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Prehistoric archaeology

GIS and intra-site spatial analysis

Andrea D Andrea', Rosalia Gallorti

spatial analyses have long been one of the most impoftant methodologies for the study of the

of paleosufaces in prehistoric deposits, whose rcconstnrclion undoubtedly plays a decisive role

validation of subsequent deductive analyses (Texier 2000). An important contribution to î-he inter-

of prehistoric sites is provided by spatjal analyses conducted in contex.ts ÒxpÌorcd extensiveìy

stratigraphic method. The systematic recording of t]lle spatial distribution of finds, be they alte-

imal bones, or any other archaeological evidence, helps to recognize functional units correspon-

arcas set aside for work, bùtcle ng, waste dumping, etc.

spatial distribùtion of finds in an Early Pleistocene site frequented by humans is rarely the result

irndisturbed and non'selective abandonment. [n general, this distribution is largely determined by

tional disturbance phenomena, whether anthropogenic or not, which always need 1o be taken

in any spatial interprctation-

of the most difficult problems to solve is the difficuÌty of recoSnizing the sequence of these phe-

, which ofu€n occur simultaneously, and are hence hard to differentiate in an overaÌl analysis

and,/or overlapping of zones of activity over periods of dme that are hard to define limit the Pos_

of recognizing clear-cut distribution trends, thus undermining the significance of their subsequent

and socio-economic interpretation (Yellen 1977; Djindjian 1999).

the case of an Early Pleistocene deposit, the observation of spatial distribution is hence limited to

of post-depositional phenomena, anthropogenic or not, of characteristic associations of

, especially in the case of very rich layers produced by long-lasting human occupation, the

remains, and, if possible, of structures connected to the exploitation of tlìe site (\ /hallon

)ohrson 1976; Binford 1978).

consideration of the multiplicity of the abovelisted factors, multidimensional analyses presently

to be tÌrc most advanced Gchniques of spatial investigation, and have the better chance of solving

of such complexity (Johnson 1976; ICntigh and Ammermann l9B2; Snnek l9B4; Vr'hallon 1984;

iùì 1988, 1999). In the case of very rich paleosurfaces such as those of Garba IV D and Gombore I

in general, the Oldowan and Acheulian sites of East Africa, it is impossibl€ to conduct such analy-
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ses manually; the use of computers becorncs necessarv rr arreÌnpr to reconstruct the process of their for-
mation over time.

The last decadc has seen a remarkahre incrcasc in the use of computational techniques in very dirfrr-
ent areas of archaeological research. These îcchniques range from classic statistical analyses to viftual sim,
ulat ions and the di f fusion of data and rcsults rhrough the Internel (D'Ardrca and Niccolucci  2000).
Anìong tlìern, GIS (ceographical lnformation svsrems) programs have gained speciar îavolu, first as svs-
terns for the global management of srrati,ÌraplÌic archaeological data, thcn as frlndàmentar tools for the
interpÌetation of nrchaeological contexrs. Thev have been Iong ernployed for inter site anaìyses in arctÌaeo-
logical landscape studies. In recent vears, many appricàtions aimed rt the irterpretàtion of prehistoric
deposits have been devcloped (Thornas er a/ t996t V\tllo et al. t999; D,Andre.ì /, ,,/. 2000; Nigro /f dl.
2001' 2003) ln rhis intra-site field of.ìppricattun, cls has often proved dec;sive m the identification of
the process of spatial :ggregation of srchaeoìogical dara through previously inconceivable modes of con-
tertuai arìd,/or selective trcatment of spar;al tcmporal variabìcs.

The close connection between rhe spxtiaL locatìon of the evidencc ancl the arahlical stud], ofeach indi-
vidral find makes the use of computcr spariar analvsis rechnoÌogies especially usefur in conjunction ivith
(ìlS If the spatial distribution of evidence rellects the function.ìl organization of an investigated surface,
quantitative statistical techÍìiques can bc ver), useful for rhe classification of finds, the analysis ofthe over_
:ìll evidence' and the derection of specific associative patterns- GIS appr;cations alìow the visualization of
different distribution lcvels for specific càtegories of objects; more impoftantlv thev can highlight ..latent

structures" in the distribution of artefacts. Thc topological feat'res of GIS can be used to create derived
nìafs representing trequencv analvses, or obtain densitv values. Along \\,;th rhe so-called intrexing of phe-
nomena ', the pìlduction of information derived ftum the htegmtion of theÌnatic clara is one of the princi-
pal characteristics and tuncrions of cis rhrougtr the i terrosation of spatial or alph.ì-numerical variables
contained in an aÌ,chìvc, elenìentarv spatial units cnn be recogrìized that are useful for rhc clefinition of
functionaì areas. Within each unit, each categorv (faunal remaìns, lithic anefacts, etc.), or all the obiecrs
togethcr, can be counted to facilitatc conìparisons betwecn areas with diffcfent surfaces and chamcteristics.

Diiandtian has recently reported on rhe employment of statistical methodologies in the pÌocessing of
intra-sile spatial data ir an article ( ì999) dealing with rhc state of the t of quanritative techniques, and
particularlv multidimensional anaìvses, rvhich arc espccially wcìì suited to the srlrdv or associations of afte,
f"cts belonging to different catcgories and distribured in sevcrar superimposed revels. Thc use of sratistical
methods in the stud).of prcìristoric deposirs allows rescarchers to go be),oncl rhe simple observatìon of
object distriburìon to aftain an overall relding of archaeological contexts tlÌroush rhe recognition of signif,
icant spatial patterns. Besides allolving rhe visuatization of specific thematic seìcctions of data, rhese sys-
tems can also filtcf data to rcmove disturbing cìcnìents or noise from the statistical co4rus. Ìn other words.
thanks to its flexibilit\,, GIS can be used to verifv atternarivc hypothcses simply bv adding or removing
dxta, or usins quantitative crassific:rtion techniques. Bv visuarizing murtiple spatial 'ariabres simurtane-
ouslv it is possibìc to recognize specific conncctions bctrveen rlata. Thanks to their filtering càpabilities,
nìult'variate stxtistical methods plav a decisive rolc especi: ly in cases when the presencc of significanr
post-deposit ional noise does not al low associar io.s and pàtterns to be clear lv dist inguished bv simple
direcl observation.

,{though the use of cls appcars toda}, to be indispensable, not ilrst to irrpÍ)ve and cn.rbÌe the man_
agement of excavntion datr but also to produce combined nìaps, thc use of spatiàl anatvsis technolog for
intÉ-site investigations has not vct found lvide application in archaeological research. ln spite of the use-
fulness of inrra site spati.ìl analvses for thc observation :lnd recognirion of latent sùucrurrs, this is still a
relativelv nc\\, field.

A. D'Aùdrcd, R. Gallotti



5 9 1

Altltough m:ny considerations would warrant an inciease in thc emplovment of GIS for intra-site

analyses, there are many risl<s involved in the conversion of spatial data to a digital format, Lmless the

naturc of the reproduced information is correctly understood. The logical and physical structure of the

application should be accurately planned to make up for the ìimitations inposed by "electronic transla-

tion". Special care should be talcn in the planning of the application's alpha-numeric archives and the pro-

gramminS of its vectorial graphics. Ifthe objective of GIS is to simplify information managcment and pro-

duce derived thematic maps, the chosen GIS appljcation needs to be correctly planned and implemented.

Howeve! since the descriptjon and organization of information levels includes no explicit intelpretation or

€xplanation of the nature of associations between investigated objects, the point of depature for the

deduction, reconstruction and explanation of spat;al phenomena must be the structuring of spatial entities

and the descriptivc varixbles àssociated with them.

So far, intra site GIS has been appiied to the studv of Early Aftican prehistory onlv in thc Swartlens

quany in South Africa, and in the Acheulian deposit of Olorgesailie in IGnya (Thomas er al. 1996). Ir\

boll cases, the use rvas prorÌpted by the need to shed light on the phenomena leading to the formation of

archaeological and/or paleoanthropological deposìts. In paf;cular, the case of Slvàtknns can be regarded

as a model for the investigation of all South AfÌican quarries rvhere the interpretation of deposits and of

tie contextual rclationship between fossils and lithic artetacts is extremeìv problematic. The project, a
joint effoft of the Palaeoanthropology Unit for Research and Exploration ofthe University of Witwatersrand

and the Developed Spat;al Technologies Depaftment of the University of Arkrnsas, was aimed at the cre-

atron of a three dimensional systelr able to cope with the chronostratigraphical prcblems common to all

South African fossiliferous quarries. It also aimed to invcstigate the connections between archreoÌogical

objecls through simulated reconstruction of old excavations by Brain, whose data were convefed to a dig-

ital format allo\'\,ing all human, geological and fossil remains to be archived and visualized in three dimen,

sions (Nigo ct rl 2003). The system developed for the study of the Swartklans quarry is certainly one of

the most sjgnificant and innovative experiments in the use of GIS for intra-s;te analys;s of paleosurfàces

and three-dimensional investigations of archaeological sites.

SimiLar considerrtions prompted our adoption of a GIS for the Ùranagement and processing of spatial

and alpha-numerical data concerning the paleosurfaces of Garba IV D and combore I B. The adoption of

this ànalvtical tool has resulted in a new basis for îhe investisation of the historv of trrcse srrrs-

Intra-site analysis of the Oldowan sites of caùa IV D and comboft I B

by means of a GIS application

The Oldorvan paleosurfaces of Gomborc I B .rnd Garba IV D were explored extensively, the former

over an area of about 230 square metres, the latter over an area of about I l0 square metres. They yielded

an enormous quant i tv of l i th ic objects and faunal renìains, 12401 from Carba IV D and t04l l  f tom

Gombore I B respectivelv

Due both to the extent of tl're investigated àreas and the number of finds, spatial statistical techniques

were indispensable for the interpretation of thesc dcposits. Equallv indispensable was the adoption of a

GIS to highlight possible corrclations between the spatial distribution of the objects and the analvtical

study of each individuàl find.

The logical and physical structúre employed in the dcscription and organization of information levels

reflected the following research aimsl

C I S  ú  J  i t q a n e  y a t i a l  d  a u n r
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- conversion of papcr archivcs to digital format:

- location and two- and three-dinìensional visunliz'rtion of ail thc findsr

- processing of archaeological entitìes as spatial variablcs;

- spatjal interrogations (topograPhical selections, filtering out of post-deposition al noise ) to attemptto

rcconstruct possible nalural and/or anthropogenic post-dePositional processes that transformed the

original deposits, and the modes anti phases of the frequentation of the sites through the thematic

break-down of spatiaÌ distribution and the creation of indivìdual or combined Plans and thematic

- statistical inference of spatial dala (frequenc)' matrixes deÌìsity 'rnal)'ses) to highlight significant

associations and connectrons betwcen sPecific categories of Naterials that were potential indicators

of the prcsence of functional àreas

The fìrst step was to conveÍ alpha nllmerical data on paper (excavation files and obiect descriptiont

to digital iormal. Thc information \'!'as Processed in such a rvay as to be compatible witlÌ computerized

management of the excavatior archiYes anl:l inventorv The basic document^tion gathercd during our fìeld-

{,ork consisted of a catalo$te of exch litlìic artcfact or bone, plans' ànd a scries of archives containìng a

moie dctailed stLLdy of lithic artelacts

Microsoft Access" .!vas use.l ro creatc the archives. lt rvas chosen mdnly for its simPlicity of ùse for the

creat ionoftabtesandtemplates,anclespecial lvbecauseitaLlou'stheuseofpersonal izeddict ioìràiesfaci l -

it.ìting data entD, and àssLuing, at the siìnìe tinìe' thc homogeneity ofarchived data The data were archived

in a relational formÀt to allow different tvpes of interrogations ofthe database' esPecially the use ofqueries

to group and count data, an operation that proved essential for subseqúent statistical analyses To ensure

consistencv of stored information' a tcmplatc was created \vhere the data of ceftain fields were normalized

by merns of a thesaurus available as a clrop-down menu

After rhe coÍì\,ersion of Alphrìùmeric archives on Pàper, we proceeded to comPutelire the existing

plans of tlìe invcstigatcd palcosurfaccs The logical structure' later implemented using the softwffe

Maplnlò Professional" wàs conccived to avo id an)' subiective inte4rretrtion in the oqanization of spatial

dtÌta. Spatial entities ànd variables lvere ertcred as thev were recorded dùring the excavation' without pro_

iecting rny interpretntrvc contenr uPon them during lhe Physical strtcturing of tlìe GIS The computeri-

zation oi these data !t'as not nìerelv to Provide a correct geomctric and topological definition of the finds'

and to simplifi. their sealching and selection; it $'Îs also necessarv to hcighten their infornìative conlent

throúghthcinteract iv€clcvelopmentoimult ipleviews,and/orviervsderivcdfronÌtheoriSinalmaps(selec-

tive plans, thcmàtic plans. etc )

The cÌcavation of tlìe palcosurfaccs of Gerba IV and Gonìbore I had been conducted bv suPerimpos"

ing a grid formeci of squeres of I nì on the surface of lhe erc^vation' witlìin which each single find had

be€ncon€ct lvposit i { rnedThisgr id\vasìmportedintoMaplnfol ' rofessionaì" 'georefr :rencedonnon'ter-

rcstr i : r lcoordinàtesusingametr icscale,andvector izedThisret iÙrle 'besidesservingasareferencegridto

reconstruct tlìe spaliaL distribution of the obiccts, also provided a fúndamcÍìt basis for statistical infer-

cnces. The same reference svstem wàs used lòr thc subsequently imPorted €xcavation plans'

Sonlc zorìes. cspecially at Level D of Garba lV rvere characterized bv high con'entrations of materials'

with some vertical accumulations l)uring the iÌlvestigation sever:ìl Plans of these zones had been dr$\'î up

to doctuùent the succcssive stages of removal of the palcosurfaccs Tlìc impo(ation of thesc suPerimposed

pl.ìns into the GIS posed a problem since these obiects did not actually lìc on disrinct horizontal planes

Furthemore,whi lei twoulclhavebccnpossiblet{Jvisu. l l iZethevcrt icalaccumulat ionof l i th icandfau.

nal renlains, doing the saNe fof unmodificd pebbles appeared rather Problematic This was because they

A. D Aiulrcn, R. Cdllatti
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had been simply indicated in the plans, but not classified in the general inventory and no depth measurc"
ments wer€ hence available for them; tleir distribution over t1le paleosurfaces could thereforc only be visu-

alized in two-dimensions. To attempt to organize the plans so as to reflect these superirnpositions and plo-
vide an image of t-lle vertical position of non-modified pebbles witlin layers, every single archaeological
obiect was vecto zed using a digitizer or on-screen, and positioned in a given layer on the basis of the
removaÌ phase to which it belonged.

f'he rcsult is a superimposition of different information levels tllet is exclusively visual, i.e., does not

reflect actual attribútes of the objects. In other words, the obiects contained in a level did not nec€ssa.rily

lie at the same depth, but were certainÌy positioned below obiects in the overlying level, and above those

in the underlying level. Thus, for some areas of the excavation as many as six differcnt layers werc created,

in each one of which the obiects were represented using a different line style, as a visual means to highlight

superimposition. Unmodified pebbles, since they cannot be processed throùgh an associated database,

were vectorized in distinct levels to guarant€e the visibility of each find in the plan without losing t1ìe pos-

sibilfuy of rcpresenting the vertical distribution of the total finds. A different graphic pattem was used for

ùrinodified pebbles to distinguish them from t.Iìe other finds, but using the same line styles as the other

to signal their position in superimposed layers (Fig. l).
After tÀe digital and vectorial conversion of the excavation plans, we proceeded to link the data in the

Microsoft Access'database with the graphic objects described in Maplnfo Professionalo. During vectoriza-

tion, each object in the database was assigned an inventory number The Access tables were tll€n import-

ed into the GIS. Since each find entered in the alpha-numer;c archive and tlre vectorial archive was dis-

tinguished univocally by its inventory number, it was possible, using an SQL ("Stardard Query Language")

conmand, to establish one to one rclationships between the information in tlte tables of the database and

the vectorial planes- The absence of a code for unmodified pebbles, as mentioned above, did not allow the

pebbles shown in the CIS with the database to be linked (Fig. 2).
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Fig. l. Schematic model of the computerìzed reproduction of the excavation plans.
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Flg. 5. "Create points" Înction to obtain a nortlry'south section of Level D-

A. D Andrea, R. Gallotti

Frg o Dift€renr $onometric !ie\w of Level D



wele exported to Arcview, wher€ the density plans were generatecl using this application's spatial ànalysis

module ("Spatial Analyst") The density function calcúlates the quantity of Points in a level on a continù-

ous surface. Thus, tlle occurrence, and' especiallf th€ n€arness of points is hiShlighted through the Sener-

atlon of a new maP of density values beginning from a given point Values arc expressed through densily

curves quantified on the basis on a k_nearcst nJghbot'r àista"ce talcttlated beginning from the cenÙoid of

the objects (Fig. 4). Each alensity Plan is comti"ta witt u freqt'ettty plan to exhapolate both naturalistic

and nrlmerical Parameters from the interPretation of spatial disÙibutions

The use of specific topological functrons applied to the spatiat distribution of individual finds has allowed

the caÌculation of north/so,,th and east'lve"t sections of the excavation using the MaPInfo Prcfessional" soft-

warc. This application allowed the reconstruction of information aboùt the section th:rt due to the high

nunber of finds, would not have been rcprcducible manually The r andJ coordinates of the centroid of each

obiect were calculated To these values was added the measurement of th: tep:t 
:Tit:":,'::"1:i:,:::

;;;*;;;"' whose dePth had not been measured By ranging the values of I our' rcspectively' on

ihe abscissa for easy'west and nortvsouth sechons' and those of dePth on the ordinate' it was possible' using

tlÉ]'rì�g|anls"deak Poí fr" function (Fig' 5), to create sections alìd axonometdc view (Fig 6) for any portion

or €xtension of the excavated arca (D Andrea dl aI 2oOO' 20)2a'b; Gallotti and PiPerno 2003)'

Sofatwehaveconducte( l two-anclthree-dimensionalsPat ialanalysesonlyofPàleosrrdaceDofthe

Gaóa IV site. The dePth of a limited nùmber of lithic and faunal remains on this paleosùrface was not

597

dl anrl tntra-site spatial analysis

Écorded due to difficulties €ncountered dùring the early stages of the excavation in tle lower half of the

Éastern Sector in clearly distinguishing Level À from Level C along the eastern mar€in,of the excavation'

u an area affected. by erosion (see Piperno tt 'il in this volume) Out of a total of 12401 remains found

i*"t O, ,n. O.n* "t t76 were not recorded; these wer€ all located in Eastern Sector' within squares

]-5N, 6V2"6N, 5Vl-4N' 4Vl-2N

Finalb only a two-dimensional sPatlar analvsis has been up-to now 
::*":1 i::.t:j ::*:: Î

;;.;" ^;; tt""s obtained for both sites with this GIS application arc presented in volùme Il'


