise conditions during
formation of these stratigraphic levels. FTIR analyses
shows that although the colour and texture of the waxy and
earthy claystones are distinct, mineralogically they are very
similar (smectitic clays, Hay, 1996). Phytolith and macro-
plant concentrations also seem to be independent of the
sediment type. More work needs to be carried out on fossil
and modern soils to help understand the processes
involved. The microenvironment in which the plants grew
originally (sand, clay, seasonally wet, permanently wet,
well drained, lacustrine, fluvial, for example) may also
determine their chances of preservation, even though the
whole basin appears to be a silica-rich environment.
Nonetheless the plant record, especially both the combina-
tion of macroplants and phytoliths, can give some
indication of the past vegetation. A better understanding
of the taphonomy will only increase the usefulness.

4.1. Comparison with fossil record

The pollen record for LMBII (Bonnefille, 1984) showed
no palms but abundant grasses and sedges and a variety of
dicots from just above Tuff IF at VEK and FLKN. These
are areas which we found to be barren of phytoliths and
macroplants. Grass, sedge and dicot pollen occurred higher
up the sequence at VEK and much higher up at HWKEE
but it is not possible to correlate the sampling horizons and
compare results. Nonetheless the macroplant and phytolith
record of autochthonous vegetation can complement the
pollen record which is in part allochthonous.

Stable carbon isotope analysis of basal Bed II paleosol
(Sikes, 1994) indicated a riparian forest to grassy woodland
on the eastern palaeolake margin near HWK and FLK,
over a square km. HWKE Level 1 is immediately above
Tuff IF (p. 30, Sikes, 1994) and is a waxy claystone. This
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level was found to be barren of macroplants and have very
few phytoliths, in spite of the presence of alleged
“rootmarkings” reported by Leakey (1971), Hay (1976)
and Sikes (1994). The macroplant and phytolith record add
to this reconstruction of riparian and grassy woodland by
indicating the presence of sedges and also fine scale
vegetation fluctuations over time.

From the vertebrate fossil record, there is very little
evidence of animals immediately above Tuff IF, followed
by the reappearance of some of the earlier carnivores,
bovids, suids, elephantids and giraffids but not all of the
Bed I taxa (Leakey, 1967, Table 3; Kappelman, 1984,
Shipman and Harris, 1988; Peters et al., in prep.). This is
work in progress by members of the OLAPP team. As
described above, the macroplant and phytolith record is on
a much finer temporal and spatial scale yet broad
correlations are evident.

5. Conclusion

The macroplant fossils and phytoliths provide a precise
record of the plants growing in specific areas at specific
times, and this is complementary to the more general and
broader scale vegetation reconstructions based on palynol-
ogy, isotopes and fauna. Phytoliths are preserved in large
numbers and can be confidently identified with the aid of
modern reference collections. The internal anatomy of the
plant fragments is most often preserved so they also have
the potential to be identified. These remains are well
provenanced, documenting components of the flora at
specific places and time intervals. The modern reference
collection for plants and phytoliths can be extended
and assist in the identification of the indeterminate fossil
forms. Once the taphonomic biases are known, and by
using modern analogues, it will be possible to make well-
informed reconstructions.

Using fossil material from LMBII in the eastern
palaeolake margin of the Olduvai Basin, we can recon-
struct the vegetation. Immediately after the deposition of
Tuff IF, there was very little vegetation in the basin. Then
palms grew, in one area at least, and sedges, grasses and
dicotyledons became more widespread and varied in
proportions and abundance over time as described above.
Macroplants represent a small fragmented record. Phyto-
liths represent a larger proportion of the flora and different
parts of plants from the macroplants. The comparisons
made here show that there is some correlation between the
macroplant and phytolith record and that this dual
approach is complementary. Because phytoliths are already
silicified, prior to death and burial, they record all the
vegetation growing in one area. Volcanic material some-
times masks the phytoliths but does not destroy them.
Dissolution of phytoliths is recognizable so can be taken
into account but other factors need to be studied, such as
the effect of calcareous layers and ground water movement.
Macroplants, being mostly composed of relatively soft
organic tissue, record only part of the vegetation but can be

identified to species level, thus complementing both the
phytolith and pollen records. Vegetation reconstruction
based on the fauna, can therefore be greatly refined
spatially and temporally. This general picture can be
refined with more research and applied to other strata.
Further investigation of the biogenic tubules and their
origin will further add to our understanding of the past
ecosystem and early hominin land use.
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Abstract

Palms are among the most abundant, diverse and economically important families of plants in tropical and subtropical regions of the
world; their number and diversity make them an important part of the ecosystem. Phytoliths are abundantly produced in palms, mainly
the spheroid echinate type and, although their number decreases notably after their deposition in soils, they remain stable for long
periods of time. Palm phytoliths were recovered from sediments at HWKEE, on the eastern palacolake margin of the Olduvai basin
during Lowermost Bed II (between Tuffs IF and IIA, 1.795-1.71 Ma). Their abundance in trench 107 (the only freshwater source
recognised to date) occurs in three stratigraphically consecutive layers, the first one located immediately above the incision layer (40 cm
above Tuff IF). Above these samples there are no palm phytoliths in the fossil record. The identification of the type of palms represented
will be useful for determining the landscape distribution and nature of hominin activities along the lake margin and alluvial fan of the
central Olduvai Basin. Here we use morphometric analysis of spheroid echinate phytoliths from fossil and modern palms (Phoenix
reclinata and Hyphaene petersiana) and their corresponding soils to determine if the differences are significant and can be confidently
applied to the fossil samples. Fossil and modern soil samples were found to be very similar to each other but the spheroid echinates from
the fossil soils were bigger than the modern soil samples. Either the palms from the samples were different or there is a strong bias
towards preserving phytoliths from the smaller end of the range. If this is the case then the implication would be that the fossil samples
are the leaves and inflorescences of Phoenix reclinata. A wider variety of modern palms needs to be analysed.
© 2007 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction broad spatial scales, throughout exposed deposits of the
Plio-Pleistocene Olduvai Basin with detailed palacoenvi-
ronmental analysis focusing on terrain, hydrology and

vegetation (Peters and Blumenschine, 1995; Blumenschine

Olduvai Gorge in northern Tanzania is a well-known site
with a rich vertebrate fossil record including hominins and

stone artifacts from Plio-Pleistocene lacustrine and tuffac-
eous deposits (Leakey, 1971; Hay, 1976; Potts, 1988;
Blumenschine et al., 2003). The site offers a good
geographic and stratigraphic framework for the occupation
by hominins of the basin and palaeolake margins (Hay,
1976, 1996) and this is being further refined by the
multidisciplinary efforts of the OLAPP team members
(Olduvai Landscape Palaecoanthropological Project). This
work combines sampling of hominin activity traces over

*Corresponding author. Tel.: +34934037525; fax: +34934037541.
E-mail address: rosamaria.albert@icrea.es (R.M. Albert).

and Peters, 1998; Blumenschine et al., 2003). Models of
palaeolandscape ecology and hominin land use highlight
the central role of the landscape distribution and cover
abundance of herbaceous and woody vegetation in
determining the landscape distribution and nature of
hominin activities throughout the lake margin and alluvial
fan landscapes of the central Olduvai Basin.

A variety of methods have been employed to interpret
the palaeoenvironments of early hominin sites since it is
generally accepted that the vegetation and climate
affect the distribution and behaviour of the hominins and
other faunas. The sedimentological record provides

1040-6182/$ - see front matter © 2007 Elsevier Ltd and INQUA. All rights reserved.
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broad palaeoecological signatures such as fluvial (earthy
claystone), lacustrine (waxy claystone), volcanic (tuffs) or
dune settings. Isotope analyses of carbonates can provide a
temperature and moisture regime. Faunal composition and
comparison with modern faunas is another common
method employed. Pollen analyses show what plants were
present in the area and show a general drying out trend
from Uppermost Bed I through Bed II based on a
combination of several sites. Wooded grassland was
present during Bed I times and by uppermost Bed I it
was reduced to semidesert scrub. Above Tuff If (Lower-
most Bed II) wooded grassland occurred and developed
into Acacia woodland (Bonnefille, 1984). Palm pollen is
extremely rare with only one grain of Phoenix type pollen
from the site FLKN in Bed I deposits between Tuff ID and
IF (Bonnefille, 1984).

More recently detailed fossil macroplants and phytolith
studies have been performed in the area for Lowermost
Bed II (Albert et al., 2006; Bamford et al., 2006). Their
studies were focused on interpreting the vegetation
structure and composition of a portion of the eastern lake
margin including localities FLK, VEK, HWKE, HWKEE,
and MCK, over a distance of about 2km and during
lowermost Bed II times, about 80 kyr. They interpreted the
vegetation during this time to be composed of a variety of
grasses, sedges and dicotyledonous plants in different
proportions and in different areas. In one specific place
(HWKEE, T-107), phytoliths have shown palm trees to be
dominant (Fig. 1) and present at VEK.

Macroplant remains of sedges, grasses and woody dicots
are widespread (Hay, 1976; Bamford et al., 2006) but palm
macroplants have not been reported to date in any sites
in Olduvai Gorge. It is interesting to note that palm
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phytoliths occurred at HWKEE, the freshwater source for
the palacolake (Hay, 1976) and only during a short time
interval.

Since palms are among the most abundant, diverse and
economically important families of plants in the tropical
and subtropical regions of the world, their number and
diversity make them an important part of the ecosystem.
They are found in a variety of habitats, from tropical
forests to mangrove swamps, from upland woodlands to
oases in deserts (Henderson, 2002). The question posed is,
what climatic signature do the Olduvai palm phytoliths
give?

Nine genera of palms occur naturally in East Africa and
another three genera have become naturalised (Dransfield,
1986). Two introduced taxa are restricted to the coast
(Areca catechu and Cocos nucifera). Two indigenous taxa
occur in gallery or swamp forest (Elaeis guineensis and
Raphia farinifera). The others are more widespread.
Borassus aethiopium occurs in grasslands with high water
tables. Hyphaene compressa (doum palm) grows along the
coast and along seasonal water courses. Hyphaene coriacea
grows on sand dunes, creeks and rarely inland, whereas
Hyphaene petersiana is usually confined to alkaline soils
where there is a relatively high water table. Phoenix
reclinata (wild date palm) occurs along water courses, in
lowlands and also higher up rocky hills especially in
protected steep valleys (Dransfield, 1986; Beentje, 1994).
Other naturally occurring taxa are the large single stemmed
Borassus and climbing Eremospatha, Laccosperma, Calamus
and Chrysalidocarpus, which have a thin trunk and are
outliers of a Madagascan genus (Dransfield, 1986).

Phytoliths are produced abundantly in palm trees
(Bamford et al., 2006), mainly the spheroid echinate type

Fig. 1. Map of the Olduvai Gorge showing the location of HWKEE, where T-107 has been studied.
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(globular according to the ICPN, Madella et al., 2005)
and, although their number decreases notably after the
deposition of plant parts in the soils, once deposited,
they remain stable for long periods of time (Albert et al.,
2006).

From previous studies on modern palm material
(Bamford et al., 2006) we know that there are some
differences between the phytoliths from different palm
species and also from different parts of the palm plant
(leaves, flowers, dry rachis). Here we look more closely at
the phytoliths, using morphometric analyses, to determine
if the differences are significant and if they can be applied
confidently to the fossil samples from the sitt HWKEE on
the eastern palacolake margin of the Olduvai basin during
the short time interval of Lowermost Bed II (between Tuffs
IF and ITA, 1.795-1.71 Ma; (Hay, 1976; Blumenschine
et al., 2003).

2. Materials and methods

Three types of samples are considered here, namely fossil
sediments, modern soils and modern plants. Fossil samples
and their corresponding phytoliths from HWKEE which
contained palm phytoliths (T107-2, T107-4 and T107-5)
were morphometrically analysed (Bamford et al., 2006).
A few palm phytoliths had been recovered from the locality
VEK but the sequence at HWKEE showed a variation in
abundance over time and this was considered to be more
interesting. Results were then compared to a phytolith
study from modern plants and modern soils collected
immediately below the palms.

Phytoliths were extracted from the modern palm trees
occurring in an area considered to be analogous of
Lowermost Bed II and the eastern palacolake margin
based on a variety of factors: topography, aspect, water,
soils, fauna, (Albert et al., 2006; Bamford et al., 2006; Njau
and Blumenschine, 2006), namely the shallow, saline—
alkaline lakeshores of Lake Manyara where the ground
water forest opens out into clumped mixed palm bushland.
The common trees here are Hyphaene petersiana, Phoenix
reclinata, Acacia albida, Acacia xanthophloea, Senna spp.,
Malvacaeae, Ziziphus mucronata and woody herb Achyranthes
aspera.

The most common palms were sampled for comparison
at Lake Manyara and are Phoenix reclinata that forms
dense clumps with other trees in the alluvial plains, and the
single stemmed Hyphaene petersiana, which is widely
scattered on the alluvial plain.

Phoenix reclinata, or the wild date palm, occurs naturally
from the Eastern Cape to as far north as Egypt and is
commonly found in riverine bush and forest. Plants can
reach up to 12m but are most often between 3 and 6m.
These may be either single or multi-stemmed, sometimes
forming a dense, bushy clump. The abundant ripe fruit is
eaten by birds, monkeys and baboons and the fallen
fruit is eaten by bushpig, nyala and bushbuck. The wild
date will tolerate light frost and waterlogged conditions.

These palms characteristically have sharp spines on the
basal portion of the fronds.

Hyphaene petersiana, the ilala palm, grows in hot and
dry environments, but will probably tolerate high rainfall if
the soils are well drained. The large, round fruit, with a
hard white nut (hence the common name of vegetable
ivory) is a favorite food of elephants. Based on years of
field work, Ellery and Ellery (1997) found that Phoenix
reclinata occurs close to freshwater along the edges of
islands and river banks in the Okavango Delta, Botswana.
It may form dense clumps and be associated with
termitaria. Hyphaene petersiana frequently occurs towards
the middle of the islands (Ellery et al., 1997; personal
observation) and is associated with a high water table but
its occurrence indicates the presence of saline groundwater
(Ellery and Ellery 1997).

The fresh palm material was collected from single trees
and separated into leaves, inflorescence, rachis roots and
seeds and processed separately. Since palms produce huge
amounts of palm phytoliths (Bamford et al., 2006), only
one sample from each plant part was analysed. Modern soil
samples from below the extant palms (SS2, SS4) were
also analysed because previous results have shown that
some phytolith morphologies are lost in the soil samples
(Albert et al., 2006).

2.1. Preparation of modern plants

The methods used for the extraction of phytoliths are
described in Bamford et al (2006). Washed and air dried
aliquots were weighed and burned in a muffle furnace at
500°C for 4h. The ash was treated with an equivolume
solution of 3N HCI and 3 N HNOs for 30 min at 100 °C, to
leave only the siliceous minerals, where phytoliths are
included. This is referred to as the inorganic acid insoluble
fraction (from now on AIF). The AIF was then centri-
fuged, re-suspended in deionised water and centrifuged
again. The supernatant was discarded and the washing
was repeated three times. When necessary, the AIF was
re-ashed at 500° for 90min and then weighed to an
accuracy of 0.1 mg.

2.2. Preparation of modern and fossil soil samples

The phytolith extraction method was described in Albert
et al. (2006). A weighed aliquot of about 1g of air-dried
sediment was treated with 10 ml of an equivolume solution
of 3N HCl and 3N HNO, for 30 min and then centrifuged
to eliminate the carbonates and phosphates present in the
soils. After washing the pellet with water the organic
material was oxidised with 30% hydrogen peroxide at
70°C. The sample was dried and the remaining sediment
was weighed.

Mineral components of the AIF were separated accord-
ing to their densities in order to concentrate the phytoliths
by adding 5Sml of sodium polytungstate solution [Nag
(H,W1,049) - HyO] of 2.4 g/ml density. The suspension was
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centrifuged and the supernatant was transferred to another
centrifuge tube; 1.0ml of deionised water was added and
the tube was vortexed and again centrifuged as above. This
cycle was repeated until no visible mineral particles
remained in the supernatant. The heavy liquid was then
diluted by filling the centrifuge tube with deionised water,
to ensure that even the lightest minerals are recovered.

Slides were prepared by weighing approximately 1 mg of
sample, with an accuracy of 0.1 mg, onto a microscope
slide and mixed with Entellan New (Merck). The aerial
coverage of the sample on the slide was estimated by
counting the total number of fields containing sample
grains. Slides were studied using an Olympus BX41 optical
microscope and digital images were taken with a digital
camera Olympus Camedia C-5060 and stored with
Olympus DP soft 5.0 software.

A minimum of 200 phytoliths was counted, whenever
possible, in all the analysed samples. Previous results
(Albert and Weiner, 2001) indicate that the counting of
only 50 phytoliths with diagnostic morphologies gives an
error margin of 40% and is considered too unreliable for
interpretation, whereas the counting of 200 diagnostic
phytoliths gives an error margin of around 20%. Siliceous
fragments were not counted.

2.3. Morphometric measurements

Morphometric analysis of phytoliths is an effective tool
for differentiating between phytoliths produced by closely
related taxa. To date, morphometric measurements have
been mainly applied to grass phytoliths to identify different
types of cereals to the species levels (Pearsall et al., 1995;
Zhao et al., 1998; Ball et al., 1999; Berlin et al., 2003). Here
we apply morphometric measurements to the spheroid
echinate morphology, to evaluate the possibility of
using morphometric measurements to identify palm taxa.
A similar type of study has been performed on Easter
Island, where Delhon tried to identify the rachis, leaves
and trunk from different palm trees native to the island
through the morphometry of spheroid echinate phytoliths
(Delhon and Orilac, 2004).

Between 30 and 50 spheroid echinate morphologies from
each sample (fossil, modern soils and plant parts of modern
plants) have been morphometrically analysed. Different
morphometric parameters have been used to observe
possible differences among these morphologies from
modern plants. The results were then compared to the
same morphologies from the modern plant reference
collection and the modern soils collected immediately
below these plants. The following parameters are selected
(Fig. 2):

(a) The measure of the area of randomly selected spheroid
echinate morphologies. Two different areas were
measured, large area (includes the protuberances) and
small area (with no protuberances). The comparison
between the areas provides information on the length

Fig. 2. Photomicrographs of spheroid echinate morphologies from
Phoenix reclinata, 400 x , and drawing of palm phytolith showing the
parameters selected for morphometric measurements.

of the protuberances, another parameter that has also
been taken into account.

(b) The axis of the spheroid morphologies. These morphol-
ogies are not completely spherical, therefore the major
and the minor axes were measured. The ratio between
them indicates the degree of sphericity of the morpho-
logies measured.

If there is a significant difference between at least one of
the selected features then we will be able to differentiate
between palm species and/or plant parts. Moreover it
would then be possible to show differences in taxa or plant
parts between the stratigraphic levels of the fossil samples,
in other words, changes in plant taxa over time.

3. Results

The abundance of palm phytoliths noted in the HWKEE
area, in trench 107, occurs in three stratigraphically
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extensive layers, the first one located immediately above
the incision layer (here 40 cm above Tuff IF), and the other
two samples 30 and 70cm above the first. The lowest
sample, T107-2 is in waxy claystone above a concretionary
layer. The middle sample in earthy claystone (T107-4) and
the upper or youngest sample (T107-5) is in waxy—earthy
claystone. Above these samples there are no palm
phytoliths in the fossil record (preliminary results).

The morphological analyses of these samples indicate
that spheroid echinate morphologies, characteristic
of palms, are accompanied by other plant phytoliths
(Figs. 3a and b, 4). These results clearly show the
dominance of spheroid echinate morphologies. Other plant
groups, such as grasses, are also present, although in much
lower numbers. Spheroid morphologies with psilate or
scabrate surfaces have been grouped separately since these
morphologies have been observed in the flowers and seeds
of Hyphaene petersiana (Bamford et al., 2006). This type
of morphology is observed in the two younger samples,
although not in abundance. Instead there is a greater

eﬁ;'
P

L@
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Fig. 3. Photomicrographs of phytoliths identified in modern plants. (a)
General view of the slide showing the variety of forms present; (b)
spheroid palm phytoliths with major scabrate surface.

|-

proportion of monocot phytoliths that could not be
ascribed to any of the grasses, sedges or palms. This
indicates that there was a shift to different proportions of
the plant groups (taxa undefined) after the dominance of
palms immediately above the incision or concretionary
layer.

Concentrating only on the palm spheroid echinate
morphologies the degree of sphericity is shown as well as
the relation between the major and minor axes (length and
breadth) of the phytoliths. A high degree of sphericity is
shown by morphologies very close to the line (Fig. 5). Both
modern soil samples and the three fossil samples have small
and almost spherical phytoliths. The phytoliths from
Hyphaene petersiana modern soil and the inflorescence of
Phoenix reclinata are the most similar to the fossil samples
(inside oval outline). The difference between the modern
soils below Hyphaene and Phoenix reclinata lies in the size,
smaller in the latter, although both show a similar degree of
sphericity. The rest of the modern plant reference collection
samples show larger sizes, a greater range in sizes,
especially within Phoenix reclinata plant parts, and notably
less spherical.

In comparing the measurements of the area of the
spheroid echinates including protuberances with the area
excluding the protuberances (Fig. 6), the fossil samples are
in the same range as, and close to, the Hyphaene petersiana
soil and Phoenix reclinata inflorescence samples, a trend
also seen in the comparison of sphericity (Fig. 5). Fossil
sample T107-5 is a little removed from this cluster and
seems to present more similarities to the leaves of Phoenix
reclinata. Again the rest of plant parts present a much
higher diversity with larger sizes.

The comparison of all the measurements taken can be
seen in Fig. 7. The Euclidean cluster which measures
the distance between the different samples shows that the
phytoliths from the fossil samples T107-2 and T107-4 are
closer to those from Hyphaene soil and Phoenix inflores-
cence. Fossil sample T107-5, although similar to the other
fossil samples, presents more similarities to the leaves of
Phoenix reclinata. The rest of modern plant reference
samples present major differences in respect to both fossil
and modern soils.

4. Discussion

Analysis of modern samples shows that Phoenix
reclinata leaves, flowers and rachis produce between two
and three times as many total phytoliths as the equivalent
parts in Hyphaene petersiana (e.g. Hyphaene leaves 46
million and Phoenix leaves 131 million, phytoliths per gram
of acid insoluble fraction; Bamford et al., 2006, Table 1).
The soils from under these palms at Lake Manyara
produced very similar total amounts of phytoliths (Phoenix
reclinata: 15.7 million and Hyphaene petersiana 18 million
per 1 g AIF; Albert et al., 2006, Table 1) and this is about
10 times greater than any of the other plant groups. Since
relative amounts are calculated, not total numbers, it is not
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Fig. 4. Percentages of phytoliths morphologies from the fossil samples from HWKEE trench 107; T-107-2 is the lowest and oldest sample, T-107-4 is in

between and T-107-5 is the highest and youngest.
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Fig. 5. Degree of sphericity of the spheroid echinate morphologies, size in
pum. Minor axis is the breadth and the major axis is the length of the
phytoliths.

possible to determine what is the real loss in number of
phytoliths from plant to soil. Nonetheless the overall loss is
greater for Phoenix reclinata than for Hyphaene petersiana.
It is unknown why this should be the case. Neither the
mineral composition of the fossil soils (alkali feldspar,
zeolite and low calcite; Bamford et al., 2006, Table 2) nor
the bulk minerals of the modern soil samples (clay, calcite
and opal; Albert et al., 2006, Table 1) can explain
differences on the preservation of phytoliths. We have to
assume that other factors have affected the preservation of
phytoliths. If we consider only the spheroid echinate
morphologies: in the living palm plant parts the spheroid
echinates comprise from 27% to 90% of the phytolith
morphologies; in the soils below palms they comprise 15%
but in the fossil soils that increase to 31% (Albert et al.,
2006, Table 2). One explanation is that non-spheroid
echinate morphologies have been lost over time and
possibly more robust spheroid echinates have survived so
they appear more common. Morphologies such as elongate
granulate surfaces and various parellelepipeds that occu-
rred in living Phoenix reclinata are not preserved and
morphologies representative of other plant groups may

also be disproportionately lost (Albert et al., 2006,
Table 2). There is a taphonomic bias against the preserva-
tion of certain morphologies; there may well be a similar
bias against larger or smaller forms. In addition, the
degradation of organic material can considerably reduce
the volume of the sediments through time concentrating
the phytoliths in a thinner layer (Albert et al., 2007), and
this could explain the increase of the surviving spheroid
echinate morphologies in fossil samples.

The morphometric approach performed to characterise
the palms present in the fossil samples show that these
samples are very similar to each other but the spheroid
echinates are a little bigger than the modern soil samples.
This would imply that we are probably not dealing with
exactly the same source of phytoliths, so the palms in the
fossil record were probably not Phoenix reclinata and
Hyphaene petersiana, unless there is a strong bias to
preserving phytoliths from the smaller end of the range. We
have already noted that there is some loss of phytoliths
from the modern plants to the modern soils (Albert et al.,
2006) and this affects mostly the larger morphotypes. There
are two possible reasons: (i) leaves and flowers are less
hardy than the other plant parts and are shed seasonally,
seeds are eaten and carried away, and (ii) a variety of post-
depositional processes that can affect the preservation of
phytoliths such as soil type, sediment size and pH, water
activity, soil movement, i.e. bioturbation. Lake Manyara
modern soil samples, however, yielded palm phytoliths
preserved in relatively good condition that apparently
were hardly affected by post-depositional processes (Albert
et al., 2006). Thus, the reason for the loss of phytoliths in
the modern soils from Lake Manyara could be more
related to some type of biostratinomic process. It is
reasonable to assume then, that a similar type of processes
could take place during the formation of the Lowermost
Bed 1L

In the modern soil and fossil samples it is not possible to
distinguish between the phytoliths from leaves, flowers,
seeds, rachis and roots. Clearly, there is a difference
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soil reference collection as well as fossil samples. The variables analysed are:

between the samples T-107.2 and T-107.4 in relation to
the sample T-107.5. The first two samples resembling
Hyphaene soil, whereas sample T-107.5 is more related to
the leaves of Phoenix and the inflorescence of Hyphaene. If
there is a taphonomic bias towards preserving the smaller
phytoliths then the implication would be that the fossil
samples are the leaves of Phoenix reclinata for the sample
T-107.5, and the inflorescence of Phoenix reclinata for
samples T-107.2 and T107.4. If that is the case then the
palaeoenvironmental reconstruction would favour a fresh-
water setting. The single pollen grain of Phoenix-type
recorded by Bonnefille (1984) provides limited support for
this reconstruction. Clearly a much larger sample size with
more samples of the same species to see if there is
intraspecific variation, and other species of palms is
necessary before any reliable interpretation can be made.
We are confident, however, that palms occurred at
HWKEE, the eastern palacolake margin of Olduvai Gorge,
for a short time during Lowermost Bed II times although
we cannot determine the relative abundance.

major and minor axis and large and small area.

Palms are an important part of the modern ecosystems
associated with water (open or below ground) and add an
important element to the vegetation reconstruction. If
we knew which palms were preserved then a detailed
ecosystem reconstruction could be attempted.

5. Conclusions

Palms were present during a short period of time in the
Olduvai Gorge during the deposition of the lowermost Bed
II layers at HWKEE area. Moreover, their presence seems
to be related to the existence of a freshwater source.

The results obtained from this preliminary study indicate
that there is a relatively important loss of palm phytoliths
between their production in the plants and their deposition
in soils. This loss seems to be related to both biostratinomic
processes and post-depositional processes, and affects
mostly the larger sized phytoliths. This biased preservation,
seemingly in favour of the smaller sizes of spheroid
morphologies, does not allow for identification to the level
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of genus at this stage. More sampling and analysis of the
same taxa, from the same area and also from different
regions, will determine the full potential of this morpho-
metric approach for palm identifications. Furthermore,
although there are important differences among palm plant
parts of living samples, these are not reflected in the fossil
samples record. The reason for this should be further
explored by the addition of more modern palms and their
corresponding soils.
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PART 3: APPLICATIONS IN ARCHAEOLOGY

7 Hearth structure and function at level J (50kyr,
bp) from Abric Romani (Capellades, Spain):
phytolith, charcoal, bones and stone-tools

D. Cabanes, E. Allué, J. Vallverdi, 1. Cdceres, M. Vaquero

and 1. Pasto

Introduction

The Abric Roman{ is an extensive excavation that enables
us to recognize the anthropic activities that took place in
the rock-shelter and how inhabitants organized their
space. The object of this study is focused on level J,
where at least fifty hearths or related structures have
been identified. In the last few years this level has been
exhaustively studied and the hearths have been the focus
of most of these investigations (Allué 2002, Arteaga et
al. 2001, Caceres 2002, Céceres et al. 2002, Carbonell et
al. 1996, Past6 et al. 2000, Vallverdd 2002, Vaquero and
Past6 2001). Hearths structure and function has been
analysed through different disciplines such as anthra-
cology, archaeozoology, lithic studies, spatial distribution
and soil micromorphology. Concerning the opal phyto-
liths, there are the results from some samples from level
I analysed by Juan-Tresserras (in Carbonell 2002), while
the present contribution is based on the MA Thesis of the
first author (Cabanes 2002). The combination of all these
studies allows us to evaluate the grade of complexity of
the behaviour of the Middle Palaeolithic rock-shelter
inhabitants, recognize the way that these people used fire
and go beyond the typological classifications done during
the field work.

The Abric Romani site

Abric Romanf site is located at the northeast part of the
Iberian Peninsula, 50 km from Barcelona (Fig. 7.1). The

site is situated in a travertine cliff in the town of
Capellades, at 310 m asl. The sequence has been dated by
U/Th series with dates of 70 Kyrs BP at the base of the
sequence and 39 Kyrs BP at the top of the sequence
(Bischoff ez al. 1988). The date for the Level J top is 49.3
+ 1.6 Kyrs BP, and the bottom of the level is dated at 50.8
+ 0.8 Kyrs BP (Bischoff et al. 1988). This indicates
sedimentary processes with a high cronostratigraphic
resolution (Vallverdd 2002). The deposits preserve at
least 17 archaeological layers that correspond to Middle
Paleolithic occupations, with the exception of the top
layer (layer A), which corresponds to the Upper
Palaeolithic (Carbonell et al. 1996).

Archaeological level J is situated in a stratigraphic
succession of rock fall at the base of the travertine cornice.
The extensive excavation has allowed us to establish three
sedimentary zones: near the cave wall, underneath the
roof of the shelter and the external area. These deposits
are formed by alternation of gravel and sand beds, and of
sand and rock beds, which represents debris dislodged
from the rock-shelter. The mobilization mechanisms for
every type of gravel or rock bed are predominantly
fragmentation or granular spalling. Sedimentation by
gravity is focused mainly in the flat zones near the wall
and under the shelter roof. However, in the external zone,
which is more sloping, pure gravity sedimentation
disappears and sedimentation by laminar flows appears.
In the zones near the wall and under the shelter overhang
chemical sedimentation of travertines is present when
the mobilization by granular spalling is dominant.
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Fig. 7.1 Localization of the Abric Romani site.

The facies association in level J is similar to stratified
talus proximal successions. The vertical profile exhibits
a decrease in grain size and an increase in layer thickness
towards the top. Palaeoclimatic interpretation of the
microfacies shows an increase in humidity and tempera-
ture towards the top of the level, which correlates with an
increase in granular exfoliation and soil formation
processes. Rate of travertine growth varies within the
dripping environment of the rockshelter. These traver-
tines, which mark the boundaries of level J, have been
dated by U/Th at 50.4 kyrs for the bottom of the level and
43.9 Kyrs for the top. Another date of 49.9 Kyrs is
reported for the layer between level Ja and Jb. The dates
obtained from this layer display coherent stratigraphic
relationship from bottom to top.

Level Ja, which was excavated between 1993 and 1998
over a surface of 200 sqm, yielded one of the most
complex archaeological layers of the site.

The hearths

The sedimentological features of the site and the material
found in and around the hearths permit to distinguish the
combustion structures from other natural processes that
could have produced similar coloration of the sediment.
The level of preservation of each hearth depends on the
burial environment, however, in general terms, the
fireplaces from the Abric Romani are well preserved
(Vallverdd 2002).

The primary types of fireplaces found in the site,
according to Arteaga et al. (2001), are:

— Flat hearths resting directly on the old surface
without any kind of preparation;

— Hearths on natural depressions or in excavated
depressions;

—  Hearths delimited by rocks.

The thermal alterations usually have more or less
circular shape. The coloration, determined with the help
of a Munsell Soil Chart, varies from brown reddish
(rubefaction) to black. This coloration shows a gradation
from more to less intensity when the sediments from the
hearths are in situ. Homogeneity of grain size and grade
of alteration of the sediment have been observed. Most of
the hearths are surrounded by, and have inside them,
other archaeological remains that are described below.

Archaeobotanical remains, bones and stone-
tools

The archaeobotanical remains are represented by pollen,
charcoal, and wood and leaf imprints. Level Ja is situated
between pollen zones 3 and 4 according to Burjachs and
Julia (Burjachs and Julia 1994). Zone 3 is dated between
57,000 BP and 50,000 BP, and it is characterized by a
relatively cold phase, with climatic oscillations of about
1000 years, and the dominant pollen is from Artemisia,
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Poaceae, and Pinus. Zone 4 (50,000-46,000 BP) indicates
a dry and cold climate with predominance of Asteraceae,
Poaceae, and Artemisia pollen and low arboreal percent-
ages (Burjachs and Julia 1994). The results of the
charcoal identification, based on 880 charcoal fragments,
show a dominance of Pinus sylvestris type representing
73% of the remains. The rest of the taxa are Pinus sp.,
undetermined conifers and a single fragment of Salix sp.
Therefore it is probable that the availability and abun-
dance of pine tree branches made this wood preferable to
other types of fuelwood.

The archaeozoological studies show that several taxa
are present in the whole sequence. There are high
percentages of Equidae and Cervidae, as well as, but with
lower frequencies, of Bovidae, Rhinocerontidae and
carnivores (Carbonell et al. 1996). Bone remains are
distributed along the whole surface and they show
different degrees of thermal alteration as well as other
anthropic modofocations such as cut marks and breakage
due to butchering activities (Cdceres 2002). The large
amount of burnt bones associated with the hearths and
the bone distribution on the occupation floor seem to
indicate a close relationship between these archaeological
artefacts. Experimental work on bone fractures has
showed that heating bones was a strategy for better

47

obtaining the marrow (Céceres et al. 2002). It has been
determined that bone was not used as fuel, but burnt
during the butchering process and probably during the
cleaning of the occupation area (Rosell 2002, Vaquero
and Past6 2001).

Lithic remains show little variability in the sequence
and are characterized by the presence of flint, quartz and
limestone. The spatial distribution of these remains and
the refitting of stone tools seems to indicate long term
sequences of activities (Vaquero 1999).

Methodology for the phytolith study

For this study we have selected 25 samples, 22 from 9
hearths as well as 3 samples from outside the hearths.
Samples are identified as follow: the first part of the
name (until the dot) indicates the square where the sample
was collected (Fig. 7.2 shows fireplace spatial dis-
tribution). The second part of the name indicates the
internal layer of the hearth where the sample was
collected. The samples have two origins; one group comes
from initial soil micromorphology samples, where only
the half of each the sample was impregnated and used for
the micromorphology study. In this way we have been
able to “re-excavate” the other half of the sample. The

- BOULDERS

HEARTHS
L

"7 OLD EXCAVATIONS

- BALK

Fig. 7.2: Spatial distribution of hearths at level J from the Abric Romani.
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other group comes from sediment samples stored in
plastic bags and collected during the field works. In Table
7.1 the origin and description of the samples is detailed.

The methodology for phytolith extraction and counting
follows Albert (1999). Due to the low number of
phytoliths in the sediments we had to use, when possible,
large samples of at least 10 grams. This method uses HCI
and HNO3 to remove the carbonates and the phosphates
respectively. We use hydrogen peroxide to remove
organic material. We dry and weigh the samples after
every treatment to know the mass of carbonates and
organic material that are lost in every treatment. We
have calculated that the margin of error for this method
and does not exceed 2%. These results are useful for
understanding the hearth features. The classification
method for the phytoliths mainly follows Albert (1999),
but we added some other typologies. This is because in
our case phytoliths with clear cellular origin were mostly
coming from grasses, while phytoliths described with
geometric forms probably come mainly from wood and
bark (Albert 1999). This division permits us to make
inferences on the fuelwood used in the fireplaces.

FTIR (Prospect IR Midac software GRAMS-386TM)
analyses were made before and while the samples were
processed for the phytolith extraction. The amount of
sediment needed to do the pH analyses did not allow us
to use the same samples that we used for phytolith
analyses. However, we especially collected new samples
in the east profile for this purpose. The samples were
distributed vertically following the three sublevels (Jsup,
Ja, Jb) and horizontally inside the shelter (O square 50
y), in the limit of the shelter (N squares layer), and outside
the shelter (K square 0 y). Two series of pH analysis were
conducted with a pHmeter GLP21, the first one using
water and the second using KCI (Lotti 1986).

Results

All the samples have yielded identical results for the
FTIR analysis. Untreated samples always have a pure
calcite spectrum, while the Acid Insoluble Fraction (AIF)
shows mostly quartz and clay (Fig. 7.3). AIF samples
also present NaNO3, but this is due to the use of nitric
acid during the extraction. No phosphates were detected
apart from sample S42 where we detected the polystyrene
used to consolidate the sample in the field.

pH analysis shows a consistently high alkalinity with
values between eight and nine (Table 7.2), which could
be a problem for phytolith preservation (Schiegel et al.
1996). But in level J the sedimentation processes of the
occupation occurred in a dry environment. The FTIR and
pH results indicate a good preservation of the mineral
fraction but a less good phytolith preservation. The
weathered forms are high in number, however the
phytolith assemblages from Abric Romani are still
significant.

All the samples contain a type of phytolith that usually

comes from wood and bark (Albert 1999) (Table 7.3). In
the same level charcoal and pollen analyses showed a
great predominance of Pinus. It is possible that most of
these wood and bark phytoliths originated from Pinus
wood used as fuel. The high number of platelets also
suggests the presence of pine needles. The small reference
collection that we made with Pinus sylvestris confirms
the presence of this sort of phytolith in dry needles of this
species.

Long and short cells, bulliform cells and trichomes
from grasses have been identified. Short cells are grouped
together. The only clear subfamilies identified through
the short cells were Chloridoids and the Festucoids. Two
phytolith forms have been identified as typical Cyperaceae
forms (Ollendorf 1992) and also the presence of diatoms
has been detected. However, the number of phytoliths
with palaeoecological significance is extremely low to
give any clear indication of the palaeoclimate. A tentative
interpretation of the results suggests a dry climate with
forest and grass formation. In addition, it must be
remembered that probably most of the phytoliths are of
anthropogenic origin (fuel for the fireplaces).

The combination of the phytolith number and the
percentages of carbonates, organic material, AIF present
in the samples and the frequency of diatoms (Table 7.4
and Fig. 7.4) have allowed us to determine at least four
types of combustion structures of which the simple
fireplace is the basic structure. A fire where fuel was
burned and afterwards the remains were buried without
being affected characterizes a simple fireplace. This
structure could be also called primary cultural
microsedimentary organization (Wattez 1990). We have
also observed two constants that happen in the case of
simple fireplace structure. The first constant is related to
the loss of mass by chemical treatment. In this case the
percentage of carbonates decreases from the base to the
top of the structure, while the organic remains and the
AIF show an inverse relationship. The second constant is
related to the phytolith number, which increases from the
base to the top. The first constant has been named vertical
constant of masses and the second one vertical constant
of phytolith number (Fig. 7.4). Utilizing these constants
together with the above-mentioned variables, we identify
the four types of structures related to fire. However, these
constants are only valid for the Abric Romanf site because
the special conditions of sedimentation.

The first type, as described above, is called simple
fireplace structure and is marked by the two constants
(vertical constant of masses and vertical constant of
phytolith number).

The second case is named structure with a continuous
input of fuelwood or structure with displaced sediment.
This type of structure does not display any of the constants
because the differences between the layers of the same
structure are minimal, resulting in homogeneity in the
number of phytoliths and mass loss values between the
layers of these fireplaces. The results of the soil
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Fig. 7.3: FTIR spectra showing the presence of calcite, sample 050.3. All the samples have reported a very pure calcite

in the initial analysis.

Samples H,0 KCl1
Jsup O 8.68 8.92
Jsup N 8.52 8.59
Jsup K 8.52 8.51
JaO 8.76 8.98
JaN 8.33 8.57
JaK 8.75 8.95
bO 8.76 8.87
JbN 8.84 8.87
JbK 8.8 8.73

Table 7.2: Results from the pH analysis.

micromorphology analysis for the same fireplaces are
more consistent with displaced sediment than with a
continuous input of fuelwood.

The third case is called structure with differential
inputs of fuelwood. The phytoliths are concentrated at
the base and the top of the structure, while in the center
there is a considerable decrease in number of phytoliths.

We only found one case of this sort of structure, and it
shows an inversed constant of mass loss.

The last case is called simple fireplace structure with
washing or weathering in the final phase (top of the
structure). This case shows the continuous loss of mass.
However, the number of phytoliths decreases in the top of
the structure. At the same time this final phase exhibits
more diatoms and grass phytoliths than the lower part of
the same structure or than other structures, probably
showing the beginning of a soil development. This kind
of structure could be combined with the other three
structures, showing the complexity of the recorded
formation processes.

The main fuel used in the fireplaces from level J is
wood and bark. However there are some exceptions.
Previously we have hypothesized the possibility of soil
formation. In this case we expect an increase of diatoms
and grasses. We computed the percentage values of both
in an X-Y graph (Fig. 7.5), which shows that in one case
there is an increase of both elements, which could then be
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Simple Fireplace Structure
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Fig. 7.4: Constants detected in a simple fireplace structure.
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Fig. 7.5: X-Y graphic showing the percentages of cellular morphologies and diatoms.

attributed to a soil formation. But there are some cases
with the lower percentage of diatoms but with high levels
of grasses. We think that this grass imput could have an
anthropogenic origin, because in all the other samples,
including the samples that do not represent fireplaces,
the proportion of phytolith from grasses and phytoliths
from wood and bark are similar. It can be also argued that
grass phytoliths can be attached to the fuelwood used by
the hominids (Albert 1999), but there is no way to explain
the huge differences between the samples. In addition,
the morphology and the location of these samples
containing more grass phytoliths are consistent with the

anthropogenic origin of phytoliths from grasses. These
fireplaces are, in some cases, small fireplaces (around 25
cm in diameter compared to others that are at least larger
than 50 cm). In other cases these fireplaces are hearths
delimited by rocks, while the usual situation is flat
fireplaces without surrounding rocks. All the hearths with
a considerable presence of grasses are situated in the
“drop” zone or in the zone of multiactivities defined by
Vallverdd (Vallverdd 2002). These results seem to show
that the inhabitants of the cave transpoted the grass to the
site and that grass played a role in the fire technology.
Finally we must remark that in the group of samples
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o # phytolith
Sample Phytolith # in Igr mogpzotypes % Carbonates % Organic Material % AIF
of AIF S
identified

N49.1 21653 18 85.84 523 8.93
N49.3 4575 23 90.83 0.79 838

N49.4-5 33925 21 91.72 0.91 7.38
N52.1 137669 25 92.83 1.27 591
N52.2 109479 30 84.53 3.36 12.11

N52.1-2-3 97941 26 89.86 1.75 8.39

043.1 142056 27 85.43 3.62 10.95
043.2 350736 30 88.13 229 9.58
048.1 5736 28 89.44 237 8.19
049.1 69889 28 95.54 0.01 4.45
049.2 175734 27 89.87 2.18 7.95
049.3 75899 26 95.67 0.29 4.04
050.1 1144 12 87.07 237 10.56
050.2 35362 20 86.62 277 10.61
050.3 52252 24 82.06 4.11 13.83
051.1 56470 32 89.59 1.00 940
Q50.1 300496 24 9751 0.18 231
Q50.2 86568 27 96.05 0.39 3.57
Q50.3 550810 27 96.14 0.45 341
S42.1 16470 14 92.20 2.08 572

S42.2-3 57567 13 90.21 4.15 5.64
S42.4 124575 19 84.41 5.95 9.64

U53.2-3 11246 21 96.54 111 235 1 O 9

Table 7.4: Phytolith variables and chemical characteristics for the Abric Romani Site samples.

that do not represent fireplaces there is a presence of
wood and bark phytoliths in the level that corresponds to
the occupation floor. One explanation could be the
dispersion of the ashes and combustion residues caused
by the circulation of the hominids, like in the case of the
'kung san campsites (Brooks and Yellen 1987).

Conclusions

The study shows how the combination of different
analyses and techniques (e.g FTIR, pH, and calculation
of mass loss by chemical treatment) together with a
qualitative and quantitative approach could give good
results without a significant increase of laboratory time.
FTIR requires small quantities of sediment and little time
to perfom, while pH measurements require more sedi-
ment, but the time spent is also low. The advantage of
calculating the main compounds sediments is clear
because you can do it easily while you are doing the
phytolith extraction.

The constants detected in the case of a simple hearth
can help to understand the characteristics of the hearths
present in a site, however, at the moment, these character-

istics can only be applied in sites with the same
characteristics as the Abric Romani. More work, includ-
ing experimentation, needs to be conducted to apply these
techniques to other sites. In addition, the study also
demonstrates the importance of a multidisciplinary
approach to understanding the behavior and environment
of the Middle Paleolithic hunter-gatherers, and how the
complexity in fire technology could reveal a more
complex behaviour of these groups.
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Formation processes through archacobotanical remains: The case of the
Bronze Age levels in El Mirador cave, Sierra de Atapuerca, Spain
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Abstract

El Mirador site has a sequence formed by burnt dung resulting from pastoral activities during the Bronze Age and the Neolithic
period. Because there is a high sediment variation in the profile, facies descriptions were used to guide the archaeologists in their work.
Paleobotanical and mineralogical analyses were used to describe and understand the formation of the facies from the MIR 4 level.
Furthermore, the paleobotanical results serve to reconstruct the landscape in Atapuerca during the Bronze Age.

Most seeds recovered are from Triticum aestivum/durum, but other cereals and also Leguminoseae and fruits have been identified.
Charcoal analysis has yielded mainly deciduous and evergreen Quercus. Pollen analysis has revealed a low arboreal cover, with Pinus,
Quercus and riverside trees. Most of the pollen record corresponds to herbs, such as Poaceae and Asteraceae. All these results indicate a
mosaic of different biota with forest, pastureland and cultivated fields near the site.

Most of the phytoliths come from the leaves and stems of festucoid grasses. However, there are some differences in the phytolith type
and number, the amount of faecal spherulites, the mineralogical composition and the percentage of multicellular structures that indicate
that not all the facies in the site have been formed in the same way. Thus, the work carried out has demonstrated that some facies are
related more to agricultural activities than to pastoralism activities, and that other facies have been affected by incipient diagenetic
processes.
© 2007 Elsevier Ltd and INQUA. All rights reserved.

115

1. Introduction variability of the sediment forming the Holocene infilling

of the cave increase dramatically. This is probably because

During the Neolithic and the Bronze Age, caves were
frequently used as pens in the European Mediterranean
area (Brochier et al., 1992; Boschian, 1997; Macphail et al.,
1997; Bergada, 1998; Badal, 1999; Boschian and Mon-
tagnari-Kokelj, 2000; Alday et al., 2003; Karkanas, 2006;
Thiebault, 2006). Frequently these caves contain strati-
graphic sequences formed by alternating burnt dung layers,
called fumiers (French) and “burnt layers” in English, and
non-burnt dung layers. The objective of burning the dung
was to eliminate the parasites existing in the cave due to
livestock penning, or to reduce the volume of accumulated
dung (Brochier et al., 1992). As a consequence of these
periodic burning events, the texture and the color

*Corresponding author. Tel.: +34977 558649; fax: +34977559597.
E-mail address: dcabanes@prehistoria.urv.cat (D. Cabanes).

not all the sediment-dung of the cave has suffered the same
combustion intensity, or even because some sediments and
dung have not been burned. In addition, the existence of
phosphates in the fresh dung and the liquid waste increases
diagenesis of the previously deposited and burned sedi-
ments (Macphail et al., 1997; Shahack-Gross et al., 2003;
Karkanas, 2006).

This is the case in the El Mirador cave site in the Iberian
Peninsula. The cave is located on the southern slope of the
Sierra de Atapuerca, near Burgos (Fig. 1), and forms part
of the karstic system of the Sierra, which has reported sites
with human occupations from the Lower Pleistocene to the
present (Rodriguez et al., 2001). In the Mirador site a test
pit of 6m? has been investigated since 1999. The aim of the
test pit was to collect archaeological and paleoenviron-
mental data to construct the reference sequence for the site.

1040-6182/$ - see front matter © 2007 Elsevier Ltd and INQUA. All rights reserved.

doi:10.1016/j.quaint.2007.08.002
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Fig. 1. Map showing the location of the site and the main river basins in the north of the Iberian Peninsula.

Table 1
Results for the dated charcoal with C'* AMS in the level MIR 4

Archaeological ~ Material Taxon Laboratory Measured Conventional 2 Sigma 2 Sigma 13C/12C

level number Radiocarbon  Radiocarbon  calibrated calibrated ratio
Age Age result BP result BC

MIR 4 (top Charcoal Quercus sp. Beta-154894 3020440 3040+40 3350-3140 1400-1190 —23.9%0

level) (evergreen)

MIR 4 (base Charcoal Quercus sp. Beta-153366 3380140 3400+40 3720-3560 1760-1610 —23.8%o0

level) (deciduous)

The test has allowed description of a sequence that extends
from the Late Upper Pleistocene to the Holocene. The
uppermost layers of the sequence, MIR 3A and MIR 4,
correspond to the Late and Middle Bronze Age, respec-
tively, and the MIR 6 layer downwards the layers were
formed during the Neolithic period. The MIR 5 layer
represents an abandonment phase of the site. From the
MIR 50 layer downwards the sequence enters in the
Pleistocene and the origin of the sediments changes.

The purpose of this work is to characterize the facies
identified in the MIR 4 level through the archaeobotanical
remains, mainly phytoliths, but also through the pollen,
charcoal and seeds, and through the bulk mineral
composition of the samples. In addition, the aim of the
investigation is to better understand the formation
processes and diagenesis of the site and to reconstruct the
landscape and human activities in the Sierra de Atapuerca
during the Bronze Age.

2. MIR 4 level: archaeological remains and facies identified
The MIR 4 level has been dated using '*C AMS on two

wood charcoals from evergreen Quercus sp., one from the
base and the other from the top of the level (Table 1)

(Verges et al., 2002). A secondary burial of six individuals
has been recovered at this level. The human remains reveal
evidence relating to gastronomic cannibalism (Caceres et
al., 2007).

The faunal remains principally correspond to domestic
animals. The most common species are sheep and goat, but
cattle, pigs, and to a lesser degree, horses and dogs are
present. Five percent of the total faunal remains recovered
correspond to non-domestic animals, namely rabbits, deer
and wild boars. Most of this faunal spectrum relates to
pastoralism (Verges et al., 2002). The stone tools are scarce
and the main raw material used was flint. Quartzite and
limestone cobbles, correlated with hammerstones, pestles
and anvils were found in the MIR 4 level. The retouched
tools are mainly denticulate, and some of them are
associated with sickle elements.

The pottery is scarce and has a high degree of
fragmentation. They are simple forms, with decorations
that indicate relationships with the Ebro and Duero basins.
In addition, there is a small amount of excised decorated
pottery linked to the Duffaits group from central western
France (Moral et al., 2003). The MIR 3A level has yielded
a small bronze axe of the original French Medocaine style
(Verges et al., 2002). The archaeological remains for the

Please cite this article as: Cabanes, D., et al., Formation processes through archacobotanical remains: The case of the Bronze Age levels in El Mirador
cave, Sierra de Atapuerca, Spain. Quaternary International (2007), doi:10.1016/j.quaint.2007.08.002
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Fig. 2. Picture showing the south profile of El Mirador site. The picture shows the variability of the facies from the level MIR 4 to the level MIR 11. The

scale is 50 cm.

MIR 4 level indicate trans-Pyrenean contacts and also the
strategic position of the site between the two main basins of
northern Spain (Fig. 1).

Because of the previously mentioned formation condi-
tions, in the course of the excavation of El Mirador site,
“facies” description was used to differentiate the variation
in the sediments of the same archacological layer. This
procedure was applied in all the archaeological layers to
identify a described type of sediment. The facies are
recurrent in all the sequence and can appear more than
once in the same layer (Fig. 2). These facies forms rhythmic
sequences, normally discontinuous and with abrupt limits,
and they are organized horizontally or with a slight
inclination to the N or W of the cave. Table 2 presents
the description of the facies used by the archaeologists in
the field.

3. Materials and methods

All the sediment extracted from the MIR 4 level was
washed and floated using a flotation machine, to recover
the seeds and charcoal. The volume floated was almost
20001 (Tables 3 and 4). For charcoal analyses a fraction of
4mm was used. For the carpological analyses the entire
residue was studied. Facies differentiation was not used
during this procedure, but the samples were separated by
depth at 10 cm intervals.

For charcoal identification the remains were fragmented
by hand in order to obtain three wood anatomy sections,

which makes it possible to describe the cell structure.
Charcoal fragments were observed through a metallo-
graphic microscope with reflected light (Olympus BX-41)
with dark and light fields, using x 50, x 200, and x 500
magnifications. Identification was supported with a
reference collection and various wood anatomy atlases
(Schweingruber, 1990; Hather, 2000). Seeds were
observed with a CETI Steddy-T binocular microscope, at
x 10 and x40 magnifications. The identification was
supported with a reference collection and seed identifica-
tion atlases (Bertsch, 1941; Beijerinck, 1947; Villarias,
2000).

For the pollen and phytolith analyses, samples were
extracted from the different facies that forms the MIR4
level (Table 2). Facies b was sampled in duplicate for
comparison between the same facies in different spots
(samples 10 and 13). For the phytolith analyses, two
control samples were collected, one from the surface of the
site and another from a modern soil in front of the site.

The pollen samples were treated using the Goeury and
Beaulieu (1979) technique, which was slightly modified in
accordance with Girard and Renault-Miskovsky (1969),
and based on the protocol developed by Burjachs et al.
(2003). The paleoecological interpretation is based on the
average of the 14 samples analyzed. Calculation of AP/
NAP percentages excluded from the basic sums all the
palynofacies taxa, as well as the Asteraceae, Cerealia-type
and fern spores. These have a specific pollinization system
and/or are favoured by anthropic activity. The pollen
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Table 2
Description of the facies used by the archaeologist during the fieldwork

Facies Facies description
name

facies @ Pale yellow silty clay, with variable amount of rock fragments
(limestone fragments, subangular and heterometric). It has an
elevated porosity, with a high presence of organic material and
common biological activity. It contains dispersed ashes and
microcharcoals between the matrix. It is the most common
facies and the other facies appear between this facies
Ashes (practically pure), silty appearance, white in color, with
charcoals of variable size, massive and occasionally with thin
laminations. It can contain small and dispersed yellow stains.
It is a product of combustion in an oxidizing environment,
substantially in situ
facies bg  Ashes with features between the facies b and facies g. Result of
combustion in an oxidizing environment, substantially in situ
Accumulations of vegetal charcoal fragments of variable size
(millimetrics to centimetrics). Result of combustion in situ in a
reducing environment
Black organic material with a clotted structure, formed by
moderately decomposed animal dung (coprolites), sometimes
joined to each other
Thin ash lenses, white or very pale grey in color, with vegetal
fibre structures. It displays a sub-horizontal inclination and a
sub-perpendicular pattern. It is the product of the oxidizing
combustion of vegetal material on the surface
Silt sediment, pale grey, massive with abundant dispersed ash
in the matrix. Result of oxidizing combustion, mainly in situ
Greenish silt with abundant dispersed ashes
Pale brown ash accumulations, compact (sometimes granular),
with poor resistance. It contains millimetric charcoals and
fragments of reddened sediment dispersed in the matrix. It is
the product of combustion in situ and the accumulation of
successive combustion residues
Organic material accumulations, black and homogeneous,
without structure or recognizable excrement to the naked eye
-r Any of the former facies but with evidence of reddening caused
by thermal alteration

facies b

facies ¢

facies d

facies f

facies g

facies i
facies m

facies o

concentration (PC) was calculated using the volumetric
method (Loublier, 1978).

The phytolith extraction was carried out using the
methods proposed by Albert (2000) and Madella et al.
(1998). About 1 mg of dried residue was mounted on a slide
using New Entellan from Merk for phytolith analyses.
Wherever possible, the terms used to describe phytolith
morphologies follow the terms of the international code for
phytolith nomenclature (Madella et al., 2005). The
calculation of the phytolith number was done following
Albert and Weiner (2001). The phytolith number calcula-
tion is based on the acid insoluble fraction (AIF), which is
the fraction of the sample that remains after the
carbonates, phosphates and organic material have been
removed, and wherever phytoliths are present. Using the
AIF allows comparisons between samples independently of
the diagenesis suffered by the sediment (Albert et al., 1999,
2000, 2003; Karkanas et al., 2000; Albert and Weiner,
2001). Additional counting of the multicellular structures
was performed using the entire slide surface. For the

calculation of the faecal spherulites and calcium oxalate
druses number, about 1 mg of the dried initial sample was
mounted on a slide. Phytoliths, spherulites and calcium
oxalates were examined using an Olympus BX41 micro-
scope with polarized light for spherulites and calcium
oxalates identification.

During the phytolith extraction the volume lost during
the acid and peroxide treatment was measured. This was
carried out by weighing the initial sample, and weighing the
dried residue of the sample after the acid or peroxide
treatment. Although these measures are not as exact as the
measurements obtained by other well-defined procedures,
they provide useful information about the volume of
carbonates/phosphates and organic material present in the
samples.

The bulk mineral composition of each facies was
determined using a Jasco 680 plus FTIR spectrometer.
The spectra were collected at a resolution of 4cm™" and
approximately 1 mg of the original sample was mixed up
using an agate mortar with 80 mg of KBr.

4. Results
4.1. Charcoal

The results from the MIR4 level show up to 15 different
taxa (Table 3). The most significant in relation to their
percentage representation are deciduous and evergreen
oaks (Quercus sp. deciduous; Quercus sp. evergreen). Other
taxa are present in very low percentages, with ash
(Fraxinus), pomes type (Maloideae) and elder (Sambucus)
the most abundant. The difference in the percentages
among the most important taxa and the rest is indicative of
a direction in the exploitation of certain resources: firstly,
because of their abundance in the environment and
secondly, because of the availability and quality of oaks.
The identified taxa belong to different biota, indicating the
exploitation of different environments, with priority to the
most abundant and extensive. Although deciduous oaks
cannot be classified into different species by anatomical
observation, it is assumed that there were at least two
species: Quercus pyrenaica and Quercus faginea. At present
both species grow near the cave. The distribution of
Q. pyrenaica type would be related to the acidic soils
developed at the terraces, whereas evergreen oaks and
Q. faginea type grew on the calcareous soils of the Sierra.
Some of the other taxa, such as Fraxinus, Corylus, Cornus,
Sambucus and Salix, with greater water needs, probably
spread near the river or closer water sources. Pinus
sylvestris type and Fagus sylvatica were probably distrib-
uted in higher altitudes at the Sierra de la Demanda.

4.2. Seeds
For the MIR4 level the majority of the crops and weeds

are represented by 18 taxa (Table 4). Most of these remains
were charred seeds, and only two spikelet forks were
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Table 3
Taxa identified through the charcoal analysis in the MIR4 level

Depth (cm) 1190-1200 1200-1210 1210-1220 1220-1230 1230-1240 1240-1250 1250-1260 1260-1270 1270-1280 Total %
Volume floated (1) 103.5 226 127 213.9 174 218 278 234.5 303 1877.9

Cornus 1 1 2 0.18
Corylus avellana 3 1 3 3 2 2 14 1.25
Fagus sylvatica 2 2 0.18
Fraxinus 2 4 4 3 5 3 2 23 2.06
Hedera 1 1 0.09
Fabaceae 1 2 2 1 1 7 0.63
Lonicera 1 1 0.09
Maloideae 5 6 5 2 2 11 3 2 36 322
Pinus sylvestris type 1 2 1 1 1 6 0.54
Prunus 1 1 1 8 1 12 1.07
Quercus 1 1 5 5 2 3 1 2 20 1.79
Quercus sp. deciduous 14 90 81 62 91 115 60 56 57 626 55.99
Quercus sp. evergreen 15 33 18 23 29 26 51 51 55 301 26.92
Rhamnus 1 0.09
Salix 3 1 4 0.36
Sambucus 2 4 3 11 4 1 1 26 233
cf. Betula 1 1 0.09
cf. Hedera 1 1 0.09
cf. Prunus 1 1 1 3 0.27
cf. Maloideae 1 1 2 0.18
cf. Sambucus 1 1 2 0.18
Undeterminated 1 2 5 1 1 2 12 1.07
Undetermined 2 3 2 2 3 3 15 1.34
Total 30 144 125 110 152 161 145 124 127 1118 100

recovered during the analysis. The seeds come mostly from
cultivated plants, namely cereals and pulses. Two wheat
species (Triticum aestivum/durum and Triticum dicoccum)
account for more than the 50% of the recovered seeds.
Hordeum vulgare nudum has also appeared at the site but in
smaller quantities. Cultivated pulses are only represented
by Pisum sativum, representing less than the 2% of the total
remains. Avena sp. and Vicia sp. are also identified. These
plants were cultivated in more recent periods, but here are
computed as weeds because they lack the main morpho-
logical features that ensure they have been cultivated
(Alonso, 1999; Arnanz, 2000). Weeds have higher taxa
variability than the cultivated plants. Note that the most
abundant weed is the Trifolium sp., which relates to
ovicaprine alimentation (Abdel-Monein and Abd-Alla,
1999). Other plants related to sheep and goat feeding are
the Medicago sp. and Melilotus sp., which appear in
smaller quantities in the MIR4 level.

4.3. Pollen

Pollen analysis has provided high values of palynological
concentration and taxonomic diversity, which is unusual
for archaeopalynological analyses (Fig. 3). These high
values are related not only to pollen rain and pollen
sedimentation, but also to animal contributions (dung,
dust accumulated in the fur, etc.) and humans (bedding for
animals, craftwork with vegetable fibres, etc.) (Burjachs,

1988). Most of the pollen record was formed by Poaceae
and Asteraceae, with an anthropic artefact of Cerealia-type
in facies f (Vuorela, 1973). Secale pollen was also detected;
this plant forms part of the weeds growing with the wheat
and other cereals before its cultivation during Roman-
Middle Ages in the Iberian Peninsula (Buxo, 1997). The
arboreal cover was low (36% AP) and the most represented
trees are deciduous Quercus, evergreen Quercus, Pinus spp.
and cf. Juniperus. Tilia and Ilex, included within the
deciduous trees in Fig. 3, are both relictual taxa from the
Iberian Peninsula. The riverside trees identified were
Corylus, Salix, Ulmus and Alnus. Betula, clearly a
mountain taxon, was also identified. Shrubby vegetation
was dominated by Cistaceae, Erica and Buxus. Ferns were
also present (monolete and trilete spores, Ophioglossum,
Isoetes and Polypodium).

As expected, the pollen concentration was low in the
facies with thermal alteration. There was a low concentra-
tion of pollen in the facies related in the field with ashes
(facies b, bg and g), with charcoal (facies ¢) or with
reddened sediments (ar, o-r, m-r). The highest concentra-
tion and taxonomy diversity were observed in the
sediments with no thermal alteration, for example, facies
d (identified as dung in the field), f (formed by fibres) and
facies i (plastic clay). The pollen results showed high
percentages of Poaceae and Cerealia-type in facies f and the
highest taxonomical diversity (39 taxa) was found in facies
i (Fig. 3).
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Fig. 3. Diagram showing the results of the pollen analysis for the selected taxa in the MIR 4 level.

Table 5
Minerals detected in the samples through the FTIR

the same distribution of carbonates, organic material and
AIF. In most cases the carbonates are slightly higher than
the AIF; in other cases, for example, in facies ar, f and i,

Sample Main mineral I ~ Main mineral 2 Presence . . .
the AIF is a little higher than the carbonates. The

facies a Opal Calcite Dahllite  exceptions are facies b, where the carbonates are more
If‘dc}es Z" 1 OP;J Calcl“e gagﬂ?‘e much abundant than in the rest of the samples. Another
acies b (s10) Calcite Opa antile - exception is the modern soil sample which contains much
facies b (s13) Calcite Opal Dahllite .
facies by Opal Calcite Dahliie. ~ more AIF than carbpnates. .No.te that in all the samp}es the
facies ¢ Calcite Opal Dahllite  percentage of organic material is low. The samples with the
facies d Calcite Opal Dahllite most organic material are the samples from facies d
facies f Opal Calcite - (identified in the field as a dung accumulation), facies ¢
facies g Opal Calcite Dahllite . . - .

o . (identified as charcoal accumulation) and the modern soil
facies i Clay Calcite Quartz
facies m Opal Calcite Dahllite control sample.
facies m-r Calcite Opal Dahllite
facies o-r Opal Calcite Dahllite 4.5, Phytoliths, spherulites and calcium oxalate druses
Surface control sample  Calcite Opal Dahllite
Modern soil sample Clay Calcite Quartz

The two first columns indicate the main minerals; the position in each
column indicates which mineral is most common in the facies. The third
column indicates only the presence.

4.4. FTIR and volume of the main components

The main minerals identified through the FTIR in most
of the samples are the calcite and the opal from the
phytoliths. Dahllite was also present but in smaller
quantities (Table 5). Clay and quartz were only identified
in the facies 7 sample and in the modern soil control
sample.

Fig. 4 shows the distribution of the carbonates, organic
material and AIF in the samples. All the facies have mostly

4.5.1. Phytoliths,
quantification

The amount of phytolith is high in all the facies, but
there are considerable variations between them. The
sample with the most phytoliths is the modern soil control
sample (Table 6). This is probably because when the
modern soil control sample was collected, parts of dried
grasses present in the surface were also collected, thus
artificially increasing the number of phytoliths. The
archaeological sample with the highest concentration of
phytoliths per gram of AIF is the sample from facies f. The
facies bg, facies ¢ and facies a-r also have a considerable
quantity of phytoliths.

The number of spherulites varies in each facies (Table 6).
The facies with the most spherulites are facies bg and facies

spherulites  and  calcium  oxalate
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Fig. 4. Distribution of the percentages of carbonates/phosphates, organic material and acid insoluble fraction (AIF) in the different facies.

Table 6

Table showing the estimated number of phytoliths in 1 g of acid insoluble fraction (AIF), the estimated number of faecal spherulites in 1g of untreated
sediments and the estimated number of calcium oxalate druses (CaO,) in 1g of untreated sediment

Sample Phytoliths in 1 g of AIF Spherulites 1 g sediment CaO, in 1g of sediment
facies a 9.500.000 4 1.290.000 4.200£300 550+40
1 2 2 facies a-r 12.900.000 + 1.700.000 11.700£800 1.130+80
facies b (s10) 3.800.000+402.000 2200+ 150 0
facies b (s13) 3.700.000 + 530.000 23004160 0
facies by 13.600.000 + 1.390.000 13.600 + 1400 0
facies ¢ 2.500.000 +392.000 5.600 4500 720+70
facies d 4.400.000 + 530.000 3.8004400 330+30
facies /° 25.000.000 +4.736.000 1.700+200 420+ 50
facies ¢ 10.000.000 + 1.270.000 6.700+400 740+ 50
facies i 4.300.000 + 676.000 4.700+300 250420
facies m 5.300.000 +1.000.000 3.500+200 350420
facies m-r 6.900.000 £ 958.000 6.400 1400 990+ 60
facies o-r 3.100.000£278.000 9.200+700 600+ 50
Surface control sample 5.800.0004 530.000 10.500+ 1000 790+ 80
Modern soil sample 36.400.000 +6.230.000 0 0

ar. The surface control sample (which is probably a mix of
the upper archaeological sediments) also has a high
amount of spherulites as well as facies o-r. Note that the
facies defined as a dung accumulation (facies d) does not
have an exceptional amount of spherulites.

Calcium oxalates druses were not observed in the two
facies b samples, in the facies bg sample and in the modern
soil control sample (Table 6). The facies with the highest
amount of calcium oxalates is facies a-r (more than 1000
calcium oxalate druses in 1g of sediment), followed by
facies m-r (close to 1000 in 1g of sediment).

4.5.2. Phytolith morphologies
Most of the phytoliths identified correspond to mono-
cotyledons. The dicotyledonous phytoliths are poorly

represented. The sample with highest concentration of
dicot phytoliths is the facies m-r sample (23%). No
phytoliths other than grass phytoliths were found in the
monocotyledon group. The phytoliths from the grasses
were formed mainly in the leaves and the stems of these
plants (Figs. 5 and 6A). The phytoliths from inflorescence
are present in lower percentages. The facies with the
highest concentration of inflorescence morphotypes are
facies f and facies a. More than 96% of the short cells
identified in all the facies correspond to festucoid short cells
(Fig. 6B). The results for the multicellular structures have
shown a dominance of leaves/stem multicellular structures
over inflorescence multicells (Figs. 7 and 6C). The
exception is the facies f, where there are more inflorescence
multicells than leaves/stem multicellular structures. Most
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Fig. 5. Anatomical origin of the grass phytoliths identified in the samples.

of the inflorescence multicellular structures from facies f
are represented by dendritic morphologies (Fig. 6D).

5. Discussion

The origin of El Mirador Holocene sediments is
principally the dung from the animals kept in the cave
during the Bronze Age. This hypothesis is not only
supported by the archaeological remains but also by the
archaeobotanical remains and the mineralogical composi-
tion of the sediments. The phytoliths from the facies of the
Bronze Age come mainly from the leaves and stems of the
grasses. Such grasses were probably part of the diet of these
animals or their bedding. Thus, the existence of calcium
oxalates, which could originate in the dicotyledonous
leaves (Franceschi and Horner, 1980; Prychid and Rudall,
1999), must be related to the foddering or bedding of the
animals enclosed in the cave (Rasmussen, 1993). Most of
the species from the charcoal record can be used to fodder
animals. Oak and ash are especially preferred by cattle. The
relation between the percentages of the most abundant
woody taxa, evergreen and deciduous oaks, and the rest of
the taxa, indicates that there was a strategy to exploit these
species. The wood fodder was usually exploited during the
winter seasons when grazing was not possible. This strategy
has been documented in other archaeological sites and
recorded ethnographically (Haas et al., 1988; Rasmussen,

1993; Karg, 1998). The presence of faecal spherulites in all
the samples is a clear indicator of the dung deposition in
the cave (Brochier et al., 1992; Canti, 1997, 1999). The
mineralogical composition shows the presence of dahllite,
which could be indicative of a relatively high phosphate
level in the sediments. These phosphates could come from
fresh dung (Macphail et al., 1997; Shahack-Gross et al.,
2003; Karkanas, 2006).

However, not all the facies are the product of burned
dung. The results for facies f indicate that this facies is
more related to the crop-processing residues than to dung
accumulation (Vuorela, 1973; Macphail et al., 1997;
Harvey and Fuller, 2005). Some spherulites, as well as
calcium oxalates, have been detected in this facies, but the
origin of those elements should be related to the difficulty
in sampling this facies, which is formed by very fine fibres
surrounded by the other facies. The high presence of husk
phytoliths indicates that the crop-processing stage could be
the threshing/winoning or the milling/pounding (Harvey
and Fuller, 2005). Storage areas also should contain husk
phytoliths, but no evidence of storage structures has been
detected during the excavation of the MIR 4 layer. Most of
the inflorescence phytoliths found are dendritic morphol-
ogies that might be related to the presence of husk of
Triticum aestivum/durum, whose seeds have been recovered
from the same archaeological layer. Nevertheless, morpho-
metrical analysis of the dendritic phytoliths must be carried
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Fig. 6. Microphotographs from the phytoliths identified in the MIR 4 level: (A) Prickle from a monocot leaf, facies a. (B) Festucoid short cells (rondels)
together with psilate long cells, facies a. (C) Multicellular structure formed by psilate long cells from the leaves/stem of grass, facies f. (D) Multicellular
structure formed by dendritic long cells from the grass inflorescence, facies f.

out to confirm this hypothesis (Ball et al., 1999, 2001). The
destination of the final product of the crop-processing can
be the human consumption or the foddering of livestock
present in the cave. The discrimination of grain for human
consumption or grain for animal foddering at a minimum is
complicated (Jones, 1998). Nevertheless, Karkanas (2006)
has proposed the use of cereal inflorescence for animal
foddering. Feeding animals with cereal grains destined for
human consumption is an expensive practice, even if there
are few animals, and only possible when the surplus of grain
is considerable. In this sense, prior to the mechanization of
agriculture, the cultivation of fodder was labour-intensive
(Halstead, 1996). Nevertheless, the question arises whether
the whole inflorescence (including the grains) was used to
feed the animals or only the husk was used as fodder.

The different characteristics of facies i indicate that the
origin of this facies is a mix of dung and clay, from outside
the cave, not related to the general context deposition for
the MIR 4 level. The FTIR results for facies i are very
similar to the results from the soil control sample. In
addition, the pollen record of facies i presents similarities to
a soil pollen spectrum (Bottema, 1975). Note that the
pollen deposited in the dung can be biased by the

alimentary preferences of the animals (Carrion et al.,
2000) or, in the case of the Mirador site, by the burning of
the dung. Consequently, the diversity of the pollen record
formed by the mix of dung and clay, from outside the cave,
should be higher than the diversity of most of the pollen
samples from el Mirador site, which are formed mainly by
burned dung. Moreover, the presence of clay for preparing
floors and carrying out other activities has been detected in
many caves where animal dung was also burned (Karka-
nas, 2006, personal observation in the Portalon Cave,
Sierra de Atapuerca).

The type and amount of phytoliths from the reddened
facies do not show major differences to the same facies type
without this feature. However, the calcium oxalates
concentration is higher in the reddened facies than in the
not reddened facies of the same type, and there is a slight
increase in the dicot phytolith percentage in these types of
facies. The calcium oxalates and the dicot phytoliths could
indicate a differentiated combustion processes in terms of
fuel for the reddened facies.

Wood ash is the probable origin of the two samples from
the facies b. However, there is not a significant increase in
wood and bark phytoliths in these samples. Note that
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Fig. 7. Origin of the multicellular structures identified in the MIR 4 level.

grasses can produce 20 times more phytoliths than wood
and bark and that part of the phytolith contained in the
wood and bark used as fuelwood can contain grass
phytoliths in form of ‘“‘contamination” (Albert, 2000).
Most of the sediment contained in facies b probably has its
origin in wood ashes, but also the contribution from other
sources (i.e. dung) needs to be taken into account, because
the faecal spherulites have lower concentrations than in
other samples but they are still present in facies b. In
comparison with the samples from facies b, the samples
from facies g and bg show larger quantities of phytoliths
and spherulites. This can be explained by the presence of
more burnt dung in the facies g and bg samples than in the
facies b samples, and can also be explained by a different
depositional event in these facies.

Finally, a good correlation exists between the amount
of multicellular structures and the amount of spherulites
(Fig. 8). When no other indicators discard the presence of
dung in the samples (i.e. in facies f, facies i and probably
facies b), the low presence of multicellular structures and
spherulites could indicate the reworking of these sediments.
The hypothesis is that the reworking processes disaggregate
the existing multicellular structures converting these into
regular phytoliths, and increase the solubility of the faecal
spherulites, which seem to be formed by a relatively
unstable form of calcium carbonate (Shahack-Gross et al.,
2003). Furthermore, good preservation of the multicellular
structures and the spherulites could indicate the human

import of plants to the cave for bedding the animals
(Macphail et al., 1997). Facies a-r and the surface control
sample do not follow this correlation. These samples,
especially the sample from the facies ar, are relatively rich
in calcium oxalates. Lower number of phytoliths and a
sediment rich in calcium oxalate remains has been related
to foddering animals with hay leaves (Macphail et al.,
1997). This could explain why there is a considerable
quantity of faecal spherulites in the sediment but fewer
multicellular structures from grasses. The soil micromor-
phological analysis, which is still in progress, will help to
confirm or reject this hypothesis.

According to the results obtained through the seed,
charcoal, pollen and phytolith analyses, the archaeobota-
nical record was formed by human activities related to
agriculture and pastoralism. Charcoal analyses show that
the landscape was at least partially formed by arboreal
cover which, due to the intensive exploitation, clearly
shows a transformation that favoured the development of
open environments with more open shrubby vegetation.
The results of the pollen analysis show similar conditions.
The landscape is a mosaic of different biota: oak forest
with evergreen and deciduous elements, mountain range
vegetation, riverside species and cultivated cereals. This
mosaic can be summarized into three types of vegetal
cover: the forest, the pastureland and cultivated fields. The
climate during the formation of level MIR 4 was similar to
the current continental Mediterranean climate (Rivas,
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Fig. 8. Comparison of the amount of multicellular structures and the amount of faecal spherulites in the facies studied.

1987), but with some Atlantic influences (i.e. Quercus sp.
deciduous and Fagus). Moreover, some of the taxa
identified by pollen and charcoal analyses show a higher
degree of humidity in the environment.

6. Conclusions

Most of the facies variability in the MIR4 level depends
on variables such as humidity, duration of the combustion,
type of animal dung, etc., which affect the combustion
processes of the accumulated dung. Nevertheless, some of
the clearest differences are due to the different origins of
the sediment, and probably the reworking of those
sediments in ancient times. The relationship between single
phytoliths, multicellular phytoliths and spherulites can be a
clear indicator of postdepositional processes in these types
of sediments. The archaeological remains show that the site
was used during the Middle Bronze Age as an animal
enclosure and a burial site. However, other activities
related to crop-processing and agriculture have also been
detected through seed, charcoal, pollen, phytolith and
mineralogy analyses. Such analyses can be combined to
understand the paleoecology of the site. These disciplines
are complementary to each other not only to explain the
past landscape, but also to increase understanding of
formation and diagenetic processes in sites such as El
Mirador Cave.
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Abstract

The presence of many phytolith-rich layers in late Bronze and Iron Age deposits at Tel Dor, Israel, are indicative of specific locations where 1 3 3
plants were concentrated. Detailed studies of six of these phytolith-rich layers and associated sediments from Tel Dor show that the phytoliths
were derived mainly from wild and domestic grasses. The most common domestic grass was the cereal Triticum aestivum (bread wheat). Three
of these layers have a microlaminated microstructure, associated dung spherulites and phosphate nodules; characteristics that all point to the
phytolith-rich layers having formed from dung in animal enclosures. In two of the layers, the microlaminated structure is absent while dung
spherulites and phosphate nodules are present, suggesting that these too originate from dung that was not deposited in an enclosure. The sixth
layer is microlaminated but does not contain spherulites. We thus cannot suggest a parsimonious explanation of its observed properties. Con-
centrations of burnt phytoliths are present in three locations, implying that dung was either burnt in sifu or the ashes from burnt dung were re-
deposited. The transformation of dung accumulations into phytolith-rich layers involves a loss of organic material and hence a significant
reduction in sediment volume, which is clearly apparent in the stratigraphy of some of the locations examined. The volume reduction can
be observed in the macrostratigraphy and has important implications with regard to macrostratigraphic interpretation. The presence of abundant
phytolith-rich layers on the fell has significant implications for the concept of ‘urbanism’ during these periods.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

A systematic study of the sediments from the Late Bronze
and Iron Age periods at Tel Dor (Israel) revealed the presence
of numerous white layers, whose major component is opaline
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(siliceous) phytoliths. These layers vary in thickness from
millimeters to 30 or so centimeters. They can extend laterally
for meters. Shahack-Gross et al. (2005) studied two of these
phytolith-rich layers that accumulated within a monumental
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building of the early Iron Age above the southern harbor. They
cover the entire space investigated (part of either a room or an
open courtyard) and vary in thickness from a centimeter or so
to about 10 cm. Prior to this study, these layers were thought to
be lime-plaster floors. Micromorphological and phytolith anal-
ysis showed that they are composed almost entirely of phyto-
liths from grasses. The sediment microstructure revealed
a wavy lamination, indicative of trampling. Calcitic spheru-
lites were also present. These are derived from the digestive
tracts of ruminants, including common domestic animals
such as goats, sheep and cows (Brochier et al., 1992; Canti,
1997, 1998, 1999). Shahack-Gross et al. (2005) concluded
that this space was used at some point in time in the early
Iron Age as an animal enclosure. The aim of this study is to
compare and contrast six different phytolith-rich layers at
Tel Dor in order to better understand the manner in which
they formed, their implications to site formation processes
and their significance to the archaeology of the site.

As phytoliths do not accumulate as such, but are always de-
posited together with the associated plant organic material, the
presence of these layers raises interesting taphonomic ques-
tions. Shahack-Gross et al. (2005) reported that the volume pro-
portions of phytoliths to whole modern dung is about 1:50. The
reduction in volume that occurs when the organic matter is de-
graded is considerable. This compression of tell sediment over
time, can clearly influence the stratigraphy, can concentrate ar-
tifacts into smaller volumes and can juxtapose sediment layers
against walls that are lower (i.e. older) than the sediments.

It is reasonable to assume that almost all phytoliths were
brought to the fell while still an integral part of the plants in
which they formed. The organic fraction of the plants then de-
grades relatively rapidly, and the more stable fraction compris-
ing, in the case of grasses, mainly phytoliths, remains.
According to Shahack-Gross et al. (2005) an accumulation
of a meter of plants would therefore reduce to about 2 cm.
The phytolith-rich layers we have examined also contain other
minerals such as quartz and clay. Thus, in general, the volume
reduction was probably considerably smaller.

Based on the studies of Shahack-Gross et al., (2003, 2005)
there are four main criteria for determining whether or not the
phytolith-rich layers are from animal enclosures: microlami-
nation, dung spherulites, authigenic phosphate and the types
of phytoliths present.

1.1. Ethnoarchaeological background

As the phytolith-rich layers at Tel Dor probably form as a re-
sult of plant accumulations degrading or being burnt under do-
mestic or industrial circumstances, one key to understanding
this phenomenon is from ethnoarchaeological observations.
These are mostly from agro-pastoral societies and unfortunately
not from urban contexts that could be more relevant to Tel Dor.

The most comprehensive ethnoarchaeological studies of tra-
ditional agro-pastoral societies in the Near East are from west-
ern Iran (Kramer, 1982; Watson, 1979) and to some extent from
Syria (Kamp, 2000; Roth, 1985) and Ottoman Palestine
(Ziadeh-Seely, 1999). Traditional agro-pastoral villages are

basically agglomerates of households (Watson, 1979; Ziadeh-
Seely, 1999). Each household consists of an open courtyard
and roofed rooms. The rooms are used as the family living
room, kitchen, various storage rooms, and as stables for the
household’s sheep and goats. There are separate stables for cat-
tle, donkeys and horses (Kramer, 1982; Ziadeh-Seely, 1999).
Goods stored are grains, straw, and dung cakes. The latter are
dried kneaded animal dung formed into flat ovals that are
used as fuel (N.F. Miller and P.J. Watson, personal communica-
tion; see also Miller, 1984; Reddy, 1998).

Based on the above, accumulations of large quantities of or-
ganic materials that could degrade into phytolith-rich layers
may occur in abandoned storage rooms (grain and its associated
chaff, straw, dung cakes) and in pits, as well as in open areas
within and around the site (mostly dung and its ash). As it is un-
likely that grain, straw and dung cakes will be left unused, except
in cases of abrupt, unplanned, abandonment, the most likely ma-
terial to form relatively thick phytolith-rich layers of either burnt
or un-burnt phytoliths is dung. Note that building with dung
today is mostly achieved by mixing dung with mud. This is
not expected to form phytolith-rich layers after degradation.

The phytoliths expected to be found in dung of animals main-
tained by an agro-pastoral society are mainly a mixture of wild
and domestic plants. The animals are usually herded away
from the site, feeding on wild vegetation, but their diet is supple-
mented by fodder of both wild and domestic plants. Moreover, it
is customary that agro-pastoralists grow plots of plants used as
fodder for their animals (e.g., barley in Iran (Watson, 1979); sor-
ghum in India (Reddy, 1997); various legumes and grasses in Pal-
estine (Turkowski, 1969)). In addition, stables are lined with
straw, and this is mixed with the dung. The herds often graze
on the stubble left in the fields after harvesting the crops. Dung
in ethnographic contexts is usually removed from the stables.

Other possible areas of accumulation of plant remains are
threshing floors, remains of matting and bedding, roofing of
thatch and bark and chaff-tempered mud plaster. Ethnoarchaeo-
logical studies emphasize that the straw and chaff (and of
course the grains) are collected from the threshing floor
(Kramer, 1982; Reddy, 1997, Watson, 1979; Whittaker, 2000).
Phytolith layers are therefore not expected to form on threshing
floors. This was indeed verified in an ethnoarchaeological study
in northern Greece (Tsartsidou et al., in press). Mats and mat-
tresses made of straw would produce thin phytolith layers. Phy-
tolith layers resulting from the decay of woven mats should be
composed of phytoliths from reeds or palms; plants known to be
used for matting in the Near East. Kramer (1982) also mentions
that roofs are lined with reed mats. Upon collapse these may
form thin phytolith layers composed of reed phytoliths in
a semi-oriented microstructure. Reeds or mats are also occa-
sionally used inside mud-brick walls, to bind sections of the
wall and/or improve elasticity (Aurenche, 1981). In Uzbekistan
straw is placed beneath the roof presumably as insulation (E.B.,
personal observation). Bark can also be used for roofing (S.W.,
personal observation, Hunan Province, China). This too would
produce a distinctive assemblage of phytoliths and siliceous ag-
gregates (Albert et al., 1999; Albert and Weiner, 2001; Schiegl
et al., 1996). Table 1 is a summary of the above data.
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Table 1
The phytolith types, presence of spherulites and the microstructure expected to be present in agro-pastoral settlement features, based on ethnographic

documentation

Features Expected phytolith types Spherulites Microstructure
Storage rooms

Straw/hay fodder D/w, mostly leaf/stem phytoliths (-) ?

Dung cakes D/W, leaf, stem and inflorescence +) [©)

Grains with chaff D/w, mostly inflorescence (=) @)
Storage pits (grains) D/w, mostly inflorescence (=) ?
Open areas (preparation area for dung D/W, leaf, stem and inflorescence (+) ?

cakes, livestock paths, etc.)
Trash heaps (dung and burned dung) D/W, leaf, stem and inflorescence +) Unoriented®
Livestock penning (dung) D/W, leaf, stem and inflorescence +) Microlaminated"
Threshing floors D/w, leaf, stem and inflorescence =7 (@)
Dung-made installations (chicken coops, hives) D/W, leaf, stem and inflorescence +) (@)
Matting W, reed stems, palm leaves (-) Thin single layers
Roofing W/D, wood, grass leaf/stem/inflorescence (=) )
Bedding W/D, leaf/stem/inflorescence? (=) )
Dung plastered floors or walls D/W, leaf, stem and inflorescence (+) Thin separated layers®

The features listed are those in which large quantities of organic matter may be present that may degrade into phytolith-rich layers. D/d, phytoliths from domestic
cereals; W/w, phytoliths from wild grasses and other wild plants; a capital letter indicates that large amounts are expected and a small letter indicates that small
amounts are expected; (+), expected to be present, (—), not expected to be present; (?), empirically unknown.

* Based on Shahack-Gross et al. (2004) studying a pastoral Maasai trash pit.

® Based on Shahack-Gross et al (2003) studying pastoral Maasai livestock enclosures and on Macphail et al. (2004).
¢ Based on Shahack-Gross, unpublished data from wall plaster from India and South Africa.

1.2. Tel Dor

Dor was a major port town on the eastern Mediterranean
coast (Fig. 1). Its earliest occupation dates to the Middle
Bronze Age IIA (ca. 2000—1750 BCE) and its tell was contin-
uously and intensely settled until the Roman period (c. 250
CE). Until the building of an artificial port with Roman tech-
nology in nearby Caesarea, the natural bays south and north of
the tell were among the few natural anchorage points along the
central part of the eastern Mediterranean seaboard, which en-
sured the existence of a thriving urban center. This role of
a commercial entrepdt is most conspicuous in the early Iron
Age—one of the periods investigated in this paper. In contrast
to the humble insular material culture typical of this ‘Dark
Age’ in the Levant (and elsewhere around the Mediterranean),
Dor exhibits certain luxuries, some foreign contacts (with Phi-
listia, Cyprus and Egypt, and to a certain extent with Greece),
and it displays dense urban architecture as well as monumental
public construction. In fact, architecture has been encountered
in every excavation area that reached the early Iron Age
strata. For more information on Tel Dor, see Gilboa (2005);
Gilboa and Sharon (2003) and Sharon and Gilboa (in
press) and a full bibliography at http://www.hum.huji.ac.il/
dor/bibliography.htm.

The study of phytolith-rich layers thus offers an opportunity
to learn more about the use of space both within and outside
buildings, and more specifically the manner in which vegetal
matter and dung were utilized.

2. Materials and methods

We investigated six phytolith-rich layers from the Late
Bronze—Iron Age sequence of Tel Dor in addition to the two

studied previously from the early Iron Age monumental build-
ing (area D2, Shahack-Gross et al., 2005). They are located in
the following excavation areas (Fig. 1): two in area G, a series
of thin layers in area DS and three in area D2. Table 2 lists the 32
sediment samples analyzed from these areas. They were col-
lected from freshly exposed surfaces using a spatula and placed
in plastic vials. We also studied gray powdery sediments that in
two cases are juxtaposed to the phytolith-rich layers. For com-
parison we sampled brown quartz and clay-rich sediments in
layers above and/or below the phytolith-rich layers.

2.1. On-site analyses

We used Fourier transform infrared spectroscopy (FTIR) to
determine the identities of the major sedimentary minerals.
About 0.1 mg of powdered sample was mixed with about
80 mg of KBr, and a pellet was produced using a hand press.
FTIR spectra were collected at 4 cm ™ resolution using a por-
table Fourier Transform Infrared (FTIR) Spectrometer
(MIDAC Corp., Costa Mesa, CA, USA).

In addition, bulk sediment samples were gently homo-
genized using a mortar and pestle and a grain mount was pre-
pared using Entellan New (Merck) and examined using
a petrographic microscope (Nikon, Labophot2-pol).

2.2. Phytolith analyses

For each sample, a detailed morphometric, morphologic
and quantitative study of the phytoliths was performed to iden-
tify the types of plants, as well as the plant parts from which
the phytoliths were derived. We also address the complicated
question of whether or not the plants were from domesticated
or wild sources by comparing morphometric traits of the

135
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M Excavated areas 1980-2000

Fig. 1. Map of Tel Dor showing the locations of excavation areas. The current study focuses on six phytolith-rich layers in areas G, D2 and D5. The inset shows the

location of Tel Dor on the eastern Mediterranean coast.

phytoliths collected on-site to those of an off-site reference
collection.

Quantitative and morphological analyses followed the
methods of Albert et al. (1999). Slides were examined using
an Olympus BX41 optical microscope and digital images
were obtained using an Olympus Camedia C-5060 camera
and Olympus DP soft 5.0 software. The number of phytoliths
on the slide was counted and related to the original sediment
weight. For morphological analysis, a minimum of 200 phyto-
liths with diagnostic morphologies were counted in order to
obtain an error of around £20% (Albert, 2000).

Morphological identification of phytoliths was based on
standard literature (Brown, 1984; Mulholland and Rapp,
1992; Piperno, 2006; Twiss et al., 1969). When possible, the
terms describing phytolith morphologies follow anatomical
terminology, and otherwise they describe the geometrical

characteristics of the phytoliths. The International Code for
Phytolith Nomenclature was also followed where possible
(Madella et al., 2005).

Morphometric analysis of phytoliths is an effective tool for
differentiating between phytoliths produced by closely related
taxa (Ball et al., 1999; Berlin et al., 2003; Pearsall et al., 1995;
Zhao et al., 1998). We used “Motic” image analysis software.
Ten parameters (Table 3) were measured for the most distinc-
tive inflorescence phytolith morphotype observed, namely
dendritic epidermal long cell phytoliths. Thirty phytoliths
were analyzed from each sample. We then conducted discrim-
inant analyses (with SPSS for Windows), using calibration
data from the same species, following the methodology of
Ball et al. (1999) and Berlin et al. (2003).

We measured the refractive index (RI) of the mineral opal
in order to differentiate between burnt and unburnt phytoliths,
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Table 2

Sediment samples collected in the six localities studied and the results from their phytolith and spherulite concentrations and major mineral components

Sample ~ Area Phytoliths ~ Spherulites ~ Refractive index ~ Phytoliths ~ Major mineral Description

number per 1gof perlgof  ratio: above/ weathering ~ components

sediment sediment below 1.440 (%)

32 Gloc. 1 6000000 200000 0.67 9.85 0,Q,Cl, Ca White-gray layer in between 31 and 3

31 Gloc. 1 13000000 700000 0.43 9.09 0,Q,Cl Ca White layer above sample 32

3 Gloc. 1 24000000 800000 0.72 20.8 Q-0, Cl1, Ca White layer below 32

75 G loc. 2 33000000 — 0.25 12 0, Q, Ca, D? White sediment, lower layer

76 Gloc. 2 21000000 — 0.06 14.3 0, Q, Ca,D? White sediment, lower layer

71 G loc. 2 46000000 — 0.00 112 0, Q, Ca, D? White sediment, lower layer

78 G loc. 2 2000000 - 0.03 84 0, Q, Ca, D? White sediment, wall between stones

79 G loc. 2 100000 — 0.06 214 Q. ClL Ca Brown sediment, wall between stones

10 G loc. 2 300000 - 0.00 17 0,Q,Ca White sediment, upper layer

11 G loc. 2 15000000 — 0.00 10.3 0,Q, Ca White sediment, lower layer

11 D5 7000000 35000 0.03 134 Q,ClL 0, Ca Whitish layer western wall

7 D5 3000000 80000 5 12 Ca, Cl, Q, Ar Gray sediment western wall

1 D5 9000000 — 0.11 15.5 CLQ,0,Ca Whitish layer western wall

3 D5 300000 - 0.07 5.6 Cl, Q, Ca Brown sediment western wall

15 D5 1000000 7000 0.00 10.2 Q,Cl, Ca, O Brown sediment eastern wall below sample 17

17 D5 1000000 300000 0.03 8 Q, Cl, Ca Brown sediment with Spherulites

17 D2 loc. 1 29000000 — 0.07 15.7 0, Ca, CI/Q? White layer

40 D2 loc. 1 14000000 100000 0.07 164 0, Ca, D, CI/Q?  White layer 30 cm from sample 17

41 D2 loc. 1 500000 - 0.03 10.8 Cl, Q, Ca, D? Brown sediment back side 27 cm
from sample 17

112 D2 loc. 2 3000000 200000 0.00 14.3 Q,0,Ca,D,Cl  Brown sediment immediately below
white layer

35 D2 loc. 2 11000000 80000 0.07 16.1 0, Cl, Ca White sediment

36 D2 loc. 2 20000000 40000 0.05 132 [¢] White sediment

69 D2 loc. 2 14000000 400000 1.7 19.2 0, Ca, D, Q? Gray-loose sediment

43 D2 loc. 2 4000000 400000 0.03 11 Q, Ca, C1 Brown sediment above white layer

5181 D2 loc. 3 1000000 - 0.03 6.4 Cl, 0, Ca Brown sediment immediately below
white sediment

5110 D2 loc. 3 17000000 17000 0.00 16.6 0,Q,Cl Ca White sediment

5121 D2 loc. 3 17000000 26000 0.00 13.8 0,ClL Q, Ca White sediment

5171 D2 loc. 3 23000000 400000 2 11.6 0,Q,Cl,Ca,D  Gray sediment

5172 D2 loc. 3 6000000 300000 4 12.5 Cl,Q,0,Ca, D  Gray sediment

5035 D2 loc. 3 1000000 100000 0.11 163 Cl, O, Ca, D? Brown sediment immediately above
white sediment

39 DI “control” 30000 - ClLQ Mudbrick

135 D2 “control” 18000 - CLQ Mudbrick

Ar, aragonite; Ca, calcite; Cl, clay; D, dahllite (phosphate mineral); O, opal; Q, quartz. A refractive index ratio above 1 indicates burned phytoliths and below 1

indicates un-burned phytoliths.

following Elbaum et al. (2003). Slides were prepared using
a refractive index medium of 1.440 which is the value that dis-
tinguishes burnt from unburnt phytoliths. The ratio between
the number of phytoliths with RI >1.440 and the number
with RI <1.440 was determined.

A small reference collection of seven modern grass species
(divided into their different parts, when possible) were col-
lected in the summer of 2005 from the area of Tel Dor for
comparative purposes (Table 4). The methods used to prepare
this collection follow Albert and Weiner (2001).

2.3. Micromorphological analysis

Micromorphology was used to better understand the depo-
sitional context of each of the layers, and possible post-depo-
sitional changes. Undisturbed, oriented sediment blocks were
taken from the six localities listed in Table 2. Each of these
blocks included the phytolith layer under study and the sedi-
ments immediately below and above it. The blocks were

carved out of standing sediment profiles (baulks), coated
with Plaster of Paris in order to keep them intact, and embed-
ded in polyester resin in the laboratory. The embedded blocks
were sawed into 5 x 7.5 cm sub-blocks from which 30 pm
thin sections were prepared. The thin sections were viewed us-
ing a polarizing light microscope (Nikon, Labophot2-pol) and
described following Bullock (1985) and Courty et al. (1989).

24. Analysis of dung spherulites

The number of calcitic spherulites present in each sample
was quantified (Table 2). The spherulite quantities in the ar-
chaeological sediments were compared to four modern dung
samples: two from cattle and sheep in northern Israel and
two from goats from southern Israel. The dung was ashed in
an oven at 550 °C for 4 h. An accurately weighed aliquot of
ca. 1 mg was put on a microscope slide and counted under
the microscope as described above for phytoliths. The results
show that the spherulite concentrations in modern livestock
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Table 3

Morphometric parameters used to characterize dendritic epidermal long cell phytoliths from modern Triticum and Hordeum species and from archaeological samples

T. aestivum H. marinum H. vulgare G loc. 2 77 D2 loc. 2 35 D2 loc. 3 5171 D2 loc. 2 112

T. dicoccum

Morphometric parameters

STD Mean STD

Mean
264.1

Mean STD

STD

Mean
3329
581.9

STD

TD Mean

75.1
168.0

Mean S

STD

Mean

258.1

STD

Mean
455.1

106.5
192.6

287.9
490.1

168.1

74.0

111.1

173.8
276.5

197.9
315.0

42.2

112.6
229.2
139.4

194.9
389.9
196.8

122.5
196.9

244.5

Area

245.5

431.1

85.0

296.5 451.7

715.3
272.7

Convex area
Perimeter

196.5 67.4

114.1

86.0
3

205.1 72.8 138.6 38.7 192.1

40.4

69.7

190.4 64.1

107.2

66.5

33

8.5

119.5 40.0 74.7 19.8 99.3

24.1

97.4 32.2

28.1

29.3

141.0

Convex perimeter

Length

46.9 19.4 28.2 8.7 38.5 17.6 46.1 16.3

10.9

o

o

12.9 42.1 13.0 38.1 14.8

57.9

3.6
15.2

g}
[se}

1.8 16.8 55 12.0
20.2

11.0

9.4
27.7

12.3

4.0
12.6

15.2
52.8

Breadth

8.5 34.4 17.1 41.1

24.1

41.7

15.6

12.7

37.5

Fiber length
Width
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2.9
46.9

1.7
17.3

3.1
39.2

3.2
29.1

1.4
19.5

3.2
48.3

0.5

0.7
159

2.1
37.7

1.2
12.9

2.6

43.1

2.6
12.8

4.0
58.8

16.2

8.4
4.2

11.0
5.5

32.3

Equivalent diameter
Inscribed radius

8.7 23.4 8.1

19.6

9.7 14.6

24.2

16.2

7.9

18.9

6.5
Measurements in pm or um?. The morphometric parameters measured are as follows: area (simple area of the feature); convex area (area within a taut-string around the feature); perimeter (length of the feature

boundary); convex perimeter (length of a taut-string around the feature); length (longest cord within the feature); breadth (minimum caliper diameter of the feature); fiber length (length of the feature along its

medial axis); width (minor dimension of the feature); equivalent diameter (diameter of a circle with the same area as the feature) and inscribed radius (radius of largest circle that can be drawn in the feature).

21.6

6.4

29.4

dung range between 50 and 350 million spherulites in 1 g of
ashed dung.

3. Results

Table 2 lists the samples analyzed, their phytolith and
spherulite concentrations and major mineral components.
The refractive index (RI) ratio shows whether the phytoliths
are burnt or not.

3.1. Structure of the phytolith layers

Micromorphological observations show that phytolith-rich
layers may have two different microstructures; a microlami-
nated structure and an un-oriented, massive, structure
(Fig. 2a and b). The former often contains articulated phyto-
liths, mostly comprising long cells that form clearly defined
laminae. All layers include quartz silt and sand grains, clay
and calcite to varying extents. Some layers may be centimeters
thick (Fig. 2c), others as thin as 1 mm, and in some cases only
between 20 and 50 pm (Fig. 2d). Gray layers that are rich in
phytoliths are mostly massive with microlaminated domains.
They contain large amounts of microscopic charcoal. The gray
color is derived from the charcoal. They are thus a product of
burned vegetal matter (Fig. 2e).

3.2. Amounts and types of phytoliths

The sediments analyzed have phytolith concentrations rang-
ing from 100,000 to 46 million phytoliths per gram. This can be
compared with the 18,000 and 30,000 phytoliths per gram in
two mud brick samples (Table 2). An analysis of the phytolith
morphotypes shows that in general between 40% and almost
70% of all the phytoliths in these samples are derived from
grasses (Piperno, 2006; Rosen, 1992, 1993; Rosen and Weiner,
1994; Twiss et al., 1969). The remaining predominant morpho-
types include cylindroids and parallelepiped elongates with
smooth or rugose margins. These are characteristic of monocot-
yledonous plants in general, including sedges, palms, grasses
etc. (Albert, 2000; Bamford et al., 2006; Rosen, 1992; Twiss
et al., 1969). They are also produced in great numbers in the
leaves and stems of grasses (Bamford et al., 2006; Rosen,
1992; Twiss et al., 1969). As no phytoliths indicative of other
monocotyledonous families were observed in the samples,
and as some of the multicellular structures with smooth margins
had short cells from grasses attached, we assume that all the
phytoliths with these morphologies were also derived from
the leaves and stems of grasses. This implies that the proportion
of grasses in the samples analyzed is around 85% or more of all
the phytoliths. Phytoliths from the inflorescence of grasses con-
stitute between 40 and 52% of all the phytoliths. This is a rela-
tively large proportion and indicates that, at least in the contexts
investigated, whole plants (presumably without roots) were
brought to the site (or consumed offsite and deposited onsite
as dung or dung-products). A key question for understanding
the formation of these layers is whether or not the grasses
were derived from wild or domesticated plants.
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Table 4

Modern plants analyzed according to their plant parts, and the number of phytoliths per gram of dried organic material

Species Part of the plant Number phytoliths Ratio individual/multicellular
per 1 g dried material structures
Avena sterilis Leaves 7000000 23
Stem 1000000 0.8
Inflorescences 2000000 1.7
Hordeum bulbosum Leaves 2000000 3.6
Stem 40000 0.3
Inflorescences 2000000 14
Hordeum marinum Leaves 2000000 17.1
Stem 10000 42
Inflorescences 1000000 2.1
Lagurus ovatus Leaves 1000000 9.3
Stem 40000 4
Inflorescences 400000 1.2
Hordeum vulgare Inflorescences 400000 25
Triticum dicoccum Inflorescences 752000 1.4
Triticum aestivum Inflorescences 400000 14

The ratios of single-celled (individual) phytoliths to multi-celled phytoliths are also shown.

3.3. Differentiating between domesticated (cereals) and
wild grasses based on phytolith morphologies

This is particularly challenging as short cell phytoliths are
abundant in all the samples and they are all derived from the
Festucoid sub-family, which includes cereals such as barley
(Hordeum), wheat (Triticum) and oats (Avena). Most grass
phytolith studies to date focus on phytoliths from the inflores-
cence to identify the genus, and in some cases even the spe-
cies. Rosen (1993) and Rosen and Weiner (1994) highlight
the importance of a detailed morphological study of papillae
cells in conjunction with the type of decoration from the
long cells to differentiate between Hordeum and Triticum in
the Near East. Piperno and Pearsall (1993) focus on the short
cells of maize in the tropical forests. Berlin et al. (2003) and
Ball et al. (1999) performed detailed morphometric studies
of long cells with echinate or wavy margins to identify differ-
ent grass species.

Table 4 lists the reference grass species analyzed, the num-
ber of phytoliths per gram of dry organic material and the ratio
between individual (i.e., single-celled phytoliths) and multi-
cellular (i.e., multiple-celled or interconnected phytoliths)
structures. The latter provides some information on the extent
of silicification of the different plants. A correspondence anal-
ysis of the different phytolith morphological types among the
modern species analyzed, shows that phytoliths vary morpho-
logically depending on the plant part: stems, leaves and inflo-
rescences (Fig. 3). Furthermore, the inflorescences of the
domesticated species are differentiated to some extent from
the wild species. This implies that there are morphological dif-
ferences that can differentiate between wild and domesticated
grass plants. In general, inflorescences of grasses are repre-
sented by more than 40% long cells. In some cases such as
Triticum aestivum this percentage increases to 72%, and in
the wild grass Lagurus ovatus it is 11%. More than 67% of
the total long cells identified in the inflorescences have deco-
rated margins (dendritic, echinate, wavy, verrucate, etc)
(Fig. 4a and b). The exception is Lagurus ovatus, where

most of the long cells identified have a smooth or rugose
margin. The remaining phytolith morphologies were prickles,
papillae and short cells (Fig. 4c and d).

In our limited reference collection, only long cells with
dendritic margins are characteristic of domesticated grasses,
with one exception (Hordeum marinum which is a wild grass).
Moreover, only Triticum dicoccum has interconnected cells or
multicellular structures with dendritic morphologies (Fig. 4e
and f). All the other phytolith long cell morphologies are pres-
ent both in wild and domesticated grasses in different propor-
tions. In our reference collection the proportion of long cells
with dendritic margins in domesticated cereals is 7—8% of
all the morphotypes present. Thus as a first approximation of
the proportions of domesticated and wild grasses present in
a given phytolith assemblage, we assume that 7—8% long cells
with dendritic margins implies that the grasses were derived
entirely from domesticated species, and lesser amounts imply
a mix of domesticated and wild species. We note that none of
our sediment samples contained more than 7—8% long cell
dendritic phytoliths.

In order to obtain a more precise identification of the origin
of the dendritic morphology of phytoliths present in the ar-
chaeological samples, we performed a morphometric test on
several archaeological samples following the method of Ball
et al. (1999). The results were compared to those obtained
from the modern plant reference collection. Fig. 5 shows
that brown sample 112 has dendritic morphologies similar to
those in Triticum aestivum. White sample 77 and gray sample
SI71 also bear a strong resemblance to Triticum aestivum.
White sample 35 is similar to both Triticum aestivum and
Triticum dicoccum. None of the samples analyzed show simi-
larities to Hordeum. The presence of Triticum aestivum is
consistent with identification of macrobotanical remains re-
covered from various sites in the region that span the Bronze
and Iron ages (Berlin et al., 2003; Borowski, 1987).

Another approach used to identify the type of grass present
in the samples and to determine if domesticated or wild
grasses are present, is the study of silicified multicellular
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Fig. 2. Mesoscopic and microscopic characteristics of phytolith-rich layers in Tel Dor. (a) Photograph showing microlaminated microstructure from locality DS,
plane polarized light (ppl). The large transparent to purplish grains are quartz sand grains. Note that the microlaminae on-lap onto the quartz grains resulting in
undulations of the microlaminae. Width of frame is 1.07 mm. (b) Photograph showing un-oriented massive microstructure from locality D2-2, ppl. The large trans-
parent to purplish grains are quartz sand grains. Width of frame is 1.07 mm. (c) Scanned micromorphological thin section from locality G-1 showing a thick ac-
cumulation composed almost purely of phytoliths. This uninterrupted accumulation is 3—4 cm thick (marked on the scan). Width of scan is 3.7 cm. (d) Scanned
micromorphological thin section from locality D5 showing four thin layers of phytoliths (numbered 1—4) alternating with brown sediment. The layers are between
1 mm thick and up to ca. 5 mm thick. Note that the gray colored layer numbered 3 is burned. Width of scan is 3.5 cm. (¢) Microphotograph showing a phytolith-
rich gray-colored burned sediment that was identified directly on the white phytolith-rich layer in locality D2-3, ppl. The large transparent to purplish grains are
quartz sand grains and the black structures are charred plant remains. The overall microstructure is un-oriented but includes domains of microlaminated phytolith

arrays (bottom part of the photograph). Width of frame is 2.14 mm.

structures cells (Rosen, 1992). Our study shows differences in
maximum width and shape of waves between Hordeum and
Triticum (Fig. 6a and b). The morphometric analysis shows
that most of the long cells that form the multicellular struc-
tures in the archaeological samples resemble in maximum
width and shape of wave, phytoliths from Triticum aestivum
(Fig. 6¢).

In conclusion, a good approximation of the proportion of
domesticated cereals can be obtained from the amounts of
long cell dendritic phytoliths, with 7—8% implying that all
the phytoliths were derived from cereals. Furthermore, most
of the phytoliths from cereals originate from Triticum.

34. Detailed analyses of the six phytolith-rich layers and
associated sediments

Fig. 7 shows the percentages of the most abundant phytolith
morphotypes present in each of the samples analysed from the
six locations. Note that duplicate or triplicate samples from the
phytolith-rich layers were analyzed and the standard deviations
are shown. We assume that similar error bars would be obtained

from the other samples. The following are detailed descriptions
of the six localities (see Fig. 1 for localities on the fell).

34.1. Area G locality 1

34.1.1. Archaeological context. This is the thickest phytolith-
rich accumulation observed to date at Tel Dor (in places 30 cm
or more). It was produced at the beginning of phase G/11
(square AJ32N, locus 18497). The underlying phase, local
phase G/12, is the earliest exposed in area G, reached only
in two limited probes. It consists of a thick fill with no discern-
able surfaces and is not associated with any known architec-
ture. The sherds in this fill date it to the Late Bronze Age II
(the 14th to 13th century BCE). Phase G/11 also has no archi-
tecture in the excavated area, save for one installation—three
low stone walls (W18463, W18471, and W18528) framing an
area filled with bivalve shells of the genus Glycimeris. Other
than that, phase G/11 is evident only in a series of superim-
posed phytolith-rich gray and white layers, generally sloping
from northeast to southwest. These were found below the
shell-floor installation. Some of the sediments in this phase
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Fig. 3. Correspondence analysis of phytolith morphologies from the modern plant reference collection according to their different parts. Note that the various plant
parts tend to cluster and that the inflorescence phytoliths of domestic species can be distinguished from the inflorescence phytoliths of wild species.

are heated sediments in secondary deposition (Berna et al.,
2007). The pottery assemblage from phase G/11 mostly dates
to a late phase in the Late Bronze Age II (mid-late 13th cen-
tury BCE). As no real architecture was found in phase 11, we
deduce that this was an open space.

3.4.1.2. Micromorphology. A 20 cm long block was extracted
at a location where the layer is ca. 12 cm thick. The brown
sediment below this layer is composed of quartz sand grains,
calcite, clay and artifacts (e.g., ceramics, bones). Its uppermost
part contains authigenic phosphate nodules. A densely lami-
nated phytolith-rich layer lies just above the brown layer
(Fig. 2c). This layer includes quartz sand grains, calcite,
clay, charcoal, wood ash and bones, in addition to many phy-
toliths. In its lower part calcite seems to have dissolved and in
certain places calcitic components such as rock fragments
have phosphatic reaction rims. Dung spherulites are not abun-
dant in the section. Certain spherical features ca. 20—50 pm in
diameter, are composed of phosphate, which may represent
phosphatized dung spherulites. The presence of dissolved cal-
cite and phosphate nodules even below the phytolith-rich layer
indicates that degrading organic matter released phosphate and
acids that percolated into the sediments below.

34.13. Phytolith assemblages. The layer was divided into
three sub-layers differentiated mainly by color; sample 32 was
grayer than the samples immediately above and below (samples
31 and 3). The white-gray sample 32 has less phytoliths and less
dung spherulites. Note the abundance of dung spherulites in
samples 31 and 3 (Table 2). Morphologically, the three phyto-
lith-rich layers are dominated by grass phytoliths with a high
proportion of inflorescence derived phytoliths (Fig. 7). The
proportion of dendritic epidermal long cell phytoliths is around
2—4%, implying that less than half the phytoliths were derived

from domesticated cereals. None of these sub-layers contain
burned phytoliths. We also noted that the lowest layer (3) con-
tains many weathered phytoliths (Table 2).

34.2. Area G locality 2

34.2.1. Archaeological context. This phytolith-rich layer
(locus FO4G-004; Fig. 8a) is located inside a built-up space
(room or inner courtyard) that is part of a much larger building
complex—a courtyard building of the early Iron Age (Fig. 8b).
This structure was first built in local phase G/10 (Irlac. early
to mid 11th century BCE; for a discussion of the Early Iron
Age sequence at Dor and its radiocarbon dating see Gilboa
and Sharon (2003), Sharon et al. (2005) and Sharon and Gil-
boa (in press). It remained in use for a long time and was
structurally modified several times (local phases G/9, 8, 7, 6
span the Iron Age I and extend into Iron Age ITA (local termi-
nology: Irla to Ir2a), until the 9th century BCE according to
the Dor radiocarbon chronology). At the end of phase G/9
the building suffered a major destruction (c. 1000 BCE; e.g.,
Sharon and Gilboa, in press; Berna et al., 2007) but was
quickly rebuilt along the same lines as before.

When sampled, F04G-004 was confined on two sides by
walls (W9211 to the north and W9140 to the east). Wall
W9140, built of boulders (Fig. 8a in background) overlies
another wall built of smaller stones (W9915, barely visible
in Fig. 8a). There is also a small but distinct offset between
them. These two construction phases were attributed to phases
G/9 and G/10 respectively.

The distinct burnt layer of the G/9 destruction (Berna et al.,
2007, Sharon and Gilboa, in press) was concentrated in the SE
part of the building and gradually decreased towards the north
and west. In the sampled room, there was no evidence of fire,
but mud-brick collapse of the superstructure was found against
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Fig. 4. Photomicrographs of phytoliths from the modern plant reference collection. Pictures taken at 400x. (a) Long cell with dendritic margin identified in the in-
florescence of Triticum aestivim, (b) long cell with echinate margin from the inflorescence of Triticum dicoccum, (c) prickle from the leaves of Avena sterilis, (d) short
cell rondel from the inflorescence of Hordeum bulbosum, (¢) and (f) multicellular structures with dendritic morphologies from the inflorescence of Triticum dicoccum.

the phase G/9 walls. It sealed the phytolith-rich layer and ce-
ramic vessels in primary deposition, though not quite in artic-
ulation, in and above the phytoliths. Thus FO4G-004 should
represent the floor level at the time of the phase 9 destruction.
Interestingly, however, the phytolith-rich layer does not abut
the bottom of the phase 9 wall, but abuts the underlying
wall from phase 10, a few centimeters below its top
(Fig. 8a). Thus technically it should be related to phase 10.
This in turn implies that an undisturbed phase 9 collapse has
no phase 9 living-surface below it. A possible solution to
this stratigraphic conundrum may be related to the taphonomy
of phytolith-rich layers (see below).

Sifting of the phytolith-rich layer sediment produced
dozens of tiny beads—c. 1mm thick or less—made of
gold, copper glass and frit. Below the phytolith-rich layer
was a rough flagstone pavement, whose relation to the walls
could not be established and below that were more phytolith-

rich layers. The fact that this space was stone-paved is un-
usual. Elsewhere in Iron Age buildings at Dor, including in
monumental constructions, floors were earthen. In the area
G building in question, the only other space that was con-
tinuously (partially) stone-paved is its central courtyard,
which throughout its existence served various industrial
activities.

34.2.2. Micromorphology. A series of thin (millimeters to
centimeters in thickness) white phytolith-rich layers are pres-
ent, separated by layers of brown clay-rich sediment. The mi-
cromorphological section shows two layers both possessing
a microlaminated structure. The laminae are dense (ca. 10%
voids by area). The two layers contain only small amounts
of quartz sand grains (ca. 10% by area), clay and calcite, in
addition to the opaline phytoliths. Dung spherulites are nota-
bly absent in the section (see also Table 2). Authigenic
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Fig. 5. Comparison of phytolith morphometries between archaeological and modern plant reference collection samples showing nearest neighbor analysis using
Pearson’s correlation index. The archaeological samples are close to Triticum aestivum, with the exception of sample D2 locality 2 35 which is equidistant from
both Triticum aestivum and Triticum dicoccum.

phosphate nodules (composed of dahllite) are present, indicat-  of the phytoliths have a refractive index lower than 1.440, in-

ing that organic matter degraded at this location. dicating that these plants were not burnt (Elbaum et al., 2003)
(Table 2).

3.4.2.3. Phytolith assemblages. The white colored layers con-

tain mainly grass phytoliths with a high proportion of inflores- 3 43 Areq D3

cence derived phytoliths. The phytolith morphotype analyses

of the thicker white layers all show that the dendritic epider- 343 7. Archaeological context. This excavated area (phase

mal long cell phytoliths constitute between 7 and 8% of all  ps/10) is a large (at least 5 x 10 m) apparently open space

the phytoliths. This is the same proportion present in modern iy squares AV/8—10 (Fig. 9). At present it is unclear whether

domesticated cereals. Furthermore morphometric analysis it relates to any architecture. (In the immediate preceding and

shows that these phytoliths are similar to the modern wheat  ybgequent phases in this area (respectively D3/11 and D5/9),

species, Triticum aestivum. We therefore conclude that most  thig space is bounded by walls. The three rubble walls in Fig. 9

of these phytoliths were derived from domesticated cereals.  pejong to phase D5/9 and cut the sediments analyzed here).

Spherulites and other microremains such as starch grains  phase D5/10 dates to the Iron Age VI transitional phase 143

were not identified in any of these samples (Table 2). Most (Irl|2 in Dor terminology, c. 900/880 BCE, by the Dor

Fig. 6. Photomicrographs of silicified multicellular structures showing the differences in maximum width and shape of waves between Hordeum and Triticum.
(a) Multicellular structures of long cells with wavy margin from the inflorescence of Hordeum vulgare. (b) Multicellular structures of long cells with wavy margin
from the inflorescence of Triticum aestivum. (c) Multicellular structures of long cells with wavy margin from archaeological sample 5171.
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Fig. 7. Plots showing the percentage of the phytolith morphologies identified in the six localities analyzed. This percentage includes only those morphologies that
exceed 2% of the total phytolith record. White sediments from a same locality are plotted together showing the average with the standard deviation bar (see Table 2
for description of samples). Each plot is separated according to the provenance of the different phytoliths morphological types in the plant (inflorescence, leaves/
stems and non-specific plant part). LC, long cells; MCS, multicellular structures; p/s, psilate/scabrate margin.
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Fig. 8. Area G locality 2. (a) The phytolith-rich layer exposed in area G local-
ity 2; (b) section through the phytolith layer showing how it on-laps onto the
adjacent wall (arrow).

radiocarbon sequence). The whole area consists of a series of
thick and thin phytolith-rich layers. At the macroscopic level,
the white phytolith layers are interspersed with dark brown
mud-brick material. The layers are extremely uneven. The en-
tire series is as thick as 1 m in places. It generally slopes from
north to south in a series of distinct ‘steps’ as well as sloping
from west to east in a less dramatic fashion. Moreover, the
center of the area forms a trough-like depression, as wide as
I'm and 50 cm deep. One part slopes from north to south
and another to the east, to form a sunken “I"” shaped feature
(Fig. 9). Abundant ceramics in all these layers comprised
small potsherds only, and bones, obviously in secondary depo-
sition. Immediately below the series of phytolith-rich layers is
a heavily burnt destruction layer (phase DS5/11) containing
many in situ pots dating to the Iron Age 1.

34.3.2. Micromorphology. A 25 cm long block was extracted
that included alternating white-brown sediments and uni-
formly brown sediment above. Thirteen distinct phytolith-
rich layers over a total thickness of 20 cm were identified.
Their thicknesses vary between 1 and 10 mm. One of these
layers appears to be burnt based on the abundance of charcoal
and calcitic ash. The thickness of the brown sediment between
these layers varies between 5 and 15 mm. All layers are micro-
laminated, but with different phytolith densities, i.e., some

Fig. 9. Areal photograph of the area D5 phase D5/9 showing the two orthog-
onal trough-like structures (arrows) with phytolith-rich layers exposed.

show compacted phytoliths stacked one on top of the other,
and others show an accumulation of white fiber-like micro-
layers alternating with brown material. The overall porosity
of these layers varies between 10 and 30% of void areas. Usu-
ally a 10% void area corresponds to high phytolith densities.
Other materials identified in some of the phytolith layers,
include dung spherulites, microscopic bones, burnt clay, char-
coal and ash, in addition to the usual quartz sand grains, clay
and calcite (Table 2, Fig. 2d).

3.4.33. Phytolith assemblages. Phytoliths were well pre-
served and more abundant in the white and gray samples as
compared to the brown samples. The refractive index ratio is
always below 0.1 indicating that the phytoliths were not burnt.
The exception is the gray colored lens (sample 7), where the
phytoliths have a refractive index ratio of 5 (Table 2) and
are therefore burnt. Grasses represent more than 91% of the
total phytolith count, and the proportions of phytoliths from
the inflorescence parts are relatively high. The exception is
sample 17, which has an inflorescence content of 26%. The
proportion of dendritic epidermal long cell phytoliths is be-
tween | and 4%, implying that, at most, about half the phyto-
liths were derived from domesticated cereals. We also noted
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the presence of a few short cells of bilobates, either from C4
grasses or in sample 17. The grasses are derived from both
wild and domesticated plants. Dung spherulites are present
in the white and gray powdery samples, but are more abundant
in brown sample 17.

34.4. Area D2

We analyzed three phytolith-rich layers from this area
(Fig. 10, localities 1, 2 and 3). All are ascribed to phase D2/6.
Phase D2/6 is composed of a series of occupation surfaces,
pits and depressions which cut the massive ashlar architecture
and crushed kurkar floors of phase 7 (Iron Age IIA, 9th cen-
tury BCE). The general character of phase D2/6 indicates an
open area, dotted by refuse pits. It is quite long-lived, spanning
the Iron Age IIB (8th century BCE) and Iron Age IIC (7th cen-
tury). During this time pits were filled in, often with alternate
layers of different materials, and new pits were dug, some-
times cutting earlier ones. The different ages of the sub-phases
are sometimes discernable stratigraphically and sometimes by
the relative typology of the ceramic assemblages within them.

34.5. D2 locality 1

34.5.1. Archaeological context. This phytolith-rich layer was
found over an area of some 4 X 4 m> (square AO12, locus
L04D2-023) (Fig. 10, L 1), and in one place it was draped
over a group of fairly large fallen stones. There is no evidence
that this layer was part of a pit or dumping area. This phyto-
lith-rich layer forms one of a series of more-or-less horizontal
surfaces which underlie phase D2/5 (Persian period) walls in
AO12 and seal the crushed kurkar surfaces that reach the ash-
lar walls of phase D2/7. Thus, by default, the phytolith-rich
layer should be considered a phase 6 feature, though there
is no stratigraphic link between it and the phase 6 pits in
AM14—A014 (discussed below). The ceramic horizon indi-
cated by their contents is unclear: somewhere in the 9th to
8th century BCE range. No architecture is associated with

Fig. 10. Areal photograph of area D2 showing the locations of the three phy-
tolith-rich layers studied. (a) Locality 1, square A012; (b) locality 2, square
A014; (c) locality 3, square AM14. The excavation squares are 5 X 5 m.

phase D2/6 in this unit. The best assessment is that this was
an open area, littered with stones and other debris from the
collapse of previous structures.

34.5.2. Micromorphology. A 15 cm long block was examined
that includes brown sediment below the white layer. The latter
is overlain by gray sediment. The white phytolith-rich layer,
ca. 10 cm thick, has a massive and compact microstructure
(Fig. 2b). It has vertical voids (channels) through which water
drained downwards. Calcite hypocoatings are present around
the voids, and movement of quartz grains along the vertical
drainage channels is also evident. The drainage channels
caused fragmentation of the phytolith-rich layer. Intact do-
mains of the phytolith-rich layer found between the drainage
channels have ca. 5% voids by area and ca. 10% quartz grains
by area. The layer also contains calcite and clay, small
amounts of charcoal and fragments of bones, shells, burned
kurkar and pottery. There are several small domains that
posses a microlaminated structure. Dung spherulites, as well
as phosphatized spherulites and phosphate nodules are present
in the section. These data indicate that the layer is derived
from dung and it resembles the layer described below for
D2 locality 2, square AO14.

34.5.3. Phytolith assemblages. The phytolith assemblages of
the two white samples are very similar, but the brown sample
from associated sediment is significantly different both in
number (Table 2) and morphology (Fig. 7). Only one of the
white samples however contained spherulites. The refractive
index ratio is below 0.1 in all three samples indicating that
the phytoliths were not burnt. The assemblage of phytoliths
is similar to that found in locality 2, square AO14 (see below)
although with a lesser proportion of dendritic long cell phyto-
liths, which is around 2%, implying that most of the phytoliths
were derived from wild grasses.

3.4.6. D2 locality 2

34.6.1. Archaeological context. This phytolith-rich layer
covers a relatively large area (square AO14, locus F04D2-
063) (Fig. 10, L 2), and follows the underlying surface topog-
raphy. The latter was formed by two large pits dug prior to
the deposition of the phytolith-rich layer. Pit L0O5SD2-544 is
the earlier of the two. After it was filled in, another pit
(LOSD2-517) was dug, partly cutting into LO5D2-544. Both
pits cut the large ashlar wall W04D2-065 of phase D2/7
and its associated crushed-kurkar floors. The phytolith-rich
layer studied in detail covered pit LOSD2-544 more-or-less
horizontally, but then sloped sharply (at one spot almost
vertically) into pit LOSD2-517 where it continued at a lower
elevation. There is no direct stratigraphic link between the
pit-complex in AN-AO14 and that of AM14, but the pottery
horizon of the entire AO14 complex (including the potsherds
found in the phytolith layer itself), is definitely early in phase
D2/6 (Iron Age IIB (8th century BCE) rather than Iron Age
IIC (7th century). The nature of the fill-layers is also differ-
ent. The AO14 pits contain far less pottery than the AM14
Tth century pit (below). It represents a ‘mundane’ household
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assemblage, mostly not in primary deposition, and little or no
metallurgical wastes.

34.6.2. Micromorphology. Two blocks were collected. One
includes the white phytolith-rich layer and the associated
brown sediments, and the other a phytolith-rich powdery
gray sediment. This block overlies the white phytolith-rich
layer in certain places. The white layer possesses a massive,
un-oriented, microstructure. It is very compact (5% voids by
area) and includes quartz sand grains (10% by area), small
amounts of clay, calcite, microscopic bones (some are burnt),
and probable burnt mud-brick fragments. It also includes
authigenic phosphate nodules that extend to the brown layer
below. The gray powdery layer was sampled in the deepest
part of the feature. The gray layer possesses a microlaminated
structure that is usually not continuous over many centimeters,
probably because this layer is very porous (30% voids by area)
possibly promoting the collapse of the original microstructure.
The gray layer is composed almost entirely of phytoliths. It
also includes quartz sand grains (5% by area), clay, calcite,
and many charred vegetal remains. Certain rounded silicate
grains are amorphous and have a bubbly appearance, and
one quartz grain was identified as having an amorphous rim.
These properties indicate that the organic matter burnt at
a rather high temperature. Other burnt materials found in
this layer are calcite nodules, mud-brick and/or ceramic frag-
ments. The layer includes authigenic phosphate nodules.

34.6.3. Phytolith assemblages. Two samples from the white
phytolith-rich layer were analyzed. The gray sample was lo-
cated on top of the white layer. One brown sediment sample
was analyzed from immediately above the same white layer
(Table 2). Grasses dominate the phytolith assemblage in all
the samples. The proportion of dendritic epidermal long cell
phytoliths in both the white and the gray samples is between 3
and 4%, implying that about half the phytoliths were derived
from domesticated cereals (Fig. 7). The refractive index ratio
of the phytoliths is below 0.1 in all the white and brown sedi-
ments and above 1.7 in the gray samples. The phytoliths in
the latter are therefore burnt. The white layer contains a rela-
tively high proportion of phytoliths from the inflorescence,
and a small number of spherulites (Table 2). The phytolith as-
semblage from the gray sediment differs from that of the white
sediment (Fig. 7), aside from being burnt, by having proportion-
ately more leaf phytoliths than the white layer and many spher-
ulites (Table 2). The brown sediment above the white layer
contains relatively high concentrations of phytoliths compared
to other clay-rich brown layers, and large amounts of
spherulites.

34.7. D2 locality 3

34.7.1. Archaeological context. This area was part of a very
large (about 100 m”) pit that was dug into a mud brick layer
(square AM14, loci L0O5D2-808 and L0OSD2-801) (Fig. 10, L
3). The abundant pottery dates it to the Iron Age IIC; mostly
the late 8th/first half of 7th century BCE. This corresponds

to the Assyrian occupation period of the Levant. Indeed, the
pottery is the most remarkable macroscopic aspect of this
pit. Some of the layers seem to be composed almost exclu-
sively of large potsherds, many of which could be mended
to form complete or near complete vessels. Almost all of these
are of two specific types; short-necked straight-shouldered
transport jars typical of the 7th century BCE. These are abun-
dant in Phoenician entrepdts across the Mediterranean; and
small, crudely formed jugs of an uncommon type, both at
Dor and elsewhere. The pit also contains abundant debris
from metallurgical industries and two distinct phytolith-rich
layers. Here we examined the lower phytolith-rich layer (locus
L05D2-808) which is overlain, in many places, by a gray pow-
dery phytolith-rich sediment (locus L05D2-801), which is
clearly thicker in the depressed areas. The powdery gray layer
forms the base of a burnt assemblage of sedimentary minerals
that is over 30 cm thick. In addition to the pottery, many bones
were closely associated with the phytolith layers.

3.4.7.2. Micromorphology. The white phytolith-rich layer has
a dense microlaminated structure. The layer is ca. 3 cm thick
with about 10% of voids. The layer contains mainly phytoliths,
quartz sand grains (ca. 5%), calcite and clay, and in addition,
pottery sherds, shell fragments, kurkar fragments, burnt bones,
plaster, and a rounded grain of basalt. Small spherical phos-
phatized features may be phosphatized dung spherulites. Phos-
phate nodules are present. They are abundant at the upper
centimeter of the layer.

The gray layer immediately above the phytolith layer is ca.
8 cm thick and generally has a massive structure except for
areas where charred fibers are horizontally oriented (Fig. 2e).
It is relatively porous (ca. 20% voids by area). This layer has
more calcite than the layer below and also includes clay and
quartz sand grains (the latter comprise some 10% by area). Ar-
tifacts in this layer are fragments of pottery, burnt bones (some
of them calcined), possible glass, charcoal, burned kurkar frag-
ments with unburnt cores, mud brick fragments, plaster frag-
ments, chalk and one rounded clay curl. Towards the top of
this layer is a sub-layer ca. 1 cm thick of articulated microlami-
nated phytoliths derived from burned grass.

34.7.3. Phytolith assemblages. Two samples from the white
phytolith-rich layer were analyzed. The two gray samples
were located on top of the white layer and were separated
by a few centimeters. One brown sediment sample was ana-
lyzed from immediately below the white layer and another
from immediately above the same white layer (Table 2). Phy-
toliths are abundant in the white and gray colored samples.
The phytolith assemblages are similar in the two white phyto-
lith-rich samples, but are different in the gray and brown
samples. The two gray samples have different assemblages,
even though they are separated by only a few centimeters
(Fig. 7). The refractive index ratio indicates that phytoliths
were not burnt in the white and brown samples but were burnt
in the gray samples. Spherulites are present in small amounts
in the white phytolith-rich samples, and are abundant in the
gray samples. They were also present in the brown samples
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(Table 2). Grasses dominate the assemblages (above 89% of
the total counting). The proportions of inflorescences is high-
est in the white samples (54%), slightly lower in the gray sam-
ples (38—43%) and lowest in the brown samples (26—34%).
The long cells dendritic phytoliths of both the white and
gray layers constitute about 3—5% of the total assemblage.
The phytoliths in these layers were therefore derived from
a mix of both wild and domesticated grasses. The gray sam-
ples contain a small but significantly larger amount of leaf
phytoliths as compared to the white samples.

4. Discussion

The phytoliths from the phytolith-rich layers are almost all
derived from grasses, with a relatively high proportion from
the plant inflorescence. The gray layers all contain burnt phy-
toliths and a higher percentage of phytoliths from grass leaves,
whereas the white layers are not burnt and inflorescence phy-
toliths are, in general, more abundant. At this level the analy-
ses of the 6 phytolith-rich layers present a rather uniform and
consistent picture. There are however significant differences.
These are summarized in Table 5.

Three out of the six phytolith-rich layers (area G loc. 1,
area D5 and area D2 loc. 3) have properties consistent with
having originally been formed from dung in animal enclo-
sures. These are a microlaminated structure indicative of tram-
pling by animals (Shahack-Gross et al., in press), phosphate
nodules indicative of the breakdown of organic materials,
dung spherulites produced in the digestive systems of certain
herbivores, especially abundant in area G loc. 1, and phytoliths
derived from a mix of both domesticated and wild grasses. We
know from ethnography that a mix of wild and domestic
grasses is widely used as animal fodder.

The two phytolith-rich layers in area D2 (localities 1 and 2)
differ from the others by having a massive rather than a lami-
nated microstructure. Dung spherulites are either absent or
present in low numbers, especially when compared to the
gray sediments immediately above (area D2 locality 2). The
reason for the low number of dung spherulites could be ex-
plained by diagenetic processes (see below). The massive
structure is more consistent with animal dung having been re-
deposited in these locations. It is possible that the massive
structure may indicate localities of dung cake preparation or
other activities using dung as a construction material as wet-
ting and churning of dung as a first step in molding dung
into specific (macro) structures is a process that probably re-
sults is random orientations of the plant fibers in the dung.

The phytolith-rich layer from area G locality 2 presents
properties that cannot be interpreted unequivocally. The mi-
crolaminated structure implies that this layer resulted from
trampling. It is within or on the side of a small paved room
floor, includes only cereal phytoliths and dung spherulites
are absent. Authigenic phosphate nodules are present, indicat-
ing that organic matter degraded at this location. If this was
a storage area for cultivated crops, then the presence of a mi-
crolaminated texture remains unaccounted for. There is no par-
simonious explanation for the formation of this layer.

Concentrations of dung spherulites in modern samples are
very high (they range between 50 and 300 million per gram
of ashed dung) in relation to the concentrations found in the
archaeological sediments (Table 2). This may be due to dia-
genesis. Spherulites are susceptible to dissolution, especially
as the pH becomes acidic when large amounts of organic
matter degrades (Canti, 1999). This could even differentially
affect the spherulites as compared to the calcite which is pres-
ent in many of these samples, usually in small amounts. This is
deduced from Shahack-Gross et al.’s (2003) observation that
the spherulites are initially formed from monohydrocalcite
and not calcite. The former is much more soluble than calcite.
We also noted phosphatic spheres in the range of sizes that is
similar to that of dung spherulites, thus indicating that phos-
phatization of dung spherulites may occur due to diagenesis
in an environment rich in phosphate. Dung spherulites are to-
tally absent from the area G locality 2 phytolith-rich sample.
Dung spherulites are produced by many animal species (Canti,
1997) but are known to be present in large amounts in rumi-
nants, i.e., cattle, sheep and goats. A zooarchaeological study
in Tel Dor showed that the majority of faunal remains were
from sheep and/or goats (Gerstel-Raban, in press). Thus spher-
ulites should be present in dung accumulations.

Gray powdery phytolith-rich layers have phytolith assem-
blages that are burnt and they contain dung spherulites. Micro-
morphological analysis shows that the gray color is due to the
presence of charcoal. Their presence indicates that dung may
have been burnt as fuel and that its ash was dumped at the lo-
calities studied here. The presence of small domains of micro-
laminated structure is puzzling, as we do not expect it to
preserve if the dung ash is re-deposited. The other possibility
is that the dung was burnt in situ and that its structure col-
lapsed into the many voids evident in these gray sediments
(see micromorphological descriptions above). However the
phytolith assemblages in the gray sediments differ from those
in the white layers at the same localities. This is consistent
with the gray sediment not being burnt in situ. Moreover,
the presence of microlaminated domains together with high
porosity in the gray sediments indicates that these sediments
were not trampled after deposition as this would probably de-
stroy the lamination and reduce the porosity. It seems that the
white and gray layers reflect different uses of the same area,
albeit, at least in some areas, both involving animal dung.
Note however, that we observed one thin phytolith-rich gray
layer (Fig. 2d layer number 3) whose structure was microlami-
nated throughout, probably indicating that it was burnt in situ.

The absence of phytoliths from reeds or from palm trees
implies that none of the phytolith-rich layers we have sampled
to date are derived from matting. The mix of wild and domes-
tic grasses is also inconsistent with the phytoliths being
derived from thatched roofing, which is usually built from
the stems of domesticated cereals.

4.1. Taphonomic implications

In the area G locality 2, all the phytolith-rich and associated
layers slope sharply upwards towards the walls (Fig. 8). This
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Table 5
Summary of main results obtained for each of the six studied localities
Locality Archaeological Macroscopic Microlaminated? ~ Burnt? Spherulites Domestic  Inferred
context features vs. wild activity
Area G: 1 Bronze Age, open  5—30 cm thick Yes No Yes D+W Long term
area series of white livestock penning
sediment
Area G: 2 Iron Age, small 5 cm of brown Yes No No D No parsimonious
room related to a sediment explanation
large residential incorporating two
building separated white
layers ca. 0.5 cm
thick each
Area DS Iron Age, A series of thin Yes White, no; gray, Yes D+W Short episodes of
probably white or gray yes livestock penning,
courtyard related layers alternating occasional
to a building within brown burning,
sediment
Area D2: 1 Iron Age, open White layer No No Yes in | white D+W Redeposited dung;
area 2-3 cm thick layer trash or dung-cake
preparation area?
Area D2: 2 Iron Age, open Gray powdery Yes (in domains) ~ Yes Yes D+W Burned dung
area, series of pits  layer, variable
thickness
White layer 2— No No Yes, lesser amount D+ W Redeposited dung;
4 cm thick trash or dung-cake
preparation area?
Area D2: 3 Assyrian period, Gray powdery Yes (in domains)  Yes Yes D+W Burned dung
open area, a large layer, variable
trash pit thickness
White layer 2— Yes No Yes, lesser amount D + W Change of use
Jem from trash pit to

livestock

enclosure and
back to trash
dumping area

D, domestic grasses (possibly wheat); W, wild grasses.

could be due to subsidence of the floors. In fact if other phyto-
lith-rich layers are present deeper in the section, this would
explain why the floors found directly under the phase G/9
mud-brick collapse seem to reach a phase G/10 wall. In area
D5, the phytolith-rich layers as well as the associated layers
have arc-like subsidence features which correlate with existing
robber-trenches. Thus the compression of the organic-rich sed-
iments presumably followed the underlying topography defined
by the robber trenches. In area D2 locality 2 the phytolith-rich
layer also followed the pre-existing pit topography and at one
location was almost vertical. In locality 1 they were draped
over the surface of a series of large rocks, which must have
been under the organic-rich sediments. All these phenomena
can be explained by the taphonomic degradation of a thick
organic-rich layer that leaves a relatively thin residue on the sub-
strate. Such large volume reductions of organic-rich sediments
can result in artefacts changing their stratigraphic positions
relative to the architecture. They can also cause concentrations
of artefacts that were originally separated.

4.2. Cultural implications

Phytolith-rich layers were found at Dor in open spaces be-
tween houses, courtyards within houses, roofed spaces within

houses, refuse pits, and even in monumental public structures.
Their presence on the fell indicates an intimate association be-
tween humans, animals, plants and bio-waste products, such
as chaff, straw, unconsumed animal fodder, and animal dung
during the Late Bronze Age and Iron Age. Thus open lots
and/or unoccupied structures within the town were used as
animal enclosures or for the disposal of organic-rich waste
products. This may well have implications for estimating pop-
ulation size from the site area, herd size for individual enclo-
sures or even the very assumption of a “stratum”, namely that
all structures within the stratum were in use at the same time.

A broader question arises from the association between
humans, animals and plants in an urban context. It is noteworthy
that all of the ethnographic parallels referred to in the introduction
are from agro-pastoralist villages. In towns in the present-day
Near East, even traditional ones, animal and vegetal materials
are mainly introduced as more-or-less processed consumer
goods. Thus the patterns of co-habitation of humans with animals,
their food and their dung are significantly different than that ob-
servable in villages. Dor however was an urban center throughout
the period under study. Indeed, in one of the sub-periods, the Iron
Agel, a ‘dark age’ around the entire Mediterranean, Dor is one of
the few flourishing urban centers, boasting massive fortifications
and monumental public structures.
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Chronologically the phytolith-rich layers range from the
Late Bronze Age (13th/12th century BCE) to the end of the
Iron Age (7th century BCE). Although we have not systemat-
ically surveyed all exposures on the tell, phytolith-rich layers
are almost totally absent in the later Persian, Hellenistic and
Roman strata. This in turn might indicate a major change in the
urban environment following the Iron Age, and perhaps the
very definition of a city (urbis) itself. Some time between
the end of the Iron Age and the onset of the Hellenistic period,
a dichotomy was created between ‘village’, where agricultural
goods are produced and humans cohabitate with animals,
plants, and their waste products, and ‘city’ as the realm of
a consumer society. There are clues that this indeed may be
the case. For instance, it has often been noted that biblical He-
brew has no word to denote ‘village’. Any habitation larger
than an isolated farm is a ‘town’. Mishnaic Hebrew (i.e.,
during the Roman period) already possesses a separate word
for ‘village’.

Archaeologists are used to thinking in terms of a single
‘urban revolution’, which happened in the case of the Levant
at the beginning of the third millennium BCE. It consisted
of the nucleation of settlements in which supra-subsistence
activities (trade, storage and re-distribution, craftsmanship,
ritual, government, etc.) are centered. Our evidence suggests
that in Dor at least, households remained a locus of primary
food production, with the attendant biogenic wastes. This is
also indicated by a recent analysis of the early Iron Age faunal
assemblage of area D2 (Gerstel-Raban, in press), in which
parameters like the distribution of (mostly domesticated) ani-
mals, age and gender distribution, body-part representation,
butchering, filleting and skinning marks, and more, indicate
that meat was not only consumed at Dor, but also produced
there. If the observations at Dor are representative for these
periods, then the second ‘urban revolution” which pushed pri-
mary food production and its wastes out of the town altogether
or at least proscribed it to specific spaces (markets, public sta-
bles, etc.), might have coincided with the Hellenization of the
Levant. (See for example Morris (1991, p. 40) and Whitley
(2001, p. 174) for a similar and largely contemporaneous pro-
cess in Greece, i.¢., ‘real” urban space taking shape not before
the late 6th century BCE.) It is clear that the elucidation of the
physical and social matrix which we customarily designate as
an early Levantine town or city will have to reach beyond
architectural analyses (Herzog, 1997).

5. Conclusions

This study shows that layers composed mainly of phytoliths
can form. At Tel Dor they are for the most part the product of
the break down of animal dung. This dung accumulated either
in animal enclosures, or was redeposited under circumstances
that are not well understood. The transformation of the dung
accumulation into a relatively thin layer of phytoliths is
accompanied by significant reduction in volume and hence
can cause subsidence of the overlying strata. This may compli-
cate stratigraphic relations in the field. Finally the identifica-
tion of many such dung accumulations and hence animal

enclosures on the fell, raises questions about the style of life
of the fell inhabitants during these periods and the nature of
urbanism at this time.
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En els jaciments que s’han presentat en aquest treball totes les analisis de fitolits han 155
estat acompanyades de I'analisi dels components minerals basics amb FTIR; la combinacié entre
aquestesduesaproximacionsenl’estudidels sedimentsarqueologics ha estatlabase metodologica
que ens ha permés fer interpretacions dels processos de formacio a través dels fitolits, encara
gue, com s’ha demostrat, també s’han de tenir en compte altres factors per a poder realitzar una
interpretacié més acurada dels esdeveniments que configuren els jaciments.

Aquesta aproximacidé conjunta, fitolits i FTIR, es porta desenvolupant des dels anys
noranta. En un primer moment, les investigacions es van concentrar en els jaciments paleolitics
de I'area del Mont Carmel i les seves proximitats (Israel); en aquests casos s’investiga quin era el
combustible emprat en els fogars, com s’alteren els fitolits, quins eren els processos diageneétics
que van afectar a les cendres i, finalment, quines eren les implicacions arqueologiques
i estratigrafiques de tot plegat (Schiegl et al., 1994; Weiner et al., 1995; Schiegl et al., 1996;
Albert et al., 1999; Albert, 2000; Albert i Weiner, 2001; Albert et al., 2003; Karkanas et al., 2007).
Posteriorment aquest tipus d’investigacions es va estendre fora del nucli de jaciments paleolitics
israelians, i ho va fer ampliant el marc cronologic i regional (Portillo et al., en premsa ; Karkanas
etal., 2002; Albert i Henry, 2004; Karkanas et al., 2004; Schiegl et al., 2004; Shahack-Gross et al.,
2005; Karkanas, 2006). En els darrers anys, fins i tot s’han arribat a desenvolupar investigacions
gue s’integren dintre de I'ambit de I'etnografia i I'etnoarqueologia. (Shahack-Gross et al., 2003;
Shahack-Gross et al., 2004b; Tsartsidou et al., 2007; Tsartsidou et al., 2008). Les publicacions que
formen el cos central d’aquest treball s’haurien d’'emmarcar per les cronologies investigades i la
situacid dels jaciments analitzats dintre del grup de treballs que expandeixen I'estudi dels fitolits
combinat amb el FTIR fora dels jaciments paleolitics israelians (Albert et al., en premsa; Cabanes
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et al., en premsa; Albert et al., 2006; Bamford et al., 2006; Cabanes et al., 2007; Albert et al.,
2008). Entre d’altres items, és en aquest moment quan es va desenvolupar la metodologia per
poder realitzar les quantificacions de fitolits en els sediments, independentment del seu estat
de preservacio (Albert et al., 1999; Albert i Weiner, 2001), i quan també es van identificar els
processos diagenetics implicats en la preservacio o alteracié dels sediments antropics (cendres)
i que afecten a la preservacio de la resta de materials arqueologics (Weiner i Bar-Yosef, 1990;
Weiner et al., 1993; Weiner et al., 1995; Karkanas et al., 2000; Weiner et al., 2002).

Tot i que els resultats obtinguts en aquestes investigacions es poden utilitzar per fer
inferencies directes sobre els processos de formacid, sobretot aquells de caire postdeposicional
i que afecten als fitolits i als sediments, I'objectiu principal d’aquests treballs no era estudiar
des de la perspectiva dels fitolits els processos de formacid. A més s’ha de tenir en compte que
totes aquestes investigacions s’havien centrat fins al moment en un tipus de jaciment (cova),
cronologia (Paleolitic Mitja o Superior) i regié (Nord d’Israel) molt especific i per tant qualsevol
comprovacio de les hipotesis referents a la utilitzacio dels fitolits per estudiar la formacié dels
jaciments arqueologics, i plantejades en aquesta tesi, només serien valides per a aquest tipus de
jaciments i no es podrien extrapolar a altres jaciments, cronologies o regions.

Aquesta tesi presenta un pas més en el cami iniciat durant els anys noranta des de I'equip
del Weizmann Institute. En el nostre cas la transversalitat cronologica i regional aporta noves
dades que permeten entendre la relacid dels fitolits amb els processos de formacié des d’una
altra perspectiva, i d’aquesta forma, comprendre quin és el potencial, els avantatges i els limits
de l'estudi dels fitolits dintre d’aquest camp. Les diferents condicions en les que s’han format els
jaciments estudiats, aixi com el diferent grau d’antropitzacié al que han estat sotmesos, fa que la
informacio que se n’extreu varii molt dels uns als altres. Tot i aix0, es mostren uns trets comuns
gue ens serveixen de guia per a utilitzar els fitolits en I'estudi dels processos de formacié de
gualsevol jaciment arqueologic en el que aquestes microrestes hi siguin presents.
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8.1. Discussio per jaciments

8. 1. 1. La Gorja d’Olduvai

En aquest jaciment es van estudiar els nivells superiors de la Bed | i els inferiors de la Bed Il
per tal de determinar amb major exactitud els parametres ambientals que van afectar I'evolucié
dels primers Homo i els Paranthropus contemporanis a aquests. Si bé l'objectiu principal
d’aquestes investigacions era fer una reconstruccio de la vegetaciéo dominant durant la formacio
d’aquests nivells, la forma en que es va dur a terme la investigacié ens permet fer inferencies
sobre com funciona la deposicid de fitolits en un medi natural, el qual no ha estat alterat de
forma significativa per les activitats antropiques.

Les investigacions realitzades a la zona d’Olduvai determinen les caracteristiques basiques
d’una acumulacié de fitolits d’'origen natural i, d'aquesta manera, es poden diferenciar aquests
tipus d’acumulacions naturals d’aquelles acumulacions de fitolits que tenen el seu origen en les
activitats humanes.

La definicio dels trets d’'una acumulacié natural de fitolits en un context paleontologic
o arqueologic passa per comprendre com funciona I'acumulacié i la preservacid dels fitolits 157
en un paleosol, i quines sén les diferéncies que s’hi poden esperar respecte als altres registres
paleobotanics, com és el cas de les macrorestes silificades d’Olduvai. En el nostre treball els

fitolits s’han classificat morfologicament, i sobretot, s’han quantificat ja que d’aquesta forma

es pot obtenir una millor definicié dels aspectes que envolten la seva deposicié en els sols,

perd també s’ha estudiat la mineralogia dels sediments ja que aixi s’identifiquen els processos
diagenetics que poden afectar als fitolits.

Pel que fa a I'acumulacié i la preservacié dels fitolits en els paleosols hi ha dos factors
essencials que determinaran les caracteristiques finals de I'espectre de fitolits: En primer lloc, el
procés de produccio dels fitolits i la seva deposicié en el sol mentre les plantes sén vives i el sol
es continua desenvolupant. En segon lloc, els processos tafondmics de caire postdeposicional
que afecten a la preservacidé dels fitolits al llarg del temps i que es produeixen un cop el sol esta
enterrat.

El procés de produccié dels fitolits i la seva deposicié en el sol

Per estudiar el procés de produccio de fitolits i la seva deposicié durant la formacio del sol
s’ha dut a terme un treball de caire actualista que defineix les condicions d’aquesta deposicio,
i quins sén els agents tafonomics que afecten als fitolits de forma immediata. Aixi doncs, els
treballs realitzats tant en plantes com en sols actuals en els jaciments africans han mostrat
com funciona la transferencia de fitolits des de la seva formacid, en la planta, fins que queden



UNIVERSITAT ROVIRA I VIRGILI
L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS
I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES

Dan Cabanes 1 Cruelles
ISBN:978-84-692-1535-7/DL-T

158

_ éﬁggs_tg% ge/s processos de formacio dels sediments arqueologics i dels paleosols
a partir de I'analisi dels fitolits, els minerals i altres microrestes.

dipositats en el sol. En aquest cas es va tenir en compte tota una serie de circumstancies que
ocasionalment poden ser dificils d’identificar a partir dels fitolits extrets dels paleosols; es tracta
d’elements com el transport de les plantes o la pressié dels herbivors sobre una part especifica
del vegetal (Fredlund i Tieszen, 1994). D’altra banda, hi ha una altra série de factors als quals
es va fer una aproximacié a través del treball amb mostres contemporanies; entre d’altres, hi
ha elements com el cicle vital de la planta (perennes vs anuals) o la produccié diferencial de
fitolits, tant a nivell morfologic com quantitatiu, depenent de 'origen anatomic d’aquests (fulles,
infloresceéncia, tronc, etc.).

Els resultats obtinguts a partir de les investigacions realitzades amb els sols actuals
aporten un concepte basic per entendre els processos de formacid natural a través dels fitolits:
No tots els fitolits que produeixen les plantes es preserven en els sols actuals on creixen aquestes
plantes. La preservacié diferencial dels fitolits en els sols es deu sobretot a la dissolucié de les
morfologies més “febles”, la qual és conseqliencia de la utilitzacid dels fitolits com a font de
silici per part de les plantes que creixen en els sols. Aquesta dissolucid dels fitolits durant la
genesi del sol s’interpreta com un procés tafonomic de caire immediat, el qual es produeix poc
després de la deposicié dels fitolits en el sol i mentre la cobertura vegetal encara és present.
Investigacions precedents a les desenvolupades a la Gorja d’Olduvai ja havien suggerit que no
tots els fitolits que produeixen les plantes es preserven en els sols (Piperno, 1988; Fredlund i
Tieszen, 1994; Fredlund i Tieszen, 1997a; Thorn, 2004b), i en conseqiieéncia no es pot esperar
que tots els fitolits que ha produit la vegetacio del passat es preservin en els paleosols. En alguns
d’aquests treballs s’assenyala la importancia de poder comparar els fitolits de plantes actuals
amb els fitolits que es troben als sols on creixen aquestes plantes per tal de poder identificar
millor quins sén els fitolits que sobreviuen en els sols estudiats (Piperno, 2006). Segons aquests
investigadors alguns dels motius que originen les diferéncies entre la produccié de fitolits en les
plantes actuals i la seva preservacié en els sols moderns estan en relacié amb el transport dels
fitolits i donen com a exemple les conseqliencies dels focs naturals o la pressié dels herbivors;
pero també aquestes diferencies es poden donar degut a I’heréncia en els sols de fitolits més
antics i que han estat produits per plantes que ja no colonitzen els sols analitzats (Fredlund i
Tieszen, 1994; Fredlund i Tieszen, 1997a; Thorn, 2004b; Piperno, 2006). Tot i que aquests dos
fets (transport de fitolits i heréncia en els sols) han estat contrastats empiricament s’ha de tenir
en compte que aquests models mostren certes incoherencies; per exemple, alguns d’aquests
investigadors consideren que, principalment, degut a la naturalesa i funcié dels fitolits en les
plantes, la deposicié d’aquests es produeix in situ i els desplagcaments previs a la deposicié no
son significatius, exceptuant casos en condicions molt especifiques (Piperno, 2006). D’altres
admeten que hi ha diferéencies en la supervivéncia dels fitolits un cop dipositats en els sols, pero
els seus resultats semblen mostrar una bona preservacié immediata dels fitolits (Thorn, 2004b).
Majoritariament les diferéncies entre la produccid i la preservacid dels fitolits que es detecten
en els sols actuals, almenys per al cas d’Olduvai, no correspondrien a un transport diferenciat
d’aquests, ni a I’"heréncia del sol ja que estem analitzant els sediments més superficials, sind a
una dissolucid practicament immediata dels fitolits dipositats; encara que també s’ha de tenir en
compte la pressié dels herbivors que poden haver influit en la desaparicié de certes morfologies
gue només estan limitades en una part especifica de la planta. A més a més, tal i com hem
demostrat en el present treball, aquesta dissolucio es déna independentment de la composicié
mineralogica dels sols, almenys en els moments més immediats a la deposicio dels fitolits ja que
un cop aquests han estat enterrats la composicid mineral dels sediments si que influeix en la
seva preservacié. En aquest sentit, creiem que el factor que més influeix en la preservacié dels
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fitolits en els sols actuals és el reciclatge actiu dels fitolits per part de les plantes que creixen en
els sols. Entenem per “reciclatge actiu dels fitolits” la preferencia de les plantes en fer servir els
fitolits dipositats préviament com a font de silici en els sols on creixen (Alexandre et al., 1997a;
Farmer, 2005; Farmer et al., 2005; Gérard et al., 2008).

Val a dir pero, que en la Gorja d’Olduvai també hem detectat processos abiotics que
modifiquen la disposicié dels sediments, i que en conseqiiencia també modifiquen la disposicid
original dels fitolits. Entenem que aquests processos no afecten als fitolits de forma individual
sind que afecten a tot el conjunt sedimentari, i per tant no es podrien considerar com un procés
responsable del transport de fitolits de forma individualitzada que podria afectar el registre final.
Entre aquests processos trobem el transport de fitolits i sediments a la mostra moderna extreta
del riu o les fluctuacions de I'antic llac en les mostres de VEK. Pel que fa a la mostra moderna
de la vora del riu, es van determinar fitolits que es van dipositar inicialment en altres zones
degut a que aquests es desplacen amb el moviment dels sediments on s’han dipositat a favor
de la pendent. Zucol (2005) proposa definir I'origen primari o secundari dels fitolits depenent de
I'alteracié de la superficie d’aquests, ja que se suposa una erosié amb depressions en la superficie
del fitolit per a aquells conjunts de fitolits que han estat transportats. Amb tot, aquest autor no
considera la possibilitat d’una alteracié quimica in situ, produida per I'absorcid del silici contingut
en els fitolits per les mateixes plantes que formen el sol (Alexandre et al., 1997a; Farmer, 2005;
Farmer et al., 2005; Gérard et al., 2008), o fins i tot una alteracié postdeposicional deguda a
I'augment del pH cap a condicions més basiques (Albert et al., 1996; Albert et al., 2000; Piperno,
2006). Si bé ambdues hipotesis (alteracié pel transport i alteracidé quimica) sén factibles, només
el coneixement dels medis sedimentaris, tant a través de la mineralogia com a través de la
geoarqueologia, ens permetra discernir I'origen d’aquestes alteracions i millorar les inferéncies
relacionades amb la paleoecologia, i sobretot amb els processos de formacio.

Un dels aspectes que s’ha de tenir en compte a I’hora d’interpretar els biaixos tafonomics
immediats és la produccio diferencial de fitolits, tant en nombre com en morfologies, per part
dels diferents tipus de plantes. En el cas d’Olduvai hem vist que els fitolits de I'escorca i la
fusta de les dicotiledonies sén més estables en els sols actuals que alguns dels fitolits de plantes
monocotiledonies. No obstant, la produccio de fitolits en aquest darrer grup és molt més gran
que en plantes dicotiledonies, i aix0 es veu reflectit en I'estimacio de fitolits per gram de materia
organica. Paral-lelament, al tractar-se de plantes anuals, aquestes dipositen més fitolits que no
pas les plantes perennes dicotiledonies que formen els fitolits de fusta i escorga, i que tarden
més en morir. Laportacié diferencial quant al nombre i tipus de fitolits als sols depenent del
tipus de planta fins i tot es produeix entre plantes molt similars, com en el cas de la familia
de les palmacies; en el capitol 4.3 es pot observar com en conjunt la Phoenix reclinata té una
péerdua de fitolits més gran que la Hyphaene petersiana quan aquests fitolits passen de la planta
al sol. Aquest aspecte ha estat molt treballat anteriorment i s’havia utilitzat per corregir les
interpretacions paleoecologiques, perd evidentment, també es pot utilitzar per corregir les
inferencies tafonomiques (Twiss et al., 1969; Mulholland et al., 1988; Piperno, 1988; Ollendorf,
1992; Fredlund i Tieszen, 1994; Albert, 2000; Krishnan et al., 2000; Piperno et al., 2000; Albert
i Weiner, 2001; Thorn, 2004b; Blinnikov, 2005; Piperno, 2006; Tsartsidou et al., 2007). Hi ha
biaixos tafonomics que afavoreixen la preservacié de certes morfologies de fitolits per sobre
d’unes altres, segurament degut en part al grau de silificacié de la planta (Rosen i Weiner, 1994;
Albert, 2000; Albert i Weiner, 2001; Piperno, 2006).
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Processos tafonomics de caire postdeposicional

Un dels processos tafonomics de caire postdeposicional que més afecta a la preservacio
dels fitolits en la Gorja d’Olduvai és la seva dissolucid, o alteracié quimica, deguda principalment
a pH basics. En el nostre cas aquesta alteracié quimica ha estat inferida a partir dels resultats del
FTIR. Un exemple d’aix0 és la relacié entre la preséncia de calcita i I'alteracid dels fitolits; en les
mostres dels paleosols analitzades en la Gorja d’Olduvai la presencia de noduls de calcita d’origen
postdeposicional sempre va acompanyada d’un increment dels fitolits alterats. Els canvis del pH
en el sols i els sediments molt sovint vénen acompanyats de la redistribucié de certs elements
guimics, com el carbonat de calg, i pot provocar la reprecipitacio de la calcita com en el cas dels
noduls trobats a Olduvai. En jaciments a l'aire lliure amb processos de formacié d’origen natural la
preséncia d’aquesta calcita secundaria és un clar indicador d’un procés postdeposicional de caire
quimic que afecta a la preservacié dels fitolits en els sediments. Un pH molt basic, acompanyat
de la presencia d’aigua, habitualment comporta la dissolucid total o parcial del conjunt de fitolits
(Albert et al., 1996; Piperno, 2006); és aixi com processos molt similars als ocorreguts en els
sediments d’Olduvai s’"han detectat en altres tipus de jaciment. Aquests jaciments poden tenir
uns processos de formacid molt diferents als registrats a la Gorja d’Olduvai, i fins i tot I'origen de
la calcita també pot ser diferent, pero a la practica els efectes sobre la preservacio dels fitolits
son els mateixos. En jaciments com Kebara, Hayonim o la Grotte XVI la presencia de calcita
derivada de les cendres de fusta sempre sol estar relacionada amb un augment del nombre de
fitolits alterats, especialment en les zones on s’ha detectat una forta circulacié hidrica (Albert
et al., 2000; Karkanas et al., 2002; Albert et al., 2003). En alguns casos I'origen d’aquesta calcita
també pot ser una planxa estalagmitica que s’ha format després de la deposicié dels fitolits i la
formacioé de la qual afecta directament a la preservacié d’aquests elements degut a I'accié de
I'aigua carbonatada amb un pH molt elevat (Albert et al., 1996). Un cas similar seria el de I'’Abric
Romani, que s’ha presentat en aquest treball, on el traverti que es forma per la precipitacié del
carbonat de calci contingut en l'aigua forma part del jaciment. Davant d’aquestes evidéncies
s’ha de remarcar que els processos postdeposicionals que configuren I'espectre final dels fitolits
es poden produir independentment de l'origen d’aquests fitolits, tant si son d’origen natural com
si sén d’origen antropic.

Fitolits i macrorestes vegetals

A la Gorja d’Olduvai els resultats obtinguts a partir de les macrorestes silificades i els
resultats obtinguts dels fitolits han demostrat que dintre d’'un ambient no antropitzat els fitolits i
les macrorestes vegetals representen escales temporals diferents. Tot i que en estudis similars no
s’han observat diferéncies ecologiques entre el conjunt de macrorestes i els conjunts de fitolits
(Zucol et al., 2005), els nostres resultats han indicat que els fitolits i les macrorestes vegetals
presenten una série de divergéncies que poden causar dubtes a I'hora d’utilitzar els fitolits per
estudiar els processos de formacié. Aquestes diferéncies només es poden entendre a partir del
coneixement de la formacidé d’'ambdds registres: Les acumulacions de fitolits en medis naturals
no soén el resultat d’'un esdeveniment aillat sind el fruit d’'una estabilitat ambiental que permet
la continua deposicié de fitolits en el sol, és a dir, tenen per definiciéd una certa continuitat
temporal. Els conjunts de fitolits recuperats dels nivells paleoantropologics sén el resultat d’un
cicle de mort, reproduccid i creixement de les plantes determinat pels canvis ambientals. La



UNIVERSITAT ROVIRA I VIRGILI
L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS

I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES

Dan Cabanes 1 Cruelles . .,
ISBN:978-84-692-1535-7/DL-T-378-2009 Discussio

preséncia de macrorestes vegetals silificades és el resultat d’un transport i un enterrament rapid
de les plantes, les quals fossilitzen en un ambient ric en silici com és el cas de l'area d’Olduvai
(Hay, 1976; Bamford, 2005).

La formacio d’aquest tipus de restes també té un origen diferent: per una banda els fitolits
son el producte d’'un procés de biomineralitzacié (Perry et al., 2007), pel qual una planta fa
precipitar el silici en les seves cél-lules mentre aquesta planta esta viva. Per l'altra banda, les
macrorestes vegetals silificades recuperades a la Gorja d’Olduvai sén el resultat d’'un procés
tafonomic i de fossilitzacié que només es produeix un cop la planta ha mort i resta enterrada en
un ambient ric en silici (Bamford et al., 2006). Aixo explica perque en el cas dels estudis realitzats
a Olduvai no s’ha trobat una correlacié entre els resultats obtinguts pels fitolits i els obtinguts a
partir de les macrorestes silificades.

Paleosols, fitolits i processos de formacio

En termes de processos de formacié estem en condicions de confirmar que en un context
natural es produeix una sobrerepresentacid immediata de fitolits “resistents” en els sols que
augmenta a mesura que passa el temps i entren en joc processos postdeposicionals. Les
diferencies en la preservacido més immediata dels fito
en compte que la preservacié de fitolits depéen del grau de silificacid de la planta:

its es poden resumir en tres punts, si es té

1. Hi ha morfologies presents a les plantes que no es troben en els sols.

2. Hi ha morfologies abundants en les plantes que no sén abundants en els sols, pero
gue encara s’hi poden trobar.

3. Hi ha morfologies que no sdn molt abundants en les plantes, pero que en canvi, un
cop als soOls sén estables i augmenta la seva quantitat pel pas dels cicles anuals.

La determinacié dels components minerals a través del FTIR també ens ajuda a entendre
processos que es van produir en el passat, abans de I'enterrament del sol. En els treballs presentats
hem vist com es donen variacions en el tipus i nombre de fitolits sense que hi hagi variacions
en la composicié mineralogica basica dels sediments. Aquestes variacions impliquen que, en
unes condicions de preservacié similars, el tipus i nombre de fitolits son diferents bé perque
hi ha certa variabilitat en la cobertura vegetal, o bé perqué les plantes sofreixen una pressio
ecologica distinta depenent de la zona on es troben. A més a més, s’ha de tenir en compte, tal i
com s’ha comentat anteriorment, que el grau de silificacié de la planta influeix en la preservacié
de les morfologies dels fitolits, i per tant un grau de silificacié diferenciat en les plantes que han
originat els fitolits també s’ha de contemplar per entendre la posterior preservacié en el sol.

En un ambit més teoric, la hipotesi del context sistémic descrita per Schiffer (1972), tali com
hem vist en el capitol 3.2., preveu l'existéncia d’una serie de localitzacions on una determinada
activitat es realitza amb més freqliéncia, i per tant, s’espera trobar amb més probabilitat les restes
d’aquesta activitat en dites arees. En el cas de la Gorja d’Olduvai determinar el tipus de paisatge
en el que els hominids vivien (bosc o sabana) ens ajudara a entendre com van evolucionar i
ens donara informacié sobre les zones en les que, preferentment, varen desenvolupar les seves
activitats (Peters i Blumenschine, 1995; Blumenschine i Peters, 1998; Blumenschine et al., 1999;

161



UNIVERSITAT ROVIRA I VIRGILI
L'ESTUDI DELS PROCESSOS DE FORMACIO DELS SEDIMENTS ARQUEOLOGICS
I DELS PALEOSOLS A PARTIR DE L'ANALISI DELS FITOLITS , ELS MINERALS I ALTRES MICRORESTES

Dan Cabanes 1 Cruelles
ISBN:978-84-692-1535-7/DL-T

162

_ éﬁggs_tg% ge/s processos de formacio dels sediments arqueologics i dels paleosols
a partir de I'analisi dels fitolits, els minerals i altres microrestes.

Blumenschine et al., 2003). A més a més, aix0 ens aporta informacié sobre els hominids que
van desenvolupar dites activitats (Paranthropus o Homo) aixi com les possibles diferéncies en la
forma d’ocupar aquest habitat depenent de I'espécie.

El conjunt dels estudis realitzats a la Gorja d’Olduvai ens ha permés entendre millor la
deposicié i conservacié dels fitolits en un medi natural. Es cert que en aquest cas concret els
fitolits no sén un factor determinant per entendre els processos de formacié de les Beds | i Il
de la Gorja d’Olduvai; els quals estan dominats per factors abiotics, com ara I'activitat volcanica
o la sedimentacié lacustre (Hay, 1976). No obstant, les investigacions que hem dut a terme
proporcionen les bases suficients per entendre el cicle dels fitolits, des de la seva formacié fins
a la seva deposicid en els sediments, aixi com els processos tafonomics que permeten o no la
conservacié d’aquests microfossils al llarg del temps. Aquests treballs defineixen amb exactitud
quines son les caracteristiques basiques d’una acumulacid de fitolits d’origen natural i, d’aquesta
manera, podem diferenciar les acumulacions de fitolits d’origen natural d’aquelles acumulacions
de fitolits que tenen el seu origen en les activitats humanes.

8.1.2. L’Abric Romani

L'aplicacid de les analisis de fitolits i FTIR als fogars del nivell J de 'Abric Romani permet
fer inferencies sobre els processos de formacié, tant antropics com naturals, que afecten a la
preservacié i I'alteracié dels fogars. La novetat d’aquestes investigacions rau en que s’enfoca
I'estudi dels processos de formacié des de la perspectiva de I'arqueobotanica i no solament des
de la perspectiva geoarqueologica. La interpretacioé dels processos que formen els fogars a partir
dels estudis en fitolits no hauria estat possible si no s’haguessin tingut en consideracid una serie
de treballs previs. En aquest sentit val la pena fer una breu revisié d’aquestes investigacions per
entendre millor sobre quines bases estem realitzant les interpretacions dels resultats obtinguts
a I'Abric Romani.

Des dels anys noranta les analisis de fitolits i de FTIR aplicades als sediments paleolitics han
permes estudiar amb més detall les estructures de combustié de diferents jaciments del Proxim
Orient i d’Europa, aixi com la preservacioé dels ossos i els processos diagenétics responsables de
la formacio de minerals in situ (Weiner i Bar-Yosef, 1990; Weiner et al., 1993; Karkanas et al.,
2000; Weiner et al., 2002; Shahack-Gross et al., 2004a). L'origen de molts d’aquests minerals
autigenics (que es formen in situ) és la diagénesi de les cendres, la qual va ser estudiada per Schiegl
et al. (1994; 1996). A partir de la composicié mineral dels fogars de Hayonim i Kebara aquests
investigadors van demostrar diferencies en la preservacio de les cendres que impliquen una
reduccié del volum dels sediments, i per tant una reinterpretacid de I'estratigrafia arqueologica.
En aquests treballs es va determinar que els agregats de silici sén un dels principals components
de la fracciéd menys soluble de les cendres, pero en alguns dels seus experiments es va detectar
una preséncia important de fitolits i es va apuntar la possibilitat que aquests elements permetin
determinar amb major exactitud els processos de formacid dels fogars (Schiegl et al., 1996).
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A I'hora de comparar els resultats obtinguts en aquestes investigacions amb els resultats
obtinguts a I'’Abric Romani s’han de tenir en compte una série de condicionants. Les cendres
dels fogars de I'Abric Romani mostren en general una bona preservacié mineral, o almenys
no mostren signes d’alteracié quimica. Tot i aix0, si s’"hagués donat el cas de que les cendres
hagin sofert una diagénesis similar a les dels jaciments israelians aquesta no hauria tingut els
mateixos efectes: tant a Hayonim com a Kebara els minerals derivats de les cendres sén un dels
components principals dels sediments que formen la seqliencia; aixo implica que l'aportacid
sedimentaria antropica és molt més alta en aquestes dues coves que en I'Abric Romani, i per
tant, la possible diagénesis de les cendres a I’Abric Romani no hauria tingut els mateixos efectes
que a Kebara o a Hayonim. A més a més, s’ha de tenir en compte que aquests autors van
considerar la preservacio de les cendres dels fogars en termes de dissolucié quimica, i en menor
mesura en termes de bioturbacié. S’ha de pensar, pero, que durant els moments de formacié del
registre arqueologic efectes com e
un origen marcadament antropic, i per tant, afectar de forma considerable a la compactacio

Ill

trampling” o el desplacament dels sediments poden tenir

i preservacio de les cendres dels fogars, aixi com a la distribucié de les restes arqueologiques
(Goldberg i Bar-Yosef, 1998).

Tenint en compte els aspectes de |la diagénesi mineral detectats a Hayonim i Kebara, Albert
etal. (1999) van desenvolupar un metode per quantificar els fitolits en els sediments arqueologics
independentment de la diagénesi que han sofert, aquest metode és el que s’ha utilitzat en el
present treball. A Tabun es va intentar determinar quins eren els modes d’ocupacié de la cova
amb la quantificacid i determinacio dels fitolits recolzada per una col-leccié de referencia de les
plantes que creixen actualment en la zona del jaciment (Albert et al., 1999; Albert i Weiner, 2001).
En aquest cas es tractava de precisar com es van formar les grans unitats estratigrafiques de la
cova, en alguna de les quals s’hi havia detectat fogars, pero no de contrastar les caracteristiques
dels fogars excavats en un sol nivell. Un dels principals avangos aconseguits en aquest treball
va ser la identificacié de restes de cendra en nivells on no s’havien identificat els fogars a ull nu,
pero també distingir entre focs antropics i focs naturals. A la cova de Kebara també s’utilitzen els
fitolits i el FTIR per investigar la formacid i preservacio dels fogars (Albert et al., 2000). En aquesta
ocasié no es va poder correlacionar la quantitat de fitolits en els sediments amb el color de la
mostra, segurament degut a les condicions de diagénesi que es registren en aquest jaciment. En
canvi si que es va arribar a detectar un augment dels fitolits de graminia quan hi ha un augment
de les diatomees; tal i com hem vist en el capitol 5 la correlacié entre aquests dos elements
implica canvis en els processos de formacié dels fogars. En el treball d’Albert et al. (2000) és un
dels primers on es va correlacionar l'alteracié dels fitolits amb la preséncia de calcita derivada
de les cendres en els sediments i on es va veure per primer cop que hi ha diferéncies dintre d’un
mateix fogar, amb tot, la comparacié de mostres d’un mateix fogar es va limitar a un sol cas. A
Hayonim I'analisi de fitolits i del FTIR també s’utilitza per estudiar els fogars arqueologics (Albert
et al., 2003), aqui es confirma de nou l'efecte de la calcita de les cendres sobre la preservacid dels
fitolits, les diferencies microestratigrafiques en el contingut dels fitolits dels fogars i la fusta com
el principal combustible emprat en les estructures de combustié.

Dintre del context geografic del Proxim Orient, Madella et al. (2002) van estudiar els
sediments d’Amud; aqui es va tornar a correlacionar la preséncia de calcita provinent de les
cendres amb fitolits propis de les parts llenyoses de les dicotiledonies, pero també es van detectar
fitolits propis de la inflorescéncia de graminies que podrien implicar una recol-leccié d’aquestes
plantes pels habitants mosterians de la cova.
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A la Grotte XVI (Karkanas et al., 2002) les analisis de fitolits i de la mineralogia dels
sediments van demostrar que la cendra és un dels principals components del nivell C, encara
gue també s’hi van detectar fitolits de monocotiledonia que superen el rang establert per Albert
i Weiner (2001) com a producte de la contaminacio de la fusta. Tot i aixo Karkanas et al. (2002)
van considerar que en termes de volum l'aportacié de monocotiledonies al combustible emprat
en els fogars no era significant i creuen que aquestes plantes podrien tenir uns altres usos; en
canvi, com s’ha pogut comprovar a I'Abric Romani (Capitol 5), i com s’explica seguidament, tot
i que sembla evident que el principal combustible utilitzat és la fusta s’ha de tenir en compte
gue les graminies eren importants en fogars que tenen unes caracteristiques diferenciades
quant a situacio, dimensid o preparacid. Les diferéncies en la interpretacié dels resultats podrien
ser degudes a la diferent metodologia de mostreig, que en I'Abric Romani es produeix tant en
perfil com en extensid, mentre que a la Grotte XVI només es produeix sobre el perfil i per tant
no permetria diferenciar amb suficient claredat si el fogar mostrejat té unes caracteristiques
diferents a la resta del conjunt d’estructures de combustié. En la investigacié duta a terme en
la Grotte XVI ja s’apunta a que els fitolits podrien servir per a comprovar diferéncies subtils en
els processos de formacié dels nivells cremats quan a través de la mineralogia no es poden
diferenciar (Karkanas et al., 2002). La utilitat dels fitolits per a fer aquestes diferenciacions ha
estat confirmada tant en el treball de 'Abric Romani, com en el treball de El Mirador, confirmant
la hipotesi plantejada per Karkanas et al. (2002).

A I'Abric Romani I'estudi dels fitolits i les analisis de FTIR ens han permeés entendre com
funcionen els fogars del nivell J, la seva formacié i els processos tafonomics que van sofrir. Al
contrarique enles coves del Proxim Orient, els processos sedimentaris dominants a I’Abric Romani
tenen un caracter natural; en conseqiiéncia, I'evidencia més clara de processos de formacié
antropics, si excloem les restes arqueologiques recuperades, és la presencia dels fogars, sobretot
a nivell sedimentari ja que suposen una aportacié (cendres) i una alteracié (impacte termic)
dels sediments per part dels humans. També a diferéncia del jaciment de Tabun, els fogars de
I’Abric Romani es poden identificar amb facilitat durant I'excavacid, aixo es deu en part a que no
han sofert processos diageneétics severs i al tipus de sediment que conforma el reompliment de
I'’Abric.

Al tractar-se d’'una excavacid en extensio, sén les caracteristiques propies de I'excavacio i
del jaciment les que ens han permes fer inferencies de caire espacial. Els fogars van estructurar
les activitats que es van realitzar a I'abric i per tant van influenciar directament la distribucio
de les restes arqueologiques (Vaquero i Pastd, 2001). Aixi doncs, entendre el funcionament
de les estructures de combustid i la gestid que en van realitzar els ocupants de I'abric ens ha
permes comprendre millor 'organitzacid espacial de les societats paleolitiques del moment, i en
conseqliencia, definir el grau de complexitat d’aquestes societats.

Fins el moment la majoria de les investigacions sobre els fogars del nivell J s’havien limitat
ala classificacio tipologica durant el treball de camp (Carbonell et al., 1996; Pasté et al., 2000). En
els darrers anys la micromorfologia (Arteaga et al., 2001; Vallverdu, 2002) i I'antracologia (Allué,
2002) han aportat noves dades sobre el funcionament dels fogars a I'’Abric. El treball presentat
en aquesta tesi suposa una nova aportacio en aquest sentit. A través dels estudis morfologics i
guantitatius dels fitolits s"han determinat quatre tipus de fogars, o més ben dit, quatre processos
de formacié diferents dels fogars amb els quals comprenem millor el funcionament d’aquestes
estructures de combustid. Aquests processos de formacié expliquen la deposicio de les cendres,
la seva alteracid i la forma en que els humans les van gestionar i desplagar. La determinacio
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dels processos que formen i alteren els sediments de les llars de foc s’ha recolzat amb I'estudi
de la pérdua de masses durant el tractament d’extraccié dels fitolits, la composicié mineral dels
sediments amb el FTIR i la quantificacié de les diatomees que apareixen en les extraccions de
fitolits.

Els fitolits a I’Abric Romani ens expliquen la formacié dels fogars, perd evidentment
també ens aporten informacié sobre el combustible emprat; d’aquesta manera s’ha confirmat
que el combustible principal era la fusta. Tot i aix0, a través de la utilitzacié de diversos punts
d’observacié (descripcié macroscopica, fitolits i diatomees) s’han identificat les graminies com a
principal combustible d’alguns dels fogars. La importancia d’aixo rau en que en el mateix treball
es va detectar com en les darreres fases de I'ocupacid, i afectant a les parts superiors d’alguns
dels fogars, el desenvolupament d’un incipient sol el qual també va ser detectat per les analisis
de la micromorfologia dels sols (Vallverdud, 2002). Aquest sol a nivell de microrestes vegetals
ha estat caracteritzat per la preséncia de graminies i de diatomees. Per tant, depenent de les
condicions, la presencia de graminies podia ser interpretada erroniament com una aportacié
natural i no com un input antropic en forma de combustible. Poder diferenciar les graminies
d’origen natural d’aquelles que tenen un origen antropic ens ha permeés reinterpretar alguns dels
fogars més singulars del nivell J, i, a més a més, ens ha donat una base important per diferenciar
processos de formacié naturals, com ara el desenvolupament d’un sol, de processos de formacio
antropics. En aquest sentit cal remarcar que els fitolits permeten la determinacié de processos
bioestratinomics produits pels humans i relacionats de forma indirecta amb els fogars; en el
nostre cas el desplagament de les cendres pel “trampling”.

A I'Abric Romani, de la mateixa forma que hem vist en els treballs dut a terme a la Gorja
d’Olduvai, la formacid del sol implica un augment dels fitolits alterats. També com en el cas dels
sols i paleosols estudiats a Olduvai, o com en el cas de les coves israelianes (Albert et al., 1999;
Albert et al., 2000; Albert i Weiner, 2001), la presencia de calcita implica una major dissolucié dels
fitolits. En I’Abric Romani la calcita no té un origen postdeposicional, sind que és el component
mineral basic del traverti que forma el reompliment de I'abric. Tant si és postdeposicional com si
és part del sediment original la preséncia de calcita sol indicar un pH basic. A més, s’ha de tenir
en compte que en aquests fogars pot haver-hi cendres de fusta, la composicié de les quals és
basicament calcita (Etiégni i Campbell, 1991) i que poden fer que el pH sigui encara més elevat.
La majoria dels fitolits recuperats en el jaciment de I'Abric Romani mostren signes d’alteracio,
perd creiem que el seu conjunt continua essent significatiu per poder interpretar els processos
de formacié.

Tant el treball realitzat a I’Abric Romani, com veurem seguidament en la investigacid duta
a terme a El Mirador, s’aporten dades empiriques que ens permeten entendre els processos
de formacio, perdo també aporten innovacions metodologiques dintre d’aquest camp, assolint
d’aquesta forma un dels objectius que ens haviem marcat. En aquest sentit s’"ha demostrat que
es pot augmentar considerablement la quantitat d’informacié obtinguda a través de les analisis
dels fitolits amb molt poca inversié de temps i diners. El calcul de la perdua de masses o el
comptatge de diatomees s’ha realitzat durant el procés d’extraccié i d'observacio en el microscopi
dels fitolits, i per tant, es pot dur a terme en qualsevol laboratori d’arqueobotanica preparat
per a aquest menester. El diferent volum de carbonats, matéria organica i Fraccié Insoluble en
Acid ens indica quines sén les caracteristiques dels sediments i dels fogars que hem estudiat.
Com hem vist, la combinacié d’aquests resultats amb el nombre de fitolits és un punt clau per
entendre els processos de formacid a través de les constants detectades en el nivell J (Capitol 5).
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El recompte de diatomees i el calcul del seu percentatge respecte a la resta dels fitolits ha mostrat
com es pot detectar I'aparicié d’'un paleosol, perdo també com s’han d’interpretar variacions
en el tipus i nombre dels fitolits en aquells fogars que tenen unes caracteristiques especials.
Aix0 fa que es puguin detectar processos tafonomics de caire natural, perd també variacions
en el combustible i funcionament dels fogars, la utilitzacié de I'espai de I'abric i en la conducta
dels seus habitants. Laplicacié del FTIR i de les analisis del pH no representen una despesa
de temps i diners extraordinaria i els resultats obtinguts aporten la informacié necessaria per
avaluar tant la preservacio de les cendres i els sediments, com la capacitat d’aquests sediments
per produir alteracions postdeposicionals sobre els fitolits. Tot i que aquests recursos no sén
estrictament necessaris en un laboratori de paleobotanica, sobretot pel que fa al FTIR ja que els
pHimetres son més comuns, no és dificil trobar-los dintre de I'ambit académic o cientific, i per
tant la seva utilitzacié no hauria de suposar un problema per a aquells investigadors interessats
en desenvolupar 'estudi dels processos de formacié a través dels fitolits. S’ha de remarcar
pero, que per a una millor comprensié dels fenomens que formen el registre arqueologic és
necessari combinar els resultats obtinguts des dels punts de vista esmentats (fitolits, FTIR, perdua
de masses, etc.) amb els resultats obtinguts a partir d’altres disciplines com ara la tafonomia
dels vertebrats, I'antracologia o la micromorfologia dels sols aplicada a I'arqueologia. Només
utilitzant un punt de vista pluridisciplinar es pot arribar a entendre completament la riquesa del
registre arqueologic, perd a més a més, a partir del treball realitzat a I’Abric s’ha demostrat que
aquesta pluridisciplinarietat també es déna dintre del camp dels fitolits, ja que és necessari que
I'investigador en fitolits tingui coneixements de mineralogia, quimica o geologia per entendre
completament el seu registre.

8.1.3. El Mirador

Al jaciment de El Mirador els resultats obtinguts ens han permes fer una interpretacio
directa dels processos de formacid a partir de les restes arqueobotaniques. Les disciplines
utilitzades (fitolits i FTIR) han donat dades d’alta resolucié que faciliten la interpretacid de la
variabilitat sedimentaria del nivell estudiat. Aquestes dades han estat les que ens permeten
millorar els aspectes metodologics; a partir de les investigacions realitzades al Mirador s’ha
plantejat una nova forma d’estudiar la tafonomia dels sediments a través del tipus de fitolits
i del nombre d’esferolits. En aquesta ocasié s’ha constatat de nou, com en el cas de |'’Abric
Romani, la importancia d’estudiar altres microrestes que es poden observar en combinacié amb
I'estudi dels fitolits. S’ha de remarcar que la diferenciacié entre els fitolits dipositats de forma
natural i els fitolits dipositats per alguna activitat antropica ha permes establir I'origen de les
facies estudiades. A més, durant la investigacio duta a terme a El Mirador s’ha comprovat com
I'observacié de la perdua de masses durant I'extraccid dels fitolits és una eina util també en els
jaciments més antropitzats. S’ha de remarcar també que, al jaciment de El Mirador, tot i que
esta molt més antropitzat que els jaciments d’Olduvai o de I'Abric Romani, la combinacié entre
FTIR i fitolits dona bons resultats per entendre els processos de formacio.
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Si bé és cert que les coves amb caracteristiques similars a El Mirador sén abundants en
I'area Mediterrania, son poques les investigacions que combinen FTIR (o investigacions sobre la
mineralogia dels sediments) i fitolits de les que tenim noticia fins al moment. En aquest sentit
el treball que es presenta en aquesta tesi respon a una necessitat de coneixer com s’han format
els sediments acumulats al nivell 4 a partir de les restes arqueobotaniques, i més concretament
a través de la determinacid dels fitolits i els minerals amb el FTIR. Tot i que aquest tipus d’estudi
és una novetat per a nivells d’estabulacié de I'Edat del Bronze, i sobretot per als jaciments de la
Sierra de Atapuerca, estudis previs en d’altres indrets indicaven ja que aquest podia ser un cami
a seguir.

Aixi doncs, un dels estudis més complerts, i en certa forma pioner, és el de Brochier et al.
(1992) en coves i abrics de Sicilia. En aquest treball es va fer una aproximacié etnoarqueologica
a la formacié de “fumiers” com els del reompliment holocé de la cova de El Mirador, i
després va comparar els seus resultats amb els resultats obtinguts en una série de jaciments
arqueologics sicilians. Brochier (1992) va definir I'associacié entre esferolits i fitolits com una de
les caracteristiques més significants dels sediments originats per la combustid dels excrements
d’ovicaprins. El mateix autor va fer una aproximacio als processos de formacid relacionats amb
les activitats ramaderes a la cova pirinenca de la Bélesta (Brochier et al., 1998).

D’altra banda s’ha de tenir en compte que moltes de les investigacions que s’han dut a
terme en els diposits similars als de El Mirador s’han basat en les analisis de la micromorfologia
dels sols (Boschian, 1997; Macphail et al., 1997; Boschian i Montagnari-Kokelj, 2000; Karkanas,
2006). També s’han desenvolupat recerques experimentals per tal de comprendre millor com es
formen aquestes acumulacions de fems cremats (Macphail et al., 2004) pero en pogues ocasions
s’ha utilitzat el FTIR o els fitolits per estudiar aquests fems. En canvi, en les investigacions
efectuades en els campaments Massai (Shahack-Gross et al., 2003; Shahack-Gross et al., 2004b)
s’aplicatantI'analisi dels fitolits, com el FTIR i la micromorfologia per estudiar les traces que deixen
el ramat en els sediments. Tot i les diferéncies entre aquests treballs i la recerca desenvolupada
en El Mirador, alguns dels resultats obtinguts en els campaments Massai han ajudat a interpretar
les facies que formen els nivells del jaciment burgales (Capitol 6).

El principal objectiu que ens vam marcar en aquesta tesi era demostrar que els fitolits,
amb l'ajuda del FTIR, poden proporcionar informacié directa sobre els processos de formacid. En
el cas del treball portat a terme a El Mirador, s’"ha demostrat aquesta premissa, és a dir, es poden
utilitzar les restes arqueobotaniques, i més concretament els fitolits, per estudiar directament
els processos de formacid, sempre i quan aquests resultats estiguin recolzats per les analisis del
FTIR.

Aguest objectiu s’ha assolit degut a que les dades obtingudes per I'analisi de fitolits i
pel FTIR sén d’alta resolucid, en altres paraules, permeten detectar processos que deixen poca
marca en el registre arqueologic, com ara la utilitzaci6 de monocotiledonies en alguns fogars
de I'Abric Romani, o en el cas de El Mirador el processament dels cereals en un nivell format
basicament per les restes de I'estabulacié del ramat. A El Mirador, les analisis de fitolits i de
la composicié mineralogica a partir del FTIR han confirmat sense cap mena de dubtes que els
fems sén l'origen de la majoria de sediments al nivell 4 de la cova de El Mirador i, tanmateix,
corroboren l'opinié dels arqueolegs que varen estudiar el jaciment, que aquest espai va ser
utilitzat com a lloc d’estabulacié durant I'Edat del Bronze. Ara bé, amb les dades que han aportat
totes les disciplines involucrades en la investigacié s’ha demostrat que es pot definir molt més
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acuradament la génesi i transformacié dels sediments estudiats. De fet, un dels punts que
més interessava era explicar la causa de l'alta variabilitat del tipus de sediments que formen
la seqiiencia holocena del jaciment. Si bé aquesta diversitat en la textura i la coloracié dels
sediments es deu en gran part a les variacions durant el procés de combustid, s’"ha demostrat
gue el diferent origen dels sediments i la seva posterior alteracié estan molt relacionats amb
I'aspecte que presenten aquests sediments en l'actualitat. Aixi doncs, s’ha de reconeixer que
el veritable avang de I'aplicacid dels fitolits, del FTIR i d’altres disciplines arqueobotaniques en
aquest jaciment no ha estat el fet de confirmar el que ja s’havia estimat a ull nu, siné que s’han
pogut inferir altres activitats, diferents a I'estabulacié del ramat, que en un principi van passar
desapercebudes durant el procés d’excavacid. Ens estem referint a activitats relacionades amb els
cereals cultivats com I'esventat o el triat d’aquestes plantes; activitats que d’altra banda deixen
molt poc, o gens de rastre, en el registre arqueologic (Harvey i Fuller, 2005; Karkanas, 2006). S’ha
de remarcar que és l'analisi quantitatiu i morfologic dels fitolits el que en aquest cas ha donat la
clau per entendre el processament de cereals dintre la cova.

A ligual que en la investigacié de I'Abric Romani els aspectes metodologics sén una
aportacié essencial del treball desenvolupat a El Mirador. A través de la combinacid de I'analisi
de les estructures multicel-lulars amb el recompte dels esferolits s’han identificat processos
postdeposicionals que afecten a la preservacio dels sediments i dels fitolits perd que tenen un
caracter més aviat mecanic, i per tant diferenciat de la diagenesi quimica que sol acompanyar
aquests sediments. S’ha de tenir en compte que en els sediments estudiats no s’han trobat
evidencies significatives de diagenesi causada per l'accié dels fosfats, tot i que aquests estan
presentsenelssediments,ipertant,s’hadebuscarl’origend’aquestesalteracionsenunaltreagent.
En els sediments millor preservats els esferolits i les estructures multicel-lulars sén abundants,
mentre que en els sediments que han tingut alguna mena de moviment postdeposicional aquests
dos elements disminueixen en nombre. En el treball sobre el Mirador (Capitol 6) s’ha plantejat la
possibilitat que el moviment dels sediments desmembriles estructures multicel-lulars, convertint-
les en fitolits simples, i faci desapareixer els esferolits degut a la seva fragilitat. El moviment dels
sediments estaria relacionat amb processos de bioturbacio, que afectarien als sediments un cop
dipositats, o bé amb el desplacament dels sediments, previ enterrament, per part dels humans
que ocupaven la cova. Efectes similars s’han detectat també al jaciment de Grotta dell’Uzzo
(Brochier et al., 1992). Els resultats de la combinacié del comptatge d’esferolits i d’estructures
multicel-lulars sdon molt consistents i es presenten com una solucié efectiva per determinar
aquests processos en els jaciments on no es disposa d’altres analisis com la micromorfologia
dels sols aplicada a I'arqueologia.

Aixi doncs, dins de I'ambit metodologic s’ha de considerar que, una altra de les aportacions
que fa el treball de EI Mirador, a I'igual que en el cas de I'Abric Romani, és la utilitzacié d’altres
microrestes per tal d’aconseguir informacid addicional per al nostre estudi. Si en el cas de I'Abric
Romani eren les diatomees, en el cas de El Mirador és el comptatge dels esferolits fecals i dels
oxalats de calci el que ens ha permés una interpretacié més precisa dels sediments d’aquest
jaciment. Laddicié d’aquesta informacié als resultats que obtenim de les analitiques de fitolits
té I'avantatge de no necessitar una despesa considerable de temps; en el cas dels esferolits i els
oxalats de calci no va ser necessaria I'extraccié d’aquests elements dels sediments per a la seva
observacié en el microscopi, mentre que en el cas de les diatomees aquestes es podien observar
directament en les lamines que es van preparar per al comptatge de fitolits.
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A més a més, 'analisi del FTIR juntament amb I'estudi morfologic dels fitolits i d’altres
restes botaniques recuperades, ha permes distingir entre sediments que es van dipositar i es van
transformar en el jaciment (no ens referim a sediments autigénics siné als fems que es cremen
en la cova) i sediments al-loctons que van ser transportats a 'interior de la cova per a realitzar
alguna activitat (com ara l'argila que forma les facies j). Aquesta diferenciacid ha estat possible
gracies a I'estudi comparatiu realitzat amb les mostres de control que van ser extretes dels sols
actuals del voltant del jaciment. Aixi doncs, s’"ha de remarcar laimportancia que té, en els estudis
de fitolits, el fet de conéixer els sols actuals per poder fer una interpretacié més acurada dels
sediments arqueologics. Aixo queda especialment exemplificat en el cas de El Mirador i de la
Gorja d’Olduvai.

També a nivell metodologic, s’ha d’emfatitzar que el registre del volum perdut durant el
procés d’extraccio dels fitolits, ha aportat una valuosa informacié ja que:

1. Ha contrastat de forma empirica les observacions in situ. Un exemple és el de la matéria
organica: el volum d’aquesta és més dificil de determinar amb el FTIR, pero seguint les dades
obtingudes per la pérdua de massa s’ha observat com les mostres que havien estat previament
descrites amb més alt contingut organic (fems sense cremar, mostres carbonoses i mostres dels
sols actuals) han presentat un major contingut en matéria organica.

2. Ha servit per caracteritzar facies amb una composicié mineraldgica similar i per tant ha
ajudat a fer interpretacions diferencials a I'igual que en I'Abric Romani. En altres paraules: les
distintes proporcions de carbonats, matéria organica i AIF han permes diferenciar facies que,
Unicament amb els resultats del FTIR eren dificilment distingibles. Aixd ha demostrat que la
pérdua de volum, durant el procés d’extraccié de fitolits, es pot extrapolar a altres jaciments,
independentment dels processos de formacid que hi intervenen. Naturalment, és necessari
realitzar en paral-lel, laidentificacié dels minerals per descartar la preséncia de mineral autigenics,
ja que la génesi d’aquests comporta una perdua de volum sobre el mineral original (Weiner et
al., 1995; Schiegl et al., 1996; Karkanas et al., 2000; Weiner et al., 2002).

Es evident doncs, que en el Mirador, com en els altres jaciments que presentem en aquesta
tesi, és molt important conéixer la mineralogia dels sediments a partir del FTIR. Aquests resultats
han demostrat, que tot i que es pot detectar la preséncia de fosfats al nivell 4, aquests no han
causat una diagénesi severa que pugui produir problemes estratigrafics. Aquestes inferéncies
sobre la dissolucié dels sediments ens han permés reinterpretar els conjunts de fitolits recuperats,
sobretot en termes de nombre de fitolits per gram de sediment o de la preséncia d’altres elements
com els esferolits o els oxalats de calci que poden ser dissolts amb major facilitat (Canti, 1999;
Shahack-Gross et al., 2003). En aquesta mateixa tesi, i com veurem seguidament, s’han aportat
dades que demostren com en jaciments amb una alta antropitzacié com El Mirador, o com ara
Tel Dor (capitol 7.1), el suport que han proporcionat els resultats del FTIR a la interpretacid del
conjunt de fitolits ha resultat fonamental.

En definitiva les investigacions efectuades en el jaciment de El Mirador ens han permes
caracteritzar les diferents facies que formen el nivell 4 a través de les restes arqueobotaniques
i de la seva composicié mineral. També s’ha pogut definir I'origen de l'alta variabilitat dels
sediments que formen el nivell a través de l'obtencié de dades d’alta resolucié que permeten
entendre la genesi i la diagenesi d’aquests sediments. Perd a més a més s’han proposat unes
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bases per a la metodologia que permeti utilitzar aquestes dades per entendre els processos de
formacio, bases que es veuen recolzades pels estudis realitzats a Olduvai, a I'Abric Romani, i com
veurem seguidament a Tel Dor.

8.1.4. Tel Dor

Lestudi dels fitolits a les diferents localitats de Tel Dor ha complementat els resultats
obtinguts al jaciment de El Mirador i ens ha permeés estudiar els processos de formacid
arqueologics en un jaciment altament antropitzat. El caracter pluridisciplinar de la investigacié
realitzada (micromorfologia dels sols aplicada a I'arqueologia, FTIR i fitolits) ha relacionat els
fitolits amb el medi sedimentari que els envolta i també ha demostrat quina és la seva relacié amb
les estructures arquitectoniques que formen el jaciment. Aixi doncs, s’"ha comprovat la validesa
de les hipotesis plantejades a partir de les investigacions en I’Abric Romani i a El Mirador, aixi
com també s’han comprovat les possibilitats de les analisis de fitolits per estudiar els processos
de formacid en jaciments com el de Tel Dor. Curiosament, a 'igual que en el cas de El Mirador,
molts dels processos de formacié previs a I'enterrament que s’han identificat a Tel Dor a través
dels fitolits estan relacionats amb la gestié dels residus animals, en concret dels fems. Perd s’ha
de considerar també que la determinacié de l'origen de les plantes (cultivades vs no cultivades) a
partir de la utilitzacié d’una col-leccié de referéncia moderna i I'analisi morfometric ha donat peu
a una caracteritzacido més detallada dels processos de formacid antropics. La identificacid dels
processos postdeposicionals que afecten als fems a partir dels fitolits i els esferolits ha permeés
comprovar els aspectes metodologics que s’havien plantejat en el cas de El Mirador, pero, d’altra
banda, també ha permés reconsiderar les interpretacions arqueologiques i culturals dels estrats
gue s’han investigat.

La definicié de la formacio i I'origen de les capes riques en fitolits a Tel Dor ha estat un
dels objectius d’aquesta investigacié. Com s’ha vist en el capitol 7, en la seva majoria, I'origen
de les acumulacions riques en fitolits esta en la incineracié dels fems acumulats dintre dels
limits de la ciutat, en ocasions la seva redeposicié en altres zones de la ciutat, i la seva posterior
transformacié diagenética que fa que els sediments resultats estiguin composats basicament
per fitolits. En canvi, en el jaciment de Tel Yin’am els nivells rics en fitolits es van interpretar de
forma diferent (Liebowitz i Folk, 1980). En aquest jaciment es va identificar un nivell ric en fitolits
similar als descrits a Tel Dor, tant pel que fa a la inclinacid, gruix i descripcid macroscopica, aixi
com una zona lenticular de les mateixes caracteristiques que no ocupa tot I'espai de I’habitacié
excavada. Les dues acumulacions es van interpretar com el resultat d’un incendi accidental de
palla provinent de cereals cultivats i utilitzada com a combustible en les instal-lacions industrials
immediates. En una revisié d’aquest nivell de fitolits (Folk i Hoops, 1982) es va determinar que
els fitolits van estar alterats termicament fins a perdre la seva morfologia original i composicié
guimica. Tot i que es va arribar a plantejar la hipotesi de la produccié de vidre a partir de la
fusid dels fitolits, els investigadors continuen defensant la idea d’un incendi accidental d’una
acumulacié de palla.
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Una de les principals aportacions de les investigacions de Tel Dor ha estat I'aproximacio
a l'espécie productora dels fitolits, i sobretot la diferenciacié entre fitolits originats en plantes
cultivades i fitolits originats en plantes no cultivades. Al Proxim Orient estudis previs ja havien
dut a terme aquesta aproximacié. Aixi doncs, cal destacar els treballs de Rosen, que en un altre
marc cronologic pero també en la mateixa regid, va estudiar els fitolits dels primers jaciments
neolitics de la zona i aconsegueix identificar les plantes cultivades que els han produit (Rosen,
1989; Rosen, 1993; Rosen, 1997). Un altre treball similar al que s’ha desenvolupat en Tel Dor és
el que es va efectuar a Tel Migne (Ekron). En aquest jaciment Ollendorf (1987) va estudiar els
fitolits dipositats en els nivells del segle Xll a.n.e. L'objectiu d’aquest estudi era identificar els
sols d’ocupacio filisteus, identificar les plantes utilitzades, i diferenciar entre conjunts de fitolits
d’origen antropic dels conjunts de fitolits d’origen natural. Tot i que sembla ser que aquesta
investigadora va aconseguir diferenciar els fitolits d’origen natural dels fitolits d’origen antropic
no va deixar clares quines sén les caracteristiques de les diferents acumulacions; a més, la
identificacié dels sols d’ocupacid i de les plantes utilitzades va quedar lleugerament esbiaixada
per la falta d’estudis geoarqueologics.

En el cas de Tel Dor, els resultats de les analisis morfométriques dels fitolits també ens han
ajudat a determinar les caracteristiques dels processos de formacio culturals. A l'igual que en les
investigacions a Olduvai, aquest tipus d’analitica ens ha permes fer una aproximacié més precisa
a l'especie vegetal que ha produit els fitolits. A Tel Dor ha estat important definir la procedéncia
dels fitolits, ja que la diferenciacid entre fitolits de plantes cultivades i fitolits de plantes no
cultivades ens ha permés identificar I'origen i funcid d’aquestes plantes, i, indirectament,
interpretar la formacié de les diferents capes riques en fitolits al jaciment. Depenent del tipus
de planta que ha produit els fitolits s’ha interpretat si els vegetals que han format les capes
riques en fitolits estaven destinats al consum huma o bé estaven destinats per a I'alimentacid del
bestiar. En aquest sentit s’hauria de recordar les discussions dels capitols 6 i 7. Al jaciment de El
Mirador la presencia de la inflorescéncia de cereals cultivats no s’ha interpretat com un indici
de l'alimentacio del ramat estabulat en la cova a partir del gra d’aquests cereals, ja que és un
procediment economicament car si tenim en compte les capacitats agraries de I'época (Halstead,
1996). En canvi, en jaciments amb caracteristiques similars a les de El Mirador s’ha interpretat
just el contrari (Karkanas, 2006). A Tel Dor la preséncia de fitolits de la inflorescéncia de cereals
cultivats s’ha determinat basicament en els nivells blancs, en els quals també s’ha identificat la
preséncia de fems. Tenint en compte que Tel Dor és un centre urba de certa importancia, cap
la possibilitat de que algun dels sobrants de la collita es destinessin a I'alimentacio del ramat.
No obstant, s’ha de pensar que en els nivells blancs poden existir dos processos de formacio
diferenciats, el processament dels cultius i I'estabulacié dels animals, i cap la possibilitat que no
s’hagin pogut diferenciar temporalment ja que podrien haver tingut lloc en un espai de temps
breu. Sigui com sigui, la solucié a aquesta problematica passa per fer un estudi detallat de les
alteracions que sofreixen els fitolits al passar pel tracte digestiu dels ruminants, i veure, en el cas
que es produeixin, si és viable la seva identificacié en un context arqueologic.

La determinacié de I'index de refraccio dels fitolits permet saber si aquests han sofert
un procés de combustid. Lobtencié d’aquestes dades a Tel Dor ha estat important ja que ens
ha aportat informacié sobre la gestié dels fems dels animals i la seva alteracié després de la
seva deposicié. S’ha de tenir en compte que els fems cremats redueixen considerablement
el seu volum i canvien la seva composicié quimica. A més a més, les analisis de FTIR i de la
micromorfologia dels sols han permés determinar la posicid secundaria d’alguns dels nivells
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analitzats, és el cas de certs nivells de cendres especialment en la zona D2, la qual cosa implica
un procés de formacié cultural que comporta el transport dels fems, un cop aquests han estat
cremats, cap a altres zones del jaciment.

Pel que fa als processos de formacid postdeposicionals detectats a Tel Dor aquests estan en
relacié directa amb la natura i I'origen de les acumulacions de les capes riques en fitolits, és a dir
els fems. La formacié de capes de sediment amb una densitat tan alta de fitolits no es produeix
de forma natural, i aixi s’ha pogut observar en els treballs realitzats en la Gorja d’Olduvai. D’altra
banda, sembla evident que els habitants de Dor no van acumular de forma intencionada els
fitolits sense la part organica de la planta, les cendres o els fems; en altres paraules, no van
extreure els fitolits de la seva matriu i els van dipositar en els sediments analitzats.

L'alta concentracié de fitolits, com hem vist, es produeix després que la matéria organica
gue acompanya als fems es degradi, i en conseqliéncia hi hagi una pérdua considerable del
volum del sediment. Aquesta perdua del volum fa que els sediments que formen els Tels es
comprimeixin afectant directament a la posicié estratigrafica de les restes recuperades (Shahack-
Gross et al., 2005). Evidentment, és molt important coneixer aquests factors de compressio del
sediment per poder realitzar una bona interpretacio cronostratigrafica i cultural.

La degradacid de la matéria organica no afecta només a la posicid estratigrafica de les
restes sind que també té efectes sobre la conservacié d’elements com els esferolits que ens
ajuden a determinar l'origen i estat dels sediments. A Tel Dor la preséncia de matéria organica en
degradacié, acompanyada de l'existéncia d’aigua, temperatura adient i una activitat microbiotica
determinada, hauria permes l'acidificacio dels sediments (Buol et al., 2003). Un pH més acid pot
fer que els esferolits es dissolguin i desapareguin, ja que aquests son relativament poc estables
en ambients acids (Canti, 1999; Shahack-Gross et al., 2003). En canvi, com hem vist abans, al
jaciment de El Mirador la presencia de matéria organica no ha estat suficient per fer desapareixer
els esferolits, pero aquests elements disminueixen drasticament quan hi ha una remobilitzacio
dels sediments. Aquestes diferencies observades en ambdds jaciments esta relacionada amb el
fet que en El Mirador la materia organica que acompanya el fem cremat no s’acaba de degradar
del tot i, a més, s’ha de considerar que la preséncia de fem cremat estabilitza el pH en nivells
suficientment basics per preservar els esferolits, almenys fins que la cendra és lixiviada (Canti,
1999). D’altra banda, al jaciment de Tel Dor les capes que presenten menys esferolits sén les
capes formades per fems cremats en posiciéd secundaria; aixi doncs, independentment de
I'augment de I'acidesa del pH dels sediments, la remobilitzacié d’aquests afecta de forma directa
a la preservacié dels esferolits tal i com s’ha demostrat en els dos jaciments. Finalment, s’ha
de considerar que les condicions ambientals propies de cada zona i el tipus de jaciment (cova
a El Mirador i jaciment urba a Il'aire lliure a Tel Dor) fan que les condicions per a la preservacio
dels esferolits siguin lleugerament diferents en els dos casos. Amb tot, creiem que ha quedat
demostrat que el comptatge dels fitolits i la seva comparacié amb el comptatge dels esferolits
déna uns resultats efectius a I'hora de determinar processos tafonomics que afecten a la
preservacié dels sediments on s’ha dipositat fem.

A nivell metodologic, i continuant en aquest sentit, la preséncia de fems a Tel Dor es va
determinar utilitzant la micromorfologia dels sols, les caracteristiques morfologiques dels fitolits,
la preséncia d’esferolits i la determinacié de fosfats autigenics a través del FTIR. Aquests resultats
han confirmat els obtinguts al jaciment de El Mirador on, sense I'ajuda de la micromorfologia pero
tenint en compte els altres factors, s’ha determinat la preséncia de fems cremats dintre la cova.
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Aixi doncs, creiem que, en el cas de no poder disposar dels resultats de la micromorfologia dels
sols, la presencia d’esferolits, la determinacié mineral per FTIR i el tipus de fitolits sén suficients
raons de pes per determinar de forma clara I'existéncia de fems cremats en el sediment.

La revisio dels processos de formacid culturals a través dels fitolits, el FTIR i la
micromorfologia ha fet que es pugui determinar la utilitzacié de I'espai urba aixi com la gestié dels
recursos vegetals i els excrements dels ruminants durant el periode en que Dor estava governat
pels Pobles del Mar. Els resultats obtinguts a partir de la col-laboracié dels diferents investigadors
ha demostrat que alguns dels nivells rics en fitolits tenen la seva génesi en la degradacio del fem
d’animals estabulats dintre la ciutat. Aixi mateix, el diferent contingut en fitolits i les variacions en
I'estructura micromorfologica del sediment han indicat que una mateixa area pot tenir funcions
diferents en molt poc espai de temps. En aquest sentit, i tenint present que hi ha edificis que
es van utilitzar en algun moment com a estables per al ramat, els arqueolegs han apuntat a
que s’han de revisar aspectes com la densitat de la poblacié, la mida dels ramats, o, fins i tot,
I'assumpcidé de l'ocupacio sincronica de la totalitat dels edificis durant la formacié d’un estrat.
Aixi doncs, entendre la formacié d’aquestes capes riques en fitolits ha permes reinterpretar el
concepte de ciutat durant el Bronze i I'Edat del Ferro en el Proxim Orient; fins al moment s’havia
considerat la ciutat com un centre que importava els recursos primaris, pero almenys en el cas
de Dor els seus habitants disposaven dels seus propis ramats, i per tant, també eren productors
de recursos primaris.
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8.2. Discussio General

8.2.1. Diferenciacié dels processos de formacié antropics i
els processos de formacioé naturals a través dels fitolits, els

minerals i altres microrestes

Un dels objectius principals d’aquesta investigacié era poder diferenciar entre processos
de formacidé naturals i processos de formacié antropics a partir del contingut en fitolits dels
sediments. Per assolir aquest objectiu s’han tingut en compte els processos previs i posteriors
a la deposicié dels fitolits en els sediments, tant si son d’origen natural com si sén d’origen
antropic. Sén els processos previs a I'enterrament i els processos tafonomics posteriors els que
defineixen el conjunt final de fitolits. D’aquilaimportancia de determinar el tipus de fitolit, la seva
guantitat, I'existéncia d’altres elements microscopics i la composicié mineral dels sediments que
els envolta, ja que aquests quatre elements sén els que ens han donat la informacié necessaria
per diferenciar les acumulacions de fitolits antropiques de les acumulacions de fitolits naturals.

El problema de diferenciar entre l'origen antropic i natural dels fitolits ha quedat resolt
tant i en quant cada un d’aquest tipus de formacié té unes caracteristiques propies (Taula 1),
les quals s’arriben a distingir fins i tot en el cas de processos diagenétics severs que afecten a
la preservacid dels fitolits. La distincié entre origen antropic o natural de les acumulacions de
fitolits en el sediment arqueologic és fonamental per a una correcta interpretacio dels processos
de formacié d’'un jaciment, especialment en aquells casos on els processos naturals poden
emmascarar els processos antropics, com per exemple el cas de la utilitzacié de graminies com
a combustible en I'Abric Romani.

En aquest sentit, el tipus de fitolit i la quantitat que hitrobarem en un sediment arqueologic
depén en gran part dels processos de formacid previs a I'enterrament dels fitolits. Tant si és
d’origen natural com d’origen antropic un conjunt de fitolits esta molt marcat pel tipus de planta
gue els produeix i, sobretot, per la forma en que les restes de les plantes mortes s'acumulen i
es destrueixen per alliberar els fitolits. Aquest fet fa que en el cas de les mostres procedents
d’acumulacions d’origen natural es pugui identificar la formacié vegetal del passat, i en el cas de
les mostres procedents d’ambients antropics es puguin fer inferéncies sobre el comportament
dels nostres avantpassats.

Els processos tafonomics que determinen la preservacié dels fitolits son diferents si les
acumulacions de fitolits tenen un origen natural o bé si tenen un origen antropic. En els treballs
presentats s’"ha demostrat que els processos tafonomics que afecten a la preservacio dels fitolits,
en el cas d’'una acumulacié natural, sén practicament immediats, mentre que si formen part
d’una acumulacié antropica el temps d’accié d’aquests processos dependra més del tipus de
jaciment i de la matriu sedimentaria que forma els diferents nivells. Com hem vist en el capitol
3 durant la formacid d’un sol les plantes que hi viuen poden arribar a reciclar els mateixos fitolits
gue han produit (Meunier et al., 2001; Conley, 2002; Farmer, 2005; Farmer et al., 2005).
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Origen natural

Origen antropic

Tipus de fitolit

Nombre de fitolits

Percentatge d’alterats

Preséncia diatomees

Presencia esferolits

Mineralogia

Perdua de masses per
tractament

Conjunt homogeni representant
totes les parts de la plantaii el
conjunt de plantes presents (s’han
de tenir en compte els biaixos
postdeposicionals i de pressio
ecologica)

Continuo al llarg de la seqliéncia o
de I'espai analitzat

Homogeni. Els fitolits més
resistents també poden presentar
signes d’alteracio

Presents si hi ha humitat important
durant la formacié d’un sol

Absents

A grans trets, homogeénia dintre del
mateix paleosol

Resultats similars en totes les
mostres

Fitolits d’un tipus de planta o d’'una
part de la planta identificats en
nombre molt superior al de la
mitjana de la resta de plantes o
part de la planta

Variacions importants de mostra
en mostra

No homogeni, mostres amb més
percentatges d’alterats que unes
altres

Absents (si estan presents poden
ser postdeposicionals)

Presents si els fitolits provenen de
I’'acumulacié dels fems

Variacions en la composicié
mineral basica importants

Resultats variables de mostra a
mostra

Taula 1. Descripcié de les principals caracteristiques d’una acumulacio de fitolits

d’origen natural (sol) o d’origen antropic.

Els resultats obtinguts en els sols moderns de la zona d’Olduvai confirmen la rapida
actuacié d’aquests processos tafonomics en un ambient no antropitzat. En canvi, en els jaciments
que s’han estudiat en aquesta tesi, els processos d’acumulacié de fitolits que en resulten d’una
activitat antropica se solen donar en llocs on no hi ha una cobertura vegetal important (una cova,
un abric o una vil-la) i on els processos edafics son practicament inexistents mentre es registren
les activitats antropiques. Amb tot, es pot donar la circumstancia que aquests processos hi
apareguin al final de I'ocupacid, I'exemple més clar en aquest sentit és la formacié d’un sol al
final del nivell J a I'Abric Romani, pero fins i tot aqui es pot diferenciar 'origen antropic i 'origen
natural dels fitolits.

Si bé és cert que l'espectre de fitolits dependra molt de la planta que els ha produit i de
la forma com s’ha produit aquesta acumulacié, s’han de tenir en compte tots aquests processos
tafonomics ja que sén els que defineixen la configuracié final del conjunt de fitolits que es poden
recuperar en el sediment, és a dir, en certa forma actuen de filtre per a les diferents morfologies
gue es conservaran.

Determinar amb la major exactitud possible quina és la planta productora dels fitolits
analitzats és un dels punts claus per entendre els processos de formacio, sobretot els culturals,
gue entren en joc abans de la deposicié dels fitolits. A El Mirador i a Tel Dor la identificacié de
plantes cultivades ens ha permeés entendre com es van formar aquests jaciments. Els fitolits han
estat utilitzats sovint per explicar quines eren les plantes cultivades durant el passat (Piperno i
Pearsall, 1993b; Rosen, 1993; Rosen, 1997; Berlin et al., 2003; Boyd et al., 2006; Saxena et al.,
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2006; Li et al., 2007; Pohl et al., 2007), com es van cultivar (Rosen i Weiner, 1994) i com es van
utilitzar (Portillo, 2006; Tsartsidou et al., 2008). En el cas de El Mirador, s’ha de tenir en compte
gue fins al moment s’havia considerat que a les coves on s’estabulava el ramat les activitats
relacionades amb la produccio agricola eren limitades o practicament inexistents (Brochier et al.,
1992; Badal, 1999; Boschian i Montagnari-Kokelj, 2000; Vergées et al., 2002; Alday et al., 2003;
Karkanas, 2006). Amb els resultats obtinguts a El Mirador s’ha vist com aquests pastors també
duien a terme tasques relacionades amb I'agricultura, i que aquestes tasques produeixen un tipus
de sediment especific que es pot identificar amb claredat a partir del conjunt de fitolits (Harvey
i Fuller, 2005). A Tel Dor, la diferenciacio entre fitolits de plantes cultivades i fitolits de plantes
no cultivades ens permet definir millor I'origen d’alguna de les capes riques en fitolits, i aixo0 ha
comportat la reinterpretacio dels processos culturals que generen sediments en les ciutats. En
altres centres urbans del Proxim Orient I'estudi dels fitolits també ha permes identificar fases
d’ocupacio i fases d’abandonament de les ciutats (Ishida et al., 2003) o bé determinar quina
funcié tenen les estructures arquitectoniques (Madella, 2001).

Les variacions en el nombre de fitolits entre les mostres dels jaciments estudiats ens ha
permes diferenciar formacions sedimentaries similars perdo amb una genesi i diageénesi diferents.
Aix0 és especialment evident en les facies de El Mirador, entre les capes que formen els fogars de
I’Abric Romani, i entre les diferents zones estudiades a Tel Dor, perd també ho és en condicions
de formacié no antropiques, com en les localitats investigades a Olduvai. Els biaixos produits pels
processos postdeposicionals poden dificultar el calcul de la quantitat exacta de plantes que han
proporcionat un determinat nombre de fitolits en el sediment, a la qual cosa s’ha d’afegir el fet
que, si el procés de deposicio té un caracter antropic, és possible que no s’hagi utilitzat la totalitat
de la planta. No obstant, és molt important calcular la quantitat de fitolits per gram de sediment
o de fraccid insoluble en acid, i no tan sols realitzar la identificacié i distribucié percentual de
les diferents morfologies (Albert i Weiner, 2001). Només combinant la identificaci6 amb el
comptatge sera possible realitzar inferéncies sobre els processos de formacid, ja que d’aquesta
manera es pot calcular, almenys de forma relativa, les diferencies en el input vegetal durant la
deposicié d’'un sediment determinat i comparar aquesta informacid dintre del mateix jaciment
o entre jaciments diferents. En aquest sentit, s’hauria de remarcar que, sense l'estimacié de la
guantitat de fitolits presents en el sediment, fins i tot la interpretacié paleoecologica, s’'entén
gue basada només amb els diferents percentatges de morfologies, pot arribar a ser dubtosa ja
gue com hem vist hi ha diferencies de preservacid i produccié considerables entre les diferents
especies vegetals.

Per a una millor interpretacié del conjunt de fitolits és important identificar i quantificar
altres elements microscopics com ara oxalats de calci, esferolits o diatomees. La integracio de
les dades que obtenim de I'estudi d’aquestes restes amb les dades obtingudes dels fitolits ens
ha donat una visié més estructurada del contingut dels sediments i ens ha informat sobre el seu
origen. En els jaciments de El Mirador i Tel Dor la presencia d’esferolits ens ha ajudat a identificar
els fems com l'origen principal dels fitolits d’algunes facies o capes, mentre que a I’Abric Romani
la preséncia de diatomees en els sediments ha estat relacionada amb els estadis inicials del
desenvolupament d’un sol. La informacid que s’extreu d’aquests elements (diatomees, esferolits,
etc) s’ha obtingut d’una forma senzilla, practicament al mateix temps que s’ha realitzat I'estudi
guantitatiu i morfologic dels fitolits. En el cas de les diatomees, com que tenen una composicid
mineral practicament idéntica a la dels fitolits, ha estat facil identificar-les durant el comptatge
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d’aquests ultims, mentre que per als oxalats de calci i els esferolits s’"han pogut observar amb
llum polaritzada muntant sobre la lamina el mateix sediment que s’ha utilitzat per a I'analisi dels
fitolits, evidentment abans de ser tractat amb acids per a I'extraccié d’aquests ultims.

La determinacié de la composicid mineral basica a través del FTIR resulta essencial per
poder interpretar alguns dels processos tafondmics més comuns que afecten a la preservacio dels
fitolits. Aquests processos segueixen les lleis de la quimicaide la fisicai per tant es poden detectar
i els seus efectes es poden preveure, tal i com s’ha demostrat en les investigacions realitzades
en aquests quatre jaciments. S’ha de destacar que un dels processos postdeposicionals que més
afecten a la preservacio dels fitolits és 'augment del pH, és a dir, la tendéncia a que el pH sigui
més basic, els quals es donen sobretot en contextos calcitics amb presencia d’aigua (Piperno,
1985; Piperno, 1988; Albert et al., 1996; Albert et al., 2000; Piperno, 2006). La presencia de
calcita en els quatre casos estudiats implica la dissolucié de part del conjunt de fitolits, encara
que aixo és més evident en els jaciments de cronologies més antigues, on possiblement el
factor temps també juga un paper important. Laugment del pH es pot determinar fent el calcul
del pH sobre el sediment analitzat, pero també es pot realitzar de forma indirecta a través de
I'observacio dels minerals que acompanyen als fitolits en el sediment. En aquest sentit resulta de
gran ajuda la identificacid dels minerals a través del FTIR, ja que, a més de detectar la presencia
de calcita, ofereix informacid sobre altres processos postdeposicionals que poden haver alterat
els sediments sense afectar els fitolits. Aquests processos poden comportar la diagénesi de
la calcita que forma les cendres i “comprimir” els sediments reconcentrant les cendres i fent
augmentar, d’aquesta forma, el nombre de fitolits per gram de sediment (Schiegl et al., 1996;
Albert et al., 2003). També, tal com s’ha observat a Tel Dor i a El Mirador la preséncia de certs
elements minerals com els fosfats, ens poden ajudar a determinar I'origen de les acumulacions
de fitolits (Shahack-Gross et al., 2003).

Finalment s’ha de destacar que en els quatre casos que es presenten en aquest treball
la comparacié entre els conjunts de fitolits identificats amb altres elements microscopics, o
amb la informacié obtinguda del registre arqueologic per d’altres disciplines, ens permet una
comprensiéo més amplia dels elements que configuren els processos de formacié d’un jaciment.
En altres paraules; la pluridisciplinarietat i la multiplicacié dels punts de vista és absolutament
necessaria en una ciéncia com I'arqueologia on cadascun dels diferents especialistes aporta una
peca del trencaclosques per resoldre les diferents problematiques.

8.2.2. Avantatges i limitacions de les analisis dels fitolits per

estudiar els processos de formacio

Arribats a aquest punt és necessari recapitular i veure quins son els limits i quines sén les
possibilitats de les analisis de fitolits per interpretar els processos de formacié dels jaciments
arqueologics, ja que aquest també és un dels objectius generals que ens haviem plantejat
inicialment.
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Un dels principals avantatges que tenen els fitolits esta directament relacionat amb la seva
composicié quimica (capitol 3), la qual els converteix en un dels elements més resistents que es
poden trobar en els sediments. Degut a aquesta resisténcia, i si les condicions de preservacio
no son excessivament adverses, podem estudiar els processos de formacio a partir dels fitolits
independentment del periode temporal que investiguem. En el capitol 3 s’ha fet un repas al
rang cronologic que abracen les investigacions sobre fitolits. Aquest rang cronologic tan ampli
esta directament relacionat amb un altre avantatge que ofereixen les analisis de fitolits; com s’ha
demostrat en el present treball, els processos de formacio dels jaciments arqueologics es poden
estudiar independentment del grau d’antropitzacié del jaciment, el qual acostuma a augmentar
a mesura que ens aproximem a cronologies més recents. També s’ha de tenir en compte que en
el present treball s’han testat diferents tipus de jaciments (a laire lliure, en abric, en cova i urba)
i per tant podem afirmar que les analisis de fitolits permeten comprendre millor els processos de
formacié amb independéncia del tipus de jaciment analitzat. Aquesta data, pero, s’ha d’agafar
amb precaucié ja que caldria analitzar més tipus de jaciments per veure si en efecte es compleix
aquesta premissa.

L'adequacio dels fitolits per I'estudi de la formacid dels jaciments ha estat demostrada al
poder definir amb alta resolucié processos de formacié antropics a partir de I'analisi d’aquests
elements. Ens referim a processos de tipus cultural com ara la seleccié del combustible, la gestié
dels fems del ramat, les diferéncies en la utilitzacié dels espais, etc. Aquestes inferéncies es
poden fer a partir de les variacions en les morfologies de fitolits presents a les mostres, pero
també a partir de la quantificacié d’aquests; la quantificacio dels fitolits ens permet diferenciar
I'origen de sediments que poden tenir el mateix espectre fitolitologic i a la vegada dilucidar les
diferéncies en la intensitat de I'ocupacio.

Lestudi dels fitolits també ens ha ajudat a deduir processos de formacié naturals, sobretot
aquells relacionats amb la formacio dels sols (capitols 4 i 5). Com hem vist en la taula 1 la formacid
dels sols té unes caracteristiques diferents a les acumulacions de fitolits d’origen antropic i aixo
és el que ens ha permes detectar aquests processos naturals en els sediments arqueologics.
D’entre el conjunt de processos de formacid naturals que s’han identificat a través dels fitolits
destaquen els processos postdeposicionals. Aquests processos afecten tant a la preservacio
dels fitolits com a la conservacié de la resta del registre arqueologic. Els possibles efectes de
la bioturbacié sobre els fitolits i esferolits a El Mirador i la péerdua del volum sedimentari a Tel
Dor sén exemples de processos postdeposicionals que afecten als sediments arqueologics; pero
també sediments com els dels sols i paleosols d’Olduvai sofreixen processos postdeposicionals
gue s’han detectat a través de les analisis de fitolits i de la composicié mineral dels sediments.

Una de les principals limitacions dels fitolits en el camp de la investigacié dels processos
de formacié és que no sempre trobem fitolits als jaciments que estudiem, tant perque no van
estar presents com perque s’han dissolt degut a les condicions sedimentaries. En aquest sentit
cal remarcar que tot i que cada cop s’estudia més la tafonomia dels fitolits, el present treball
n’és un exemple entre molts d’altres, encara hi ha tota una série de processos tafonomics que
son dificils d’identificar i d’interpretar. La manca d’estudis experimentals, tant in vitro com al
camp, (Piperno, 2006. pp22) fa que sigui necessari realitzar tot un seguit d’experimentacions per
determinar amb més exactitud els agents que, per exemple, determinen la millor preservacié
d’uns fitolits sobre uns altres, o les senyals quimiques que deixen els processos diagenétics en
els fitolits.
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Cal remarcar també la dificultat d’identificar processos postdeposicionals de caire cultural;
en els jaciments més antropitzats que s’han estudiat, El Mirador i Tel Dor, s’han detectat bé
durant el procés d’excavacid o bé per altres analitiques processos postdeposicionals de signe
antropic; aguests van des de l'alteracié térmica dels sediments un cop enterrats (Tel Dor) fins a
excavacié de fosses que retallen els nivells dipositats préviament (El Mirador i Tel Dor) (Verges et
al., 2002; Shahack-Gross et al., 2005; Berna et al., 2007). S’ha de tenir en compte, pero, que en
casos com el del Mirador, on es detecta un enterrament secundari de restes humanes (Vergés
et al., 2002; Caceres et al., 2007), aquests processos es van desenvolupar en nivells o zones
que no han estat estudiades en aquesta tesi. Tenint en compte aquest ultim fet, i considerant
les dades que s’han obtingut fins al moment, és dificil determinar si aquests processos no van
ocorrer en els sediments estudiats, o si les analisis de fitolits no son la millor eina per detectar-
los, i per tant aquesta és una limitaciéd més dels fitolits com a eina per estudiar els processos de
formacid. No obstant, considerem que la realitzacio de treballs experimentals, 'ampliacié dels
estudis etnoarqueologics i I'estudi dels fitolits en d’altres jaciments on préviament s’hagin pogut
detectar processos antropics postdeposicionals, sén la clau per entendre si les analitiques de
fitolits son valides per detectar els processos postdeposicionals culturals.

8.2.3. Aspectes metodologics

El tercer objectiu general que es pretenia aconseguir era la definicid dels aspectes
metodologics necessaris per utilitzar els fitolits en el camp dels processos de formacié. Els
resultats obtinguts i la reflexié que ha comportat la realitzacié d’aquest treball ens fa plantejar
unes linies metodologiques basiques que serveixin de guia per a futures investigacions. Molts
dels suggeriments que aqui es proposen es poden realitzar sense modificar practicament el pla de
treball normal d’un laboratori, mentre que altres es poden realitzar sense la necessitat de grans
despeses de temps o de diners; s’intenta sempre aprofitar al maxim els recursos estandards que
hauria de tenir un laboratori de paleobotanica. Aixi doncs, seguidament plantegem per ordre
d’importancia les linies basiques a seguir per a I'obtencid d’uns resultats el més rics possibles en
I'estudi dels processos de formacid a través dels fitolits.

1. Mostreig coherent. Es el principi de qualsevol bon treball en el camp dels fitolits, i
encara que sembla quelcom obvi, per a molts arqueodlegs no ho és pas. Sense un mostreig ben
organitzat i registrat és molt dificil fer qualsevol observacid sobre els processos de formacid.
Les mostres han d’estar ben localitzades en |'espai i 'estratigrafia. La seva relacié amb mostres
d’altres disciplines (pol-len, micromorfologia, datacions, etc.) s’ha d’establir amb total claredat.
Es important la seleccid i estudi de mostres de control per poder determinar si s’han produit
contaminacions de fitolits més recents. A més a més, com hem vist en aquest treball, les mostres
de vegetacio actual i dels sols on creix aquesta vegetacid ens aporten valuosa informacio sobre
la tafonomia dels fitolits.

2. Identificacid i quantificacid dels fitolits. La identificacid morfologica dels fitolits per si
sola no basta per realitzar una interpretacio fiable dels resultats. Com ja s’ha vingut defensant al
llarg dels anys, és important calcular el nombre de fitolits en el sediment o en la fraccié insoluble
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en acid per poder realitzar una interpretacié correcta (Albert et al., 1999; Albert et al., 2000;
Albert et al., 2003). Es recomana enérgicament la utilitzacié d’un sistema de nomenclatura dels
fitolits basat en el codi internacional (ICPN) (Madella et al., 2005), mentre que el calcul de la
guantitat de fitolits es pot fer seguint Albert i Weiner (Albert i Weiner, 2001) o altres (Piperno,
2006). Es recomanable, realitzar comptatges addicionals utilitzant la mateixa lamina on es fa
el comptatge basic de fitolits; per exemple es pot comptar quantes estructures multicel-lulars
hi ha en una lamina i després fer la comparacié amb el nombre de fitolits individuals per fer
una estimacio dels processos tafonomics que afecten als fitolits (Capitol 6). La major o menor
preséncia de estructures multicel-lulars també pot determinar el grau de silificacié de la planta i
indicar-nos activitats com el regadiu dels cereals cultivats (Rosen i Weiner, 1994) o el processament
dels cereals (Portillo et al., en premsa; Harvey i Fuller, 2005; Portillo, 2006). El comptatge dels
fitolits alterats, tot i que aquests no s’hagin pogut assignar morfologicament a cap tipus de fitolit,
ens pot ajudar a entendre el grau de preservacid dels fitolits i ens déna informacié sobre els
processos de formacio del sediment que els conté.

3. Determinacié dels components mineralogics del sediment. La determinacid de la
composicid mineralogica del sediment es pot realitzar seguint diferents metodes, la majoria
dels quals impliquen dur a terme unes analitiques que suposen un lleuger increment de la
despesa economica i temporal pero els resultats dels quals mereixen la nostra atencié. La forma
més simple per realitzar aquesta analisi és utilitzant la tecnica de la pérdua de volum durant
el tractament per extreure’n els fitolits, tal i com s’explica als treballs de I’Abric Romani i de El
Mirador. També es pot determinar la composicid mineral a través de I'observacié al microscopi
petrografic. La utilitzacié d’una tecnologia més complexa, com ara la Difraccié de Raig X o el
FTIR entre d’altres, dona, pero, uns resultats més precisos. Des de |'experiéncia acumulada en
el camp de la investigacié dels fitolits el FTIR resulta el complement idoni. D’entrada el temps
necessari per preparar i llegir una mostra en un FTIR estandard no supera els quinze minuts, i el
preu per mostra no és excessivament car. A més a més, aquesta tecnologia permet identificar
millor minerals que no tenen unes fases massa cristal-lines, com I'0pal, que forma els fitolits, o
la dahllita autigénica, que es forma en les cendres que han sofert diagénesi (Weiner et al., 1995;
Karkanas et al., 2000).

4. Observacio i quantificacié d’altres elements microscopics. Durant el comptatge dels
fitolits en el microscopi sovint es poden observar altres elements de natura similar com les
diatomees o les espicules d’esponja. La preséncia d’aquests elements en els sediments, juntament
amb un determinat tipus de fitolits, pot indicar que aquests darrers varen ser dipositats durant
la formacid d’un sol (capitol 5). Uns altres elements que es poden identificar amb facilitat séon
els esferolits i els oxalats de calci. Per tal de poder observar aquests elements només s’ha de
muntar una lamina amb el sediment sense tractar. La quantificacié d’aquests ens pot ajudar a
determinar la presencia de fulles de dicotiledonia, en el cas dels oxalats de calci complementant
la identificacio d’aquesta part de la planta a partir dels fitolits, o bé la presencia de fems en el
sediment, en el cas dels esferolits. Complementar les analisis de fitolits amb el comptatge
de diatomees, espicules, esferolits i oxalats de calci déna una informacié més complerta que
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si només utilitzem els fitolits. La determinacié de l'origen antropic o natural d’'una acumulacid
de fitolits es pot fer en part per la preséncia o no de diatomees, mentre que l'origen de fitolits
procedents del fem es pot confirmar a partir de la presencia d’esferolits.

5. Analisi morfometric. En algunes ocasions hi ha un tipus de morfologia de fitolit que
resulta recurrent en les mostres que analitzem, com ara els esferoides equinats procedents de
les palmeres en alguns nivells d’Olduvai, o les cél-lules llargues dendritiques en les mostres de
Tel Dor. El problema d’aquests tipus de fitolits és que no sén definitoris a nivell d’especie. Els
resultats obtinguts de I'analisi morfometric dels fitolits extrets de les mostres arqueologiques es
pot comparar estadisticament amb els resultats obtinguts dels fitolits extrets de plantes actuals.
D’aquesta forma podem saber, de forma quantitativa i qualitativa, fins a quin punt els fitolits
arqueologics son similars a les especies actuals estudiades. El software i el material necessari
per a l'analisi morfometric sol ser car, no obstant es recomana el seu Us si es disposa d’aquest
material. Lalternativa classica, consisteix en mesurar els diferents fitolits amb el micrometre que
solen portar alguns microscopis a I'ocular, perd aquesta alternativa comporta molts més riscos
degut a que la precisié de les mesures és molt menor. Definir exactament I'especie de planta que
estem observant a través dels fitolits té avantatges en la interpretacié paleoambiental pero també
en la cultural, ja que ens permet coneixer millor quins eren els cultius especifics (Portillo et al., en
premsa; Berlin et al., 2003; Ball et al., 2006) i, fins i tot, quan es van comencar a desenvolupar
(Capitol 3) i per tant, aporta més informacio a I'estudi dels processos de formacio.

6. Analisi del pH. Si bé el pH es pot estimar, a grosso modo, a partir de la mineralogia de
la mostra si obtenim uns resultats més precisos també obtindrem una informacié addicional a
I’'hora d’entendre la preservacié dels fitolits en el sediment que estem estudiant. Normalment
es mesura el pH utilitzant un pHimetre, i s’hauria de calcular el pH actual del sediment i el pH
potencial per entendre les possibles variacions que hi ha hagut a través del temps (capitol 5).
L'alternativa més economica al pHimetre sdn les tiretes de pH encara que la seva precisio és
menor.

7. Pluridisciplinarietat. Tot i que aquesta és |'Ultima recomanacié de la llista no és la
menys important. Esta en I'dltim lloc simplement perqué no tothom treballa amb un equip
ben consolidat, o fins i tot molt sovint, no es disposa de la informacié que han obtingut altres
especialistes analitzant els mateixos sediments. Per entendre completament els processos de
formacid a partir de I'analisi dels fitolits és necessari comparar els nostres resultats amb els
obtinguts per altres arqueolegs i/o investigadors. La coordinacié entre diferents especialistes
requereix tenir uns minims coneixements de la resta de disciplines que participen en un estudi,
ja que d’aquesta forma es poden coneixer les limitacions i els avantatges de cadascuna d’elles
i es poden integrar els resultats de cada disciplina en una discussié conjunta d’'una forma més
coherent. Els treballs que formen aquesta tesi en son un exemple, ja que cadascun dels jaciments
s’ha estudiat des de diferents disciplines, integrant els resultats en la discussid general.
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En aquesta tesi s’"ha demostrat, a través de les investigacions dutes a terme en I'Abric 185
Romanii a El Mirador, i amb el suport dels resultats obtinguts a Olduvai i a Tel Dor, que els fitolits
sén una eina Util a I’'hora d’aportar informacié sobre els processos de formacié arqueologics.

A partir dels fitolits, la mineralogia i les altres microrestes s’han pogut diferenciar els
processos de formacié culturals dels processos de formacid naturals. Les caracteristiques d’'una
acumulacié de fitolits d’origen antropic i una acumulacié de fitolits d’origen natural han estat
enumerades i definides. La identificacid de l'origen dels fitolits recuperats ha permés fer una
interpretacié més acurada, no només dels processos de formacid, sind també del comportament
dels nostres avantpassats.

Els processos de formacié que s’han identificat a partir dels fitolits poden ser previs a
I'enterrament, dintre del marc del context sistémic, o posteriors a I'enterrament, dintre del
context arqueologic.

En el context sistemic els processos naturals que s’han definit estan relacionats amb
I'ecologia, les propietats dels sols i les caracteristiques de les plantes; en canvi, els processos
culturals poden estar marcats pels condicionants ambientals, pero sobretot per les decisions
preses pels humans sobre la gestié dels residus que produeixen i dels recursos vegetals que
obtenen. Aquestes decisions poden estar influenciades pel context cultural o periode cronologic,
perd també pels condicionants contextuals com ara la duracié de l'ocupacié (permanent,
esporadica, recurrent, etc.) o I'espai en el que es realitza aquesta.
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Els processos posteriors a I'enterrament que s’han detectat a partir de I'estudi dels fitolits
son tots de caire natural, poden afectar tant als fitolits com als altres elements que formen els
sediments i es poden donar en tot el rang de jaciments que hem estudiat. Aixi doncs, s’han
inferit processos postdeposicionals que afecten al conjunt dels sediments a partir de I'estat de
preservacié dels fitolits, pero també a través de les caracteristiques de I'acumulacid dels fitolits,
tant en termes de nombre com de tipus de fitolits. Malauradament, no s’han pogut detectar
processos posteriors a I'enterrament d’origen cultural a partir dels fitolits, el FTIR i les altres
microrestes; aix0 es deu amb tota probabilitat a la propia natura d’aquests processos i a la manca
d’investigacions en aquest sentit a partir de la metodologia que hem emprat aqui.

En aquesta tesi també s’han definit els avantatges i les limitacions de I'aplicacid dels fitolits
al’'estudi dels processos de formacié. Quant als avantatges cal destacar que les analisis de fitolits
permeten l'obtencié de dades d’alta resolucié de forma transversal, és a dir, independentment
de la cronologia i el tipus de jaciment (a l'aire lliure, en cova, abric o urba), del seu grau
d’antropitzacid, de la duracié o de la intensitat de I'ocupacid. Pel que fa a les limitacions val
a dir que no sempre es conserven els fitolits, i la manca d’estudis al respecte fa que hi hagin
limitacions a I’hora d’interpretar alguns dels processos tafonomics responsables de la completa
desaparicié d’aquests elements.

Les implicacions metodologiques d’aquest treball han estat definides en una série de
punts. Un mostreig coherent, i una correcta identificacid i quantificacio dels fitolits han estat
les bases per a una millor interpretacid dels processos de formacié. Aquesta interpretacio ha
estat recolzada amb I'estudi de la mineralogia dels sediments (FTIR) i la identificacié i comptatge
d’altres microrestes (diatomees, esferolits fecals, etc). S’ha  demostrat que |'obtencid
d’aquesta informacié té l'avantatge que pot ser efectuada pel mateix investigador especialista
en fitolits, i no suposa un increment desmesurat de les despeses o del temps necessari per a
realitzar una investigacid sobre fitolits dintre dels parametres estandards. El treball en equip, o
la pluridisciplinarietat, ha estat fonamental per poder aprofundir en el coneixement del context
arqueologic. Laintegracio dels resultats obtinguts a través dels fitolits amb els resultats obtinguts
per altres disciplines del camp de la geoarqueologia, la paleobotanica, o la tafonomia ens ha
ajudat a comprendre millor les possibilitats de I'aplicacié dels fitolits a I'estudi dels processos de
formacio, a la vegada que ha complementat els resultats obtinguts per aquestes disciplines.

En definitiva, es pot afirmar que aquesta tesi representa una aproximacié empirica a
I'estudi dels processos de formacié a través dels fitolits. Aquesta aproximacié és la que ens ha
permes engegar un procés de discussio que ha fixat les possibilitats i les limitacions de 'aplicacié
dels fitolits en aquest camp. Un cop conegudes les capacitats de la disciplina en aquest aspecte,
hem determinat un marc metodologic ben definit I'aplicacié del qual ha de permetre fer
interpretacions en aquest sentit en d’altres jaciments.

D’alguna manera aquesta tesi ha estat un dels primers passos per a desenvolupar de forma
coherent la utilitzacid dels fitolits en les investigacions dels processos de formacid arqueologics.
Encara queden molts més passos per arribar a comprendre en la seva totalitat la riquesa d’un
jaciment arqueologic des d’aquesta perspectiva, evidentment és un llarg cami, perd tot cami ha
de tenir un principi i tot viatge comenga amb un primer pas.
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