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Editorial

(Deutsch)

Im Verlauf der nunmehr finfundzwanzigjéhri-
gen Geschichte unserer Forschungseinrichtung
sprachen uns in- und auslédndische Kollegen
wiederholt auf die inhaltliche Unschérfe des
Namens ,,Kommission fur Allgemeine und
Vergleichende Archéologie* an. Wenn das Be-
schlussgremium unserer Kommission und die
Zentraldirektion des Deutschen Archéologischen
Instituts jungst der nun wirksam gewordenen
Umbenennung in ,,Kommission fur Archéologie
Auliereuropéischer Kulturen des Deutschen
Archéologischen Instituts” (KAAK) zugestimmt
haben, so vermag dies die Praxis unserer bishe-
rigen Forschungen, die Umsetzung unseres kul-
turpolitischen Auftrages und auch die Definition
von Forschungsgebiet und -gegenstand der Kom-
mission deutlicher als bisher zu umschreiben.

Zumindest hinsichtlich der Publikationspolitik
unseres Hauses musste die Namensidnderung
ganz erhebliche Veranderungen und Anpassun-
gen nach sich ziehen. Nicht nur haben wir den
Zeitpunkt genutzt, zwei unserer Publikations-
reihen — die ,,Kolloquien zur Allgemeinen und
Vergleichenden Archdologie* und die ,,Materia-
lien zur Allgemeinen und Vergleichenden Ar-
chdologie”“ - einzustellen, sondern auch die
bisherigen ,,Beitrdge* und ,,Forschungen®, um-
benannt in ,,Zeitschrift fur Arch&ologie Aul3er-
européischer Kulturen“ (ZAAK) und ,,Forschun-
gen zur Archéologie Aul3ereuropdischer Kultu-
ren“ (FAAK), als neue Zeitschrift bzw. als
alleinige Monographienreihe neu zu etablieren.
Beide Reihen werden wir mit einer neuen Zéh-
lung beginnen. Mal3geblich fur die Straffung des
Publikationsprogramms sind nicht nur Um-
strukturierungen in der redaktionellen Betreu-
ung angenommener Manuskripte, sondern auch
die allgemeinen Sparzwaénge.

Wahrend sich der erste Band unserer neuen
»Zeitschrift fur Archdologie AufRereuropdischer
Kulturen* in der redaktionellen Endbearbeitung
befindet, ist der Band 1 der ,,Forschungen zur
Archéologie Aulereuropdischer Kulturen® be-
reits im Sommer 2005 erschienen. Er enthalt die
Akten der 17" International Conference on
South Asian Archaeology, die unsere Kommissi-

on gemeinsam mit der Eurasien-Abteilung des
Deutschen Archdologischen Instituts 2003 in
Bonn ausrichtete. Angesichts des Inhaltes und
auch des nicht unbetréchtlichen Umfangs des
Bandes haben wir bewusst darauf verzichtet, ein
Editorial aufzunehmen, das die neue Publikati-
onsstrategie unserer Kommission skizziert. Dies
sei hiermit nachgeholt.

Der hiermit vorgelegte Band 2 der ,,Forschun-
gen*“ zu den Geoglyphen der Nasca-Kultur ist
die leicht Uberarbeitete Version einer mit einem
Forschungspreis ausgezeichneten Dissertations-
schrift, mit der Karsten Lambers 2004 an der
Universitat Zarich promoviert wurde. Als lang-
jahriger Mitarbeiter des KAAK-Forschungspro-
jektes im Raum Palpa/Nasca unter der Leitung
von Markus Reindel legt er hier die Untersu-
chungsergebnisse zu einem herausragenden Teil-
aspekt der Unternehmung vor, ndmlich die erste
umfassende und systematische Dokumentation
und arch&ologische Analyse der weltweit be-
kannten Bodenzeichnungen an der Sudkuiste
Perus.

Die Lo6sung einer solch komplexen und an-
spruchsvollen Aufgabe wie der Kartierung eines
der wichtigsten Bodendenkmaler des amerikani-
schen Kontinentes auf einer Flache von nahezu
100 Quadratkilometern wére noch vor wenigen
Jahren kaum denkbar gewesen. Erst durch den
Einsatz modernster photogrammetrischer Tech-
nologien und computergestitzter Auswerteme-
thoden konnten die umfangreichen Kartierungs-
arbeiten mit vertretbarem zeitlichen und finan-
ziellen Aufwand und gleichzeitig mit hervorra-
gender Genauigkeit bewiltigt und so die Grund-
lage fur archdologische Auswertungen geschaf-
fen werden.

Mit ihrer Einbindung in ein multidisziplinr
konzipiertes Forschungsvorhaben ist die vorlie-
gende Arbeit an der Schnittstelle zwischen
Archéologie, Naturwissenschaften und Ingenieur-
wissenschaften angesiedelt und damit beispiel-
haft fir moderne arch&ologische Forschung, in
der in zunehmendem Mal3e neue Technologien
Eingang finden. Diese Forschungsergebnisse
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unterschiedlichen Fach- und Interessentenkrei-
sen zugadnglich zu machen ist gleichermalien
Anliegen und Auftrag unserer Monographien-
reihe. Der Inhalt und die aufwéndige graphische
Gestaltung erforderten eine durch eine beilie-
gende DVD erweiterte Prasentation, die auch
nach unseren bisherigen Malstaben insgesamt
als ungewohnlich zu bezeichnen ist. Dass dies
trotz alledem zu einem guinstigen Kosten-Nut-
zen-Verhéltnis bewerkstelligt werden konnte, ist
vor allem dem grofen Engagement des Verfas-
sers, unseres Graphiker H.-P. Wittersheim und
des LINDEN SOFT Verlages zu verdanken.

Wir hoffen, auch weiterhin solche grundlegen-
den und zugleich innovativen Forschungen in
unserer Publikationsreihe veroffentlichen zu
konnen. Auf diese Weise wird es uns mdglich
sein, im Rahmen der Aktivitdten unseres Insti-
tuts die Entwicklung neuer Methoden in der
archdologischen Forschung voranzutreiben und
wesentliche neue Erkenntnisse zur Kulturge-
schichte jener Regionen zu liefern, denen unser
Forschungsinteresse gilt.

Bonn, Herbst 2005

Burkhard Vogt
Josef Eiwanger



Editorial
(English)

During the 25 year history of our research
institution, colleagues both from Germany and
abroad repeatedly drew our attention to the
ambiguous meaning of the name Kommission fir
Allgemeine und Vergleichende Arché&ologie
(KAVA, “Commission for General and Com-
parative Archaeology”). Our Commission and
the Zentraldirektion of the German Archaeolog-
ical Institute recently decided to change the
name to Kommission fir Archéologie Auflereu-
ropdischer Kulturen des Deutschen Archéolo-
gischen Instituts (KAAK; “Commission for
Archaeology of Non-European Cultures of the
German Archaeological Institute”). The new
name is hoped to paraphrase more clearly the
practice of our current research, our politico-
cultural mandate and the definition of the re-
search area as well as the topic of our institution.

The implementation of this decision also in-
cludes major changes and modifications with
respect to our publication policy. We took the
opportunity to terminate two publication series
— the Kolloquien zur Allgemeinen und Ver-
gleichenden Arché&ologie and the Materialien zur
Allgemeinen und Vergleichenden Arché&ologie.
We also re-established the former Beitrage zur
Allgemeinen und Vergleichenden Arch&ologie
(BAVA) and Forschungen zur Allgemeinen und
Vergleichenden Arch&ologie (AVA-Forschungen)
under the titles Zeitschrift fir Archaologie
Aulereuropaischer Kulturen (ZAAK; “Journal
for Archaeology of Non-European Cultures”)
and Forschungen zur Archdologie Aulereu-
ropaischer Kulturen (FAAK; “Studies in Archae-
ology of Non-European Cultures”) as our new
journal respectively our exclusive monographic
series. A re-organisation of the editing process
and budgetary reasons necessitated the re-focus-
ing of our publication program.

While the first volume of our new Zeitschrift
fir Arch&ologie AulRereuropaischer Kulturen is
in its final stage of editing, volume 1 of the
Forschungen zur Arch&ologie Aufllereuropéischer
Kulturen already appeared in summer 2005. It
contains the proceedings of the 17" International
Conference on South Asian Archaeology, which

was jointly organized in Bonn 2003 by our
Commission and the Eurasia Department of the
German Archaeological Institute. Mindful of its
special purpose and the considerable size of the
volume, we deliberately refrained from includ-
ing an editorial-contribution to outline our new
publication strategies.

We herewith introduce volume 2 of the Forsch-
ungen zur Archaologie AuBereuropaischer Kul-
turen, which deals with the geoglyphs attributed
to the Nasca culture. It is a slightly modified
version of a Ph.D. dissertation, which Karsten
Lambers submitted to the University of Zurich,
Switzerland, in 2004 and which received a re-
search award the following year. A longtime
member of the KAAK research project in the
Palpa/Nasca area under the direction of Markus
Reindel, Karsten Lambers presents here his
investigations of one of the major aspects of the
project, i.e. the first comprehensive and system-
atic documentation and archaeological analysis
of the world-renowned geoglyphs in southern
Peru.

A brief few years ago it would have been
unthinkable to handle such a complex and
ambitious task such as the survey of one of the
most outstanding monuments of the American
continent. Confining his studies to a represent-
ative research area of about hundred square
kilometers, Karsten Lambers applied the most
recent photogrammetric and GIS technologies as
well as computer-based analytical methods to
the task. Accomplishing the extensive mapping
with utmost precision and with an affordable
investment both of time and expenditures, he
created a sound basis for archaeological assess-
ment.

Integrated into multidisciplinary research, Lam-
bers’ report interfaces archaeology, natural and
engineering sciences, thus setting an example for
a progressive archaeology which increasingly
adapts modern technologies. It is both the
intention and purpose of our monographic series
to bring its scientific results to the attention of
scholarly circles and other interested readers. Its
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written and graphic content, complemented by
a DVD, enables an enlarged presentation which
is unusual by present-day standards. All this was
achieved for an affordable sales price owing to
the efforts of the author, our graphic designer
H.-P. Wittersheim and the publisher, LINDEN
SOFT.

In the future we hope to publish in our series
similar basic and innovative research. Within the
framework of our institute’s activities, this will
enable us to advance the development of new
methods in archaeology and to contribute new
significant data for the cultural history in our
emphasis areas.

Bonn, autumn 2005
Burkhard Vogt
Josef Eiwanger



Editorial

(Espariol)

Durante los 25 afios de la existencia de nuestro
instituto de investigacion, varios colegas alema-
nes y extranjeros nos reiteraron su preocupacion
por la imprecision del contenido del nombre
Kommission fur Allgemeine und Vergleichende
Archdologie (KAVA, ,,Comision para la Arqueo-
logia General y Comparada®). Si el gremio de
nuestra comision y la direccion central del
Instituto Arqueoldgico Alemén han aceptado el
cambio de nombre en Kommission fur Archdo-
logie AulRereuropaischer Kulturen des Deutschen
Arché&ologischen Instituts (KAAK, ,,Comision
para Arqueologia de Culturas Extraeuropeas del
Instituto Arqueoldgico Aleman*), que ahora ya
es realidad, lo hicieron con la intencién de
describir mejor, y en forma mas precisa que
antes, la préactica de nuestras investigaciones
realizadas, la realizacion de nuestro cometido
politico cultural, asi como la definicién de
nuestra area y nuestro objetivo de investigacion.

Este cambio de nombre, por necesidad, tuvo sus
consecuencias en cambios y adaptaciones con-
siderables, al menos en el campo de la politica
de las publicaciones de nuestro instituto. Apro-
vechamos esta coyuntura para suprimir dos de
nuestras series: los Kolloquien zur Allgemeinen
und Vergleichenden Archédologie (,,Coloquios
para la Arqueologia General y Comparada®) y
los Materialien zur Allgemeinen und Verglei-
chenden Archéologie (,,Materiales para la Ar-
queologia General y Comparada®). Ademas se
ha cambiado el nombre de la revista Beitréage zur
Allgemeinen und Vergleichenden Archéologie
(BAVA) que ahora se titula Zeitschrift fur Ar-
chéologie AuBereuropdischer Kulturen (ZAAK,
»Revista para la Arqueologia de Culturas Ex-
traeuropeas*). Igualmente el nombre de la serie
monografica Forschungen zur Allgemeinen und
Vergleichenden Arch&ologie (AVA-Forschungen)
fue cambiado en Forschungen zur Archéologie
Aulereuropéischer Kulturen (FAAK, ,,Investiga-
ciones para la Arqueologia de Culturas Extraeu-
ropeas*). Esta racionalizacion del programa de
publicaciones no se debe sélo a la reestructu-
racion del cuidado de la redaccion de los ma-

nuscritos aceptados sino también a las necesida-
des generalizadas de reduccidn de gastos.

El primer tomo de nuestra nueva Zeitschrift fir
Archéologie AuBereuropéischer Kulturen se
encuentra en la fase final de su redaccion, pero
ya se publicé, en el verano de 2005, el primer
tomo de las Forschungen zur Archdologie Auller-
europdischer Kulturen. Se trata de las actas de
la 17" International Conference on South Asian
Archaeology que fue organizada en Bonn, en
2003, por nuestra comision junto con el Depar-
tamento de Eurasia del Instituto Arqueoldgico
Aleman. Debido a su contenido y al volumen
considerable de este tomo no incluimos una nota
editorial que esbozara la nueva estrategia de
publicaciones de nuestra comision. Remediamos
esta omisidn en esta ocasion.

El presente tomo 2 de las Forschungen zur
Archéologie Aulereuropéischer Kulturen, dedi-
cado a los geoglifos de la cultura Nasca, es una
version ligeramente modificada de la premiada
tesis doctoral con la que Karsten Lambers, de
la Universidad de Zurich, obtuvo su promocion.
El autor se estd desempefiando como colabora-
dor del proyecto de investigacion de la KAAK
en el area de Palpa/Nasca, bajo la direccion de
Markus Reindel, desde hace muchos afios y
presenta, en este trabajo, los resultados de unos
de los méas destacados aspectos de este proyecto:
la primera y sistematica documentacion y el
analisis arqueoldgico de los geoglifos de la costa
sur del Per los que gozan de fama mundial.

Emprender una tarea tdn compleja y exigente
como la de producir mapas de uno de los
monumentos prehispanicos mas importantes del
continente americano, hubiera sido imposible
hasta hace pocos afios. Limitando sus estudios
a un &rea de casi 100 kilometros cuadrados
Karsten Lambers aplicd las mas modernas tec-
nologias fotogramétricas y SIG apoyadas por
métodos analiticos computarizados. EI mapeo
extensivo del é&rea que de esta manera fue
ejecutado con la mejor precision posible y
dentro de un razonable despliegue en cuanto a
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costos y tiempo involucrados, constituye la base
para los analisis arqueoldgicos.

El presente trabajo se ubica en la interseccion
entre la arqueologia, las ciencias naturales y las
ciencias de ingenieria, gracias a su insercion en
una investigacion de concepcion multidisciplina-
ria. De esta manera se constituye como ejemplo
para la moderna investigacion arqueoldgica en
la que se estan introduciendo nuevas tecnologias
en proporciones crecientes. El proposito y el
cometido de nuestra serie monogréfica se cen-
tran precisamente en hacer asequible este tipo
de resultados de investigacion a circulos diversos
de colegas y de personas interesadas. El conte-
nido y el complejo disefio grafico implicaron la
necesidad de una presentacién mas amplia por
medio de un DVD adjunto, la cual, desde el
punto de vista de nuestras normas establecidas,

resulta extraordinaria. El hecho de haber reali-
zado esta tarea exigente con una proporcion
ventajosa entre costo e utilidad, se debe, ante
todo, a los grandes esfuerzos del autor, de
nuestro experto grafico H.-P.Wittersheim y de
la editorial LINDEN SOFT.

Esperamos seguir publicando en nuestra serie
este tipo de investigaciones fundamentales y, a
la vez, innovadoras. De esta manera sera posible
impulsar el desarrollo de nuevos métodos en la
investigacion arqueoldgica, en el marco de las
actividades de nuestro instituto, asi como pro-
porcionar nuevos conocimientos para la historia
cultural de las regiones a los que dedicamos
nuestro interés de investigacion.

Bonn, otofio de 2005
Burkhard Vogt
Josef Eiwanger



Technical notes

This study consists of two parts: the main
volume with text and illustrations, and a sup-
plement that includes a set of large format maps
and a DVD. The DVD contains a database with
the geoglyph data on which the results of this
study are based, and a video of a virtual flight
over the geoglyphs of Palpa.

All maps in this study are oriented towards
true north. Coordinates, where present, are
given in UTM projection, zone 18 S, WGS 84.

On some photos taken in the field, geoglyph
and site numbers are shown according to a
preliminary system used for fieldwork. During
analysis, the numbering system has been chan-
ged. Definite geoglyph and site numbers are
given in the figure captions.

The geoglyph database in MDB format on
the accompanying DVD can be opened in MS
Access 2003. The same database in XML format
can be imported into standard database pro-
grams or viewed with current versions of stan-
dard web browsers.

The virtual flight over the Palpa geoglyphs
is available on the DVD in AVI and in MPEG4
format. Due to its size, it is recommended to
copy the AVI file to your hard drive before
opening it.

The DVD contains also a text file with
further instructions. It is strongly recommended
to read the instructions before opening the
database or the video.
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1. Introduction

Fig. 1. The study area on the
south coast of Peru.

The geoglyphs on the Nasca pampa, a flat
plateau in the desert on the south coast of Peru,
rank high among the most famous cultural
heritage sites in the world. Thousands of tourists
visit Nasca every year, and a wide variety of
literature on the Nasca geoglyphs (often simply
called “Nasca lines™) is available in bookshops
around the world. So why another book? Persis
Clarkson, one of the few archaeologists who has
conducted major fieldwork on the Nasca pampa,
states that

”[...] much of the literature on the Nazca
geoglyphs is shrouded by presuppositions
that have not been adequately verified in
the field.” (Clarkson 1990: 117)

The present study is the result of extensive
fieldwork to investigate the geoglyphs of the
Palpa region which is located in the northern
part of the Nasca drainage (frontispiece, fig. 1).
The number of geoglyphs in the vicinity of
Palpa is second only to the Nasca pampa. They
are located on the slopes and plateaus along Rio
Grande, Rio Palpa, and Rio Viscas. This inves-
tigation of the Palpa geoglyphs is intended to
fill some of the many large gaps in our scientific
knowledge of the geoglyphs in the Nasca region.

Since the 1940s researchers and others have
used astronomical hypotheses to interpret the
geoglyphs. German-born mathematician Maria
Reiche, life-long keeper of the geoglyphs,
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promulgated the idea that lines were oriented
towards points on the horizon where the sun
or certain stars rose or set on significant dates,
and that figures represented astral constellations.
Since 1980, however, a new hypothesis has
emerged from archaeological, anthropological,
and ethnohistorical research in the Nasca area
and elsewhere.

The Nasca geoglyphs are now understood as
manifestations of persistent Andean traditions of
social organization, religious practices, and cul-
tural concepts. They are interpreted as sacred
spaces made and maintained by social groups in
common labor who performed rituals on the
geoglyphs in the framework of a mountain,
water, and fertility cult. However, archaeolog-
ical evidence from geoglyph sites to support this
new interpretation is still sparse. The investiga-
tions at Palpa provided a good opportunity to
confront this recent model with archaeological
data.

In order to test this recent hypothesis a large
amount of data about the geoglyphs had to be
systematically collected. A basic problem en-
countered by anyone who intends to study the
Nasca geoglyphs is the lack of a good documen-
tation. Most available geoglyph maps do not
meet the standards for the recording of archaeo-
logical features. Furthermore, only a small frac-
tion of existing geoglyph sites are covered. Thus,
the documentation of the geoglyphs was of
crucial importance before any new interpreta-
tion could be attempted. Since previous efforts
had largely failed, a new approach to document
the geoglyphs was indispensable. By applying
current methods of analytical aerial photogram-
metry at a large scale, it was possible to produce
a detailed, accurate, and complete 3D recording
of more than 1,500 geoglyphs in the Palpa area.
Solving the problem of documentation method-
ology thus constituted a significant part of the
research described in this study.

The Palpa area of the Nasca basin has been
largely ignored by archaeological researchers as
have the Palpa geoglyphs, even though they are
comparable in quality and complexity to the
better known ones on the Nasca pampa. There
has also been a lack of public interest in them,
and worse yet, little or no protection. Such
negligence notwithstanding, Palpa provided an
excellent starting point to learn more about the
geoglyphs, and the Nasca culture in general.

In 1997, the Swiss-Liechtenstein Foundation
for Archaeological Research Abroad (SLSA) in
Zurich started a long-term archaeological re-
search project at Palpa that provided the frame-

work for the research described in the present
study (see section 4). It comprised three main
fields of activity. Firstly, a regional settlement
survey of the middle and lower parts of Rio
Grande, Rio Palpa and Rio Viscas was under-
taken to register all prehispanic sites in the
vicinity of Palpa. Secondly, extensive excava-
tions were carried out at Los Molinos and La
Mufia, two Nasca sites along Rio Grande, as
well as at several other sites. The third field of
activity, which is the one described here, was
the detailed documentation, analysis, and inter-
pretation of the geoglyphs of Palpa.

The SLSA project was jointly directed by
Markus Reindel, of the Commission for Archaeo-
logy of Non-European Cultures (KAAK, Bonn)
of the German Archaeological Institute (DA,
Berlin), Johny Isla, of the Andean Institute of
Archaeological Studies (INDEA, Lima), and
Armin Grin, of the Institute of Geodesy and
Photogrammetry (IGP) at the Swiss Federal
Institute of Technology (ETH, Zurich). The
geoglyph study was undertaken between 1999
and 2004 by the author as part of his PhD
research at the Department of Pre- and Proto-
history of the University of Zurich. It was
jointly supervised by Philippe Della Casa, head
of that department, and Armin Grun, head of
IGPL.

The study area around Palpa encompassed
approximately 89 km? (frontispiece). It was de-
fined by the limits of a series of aerial images
taken especially for the intended geoglyph re-
search (supplements 1-4). This zone comprises
in its center the wide floodplain formed by Rio

1 The second phase of the Nasca-Palpa Project started in
2002 and is now co-sponsored by SLSA, ETH Zurich,
and the German Federal Ministry of Education and
Research (BMBF, Bonn). The project currently compris-
es four major fields of activities: (1) Excavations at
Paracas sites in the Palpa area, (2) Investigations of the
paleoclimate and ecology of the Nasca region, (3) The
application and improvement of new methods of archae-
ological prospection and chronometric dating of archae-
ological remains, and finally (4) The study of the
geoglyphs on the Nasca pampa using and enhancing the
latest digital photogrammetric technologies (for an over-
view see Reindel/Wagner eds. 2004). People in charge
of the second phase of the project include, in addition
to the above mentioned researchers, Glinther Wagner, of
the Archaeometry Research Group of the Heidelberg
Academy of Sciences, and Bernhard Eitel, of the Institute
of Geography of the University of Heidelberg. The
second phase of the Nasca-Palpa Project will not be
concluded before 2007. The present study therefore
refers mainly to results of the first phase.
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Palpa and Rio Viscas shortly before they join
Rio Grande. This is also where the modern town
of Palpa is situated. The alluvial plain is bounded
to the northwest by Cresta de Sacramento, to
the northeast by Cerro Carapo, and to the
southeast by Pampa de San Ignacio and Pampa
de Llipata. To the southwest, Rio Grande flows
along a steep undercut slope towards its junction
with Rio Ingenio, after having been joined by
both Rio Palpa and Rio Viscas. The aerial images
covered all of the above mentioned ridges,
plateaus, dry valleys and areas between the
valleys where geoglyphs are located.

The geoglyphs of Palpa were the actual object
of investigation of the present study (maps 1-
13). They are part of the same cultural phenom-
enon as the famous lines and figures on the
Nasca pampa. The geoglyphs in both areas share
the basic shapes, motifs, and construction tech-
niques. Interestingly, however, there are some
peculiarities in the Palpa geoglyph repertoire.
For example, on Pampa de San Ignacio there is
probably the densest concentration of geoglyphs,
and at the same time the largest trapezoid
known in the whole Nasca drainage. There are
considerably less zoomorphic figures in Palpa
than in Nasca, but many more small anthropo-
morphic figures. Due to the topography of the
Palpa area which lacks the vast plain of the
Nasca pampa, the geoglyphs are mainly located
close to the valleys, i.e. in conjunction with
settlements from the same epoch. This factor
makes Palpa an easier place to study the rela-
tionships between the two classes of cultural
remains than Nasca, which was one reason why
Palpa was chosen for new archaeological inves-
tigations.

As a first step of the work in Palpa, all
geoglyphs were recorded photogrammetrically
by using the high resolution aerial images
mentioned above. Later, most of the geoglyphs
were documented by on site field observations.
This work resulted in a comprehensive geoglyph
database containing 3D models, 2D maps, as
well as detailed descriptions of the geoglyphs.
All data was then integrated into a geographic
information system (GIS). That accomplished,
the actual archaeological analysis was undertak-
en, combining standard archaeological methods
with database and GIS computer analysis. Spa-

tial analyses were performed to understand the
role of the geoglyphs in the Nasca cultural
landscape, and recent hypotheses on geoglyph
function were confronted with the archaeolog-
ical record of Palpa. The result of this investi-
gation is a cultural historical interpretation of
the geoglyphs of Palpa solidly based on archaeo-
logical evidence.

When compared to other recent investiga-
tions of the Nasca geoglyphs, the research
presented here has several new methodological
contributions. Apart from studying the Palpa
geoglyphs for the first time, three new ap-
proaches were pursued:

— The consistent application of modern aerial
photogrammetry to Nasca archaeology which
allowed for the first time the generation of
a comprehensive geoglyph database

— The testing of a recent hypothesis that tries
to explain the Nasca geoglyphs in terms of
Andean traditions of social organization and
religious practices

— The first-time use of GIS technology that
integrates all available information on a multi-
data platform in order to investigate the
ordering principles that guided the making
and use of geoglyphs.

The structure of this study is as follows. In
section 2 the Nasca area and the geoglyphs are
described, and a brief overview of their cultural
background is given. In section 3, basic issues
are identified that have to be addressed when
investigating the Palpa geoglyphs. This is ac-
complished by reviewing recent contributions to
Nasca geoglyph research. The approach pursued
in the present study is then detailed. In section
4 the aims and scope of the Nasca-Palpa Project
are summarized. This is followed in section 5
by a description of the documentation of the
geoglyphs. Section 6 is dedicated to the archaeo-
logical analysis of the Palpa geoglyphs and the
corresponding results. In section 7 the results are
then discussed and interpreted in the light of
current knowledge on the Nasca geoglyphs. In
section 8 results as well as applied methods are
summarized and reviewed. Detailed descriptions
of archaeological contexts are grouped in a final
appendix (section 9). This is followed by a
Spanish summary.
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In this section, the geoglyphs and their environ-
ment are described, and current knowledge
regarding their cultural context is briefly sum-
marized.

2.1 DEFINITION AND DESCRIPTION

The commonly used term “Nasca lines” refers
to ground drawings or markings that cover
many slopes and plateaus in the desert of the
Nasca drainage along the foothills of the Andes
(fig. 2). Archaeologically these features are called
“geoglyphs”, a modern composite based on
Greek gé = “earth, ground” and glyphd = “carve,
cut out, engrave” (Liddell/Scott 1996: 347, 353).
Thus, literally “geoglyph” means “ground carv-
ing”. As will be shown later, this designation is
not altogether fitting, since most geoglyphs were

not actually carved into the ground surface.
Nevertheless, the term is widely used nowadays
and is at any rate more appropriate than the term
“Nasca lines” that misleadingly implies a linear
shape of all geoglyphs.

Geoglyphs can be found in many arid envi-
ronments along the pacific coast of the Amer-
ican continent, from California to northern
Chile (Clarkson 1999). However, the densest
concentration and the highest number of geo-
glyphs is located in the Nasca area on the south
coast of Peru. In this study, the term “Nasca
geoglyphs” is used to denote all prehispanic
ground drawings in the Nasca drainage, while
“Palpa geoglyphs” refers to the subset of the
Nasca geoglyphs located in the vicinity of the
modern town of Palpa.

Geoglyphs are usually located in a rocky
desert environment, which is due to require-

Fig. 2. Geoglyphs along the northern edge of the Nasca pampa (center: Panamerican Highway, upper left: Rio Ingenio).
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Fig. 3. A straight line marked into the desert
pavement of the Nasca pampa.

Fig. 4. A geoglyph complex on the northeastern edge of the Nasca pampa.
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ments imposed by their construction technique
(fig. 3). The Nasca drainage provides many
suitable spots to place geoglyphs. It is circum-
scribed by the foothills of the Andes to the
northeast and the coastal cordillera to the south-
west (Eitel et al. 2005). This coastal cordillera
is a unique topographic feature which distin-
guishes the Nasca area from other coastal valleys
to the north and south. Its presence led to the
development of a large basin that was filled in
during the Pleistocene with alluvial sediments
composed of sands of different grain size, small
to middle-sized stones and rocks, and large
boulders. During the Upper Pleistocene, this
pediment was cut by rivers running from the
Andes to the sea, forming the green oases still
visible today. Since the coastal cordillera blocks
the rivers from reaching the sea, they join
together on its eastern flank to form Rio Grande.
This is the only river in the Nasca basin with
perennial runoff and therefore the only one that
cuts through the coastal cordillera.

The beige ridges and plateaus that form a
sharp contrast to the green river oases are
usually called pampas. On their surface, the
loose sand between the stones has been blown
away by wind erosion, leaving behind a thin, but
dense layer of oxidized stones called desert
pavement. The vast pampas covered by this
pavement are ideal drawing grounds that allow
the construction of geoglyphs. Thus, the dense
concentration of geoglyphs in the Nasca basin,
in contrast to other valleys to the north and
south, can be explained in part by the unique
topographic setting in that region.

To construct a geoglyph on the flat plateaus,
the stones of the desert pavement were removed
from one place thereby revealing the bright
sandy layer below. Piling the dark stones up at
another place, usually along the outlines of the
cleared areas, further enhanced the contrast in
color and brightness between the original and
the altered surface. On the valley walls, where
the rivers have cut through the sediments, the
construction of geoglyphs often required more
labor investment since the stone cover is in
many cases discontinuous. Here, in order to
make a geoglyph, sometimes a part of the
sediment had also to be removed — which comes
closer to engraving or carving than the geo-
glyphs on the plateaus — and the excavated
melange of sand and stones was heaped up along
the furrow.

In any case the making of a geoglyph was
technically a relatively simple task requiring
only an investment of labor. That is why smaller

geoglyphs are still made today. The most prom-
inent, found along the valleys, are advertising
drawings promoting private companies, political
parties, or government agencies. The plateaus
close to the valleys are equally covered with
modern graffiti such as the names of individuals,
imitations of ancient geoglyphs, etc. Those
modern geoglyphs are easily distinguishable from
the prehispanic ones.

The predominate kind of prehispanic geo-
glyph found on the large flat plateaus is a cleared
area often in trapezoidal or rectangular form. It
is in most cases accompanied by lines running
straight or bending several times, forming zig-
zags, meanders or spirals (figs. 2, 3). Lines and
(smaller) trapezoids are also common features
on the slopes of valleys and hills. Biomorphic
figures like birds, whales, human beings, etc.
constitute by far the smallest fraction of the
whole corpus, yet at the same time they are the
most famous geoglyphs. Larger, zoomorphic
figures are usually found on flat plateaus, while
smaller, anthropomorphic figures are mostly
located on slopes. A common trait of the
majority of geoglyphs is that they occur togeth-
er in complexes, often crosscutting each other,
with older geoglyphs obliterated by more recent
ones (fig. 4).

The geoglyphs are located in a relatively sta-
ble environmental setting. The desert pavement
exists unchanged, if not anthropogenically altered,
since the Upper Pleistocene (Eitel et al. 2005).
When a geoglyph was constructed the underly-
ing sandy layer was exposed allowing the silty
elements of this layer along with humidity to
cause a thin crust to develop on top of this layer.
Such a crust, which is able to largely prevent
wind erosion of the exposed surfaces, can only
develop, however, if the surface remains undis-
turbed over a long period of time, i. e. after hu-
man activity on the pampas had ceased. Thus, the
abandonment of the geoglyph sites permitted their
preservation. This is why many geoglyphs are
still easily visible today.

Modern anthropogenic activity on geoglyph
sites, or on the pampas in general, is hence the
major threat to which the geoglyphs are ex-
posed. Geoglyphs close to inhabited zones are
today often affected by houses or roads built
along the valley margins, by corrals constructed
on slopes, or by informal soccer fields built on
trapezoids, etc. This is the case at least in areas
where the geoglyphs are not protected.

Thus far, only the Nasca pampa between Rio
Ingenio to the north and Rio Nasca to the south
and west has been declared zona intangible by
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END DATE PeriOD ARCHAEOLOGICAL CULTURE PHASE
1532 AD Late Horizon Inca

1400 AD Late Intermediate Period Ica / Chincha

1000 AD Middle Horizon Wari

600 AD Late
450 AD Early Intermediate Period Nasca Middle
250 AD Early

1 BC Initial Nasca

200 BC Late
400 BC Early Hoizon Paracas Middle
600 BC Early
800 BC Initial Period

1800 BC Archaic

Table 1. Chronology and cultural history of the Nasca basin (dates based on preliminary results of the Nasca-Palpa Project).

the Peruvian government, and later placed on
the list of World Cultural Heritage sites by
UNESCO. In most other parts of the Nasca
area, access to geoglyph sites is unrestricted.
That means today many geoglyphs close to
modern settlements are in imminent danger of
being destroyed, and old aerial photos indeed
reveal that many have already disappeared dur-
ing the last few decades (Aveni ed. 1990: appen-
dix Il fig. 6; Fischer/Kunstle 1999).

The geoglyphs on the Nasca pampa, specif-
ically those along the south bank of Rio Ingenio,
are now world famous and are constantly flown
over by tourists in small airplanes starting from
the Nasca airstrip. Thus, the geoglyphs have
become an important economic factor in the city
of Nasca where many hotels and restaurants
have been established in recent decades to host
tourists from all over the world. However,
geoglyphs in other zones of the Nasca basin are
often poorly known, in many cases not even by
the local population. They are therefore usually
not cared for. Most of the stone cairns associated
with geoglyphs have been looted. In general,
protecting the geoglyphs outside the Nasca
pampa is a problematic task since they are
distributed over a wide area, difficult to access,
and are not easily discernible on the ground.
Furthermore, today’s population is claiming
parts of the terrain covered by geoglyphs as
building zones, quarries, waste dumps or agri-
cultural zones.

All in all, the Nasca geoglyphs remain today
a prominent feature in the Nasca landscape, but
their preservation is a challenging task. The
Peruvian national cultural authority (Instituto
Nacional de Cultura, INC, Lima) has recently
commissioned a study of this issue in close
cooperation with UNESCO. In that study

(Lumbreras 2000), the geoglyphs, their preser-
vation, their history, their investigation, their
importance today, and the threats they are
exposed to are surveyed. A master plan has been
proposed that aims at the protection and sus-
tainable use of this important cultural resource.
Since this master plan is new, it has had as yet
only limited impact, but the geoglyph research
in Palpa described in this study follows its
guidelines closely.

2.2 CHRONOLOGY AND CULTURAL CONTEXT

The geoglyphs are generally associated with the
Nasca culture (table 1) which flourished be-
tween the 2" century BC and the 7" to the 8"
century AD in the Nasca region and in the Ica
valley further to the north (Rickenbach ed. 1999;
Silverman/Proulx 2002). It emerged out of the
preceding Paracas culture (Paul ed. 1991) in
what appears to be a rather smooth transition
marked mainly by technological and stylistic
innovations reflected in ceramics and textiles.

Ceramics and textiles are still the best known
manifestations of both cultures, and a good part
of what we know today of Paracas and Nasca
is still primarily based on stylistic, technological
and iconographical studies of ceramics and tex-
tiles distributed over museums around the world?2.
Another source of information are excavations
of cemeteries of both cultures undertaken early
in the 20" century?.

2 Kroeber 1956; Rowe 1960; Menzel et al. 1964; Sawyer
1997.

3 Uhle 1913; Tello 1959; Tello/Mejia 1979; Kroeber/
Collier 1998; Isla 2001a; Mejia 2002.
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For a long time, practically no solid infor-
mation was available on both Paracas and Nasca
other than what was learned from the cemetery
excavations of the last century. In recent years,
however, a growing number of research projects
have been undertaken, including regional settle-
ment surveys covering all tributaries of the
Nasca drainage* and further valleys to the north
and south®, as well as excavations at important
sites like Cahuachi, the biggest site from the
Nasca period (Silverman 1993a; Orefici/Drusini
2003), and several smaller sites®. Data from
many of these projects is still under study, but
the results have been limited thus far. However,
significant new contributions for both cultures
can be expected for the next few years.

Based on current research, during its devel-
opment the Nasca culture was little affected by
foreign influences other than in the late phase.
However, it did maintain far reaching trade
connections, and its influence can be found in
the material culture of adjoining regions, like
Pisco and Chincha to the north, Acari to the
south, and the highlands to the east (Moseley
2001: 197 f).

Nasca economy was essentially based on
agriculture which was supported by a highly
developed water management system in the
valleys (Schreiber/Lancho 2003). Field crops and
food procurement played a prominent role in
Nasca iconography as depicted on fineware
ceramics, along with a pantheon of mythical
beings that often showed a combination of
human and animal traits (Makowski 2000).

During the course of its evolution, Nasca
society was always complex with social and
economic hierarchies clearly discernible in the
archaeological record. The level of complexity,
however, changed through time. In the Early
Nasca period, Cahuachi in the middle Nasca

valley became the spiritual and ritual, if not
political center of the Nasca drainage (Silverman
1993a). Later, the Nasca sociopolitical landscape
became more fragmented. During this period, an
increasing concern with internal and external
warfare, foreign influence, and changing climatic
conditions becomes evident in the archaeological
record.

Through all these changes, the inhabitants of
the Nasca region maintained a high technolog-
ical level in irrigation and water management,
production of fineware ceramics, adobe architec-
ture, etc.”. When at the end of the Early Inter-
mediate Period the Wari empire from highland
Ayacucho (Schreiber 1992) extended its area of
influence to the south coast, the transition from
Nasca to Wari seems to have caused more
disruptions than the previous transition from
Paracas to Nasca, although some cultural traits
seem to have persisted well into the Middle
Horizon (Isla 2001b).

Whether the geoglyph tradition continued
during the Middle Horizon is still a matter of
debate. This cultural phenomenon is generally
closely associated with the Nasca culture, while
its origins, like that of many Nasca cultural
traits, are traced back to the preceding Paracas
culture (Silverman/Browne 1991). This cultural
affiliation is based on iconographic parallels
between biomorphic figures and motifs on ce-
ramics and textiles and potsherds found on
geoglyphs. Some geoglyphs, mainly lineal and
trapezoidal, have also been tentatively dated to
the Middle Horizon or even to the Late Inter-
mediate Period (Clarkson 1990). However, there
is little evidence to support this. Thus, there is
a general consensus that most of the Nasca
geoglyphs were made during the time of the
Nasca culture and by the society that sustained
that culture.

Browne 1992; Schreiber 1999; Silverman 2002a.
Massey 1992; Cook 1999; Velarde 1999; Valdez 2000.
Isla et al. 1984; Vaughn/Neff 2000; Vaughn 2004.
Carmichael 1994; Clarkson/Dorn 1995; Orefici 1999;
Biermann 2001.
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3. Geoglyph research

In this section, previous research of the Nasca
geoglyphs is summarized and critically reviewed
in order to define a baseline for the present
study. Starting from the premise that a precise
documentation is a prerequisite for any analysis
and interpretation, both fields of work will be
treated here in separate subsections. For both
documentation and analysis/interpretation, start-
ing points for investigating the Palpa geoglyphs
are identified, and this researcher’s approach is
shown to be built on previous research and
additional premises. The research in Palpa will
then be described in the following sections.

3.1 GEOGLYPH DOCUMENTATION

3.1.1 Previous research

Anyone who intends to study the Nasca geo-
glyphs will soon discover that finding suitable
data about them is a difficult task. This is
somewhat surprising, considering the amount of
available literature on the topic. However, as
Anthony Aveni, who directed an important
research project on the Nasca pampa in the
1980s, rightly states,

“[...] much that has been written about
the Nazca lines is too long on speculation
and too short on documentation.” (Aveni
ed. 1990: iii)

Indeed, descriptive data on specific geoglyphs is
rarely presented in the literature (e. g. Ravines
et al. 1995), and photos as well as sketches of
geoglyphs are often shown without information
about their precise location. The situation is
somewhat less problematic with regard to maps
of the geoglyphs, because a fair number are
available. However, the quality of most of the
maps is far below professional standards for the
documentation of archaeological features.

The maps can be grouped into five categories:

— Overview maps that show the general loca-
tion of geoglyphs in a large area, but not the
precise shape and location of specific ge-

oglyphs?®

in the Nasca region

— Maps that show some, but usually not all
geoglyphs of a certain area. They are based
on terrestrial measurements of the orientation
and length, but not the precise shape of
selected geoglyphs (Kern/Reiche 1974: figs. 4,
37; Reiche 1993: passim)

— Sketch maps of geoglyph sites usually based
on aerial images and/or observations made in
the field that often show the basic compo-
nents of geoglyph complexes, their relation
to each other and to their environment, but
neither their precise shape nor their exact
location®

— Maps that show as completely as possible the
geoglyphs existing in a certain area. They are
based on a photogrammetric analysis of aerial
images with the completeness of the map
constrained by the scale of the images used?

— Compilations of maps that combine data
from several of the above mentioned sources
(Reiche 1993: encarte 9.1; Reinhard 1996:
hojas 2-6) or for which no sources are
detailed (Lumbreras 2000: passim).

As the overview indicates, all available maps of
geoglyphs have certain deficiencies with regard
to their accuracy or completeness. This becomes
especially evident in the case of the northern
part of the Nasca pampa for which several maps
from different sources are available. These maps
show differences not only in scale, coordinate
system and graphic rendition, but also in con-
tent. Their suitability for archaeological re-
search is therefore limited. Many other parts of

8 Kern/Reiche 1974: figs. 1-3; Aveni ed. 1990: fig. I1.1b;
Reiche 1993: 568-569; Reinhard 1996: hoja 1; Lumbreras
2000: 142.

° Silverman 1990b: figs. 11-17; Aveni 1990b: fig. I1.3;
Lumbreras 2000: passim; Mejia 2002: fig. /P8:3200(1)/.

1 Hawkins 1974: figs. 3-6; Instituto Geogréafico Nacional
1993; Nikitzki 1993.

11 Some of these maps are in error. For example, on
Nikitzki’'s map some well known figural geoglyphs that
are actually located outside the area covered by the map
are depicted in arbitrary places among correctly mapped
geoglyphs (Nikitzki 1993).
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the Nasca drainage are not covered by archae-
ological maps. Thus, the state of documentation
of the geoglyphs is insufficient. A review of the
techniques employed to map the geoglyphs will
illustrate the reasons for this unsatisfactory
situation.

Terrestrial measurements

The first one to map geoglyphs on the Nasca
pampa was Maria Reiche. Starting in the late
1940s, she used measuring tape and a compass
for surveying (Reiche 1993). Later, she also
measured arcs of lines with paper templates
(Reiche 1993: fig. 11.5). Her main tool, however,
was a theodolite, which she used for mapping
the outlines of figural geoglyphs (Reiche
1993: 467 f). Theodolites have furthermore been
used by Reiche and others to determine the
azimuth orientation of straight features such as
lines, straight sections of figures, or borders of
trapezoids??. On the resulting maps geoglyphs
surveyed this way are usually depicted as stand-
ardized lines without information about their
precise width, length, or shape. It is generally
possible to measure the location, shape and size
of a geoglyph using a theodolite (e. g. Reindel
et al. 1999: figs. 11-13). However, the amount
of work is prohibitive when one considers the
number of existing geoglyphs. This is why the
use of theodolites has largely been restricted to
determining the orientation of the geoglyphs.

Aerial photography

Aerial imaging is a common tool for archaeo-
logical research on the Peruvian coast. Due to
the lack of vegetation in the coastal desert,
archaeological remains lay open on the surface
and can be recognized to a certain degree in
aerial images (depending on image scale). The
aerial photographic service of the Peruvian air
force (Servicio Aerofotografico Nacional, SAN,
Lima) has systematically produced high quality
aerial photos of many parts of the country since
the 1940s. All coastal valleys have been photo-
graphed several times at different image scales
during the last decades.

The images were usually taken for cadastral,
agricultural, or planning purposes. Therefore,
often only inhabited or economically developed
zones are covered such as the irrigated and
settled valley floors. Desert zones that are not
economically developed are usually covered by
high altitude flights resulting in small scale
pictures. The images can be purchased at rea-
sonable prices from the SAN or IGN (Instituto
Geogréfico Nacional) offices in Lima.

Since SAN images are easily available and
affordable for archaeological projects, many
researchers use them as a natural starting point
for their investigations. In the Nasca region, the
SAN was furthermore commissioned on several
occasions to perform special flights to take
photos of geoglyph concentrations on the Nasca
pampa (e.g. Reiche 1976:21; Hawkins 1974).
Many well known and often published photo-
graphs of Nasca geoglyphs have been taken
during these flights. Thus, SAN aerial images are
a widely used tool in Nasca archaeology. Ar-
chaeological sites are located, and sometimes
classified, based on what can be discerned in the
SAN photos. Often, sketch maps are produced
with the aid of these images, and they are used
in publications to illustrate archaeological con-
texts.

However, in spite of these efforts SAN
images do not cover all areas with geoglyphs,
nor at a scale that enables the recognition of the
narrow lines. Therefore, additional aerial images
were taken by some projects. In 1984, within
the framework of Anthony Aveni’s project (see
section 3.2.1), an unmanned, tethered balloon to
which a small format camera was attached was
used. The aim was to take low altitude, vertical
images of several line centers. However, only
one picture of a line center in the southern part
of the pampa could be taken due to technical
problems (Johnson et al. 1990: 278, fig. VI1.2, 4;
Aveni 2000a: 156-159, figs. 40, 41). Thus, the
contribution of balloon photography to the
documentation of geoglyphs is so far quite
limited 2.

In Aveni’s project, after balloon photography
had largely failed to deliver the desired results,
it was decided to rent a small aircraft to take
a series of vertical aerial images of a part of the
Nasca pampa with an aerial camera (Johnson et
al. 1990: 278). The image flight covered the
northern bank of Rio Nasca well into the
pampa. The resulting images had a scale of
1 24,000 and were combined into a photomosaic
(Aveni ed. 1990: supplement). However, the film
supply, originally calculated only for a limited
number of shots to complement the balloon
flights, was not enough to cover the whole
pampa, to achieve a greater scale, or to allow
a general overlap of the images that would have

2 Reiche 1976; Hawkins 1974; Aveni 1990b.

3 Balloon photography has also been used outside the
Nasca area by Rodriguez to document a figural geoglyph
in the Chillon valley (Rodriguez 1999: figs. 7, 8, 16).
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enabled full stereo processing (Gerald Johnson,
personal communication 2003). Thus, while being
helpful for general orientation in the southern
section of the Nasca pampa, the photomosaic
allows only the largest geoglyphs to be dis-
cerned.

Photogrammetry

Aerial photography is normally used for orien-
tation and illustration. Some researchers, how-
ever, have analyzed aerial images using photo-
grammetric means. Photogrammetry allows ac-
curate 3D measurements of objects based on two
or more images of them. Its application is
therefore a qualitative step further compared to
the simple sketch maps produced from single
aerial images.

In the Nasca area, there are three published
geoglyph maps developed using photogrammet-
ric methods (see above). All of them cover the
same area: the northern edge of the Nasca pampa
along the left bank of Rio Ingenio, i. e. the area
with the largest concentration of geoglyphs and
with most biomorphic figures. British-American
astronomer Gerald Hawkins was the first to
apply photogrammetry to Nasca archaeology.
His map is the only one for which specific
information on the database is given:

“We decided to extend the stereographic
and standard photogrammetric method used
at Stonehenge and Callanish in Britain.
This method provides contours above mean
sea level and a rapid and accurate mapping
of all surface features. We cooperated with
the Geophysical Institute of Peru and the
Servicio Aerofotogréfico Nacional (SAN)
of the Peruvian Air Force. On August 1,
1968, SAN obtained 30 overlapping, high-
resolution photographs of the area. These
were used to make a ground plan to the
scale of 1 2000, so that 10 centimeters on
the chart represented 200 meters on the
ground.” (Hawkins 1974: 125)

Unfortunately, no information as to the scale of
the aerial images is given in Hawkins’ report.
The map is published at a reduced scale, and the
geoglyphs are depicted as dashed lines which
seriously affects interpretation of the map.
According to Hawkins, all geoglyphs wider than
30cm are depicted, but the narrowest lines
encountered in the field had a width of 10 cm
(Hawkins 1974: 119, 125). Thus, Hawkins’ map
is an important step forward in the documen-
tation of the geoglyphs, but it still has certain
deficiencies.

After Hawkins’ efforts, two other maps were
elaborated with photogrammetric methods (In-
stituto Geografico Nacional 1993; Nikitzki 1993).
They were published without accompanying
notes, and no information about the photos for
either of them is given. It seems possible that
both maps were based on the same set of aerial
images used by Hawkins. However, the three
maps have different scales, very different graphic
styles, and show discrepancies in their content,
i. e. the geoglyphs depicted on them. It is not
clear if archaeologists contributed their expertise
to the making of either of the three maps.

3.1.2 Review of documentation methodology
and research approach

Considering how fragile the geoglyphs are to-
day, their documentation is utterly important in
terms of their long-term preservation. Moreover,
without good documentation any attempt at
cultural historical analysis or interpretation will
be problematical. Hence, any new study of the
geoglyphs has necessarily to start with reliable
and accurate documentation.

The maps that are available have considerable
deficiencies because the focus of most research
projects has thus far been on explaining the
geoglyphs rather than on recording them. And
as mentioned previously, applied methods of
geoglyph recording have not proven efficient
enough. In order to overcome these shortcom-
ings, it is necessary to take advantage of the
diverse tools offered by modern mapping meth-
odology.

Topographical surveys are today usually based
on remote sensing techniques. In remote sens-
ing, information about an object — in this case,
the geoglyphs on the earth’s surface — is ob-
tained by sensors that capture electromagnetic
radiation emitted or reflected by the object, e. g.
sunlight or radar rays. Different types of sensors
allow the geometry, composition, temperature,
use, etc. of the earth’s surface or objects upon
it to be recorded. To document the Nasca
geoglyphs, optical airborne or spaceborne sen-
sors are possible candidates since they provide
information about the location, size, and shape
of the geoglyphs, as well as the surrounding
terrain.

Satellite remote sensing

So far, data obtained by spaceborne sensors has
not been used for documenting the Nasca geo-
glyphs, because high resolution satellite imagery
has become available only recently. The level of
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SATELLITE / SENSOR SWATH WIDTH

SPECTRAL BAND PAN | SPATIAL RESOLUTION
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WEBSITE

COSMOS KVR-1000 40.0 km 0.51-0.76
EROS-A 135 km 0.50-0.90
IKONOS 11.3 km 0.45-0.90

ORBVIEW-3 8.0 km 0.45-0.90
QUICKBIRD-2 16.5 km 0.45-0.90

33333

20 m www.sovinformsputnik.com
1.8 m www.imagesatintl.com
10 m Www.spaceimaging.com
10 m www.orbimage.com
0.61 m www.digitalglobe.com

Table 2. Satellites and sensors that provide high resolution panchromatic imagery (as of May 2004).

detail visible in an image depends on its spatial
resolution, which can be expressed in pixel size.
A resolution of 1m pixel size means that a
square of 1 m edgelength on the ground has a
unique color, or gray value, in the digital image.
In Palpa where all geoglyphs are to be recorded,
imagery is needed that allows detection of even
the narrowest lines, which have a width of
approximately 10 cm. To show such geoglyphs
with enough detail to map them accurately the
pixel size should at least come close to their
minimal width. Ideally, it should be even smaller.

Such high spatial resolution is so far not
commercially available from spaceborne sensors,
even though over the past few decades image
resolution has increased considerably. When the
last well documented fieldwork on the Nasca
pampa was carried out in 1984 under the direc-
tion of Anthony Aveni, the best available images
were those taken by NASA'’s analog Large
Format Camera (LFC) mounted on the Space
Shuttle during mission STS-41G (Doyle 1985).
Depending on orbit, film, and atmospheric
conditions, spatial resolutions from approxi-
mately 5 to 20 m were achieved. Furthermore,
images taken by the Landsat 4/5 Thematic
Mapper sensor with a spatial resolution of 30 m
were available at that time (Lillesand et al. 2004:
tables 6.1, 6.2).

In 1997, when the first photo flight over
Palpa and Nasca was performed within the
framework of SLSA’s project with airborne
sensors, the best available resolution of civil
spaceborne sensors was 5.8 m which was pro-
vided by the Indian IRS-1C and D satellites
(Lillesand et al. 2004: table 6.8). By then, the
Russian government had made available selected
images taken by the analog KVR-1000 camera
mounted on several satellites of the military
COSMOS series (Lillesand et al. 2004: 463).
These panchromatic images offer a spatial res-
olution of 2m, but cover mainly parts of
Europe, Asia, and North America.

At the time of writing (2004), panchromatic
sensors mounted on satellites launched by pri-

vate companies capture imagery with a spatial
resolution that comes closer to the useful range
for geoglyph mapping yet is still not high
enough. The recently launched EROS-A satellite
provides digital imagery with a spatial resolution
of 1.8 m. The IKONOS2 as well as ORB-
VIEW 3 satellites deliver a spatial resolution of
1 m, while QUICKBIRD 2 even achieves 0.61 m
pixel size (Lillesand et al. 2004: table 6.14). As
of May 2004, the Nasca pampa was covered by
four QUICKBIRD images and several series of
IKONOS images, whereas no high resolution
EROS A or ORBVIEW images have thus far
been taken over that area. For Palpa, only one
QUICKBIRD image covering the eastern half
of the area of investigation is currently available 4,

In the years to come, new civil sensors with
a panchromatic resolution of 0.5-0.4 m are likely
to be launched®. It is to assume that in the
military realm the best available spatial resolu-
tion is already much higher, probably in the
centimeter range. However, due to legal and
other constraints (Fritz 1999), such imagery is
unlikely to become available to civil users in the
foreseeable future®.

Table 2 gives an overview of the character-
istics of several sensors that currently offer the
highest available spatial resolution in panchro-
matic imagery. The actual availability of images
over specific areas can be checked via the
company websites.

4 Information based on survey of online image databases
of the respective companies conducted on May 13, 2004.
For up-to-date results see company websites as given in
table 2.

15 See press releases “DigitalGlobe unveils plans for next-
generation spacecraft constellation” (March 23, 2004) at
www.digitalglobe.com and “Space Imaging reacts to new
White House remote-sensing policy” (May 13, 2003) at
www.spaceimaging.com (accessed May 13, 2004).

1% See also fact sheet on “U.S. commercial remote sensing
policy” (April 25, 2003), available as PDF at
www.licensing.noaa.gov (accessed May 13, 2004).
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All in all, imagery from spaceborne sensors
is currently not available at a spatial resolution
that would allow a detailed recording of the
Nasca geoglyphs including the narrowest lines
which was the aim of the Nasca-Palpa Project.
Nevertheless, if the focus is put on other aspects
then data provided by satellite sensors can be
helpful in many ways. For example, a partial
geoglyph mapping may be accomplished using
satellite images. Virtually all areal geoglyphs,
like trapezoids and rectangles, as well as the
wider lines (yet not the famous biomorph fig-
ures) are visible in existing IKONOS and
QUICKBIRD images. Mapping these larger
geoglyphs would provide a basic documentation
which for many geoglyph sites is not yet avail-
able. Satellite images can be ordered in geo-
referenced form and used for mapping in 2D or
even stereoscopically in 3D if stereo images are
available. Considering the need for conservation
and protection of the geoglyphs today, such an
approach would already be helpful in many
cases, and the resulting maps could be used as
starting point for further studies.

The generation of digital terrain models
(DTMs) or maps of large areas, e. g. the whole
Nasca basin, is another task for which satellite
sensors offer suitable data. In Peru, governmen-
tal agencies like SAN or IGN use combinations
of images taken by airborne and spaceborne
sensors to produce and update maps and digital
terrain models of the whole country, though so
far only at small scales. Other sources offer
DTM data based on spaceborne sensor imagery
as well. As an example, stereo imagery acquired
by NASA’s ASTER sensor mounted on the
TERRA satellite (Lillesand et al. 2004: 481 f,
table 6.21) is used to generate DTMs with up
to 7 m horizontal accuracy. Stereoscopic image-
ry with different resolution from other sensors
(SPOT, JERS-1, ADEOS, IKONOS etc.) is
likewise suitable for DTM generation.

Another source for height information of the
earth’s surface is synthetic aperture radar (SAR)
interferometry. The phase difference of micro-
waves emitted and received by two radar sensors
arranged along a known baseline allows the
elevation of the point on the surface from which
the waves are reflected to be calculated. A large-
scale application of this method to generate
DTMs was NASA'’s Shuttle Radar Topography
Mission (SRTM) flown in 2000. During this
mission, approximately 80% of the surface of
the earth was recorded by radar interferometry.
SRTM data enables the generation of DTMs
with an accuracy of better than 20 m (horizon-

tal) and 16 m (vertical) (Lillesand et al.
2004: 712 f).

From 1997 to 1999, SAR interferometry has
been applied to detect geomorphological change
in the desert surface of the Nasca pampa (Lefort
et al. 2003, 2004). Although the results show that
a good part of the vast plain is relatively stable
and does not show any change, erosion channels
coming out of the foothills of the Andes and
crossing the pampa are clearly visible. The
monitoring of geoglyph sites and especially the
identification of areas where natural erosion is
likely to occur is important for efficient geo-
glyph preservation (cp. Lumbreras 2000).

Aerial photogrammetry

The many benefits of satellite imagery notwith-
standing, aerial images are still the best choice
if an accurate and complete 3D mapping of all
geoglyphs of a given area is needed. They
potentially offer a spatial resolution high enough
to identify even the narrowest lines. Depending
on flight height, the camera used, and the area
to be covered, images at a scale of up to 1 2,500
can easily be obtained during standard photo
flights. The larger the scale the more images are
required to cover a given area.

3D object extraction and DTM generation
require the taking of overlapping images in
order to obtain stereopairs suitable for a pho-
togrammetric analysis. In order to map the
Nasca geoglyphs in the Palpa area, it was
decided to focus on an analytical photogram-
metric analysis of large scale aerial images.
Photogrammetry has seldom been applied to
Nasca archaeology, and the results are rather
mixed. This, however, seems largely because the
scale of the images used did not allow a com-
plete mapping that would have included the
many narrow lines. Furthermore, the mapping
efforts seem to have been accomplished largely
without archaeological expertise.

Thus, the potential of modern photogramme-
try for geoglyph recording should not be judged
from previous efforts alone. Rather, a survey of
recent applications in cultural heritage recording
shows that modern analytical and/or digital
photogrammetry is a powerful tool if applied
correctly. In Europe, Asia, and Australia, pho-
togrammetry has successfully made its way into
every-day archaeological research. In New World
archaeology, however, it has rarely been em-
ployed. Some recent exceptions include the
documentation of Maya architecture in Hondu-
ras and Mexico (Gray/Boardman 2002; Des-
mond/Bryan 2003), the recording of monumen-



30 The Geoglyphs of Palpa, Peru

tal adobe architecture on the Peruvian north
coast (Reindel 1993; Sauerbier et al. 2004), and
the documentation of terraces and other struc-
tures in the northern Peruvian Andes (Capra et
al. 2002).

Photogrammetry, like laser scanning, allows
for high accuracy 3D recording at relatively low
cost. In the following part, the potential, the
procedures, and the requirements of photogram-
metry are briefly outlined. Detailed introduc-
tions about the principles of photogrammetry
are available elsewhere?’.

The American Society for Photogrammetry
and Remote Sensing (ASPRS) defines photo-
grammetry as follows:

“Photogrammetry is the art, science, and
technology of obtaining reliable informa-
tion about physical objects and the envi-
ronment, through processes of recording,
measuring and interpreting images and
patterns of electromagnetic radiant energy
and other phenomena.” (www.asprs.org/
asprs/society/about.html, accessed May 27,
2004)

In other words, photogrammetry allows the
acquisition of metric information about the size,
shape, and position of a given object — i. e. data
that allows the geometric reconstruction of that
object — by measurements of the object in
images, thus eliminating the need to measure the
object itself. In this sense, photogrammetry is
a subfield of remote sensing, where information
about an object is obtained by sensors that do
not touch the object itself, but rather record
electromagnetic radiation emitted by the object.
In photogrammetry, optical sensors like cameras
are used to capture lightwaves reflected by the
object from which an image is generated. This
accomplished,

“[t]he fundamental task of photogramme-
try is to rigorously establish the geometric
relationship between the image and the
object as it existed at the time of the
imaging event. Once the relationship is
correctly recovered, one can then derive
information about the object strictly from
its imagery.” (Mikhail et al. 2001: 1)

Photogrammetry allows a wide range of objects
to be surveyed and measured from microscopic
particles to whole planets (see Luhmann 2002
for an overview of recent research). In the case
of cultural heritage, the advantages of measuring
in images instead of at the actual object become
readily evident:

— Taking images of an object is usually faster
and easier than physically measuring it

— In the case of delicate objects, measuring in
images helps avoiding potential damage caused
by surveying activities

— An object can be measured even if it has
disappeared or considerably changed since
the images were taken.

Photogrammetric measurements in images basi-
cally require suitable images, information about
the camera, and 3D survey control data:

— Images: From a single image of an object,
only 2D data can be easily derived. For
measurements that aim at the recovery of
metric 3D data, at least two different images
of the object are usually needed. Similar to
the way human vision works, two views of
an object from slightly different viewpoints
allow the object to be seen in 3D. This basic
procedure of photogrammetry is called ste-
reoscopic viewing. In order to record an
object in 3D, a series of images has to be
taken in a way that every part of the object
is covered by at least two adjoining images.
The overlapping areas of the images allow not
only stereo viewing, but also 3D measure-
ments.

— Camera: The way an image of a real-world
object is generated depends on technical
characteristics of the camera like focal length,
lenses used, etc. These parameters determine
the distortion of the image when compared
to the object. The technical characteristics of
the camera can be calibrated by taking photos
of a test field of points whose spatial posi-
tions have been measured.

— Control data: To enable the correct scaling
and positioning of recorded objects, the precise
location of certain points, or the precise
length of certain ranges visible in the images
needs to be established by independent
measurements.

Thus, images and control data have to be
acquired at the object itself while camera cal-
ibration data can either be obtained in the office
or simultaneously during the process of image
acquisition (self calibration). The time necessary
to acquire data is usually much shorter than data
processing and analysis which has to be carried
out in the office.

17 Mikhail et al. 2001; Lerma 2002; Luhmann 2003; Kraus
2004.
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Once the camera has been calibrated the
images can be oriented relatively to each other.
Using control data they can then be oriented
absolutely in space. In the overlapping area of
two adjoining and oriented images (stereopairs)
3D measurements can be carried out. The results
of the measurements are then digitally recorded.
Based on this data, the geometry of the object
can be reconstructed in a virtual computer
environment. If photorealism is needed, texture
is generated from the images and draped over
the geometric model. Different products can be
derived from the model, like maps and plans.
The digital 3D data is especially well suited to
be integrated on a GIS platform where it can
not only be managed and edited, but also
analyzed as for inherent spatial relations be-
tween its components.

If these prerequisites are complied with
modern aerial photogrammetry seems a power-
ful tool to accurately record the Nasca geo-
glyphs in 3D. The geoglyphs are distributed
over wide, largely flat terrain and lay open on
a surface not covered by vegetation. These are
ideal conditions for aerial photogrammetry since
the geoglyphs can be completely recorded by
taking vertical aerial images organized in parallel
strips with a calibrated aerial camera mounted
on an aircraft flying at low altitude. Today
control data can easily be obtained by determin-
ing the absolute position of certain points clearly
identifiable in the aerial images with the global
positioning system (GPS). That way, the pho-
togrammetric fieldwork can be reduced to a
photo flight and some GPS measurements. The
actual mapping and drawing of the geoglyphs
can then be done in the office using photogram-
metric hardware and software.

Complementary archaeological fieldwork

The great potential of photogrammetry notwith-
standing, it cannot substitute archaeological field-
work. The geoglyphs were made, used, and
perceived on the ground and should also be
studied on the ground. Ground level contact
with the geoglyphs allows them to be correctly
identified and mapped using aerial images. And,
verification of the resulting maps in the field
allows an assessment of the quality of the
mapping procedure. Also certain aspects of the
documentation of the geoglyphs cannot be cap-
tured by image based recording. For example,
cultural remains like ceramics or lithics, strati-
graphic relationships between geoglyphs, and
alterations of geoglyphs are important aspects
that can hardly be documented in images alone.

Thus, photogrammetric recording should be
combined with thorough archaeological record-
ing. Since the actual mapping of the geoglyphs
can be done in the office fieldwork can be
dedicated entirely to the description of geo-
glyphs and any associated cultural remains which
is an important advantage.

Geographic Information System (GIS)

To store, manage, analyze, and visualize hybrid
data in an efficient and sustainable way geo-
graphic information systems (GIS) are especially
suitable. GIS has become an important tool in
archaeological research since the 1990s. This is
due to the capability of GIS to make use of the
inherent spatial component of archaeological
data, as stressed by the authors of the recently
published first textbook on archaeological appli-
cations of GIS:

“Artefacts, features, structures and sites,
whether monument complexes, chance finds
of individual objects, scatters of ploughsoil
material or rigorously excavated structural
and artefactual remains, are all found some-
where. As well as the position of the
feature or artefact itself there may also be
a series of relationships between the loca-
tions of features and artefacts, revealed by
significant patterns and arrangements rel-
ative to other features and things.” (Wheat-
ley/Gillings 2002: 3; emphasis in original)

A strong point of GIS is that it allows the
placing of archaeological features and finds in
a topographic and environmental context, and
to systematically analyze patterns and interde-
pendencies between different types of data. This
ability is partially responsible for the increased
focus on landscape archaeology in recent years®s.
However, GIS is a useful tool not only on a
regional scale, but also at the site level for
managing and analyzing data resulting from
geophysical prospection or excavation (Neubau-
er 2004).

A geographic information system is mainly
composed of tools for data storage, analysis, and
visualization (cp. Wheatley/Gillings 2002:
fig. 1.2). Its core is a database management
system (DBMS) in which archaeological as well
as other data is stored (Ryan 2004). A careful
structuring of the database is decisive for effi-

8 Baena et al. 1997; Kvamme 1999; Gourad 1999.
¥ Gramsch 1996; Gillings et al. eds. 1999; Anschuetz et
al. 2001.
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cient data retrieval, editing, and querying. A
second element of a GIS is the one which is
often regarded as the GIS itself: it has tools for
manipulating and analyzing the stored data and
for interrelating different types of data. A third
and final important element is the visualization
and output of data and results of analysis, be
it on-screen or in other forms, e.g. as maps.
In the Nasca region, the capabilities of GIS
could not yet be exploited because of a lack of
suitable data. Concerning the geoglyphs which
occupy a prominent place in the Nasca land-
scape, a GIS-based analysis has been needed for
some time to help understand the ordering
principles that guided their construction:

“In the future, perhaps GIS analysis will
reveal systematic spacing of geoglyphs that
we do not perceive from ordinary exam-
ination of aerial photographs and maps.”
(Silverman/Proulx 2002: 179)

The intended photogrammetric analysis of the
Palpa geoglyphs in combination with their thor-
ough recording in the field was expected to
result in exactly the kind of hybrid data GIS is
designed to analyze. Thus, GIS was utilized for
data storage, analysis, and visualization as im-
portant complement of fieldwork from the
beginning of the project.

All'in all, in order to document the geoglyphs
of Palpa in an efficient and accurate way a new
approach combining procedures of modern aerial
photogrammetry, archaeological field survey,
and GIS technology seemed most promising.
Such an approach would allow the establishment
of a suitable database indispensable for any
further cultural historical investigation into
geoglyph function and meaning.

3.2 GEOGLYPH ANALYSIS AND INTERPRETATION

3.2.1 Previous research

The search for the function and meaning of the
Nasca geoglyphs has been the driving force
behind their investigation since they were first
spotted from a hill east of Nasca by Peruvian
archaeologists Julio C. Tello and Toribio Mejia
in 1926 (Mejia 2002: 182). Many people, but
surprisingly few archaeologists, have since con-
tributed to the topic. The most prominent
hypothesis in the popular literature is still that
of Paul Kosok and Maria Reiche who considered
the geoglyphs “[ . . ] the largest astronomy book
in the world” (Kosok 1965: 49). To the present

day the notion that lines point toward stars and
figures depict astral constellations is repeated in
newspaper articles and tourist guidebooks. The
main reason for the persistence of this explana-
tion is that Maria Reiche, supporter of the
astronomical hypothesis, had for many years a
qguasi monopoly on the interpretation of the
geoglyphs and was a media favorite. Although
the geoglyphs were first associated with astron-
omy by American geographer Paul Kosok in
1941, it was Maria Reiche who then promulgat-
ed and expanded his explanation.

The origin of the astronomical hypothesis
and its basic elements have been described in a
series of publications by its main protagonists?.
They are well known and will not be repeated
here. The main aspect of the hypothesis, i. e. the
alleged orientation of lines or straight sections
of geoglyphs towards the rising, setting, or
zenith point of the sun and other stars on
calendrically important dates (e.g. solstice or
equinox days), has been thoroughly tested on
several occasions by astronomers and other
researchers?. While the premises and methods
of these tests differed, and their results are not
identical, all of them show that astronomical
orientation can be ruled out as main ordering
principle of the Nasca geoglyphs. In spite of
these results, the astronomical hypothesis re-
mains today the starting point of current re-
search, such as the project directed by geodetic
engineers from Dresden, Reiche’s hometown?,
Therefore, a few critical comments on some
often overlooked aspects of Kosok’s and Re-
iche’s hypothesis seem appropriate.

The famous story of Kosok being * . . . struck
with the thought that these remains could have
had some connection with early calendrical and
astronomical observations” (Kosok 1965: 52) is
often associated with a picture of him standing
beside a line that points to the sunset above the
flat horizon. This picture, which is not, although
sometimes cited as such, reproduced in his 1965
publication, was reportedly taken by his wife
Rose (Aveni 2000a: 91) probably someplace on
the Nasca pampa. If this is true, then it cannot
have been taken on June 22, 1941 because on
that day Kosok and his wife were standing on
the edge of a plateau near Llipata in the vicinity
of Palpa, as clearly stated in Kosok’s original
report (Kosok/Reiche 1947: 202).

2 Kosok/Reiche 1947, 1949; Kosok 1965; Reiche 1976,
1993.

2 Hawkins 1974; Aveni 1990b; Ruggles 1990.

22 Teichert/Richter 2001, 2003; Teichert et al. 2002.
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The specific line that pointed to the sunset
on that day, a photo of which is shown in the
report, runs down the hill and crosses a wide
guebrada that opens up to the Grande valley.
The line is part of a set of lines radiating out
in different directions from the point where
Kosok was standing, an arrangement today
called a line center. To the west, it ended in a
large trapezoid (now destroyed) on the left bank
of Rio Grande. On the right bank of Rio Grande
a range of rocky hills sharply rises forming a
jagged horizon high above the valley. Thus,
from where Kosok was standing the line can
only roughly indicate a point on the horizon
since the horizon is on a considerably higher
level than the visible end of the line®.

What Kosok saw on that decisive day was
not a flat horizon where the sun could neatly
set over the distant end of a line, but instead
a high range of hills, its characteristic peaks and
gullies clearly visible against the setting sun. It
has been cogently proposed by other researchers
that such a setting could have easily served for
astronomical observations, since the sunset can
be observed over different and easily distin-
guishable points during the course of the year
(Reinhard 1996: 32, fig. 29). For reliable calen-
dric observations in such a setting a fixed
viewpoint for comparable observations is the
only requirement. Lines or markings on the
ground, however, are not needed in such a
scenario. Thus, although astronomical observa-
tions may have been undertaken, there is little
reason to assume that the geoglyphs were related
to them - at least not in the way proposed by
Kosok.

It may be argued that in a setting lacking a
distinctive row of hills, like the Nasca pampa
as visible in the famous photograph mentioned
above, lines served as substitutes for hills that
indicated the position of the sun and starts on
important dates. If this was true there should
be an observable difference in the repertoire of
geoglyphs between areas with a flat horizon and
others with a hilly horizon. On the basis of
available data this question cannot be decided,
but there seems to be a high degree of similarity
between geoglyphs of different parts of the
Nasca region.

According to the astronomical hypothesis
lines are not only associated with sunsets, but
also with the position of certain stars in the
night sky. If this was the case, then ancient
observers on the pampa would have encountered
a practical problem that has rarely been men-
tioned. The lines on the ground are hardly

visible by night, if at all. They could therefore
not have fulfilled their alleged function. So far
there is no evidence whatsoever that the course
of the lines was being illuminated. Such an
illumination, on the other hand, would have
affected the visibility of the stars. Even in the
daytime, the visibility from the ground along a
line towards the horizon is often limited, for
example due to afternoon haze that makes the
horizon appear fuzzy.

Thus, from a practical point of view lines
could most likely not have indicated the position
of stars and do not even seem especially well
suited to indicate sunsets over flat terrain.
Furthermore, though lines may be clearly visible
over a certain distance, they are in many cases
much longer than observable from a ground
perspective, a fact that cannot be explained by
astronomical observations. Besides, especially on
the Nasca pampa, a major part of lines are
organized around line centers from which they
radiate in all directions. Thus, the existing range
of line orientations covers practically the full
circle. If specific points on the horizon were to
be highlighted by the orientation of lines, such
an arrangement would not have made any sense .

All in all, lines on the ground seem of little
value for celestial observations due to practical
considerations. This questions the plausibility of
the astronomical hypothesis even without ad-
dressing the issue of prehispanic astronomical
knowledge. Astronomy may well have played an
important role in the Nasca region. It seems,
however, misleading to relate astronomical ac-
tivities to geoglyphs. The often repeated notion
that the Nasca geoglyphs can only be under-
stood when viewed from above does little to
further an understanding of the geoglyphs, nor
does the equally well known proposal that
looking up into the sky from the pampa help

2 Kosok’'s view on that day can be appreciated in pictures
published by Morrison (1987: 39) and Moseley (2001:
fig. 67). The combination of lines and trapezoids south
of Llipata on which Kosok was standing has since been
sketch-mapped by Horkheimer (1947: fig. 11; cp. fig. 5)
and Rossel (1977: fig. 44) and was interestingly labeled
“Linea Sirius” by Reiche (1993: 568-569). It has also
been mapped by the Nasca-Palpa Project (supplement 2).

2 The objections mentioned here address straight lines
which Kosok and Reiche originally based their reasoning
upon. Apart from straight lines, Reiche and others also
checked borders of trapezoids and rectangles, as well as
straight portions of bended lines and figures for possibly
meaningful orientations. The above mentioned issues
apply to them as well.
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to understand them. A ground perspective, that
is, viewing the geoglyphs from the ground seems
the most promising location from which we will
be able to learn more about the geoglyphs.

The astronomical hypothesis plays only a
marginal role today, at least in scientific re-
search, because it has been tested and largely
rebutted. The aforementioned practical issues
further bring into question its plausibility.
However, fifty years ago, following Kosok’s and
Reiche’s early publications, the notion of ad-
vanced astronomical knowledge in prehispanic
times manifested by spectacular drawings in the
desert made the Nasca geoglyphs world famous.
By the 1960s, they attracted aficionados from all
over the world who tried to explain the geo-
glyphs from very different viewpoints that were
often only loosely, if at all, related to Andean
cultural history. Some of these hypotheses are
listed in recent reviews (Aveni 1990a; Silverman/
Proulx 2002: chapter 7). Rostworowski com-
ments that

“[a]lgunas hipotesis son extravagantes por
la necesidad humana de buscar lo maravi-
lloso, que desligue a la persona de su
mondtono diario vivir y la haga sofiar con
extraterrestres y un aeropuerto espacial.”
(Rostworowski 1993: 190)

Hence, we face a wide range of hypotheses
concerning the function of the geoglyphs, run-
ning the gamut from landing strips for spacecraft
to Olympic runways or pieces of art. Of all
these ideas, however, relatively few are based on
actual scientific research in, or into, the Nasca
region.

The situation has fortunately changed since
1980. In the last two decades several serious
investigations of the Nasca geoglyphs have been
carried out that have brought about an actual
paradigm shift in their interpretation. A review
of the results of these recent efforts shows that
a general consensus has emerged from them
concerning the basic function and significance of
the Nasca geoglyphs. For the purpose of the
present work, it seems therefore fruitful to
review these recent serious contributions in
order to identify a starting point for the research
presented here. Several overviews of the long
history of geoglyph research since 1926 have
been written by a number of authors®. It is
recommended that they be consulted as back-
ground information. The following are short
summaries of important investigations of the
Nasca geoglyphs carried out since 1980 and the
implications of that research for this project.

Johan Reinhard

American anthropologist Johan Reinhard stud-
ied the Nasca geoglyphs in the early 1980s as
part of a broader ethnographic and archaeolog-
ical investigation into Andean religious concepts
and practices (especially mountain worship). His
fieldwork in Nasca was limited to the locating
of shrines on mountain tops around Nasca
(Reinhard 1988, 1996). Basing his arguments on
historic sources and ethnographic reports, Rein-
hard shows that in Andean religious traditions
mountain deities played a prominent role and
were closely associated with water, weather, and
fertility, while their veneration often involved
ritual processions along straight lines. Since oral
traditions in the Nasca region also speak of
mountain deities (namely associated with Cerro
Blanco, on the left bank of Rio Nasca), he relates
the lineal geoglyphs to mountain worship and
a cult revolving around water and fertility. It is
also a context into which the motifs of the
figural geoglyphs fit neatly (Reinhard 1996: 36 f).
According to Reinhard,

“[...] lines played a role in a water ritual
by connecting a central place of worship
(the mound) with critical places in the
irrigation system [ . . .]” (Reinhard 1996: 25)

He assumes that lines were made by kin groups
which would explain their great number, and
that line centers on elevated points were loca-
tions where offerings were placed (Reinhard
1996: 29 ).

Reinhard’s attempt to interpret the geoglyphs
on the basis of Andean religious traditions
marks, together with the research undertaken by
Aveni and his team (see below), the beginning
of a reconsideration of the cultural background
of the geoglyphs that had long been neglected.
He shows that persistent Andean religious con-
cepts and social organizing principles can poten-
tially explain the Nasca geoglyphs. However,
the archaeological evidence that Reinhard offers
to support his view is largely restricted to
nonspecific references to common finds on and
around lines like ceramic vessels or seashells.

Anthony Aveni

American astronomer Anthony Aveni has inves-
tigated a wide range of archaeological contexts
throughout the Americas with regard to their
astronomical significance (for an overview see
Aveni 2003). His interest in the Nasca geoglyphs

% Morrison 1987; Aveni 1990a, 2000; Lumbreras 2000;
Makowski 2001; Silverman/Proulx 2002.
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was sparked when he noticed similarities be-
tween the geoglyphs and the ceques. Ceques are
imaginary connecting and dividing lines from
the Inca period found in highland Cusco and
described by Spanish chroniclers (Zuidema 1964;
Bauer 2000). Aveni had been investigating them
together with Tom Zuidema before he began his
work on the Nasca geoglyphs.

In the early 1980s, Aveni led a team of
archaeologists, anthropologists and astronomers
to study the lineal geoglyphs on the Nasca
pampa that until then had received less attention
than the figural ground drawings®. They found
that on the Nasca pampa more than 700 straight
lines are grouped around approximately 70 line
centers from where the lines emanate radially,
many of them interconnecting several such
centers. Thus, a possible order in the lineal
geoglyphs on the Nasca pampa became discern-
ible (Aveni 1990b). According to Aveni, the
radial character of the system of lines that
connect centers established on naturally elevated
points bears strong structural, and possibly
functional resemblance with the Cusco ceque
system. The radial ceques divided and organized
the terrain, connected places of religious impor-
tance (huacas), and were often walked upon in
spite of their straightness in rugged terrain.
Aveni and his team found ample evidence that
the Nasca lineal geoglyphs were equally walked
upon, that many of them showed signs of having
been used as footpaths, and that they connected

“[...] important points that delineate the
flow of water across the pampa: e.g.,
bends in rivers, dunes overlooking the
banks of the rivers and their tributaries, or
the last hill by which one descends down
onto the pampa as one approaches from
the Andes.” (Aveni 1990b: 110)

Taking even further the analogy to ceques and
huacas which in highland Cusco were closely
associated with certain social groups (ayllus),
Aveni speculates that Nasca social organization
may be reflected in the Nasca line system (Aveni
2000a: 180).

Concerning a possible orientation of certain
lines towards astral constellations, Aveni and
Ruggles put the astronomical hypothesis to a
rigorous statistical test (Aveni 1990b; Ruggles
1990). As a result, they suggest that astronomy
might have played a certain role in the construc-
tion of some lines, but clearly rule out that it
could have served as general organizing principle
underlying the system of lines. Summarizing his
team’s research, Aveni concludes that

“[...] the Nazca lines [ . . .] were intended,
at least in part, to be walked over in some
complex set of rituals that pertained most
likely to the bringing of water to the
Nazca valley and perhaps to associated
mountain worship.” (Aveni 1990b: 112)

As already mentioned, the work accomplished
by Aveni and his team marks, together with
Reinhard’s and Silverman’s research, the begin-
ning of a new era of scientific investigation into
the Nasca lines after the dominance of Maria
Reiche’s ideas. They have redirected the research
agenda toward an Andean cultural framework
for interpretation of the geoglyphs. Aveni’s
fieldwork showed that a thorough investigation
of the lines on the ground, hardly attempted
before, can reveal important insights into the
nature of the Nasca geoglyphs. However, some
shortcomings should not be overlooked.

His research on the pampa did not help
establish the missing link to the largely unstud-
ied settlements in the valleys — probably one of
the reasons why Aveni relies heavily on ethno-
historic and ethnographic parallels to interpret
the geoglyphs. Furthermore, like many of his
colleagues, he tends to treat the alleged system
of lines as a single context, without differenti-
ating chronologically. Finally, he does not present
any specific evidence recovered in the field that
would clearly support the idea of rituals being
performed on the geoglyphs. The same applies
to his references to Nasca social organization.
Nevertheless, the publication of the results of
the investigations of Aveni’s team (Aveni ed.
1990) is still the most comprehensive study on
the Nasca geoglyphs available.

Persis Clarkson

Canadian archaeologist Persis Clarkson has
specialized in geoglyph research in the Americas.
Her areas of interest range from the southwest-
ern US to southern Peru and northern Chile
(Clarkson 1999). In the early 1980s she took part
in Aveni’s project, conducting an extensive survey
of cultural remains on the Nasca pampa. She
documented archaeological features like stone
circles, cairns, structures and artifacts on and
nearby the ground drawings. She tried to estab-
lish a cultural and environmental framework for
the study of the geoglyphs (Clarkson 1990).
Later she continued with her own geoglyph
research (Clarkson 1996, 1998).

% Aveni ed. 1990; Aveni 1990a, b, 1999, 2000a, b.
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Among other things, she investigated the
relative and absolute chronology of the geo-
glyphs (Clarkson 1996; Clarkson/Dorn 1991).
Originally she suggested that only the biomor-
phic figures were from the Nasca period, where-
as lineal geoglyphs dated to the Middle Horizon
and the Late Intermediate Period (Clarkson
1990: 170). This result did not fit in well with
the results of other researchers and was the cause
of considerable debate. Based on subsequent
fieldwork and chronometric datings Clarkson
later changed her point of view?. She now
agrees that in certain areas lineal geoglyphs also
date to the Nasca period.

Concerning the function of the geoglyphs,
Clarkson emphasizes that they were walked
upon, either in a ritual or profane way. This is
suggested by footpaths on the geoglyphs or by
the many artifacts found on or nearby them.
Clarkson points out that the making of the
geoglyphs was an important aspect in itself
(Clarkson 1990: 170 ). She interprets stone cir-
cles and utilitarian ceramic vessels as associated
with people working on the construction of the
geoglyphs, and suggests that pots of fineware
ceramics were intentionally smashed in a ritual
context (Clarkson 1990: 140).

Clarkson was the first researcher after a long
hiatus to draw attention to archaeological re-
mains closely associated with the geoglyphs that
had been virtually forgotten since Mejia and
Horkheimer mentioned them in their early
reports (Mejia 2002; Horkheimer 1947). Her
investigations helped to get a clearer picture of
the cultural context of the geoglyphs on a local
level, even though not all of the contexts dis-
cussed by her seem to be associated with the
Nasca geoglyphs. She was also the first research-
er to try to date the geoglyphs chronometrically.

Gary Urton

American anthropologist Gary Urton has inves-
tigated social and ritual behavior in contempo-
rary communities in both highland and coastal
Peru. He has also studied historical sources and
recorded oral traditions to trace the observed
phenomena back in time. Urton participated in
Aveni’s fieldwork on the Nasca pampa and
contributed important insights from his ethno-
graphic and ethnohistoric research to recon-
struct the social background of the people who
made and used the Nasca geoglyphs (Urton
1990). He put his focus on patterns of social
organization revealed when social groups come
together on certain occasions (prescribed by a
religious calendar) to maintain public structures.

Urton worked back in time from ethnographic
reports about contemporary highland commu-
nities to ethnohistoric sources that describe the
situation in the Nasca region in the 16™ century
and further on to archaeological evidence from
Inca times. He argues that pre-conquest Nasca
society was structured in a three level hierarchy.

According to Urton, local level ayllus, groups
of people holding common land rights on strips
of terrain, were grouped on the regional level
into suyus or parcialidades while several of these
middle level units were in turn grouped into
moieties that were basic elements of the dual
organization of pre-conquest Andean societies
well documented in historic sources (Urton
1990: fig. IV.12). Concepts of social organiza-
tion, like ayllus, were at the same time closely
associated with concepts of spatial organization,
like chhiutas or strips of land. According to
Urton, the persistence of these concepts from
prehispanic well into modern times (although
not unaltered) favors their projection back into
Nasca times. He argues that the maintenance of
the Nasca lines can be understood in terms of
communal labor organized along ayllu lines, e. g.
to maintain an alleged trans pampa road. This
work could also comprise ritual activities, like
the cleaning of sacred spaces as prelude to ritual
processions or gatherings.

Although Urton’s work has little to offer in
terms of archaeological evidence from the geo-
glyphs, it presents a coherent model of a pos-
sible social organization for the period when the
geoglyphs were constructed. Furthermore, it
favors, much like the contributions of other
researchers described in this section, a ritual use
of the Nasca geoglyphs at least in part.

Helaine Silverman

American archaeologist Helaine Silverman con-
ducted extensive fieldwork in the Nasca region
in the 1980s and has since published an impor-
tant series of articles and books on a wide range
of topics about the prehistory of that region.
Her main projects were excavations in Cahuachi
(Silverman 1990a, 1993a) and a regional settle-
ment survey of the Ingenio valley (Silverman
1990b, 1993b, 2002b). In spite of the consider-
able number of excavation and survey projects
in recent years, Silverman’s publications are still
the only final reports available on this kind of
research.

27 Clarkson 1996: 437, 1999: 169; Clarkson/Dorn 1991:
cuadro 1.
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Silverman’s work does not focus especially
on the geoglyphs. She does not treat the geo-
glyphs as an isolated phenomenon like many of
her predecessors, but rather as an integrated part
of a culture to be studied and understood only
within their cultural historical context. In the
vicinity of Cahuachi and also in the Ingenio
valley, Silverman noticed that geoglyphs are
often found in close proximity to settlements,
point towards them or even interconnect them.
Thus, a cultural context on the regional level
could be reconstructed which the geoglyphs on
the pampa seemed to be devoid of at first sight.
Drawing upon her interpretation of Cahuachi as
the spiritual, ritual, and social (albeit not polit-
ical) center of Early Nasca times, Silverman
understands the geoglyphs as part of a ritual
complex closely related to that site. Thus, she
interprets lines through the pampa as pathways
used by pilgrims on their way to Cahuachi, as
culturally domesticated space in the desert, and
as locus of gatherings and ritual activities of
cognatic descent groups (Silverman 1994b, 2000).

Like Urton, Silverman believes that Nasca
sociopolitical organization can be understood in
terms of Andean dualism. In this model, the
Nasca drainage would have been divided into
two moieties north and south of the Nasca
pampa with each valley in turn split into an
upper and lower moiety. The pampa, and with
it the geoglyphs, would have served as a place
or stage where people from the two moieties
met, interacted, and negotiated their status. While
historic documents from the early colonial period
seem to support the idea of intra-valley moieties
prior to the conquest (Urton 1990: appendix
111), Silverman finds further support for her idea
in the proposed functional division of Cahuachi,
the empty ceremonial center in the Nasca valley,
and Ventilla/Site 165 which is the alleged urban
and administrative center in the Ingenio valley.
Silverman believes that both sites were connect-
ed by a trans-pampa geoglyph which would
again strengthen the idea of the pampa as
connector and common ground for both moi-
eties.

However, there are many unknowns in Sil-
verman’s equation. The geoglyph she cites in her
research was built over by the Camino de
Leguia, predecessor of the Panamerican High-
way, in the 1920s before the first aerial images
of the pampa were taken, so it is difficult to
assess today if such a geoglyph ever existed.
Furthermore, Ventilla/Site 165 has never been
investigated in detail, and there are serious
doubts concerning the purely ceremonial role of

Cahuachi as proposed by Silverman (Schreiber
1998: 265). Hence, apart from historical sources
mentioned by Urton and the claim that the
concept of Andean dualism can be traced to
Nasca times, there is still no clear archaeological
evidence to back such a model.

More than other researchers Silverman em-
phasizes that the hypotheses proposed by Aveni,
Urton, Reinhard, and herself complement each
other. In her view the construction of geoglyphs
was based on a ritual complex involving ritual
movements along straight lines, prediction of
water flow and agricultural fertility, observation
of the skies and heavenly bodies, and mountain
worship. She furthermore understands the geo-
glyphs as a mnemonic device or text seeing

“[...] the proliferation of lines on the
Pampa as the cumulative result of repet-
itive ritual activity, perhaps calendrically
organized [ ...] Through this ritual activ-
ity on the Pampa the lines were made and
in so doing the lines recorded ecological,
climatological, hydrological, social, and
political information necessary for social
life and its prediction and scheduling.” (in
Silverman/Proulx 2002: 179)

The function of specific geoglyphs in regard to
the different aspects of Silverman’s hypothesis
remains vague, however. The strength of Silver-
man’s reasoning lies in a logical model that
explains the geoglyphs in a larger cultural con-
text, but data from the archaeological record is
underrepresented in her model.

David Browne

British archaeologist David Browne was the first
researcher to concentrate his investigations ex-
clusively on the then poorly known Palpa area.
His survey, conducted in the late 1980s, covered
the alluvial plain around Palpa, the Rio Grande
downriver to its junction with Rio Ingenio, as
well as short stretches upriver of Rio Grande,
Rio Palpa and Rio Viscas?®. Although the geo-
glyphs were not the focus of his prospection
(Browne 1992: 77), he describes several which he
found in close proximity to sites from the Early
Intermediate Period. The term campo barrido or
cleared field used by him (Browne/Baraybar
1988: 301, 309) seems to refer in most cases to
some kind of cleared plaza forming a part of
a settlement, but in other cases it is clear that

2 Browne 1992; Browne/Baraybar 1988; Silverman/Browne
1991; Browne et al. 1993.
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Browne describes trapezoidal geoglyphs. He
proposes a ritual function for the campos, pos-
sibly related with funeral rites, but does not
explain what this assumption is based on other
than some intentionally broken pots. Concern-
ing geoglyph research in general, Browne states

“[...] that the clues to the answers to
many problems concerning the so-called
Nasca lines lie in the small valleys tribu-
tary to the main drainage and that the
emphasis in study should shift from the
pampa to them.” (Browne/Baraybar
1988: 318)

While this conclusion is important, published
data on the geoglyphs in his survey area is
limited.

Maria Rostworowski

Peruvian historian Maria Rostworowski has
searched a vast number of historical sources for
indications of pre-conquest history and religion
in the Andes. Her publications constitute an
important source of information on these topics.
According to Rostworowski, old legends found
in colonial sources indicate that a deity called
Kén was venerated before the god Pachacamac
rose to prominence (Rostworowski 1993). Kén
is said to have changed the once fertile coastal
strip into desert and to have sent rivers as
substitute for rain. Thus, this deity is closely
associated with the flow of water in the rivers
upon which the coastal economy is based.

Kon is described as a boneless, flying being,
whose origin can be traced to the south coast.
Based on this evidence, Rostworowski hypoth-
esizes that Kon may have been the principal
deity in the Paracas and Nasca pantheon and
that this deity probably appeared only at certain
seasons of the year when the water in the rivers
began to flow (Rostworowski 1993: 196, 199).
She also assumes that the geoglyphs were made
as places where believers awaited Kon’s appear-
ance or as signs for the god to come. Water and
fertility would have been important aspects of
this religious concept, not only in Paracas and
Nasca but throughout the whole Peruvian coast.
Rostworowski also identifies flying beings de-
picted on ceramics and textiles that are generally
characterized as Anthropomorphic Mythical
Being as Kon.

Apart from Silverman’s and Proulx’s objec-
tion that the Anthropomorphic Mythical Being
is not related to flying (Silverman/Proulx
2002: 185), Rostworowski’s hypothesis has the
disadvantage that there will probably never be

a way to test it with archaeological means.
However, it fits well into the aforementioned
attempts to explain the Nasca geoglyphs in
terms of Andean religious concepts and beliefs.

Aurelio Rodriguez

Peruvian archaeologist Aurelio Rodriguez has
studied geoglyph sites on the coast of Peru,
especially in the vicinity of Lima. In order to
establish an interpretative framework for anal-
ysis, he searched historical sources from the
early and middle colonial period for accounts of
ritual practices during the precolonial era (Ro-
driguez 1999). Although the Nasca geoglyphs
were not the principal focus of his study, he
applied much of his results to them since they
are the best known complex of geoglyphs.
Rodriguez argues that the geoglyphs served as
locations for what he calls desplazamiento ritual
or ritual movement (Rodriguez 1999: 10, 13)
which he subdivides further into processions/
pilgrimage, ritual races, and dances. For each of
his three subcategories he presents detailed
accounts from colonial sources describing how
these rituals were performed on marked spaces.
According to his hypothesis, long straight lines
served for processions and pilgrimage while
ritual races were carried out on trapezoids and
their adjoining lines. Ritual dances in turn would
have been performed on figural geoglyphs with
chains of dancers moving along the lines that
form the figure.

Rodriguez’ compilation of historical accounts
results in a coherent picture of Andean ritual
practices and seems to fit neatly to the Nasca
geoglyphs which were presumably marked spac-
es where such rituals were preformed. Rodriguez
is more specific than other researchers as to the
actual activities on certain types of geoglyphs.
Nevertheless, he too faces the basic problem of
an 800 year time gap between the period of use
of the Nasca geoglyphs and the historical ac-
counts he cites, and he offers no specific archae-
ological evidence to sustain his ideas.

David Johnson

Whereas Aveni and other researchers propose a
possible relationship between geoglyphs and
rivers, American independent scholar David
Johnson recently proposed a new hypothesis
that links the geoglyphs to subterranean water
sources (Johnson 1999; Johnson et al. 2002).
According to Johnson, geoglyphs mark the
course of aquifers that run through geological
faults and intersect the valleys where water from
them is captured in wells and filtration galleries.
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Johnson postulates a recurrent pattern of faults,
aquifers, settlements, filtration galleries, and
geoglyphs occurring together (Johnson et al.
2002: 309). He even proposes some kind of
“code” for the geoglyphs: trapezoids mark the
course of aquifers, zigzags show places without
subterranean water, etc. (Johnson 1999: 160).

Fieldwork recently conducted by American
hydrogeologist Stephen Mabee to test Johnson’s
hypothesis shows that there is indeed strong
evidence for water sources in the valleys that are
independent of the rivers and are apparently
supplied by aquifers carrying water from the
highlands through subterranean courses towards
the coast®. It is important to note that at least
some of the ancient filtration galleries were
constructed so as to tap the water from these
aquifers, thereby providing an additional water
supply that was certainly of great importance for
the inhabitants of the valleys. It also comes as
no surprise that ancient settlements are clustered
around areas where reliable water sources were
available.

However, the proposed relation of subterra-
nean water to geoglyphs is not evident in the
data provided by Johnson. Although he presents
photos and sketches showing that some trape-
zoids align with faults likely to carry water, it
has to be kept in mind that the desert zone close
to the valley is the area where most geoglyphs
are found, so any relation may be no more than
coincidental. To systematically investigate a
possible relation between geoglyphs and water,
a detailed documentation of all existing geo-
glyphs is needed which Johnson fails to present.
Furthermore, some aspects of his reasoning seem
guestionable, e.g. his consideration of stone
circles which are most probably of modern
origin. In summary, the core of Johnson’s
hypothesis thus far lacks support from field
data. However, the work by his colleague Stephen
Mabee is an important contribution to Nasca
research since it helps understanding ancient
water management.

3.2.2 Review of recent investigations and
research approach

The above review of recent investigations dem-
onstrates that Nasca geoglyph research has
advanced considerably since 1980. Andean cul-
tural concepts, religious practices, and social
organization are now used as the basis for new
hypotheses to explain the origin and the nature
of the geoglyphs. These new approaches are
quite distinct from that of Maria Reiche who

dominated the debate on the Nasca geoglyphs,
as well as the geoglyphs themselves, for several
decades. When Kosok and Reiche proposed
their astronomical hypothesis, they largely aban-
doned what was then known to researchers
about Andean cultural history. Although their
approach was not in itself unreasonable, their
tendency to neglect the cultural context of the
Nasca geoglyphs prepared the ground for many
unscientific and even fantastic ideas that were
proposed in the ’60s and '70s to explain the
Nasca geoglyphs.

The Andean model

This tendency to explain the geoglyphs using
unscientific hypotheses has been clearly reversed
since 1980, when Nasca geoglyph research began
to look again at the Andean cultural context.
The aforementioned recent approaches are inter-
estingly quite similar to the earliest attempts to
interpret the geoglyphs. For example, Mejia, one
of the rediscoverers of the geoglyphs explained
them as sacred pathways and was the first to
compare them to the Cusco ceques (Mejia 1942,
2002). Horkheimer argued that the geoglyphs
were manifestations of an ancestor cult that
involved dances along the lines performed by
kin groups (Horkheimer 1947). Clearly, both
these early researchers and their present-day
colleagues have been striving for embedding the
Nasca geoglyphs into a broader context and for
explaining them on the basis of current knowl-
edge on Andean cultural, religious, and social
traditions. It is also clear, as Aveni, Silverman
and Proulx pointed out, that most of the
hypotheses presented previously can be com-
bined into a single model® (Aveni 2000a: 209;
Silverman/Proulx 2002: 192). Such a model will
be termed “Andean model” for the purpose of
the present study, and it is summarized as
follows:

The Nasca geoglyphs were made by a
population organized in social groups
whose members shared common ancestors
and/or land rights. These groups met in the
desert, marking and creating space accord-
ing to common concepts and beliefs deeply

2 Johnson 1999: 159; Johnson et al. 2002; cp. summary in
Silverman/Proulx 2002: 185-189.

30 The term “model” is used in two different ways in the
present study. Archaelogically, a “model” is a set of
hypotheses aimed at explaining archaeological data in a
wider context. In geomatics, on the other hand, the term
refers to the geometric representation of a real-world
object.
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embedded in Andean traditions. This so-
cial interaction was important for the
position of each group within a broader
societal context. A cult revolving around
mountain deities, water flow, and fertility,
probably organized by a ritual calendar,
was the background of geoglyph related
activity. The geoglyphs were organized in
a spatial system that reflected social order,
since they were associated with social
groups and determined their status. They
furthermore connected sacred places and
were in some way or another related to the
course of water. The geoglyphs served for
processions performed by the groups that
made and maintained them. These move-
ments might have been related to pilgrim-
age, sacred sites, or other traffic across the
desert. Fineware ceramic vessels, suppos-
edly filled with food and drinks, were
ritually smashed and placed on line centers
and along geoglyphs. Trapezoids were
places where larger groups gathered or
races were held, while biomorphic figures,
whose motifs evoked the concept of fer-
tility, were walked upon in dances. The
geoglyphs marked social, cultural, and
sacred space out in the desert. They sym-
bolically expressed cultural concepts that
could be understood by members of Nasca
society. Superposition of geoglyphs re-
flected evolution of the cultural and social
reality. All in all, the geoglyphs were
deeply embedded in the daily life of Nasca
society, and the basic concepts that guided
their realization were in concordance with
Andean cultural, religious, and social tra-
ditions.

Clarkson

For clarification, the main aspects of the Andean
model as well as its contributors are illustrated
in figure 5.

The Andean model, though neither designat-
ed nor formulated as such by any of the above
mentioned researchers, represents the state of
the art in Nasca geoglyph research. Its basic
assumption is that the Nasca culture was part
of a long-term cultural tradition shared through-
out the Andes that evolved slowly in time and
proved persistent over the centuries. It is further
assumed that this Andean tradition which in-
volves common concepts of beliefs and behav-
iors persisted in a somewhat altered form through
the period of the Spanish conquest, and is found
today in Andean communities. Following this
reasoning, ethnographic and ethnohistoric stud-
ies not only allow identification of elements of
this tradition, but also enable the establishment
of a causal link between observed behavior and
material culture. For example, Urton explains
spatial division of the churchyard of Pacarigtam-
bo, a contemporary village in the highlands,
with social division of the community (Urton
1990). Aveni, basing his arguments on accounts
of early Spanish chroniclers, explains the ar-
rangement of huacas and ceques in prehispanic
Cusco in terms of Inca social organization and
religious practices (Aveni 1990b).

In the case of the Nasca geoglyphs, only the
remains of material culture can be documented
archaeologically while the cultural concepts
behind them are nowhere described. However,
the assumption mentioned above that a long-
lasting Andean tradition is the common frame-
work for the Nasca geoglyphs, the Cusco ceques,
and the Pacariqgtambo churchyard strips, allows
the establishment of an analogy on the basis of
which conclusions can be drawn about the
unknown concepts behind the geoglyphs (Bern-
beck 1997: chap. 5). Accordingly, Urton and
Aveni, as well as Rodriguez and Silverman, use
current social organization and religious prac-
tices found in ethnographic and ethnohistoric
research in order to interpret the function and
meaning of the Nasca geoglyphs. The result is
a coherent set of hypotheses here called the
Andean model that can be used to explain the
Nasca geoglyphs.

Critical comments on the Andean model

How can the validity of the Andean model be
assessed? In archaeological research an explan-
atory model cannot be proven, and while it may
be capable of explaining certain archaeological
contexts, other models might have the same
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capability as well. Thus, the model has to be
assessed in terms of plausibility. This can be
done in two ways. On the one hand, the
analogies used to establish the model can be
questioned, considering aspects like the time
interval between compared phenomena and their
degree of similarity. Such an approach may
clarify the theoretical foundations of the model.
On the other hand, archaeological fieldwork
offers the opportunity to verify or contradict the
material foundations of the model. As has been
shown, the Nasca geoglyphs are poorly re-
searched archaeologically. New research may
either corroborate the plausibility of the model
or necessitate its modification or replacement.

Concerning the plausibility of the analogies
established between the Nasca geoglyphs and
later contexts such as the Cusco ceques, it has
to be kept in mind that starting from the general
consensus that the geoglyphs were mainly made
and used at the time of the Nasca culture, there
is a time gap of almost a millennium between
the last constructed geoglyphs and descriptions
provided by colonial written sources. In this
considerable time span the Nasca region faced
several historic disruptions. Therefore, Proulx
cautions that

“[...] Nasca culture had disappeared al-
most eight hundred years prior to the
emergence of the Inca Empire and was
separated from it by the Tiwanaku/Wari
religious tradition which was quite differ-
ent from earlier Nasca religion, not to
mention the different political context.” (in
Silverman/Proulx 2002: 195)

These disruptions are primarily indicated in the
archaeological record by changing ceramic tra-
ditions, notably different settlement patterns,
and the end of the geoglyph tradition. The
Spanish conquest was yet another major historic
disruption. Thus, there is no smooth continuity
between the Nasca geoglyphs and the time of
the earliest chronicles.

However, in spite of these disruptions there
may still be a persistent tradition. The fact that
certain religious practices and principles of social
organization in the 20" century are similar to
those described in the 16" century indicates that
in spite of major historic breaks and disruptions
there is a stable cultural foundation upon which
Andean societies are based. Thus, to use colonial
documents to try and understand the Nasca
period is reasonable, although it should be kept
in mind that even such a stable tradition is
slowly changing. The change may be minimal

over a short time span, but if at least 800 years
and several major historic changes are to be
bridged then it is to assume that a change in
certain aspects occurred. Thus, the task remains
to find out what aspects changed, and to deter-
mine the degree of change.

The usefulness of using ethnohistoric and
ethnographic accounts to establish the Andean
model can be assessed by considering the degree
of similarity between compared phenomena. In
the case of the Nasca geoglyphs it has become
clear in section 3.1 that any comparison is
rendered difficult due to a lack of archaeological
data. In the literature, references to the actual
archaeological record are sparse. Apart from
some notable exceptions there is no detailed
description of specific geoglyphs. Even recent
projects largely have failed to produce or at least
to publish a comprehensive database that would
allow other researchers to get a precise idea of
the properties or even the location of specific
geoglyphs. Instead, common characteristics sup-
posedly shared by the majority of the Nasca
geoglyphs are often summarily described, e. g.
the straightness and radiality of lines, the sub-
tractive construction technique of most ge-
oglyphs, sherds of broken pots scattered around
geoglyphs, etc. These general traits are repeat-
edly mentioned and thus perpetuated in the
literature. The fact that a serious attempt to
document the Nasca geoglyphs has yet to be
undertaken renders any generalization doubtful
since many different geoglyphs contexts have
not thus far been considered. Thus, the use of
ethnographic or ethnohistoric analogy may have
a weak point concerning traits that are compared
with the archaeological record. Archaeological
fieldwork is required to verify ethnographic and
ethnohistoric analogy, and this is the focus of
this study. The more geoglyphs are documented
the better we will know if certain characteristics
of the geoglyphs are typical or representative.
These can then be compared with ethnographic
or ethnohistoric contexts.

If archaeological fieldwork is aimed at assess-
ing the Andean model, then three basic issues
should be pointed out:

— The model primarily attempts to explain the
geoglyphs on the Nasca pampa without
consideration of the wide variety of existing
geoglyphs

— The model does not take into account the
vast time span during which the geoglyphs
were made

— Several aspects of the model are not testable
by archaeological methods.
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Concerning the first point, the Nasca pampa is
not only the principal destination of tourist
flights, but has also attracted most scientists who
worked in the Nasca region. While early re-
searchers were quite aware that geoglyphs are
a phenomenon not restricted to the Nasca
pampa, later research focused almost exclusively
on that vast plateau and, more specifically, on
its northern edge. The only exceptions are
Silverman and Browne who called attention to
geoglyphs in other areas very different from the
pampa. Many geoglyphs along the tributaries of
Rio Grande can be found in close proximity to
settlements. They are part of less complex sites
or even isolated from one another, and occur in
different topographical settings. The Andean
model, however, is largely tailored to explain the
maze of geoglyphs that cover the vast, uninhab-
ited flat pampa. Different manifestations of the
geoglyph phenomenon in other regions of the
Nasca drainage may thus not be explained by
using the Andean model.

Concerning the chronology of the geoglyphs,
they are generally thought of having been made
over approximately 1,000 years. Over such a
long time span, cultural change can be expected
to affect the construction, use, perception, and
physical manifestation of geoglyphs. Thus, it is
already clear that the Andean model has to be
improved by adding time depth. Geoglyph
chronology is still fraught with uncertainties. It
relies mainly on dating by using associated
ceramics whose chronology has yet to be ver-
ified stratigraphically. Such indirect dating
presents a constant methodological problem
because in most cases the actual temporal rela-
tion between a geoglyph and the sherds found
on it cannot be established unambiguously. The
potential of relative chronology (based on the
stratigraphic relation of one geoglyph to each
other or to other cultural remains) has not been
fully exploited because of a lack of a detailed
record of the geoglyphs. The same applies to
chronometric dating of the geoglyphs. Thus, it
is not clear if different shapes and sizes of
geoglyphs or different contexts and combina-
tions can be explained chronologically rather
then functionally or regionally. Furthermore,
the maze of geoglyphs that we see today makes
it difficult to keep in mind that most probably
only a small number of them were used together
at any given time. Therefore it is clear that any
interpretation of the geoglyphs can only make
sense if it takes into account chronological
variation.

Finally, it has to be kept in mind that certain
aspects of the Andean model cannot be tested
by archaeological methods. For example, Ros-
tworowski’s idea that the god Koén was vener-
ated on the Nasca pampa cannot be verified
archaeologically. In the case of other aspects a
basic question from archaeological fieldwork
remains unanswered, namely: How will archae-
ological remains appear if predicted by the
model? How can kin groups, ritual dances or
mountain worship be detected by archaeological
methods? What material traces of pilgrimage or
a ritual calendar may be preserved? The liter-
ature reviewed above provides few clues to
answer these questions.

The archaeological record is composed of
material remains, and in this case the remains
are geoglyphs as well as other artifacts and
structures associated with them. Their study
may reveal geoglyph related activity and people
involved in it. Intangible concepts such as tra-
ditions or systems that motivated or induced
geoglyph related activity can be assessed only
indirectly. Thus, only certain aspects of the
Andean model, namely those related to material
culture and activities that lead to the formation
of the archaeological record, can be directly
tested. The main explanatory aspects of the
model, i. e. those dealing with Andean concepts
and cultural traditions, are almost impossible to
test for archaeologically. However, once archae-
ological data becomes available, they can be
assessed in a better substantiated way.

Based on these premises it was decided to
analyze the Palpa geoglyph data in a series of
steps. The development of the geoglyph typol-
ogy of the Palpa sample helped to generate a
systematic overview of the formal variation of
the geoglyph repertoire. Using stratigraphic and
contextual evidence a general chronological
framework for the geoglyphs was then estab-
lished. This step furthermore allowed the typo-
logical variety within the Palpa geoglyph sample
to be examined to determine if it can be
explained chronologically. Thus, variety and
chronology of the Palpa geoglyphs were ad-
dressed first.

In the next step, activity related to the Palpa
geoglyphs found in the archaeological record
was identified. This allowed acquisition of a
clear picture of what actually happened on
geoglyph sites, which is a question of central
concern to the Andean model. Other aspects of
the model that postulate a link between the
geoglyphs and their environment were then
addressed by a GIS-based spatial analysis of the
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Palpa geoglyphs that revealed ordering princi-
ples for geoglyph placement, shape, etc.

3.3 SUMMARY: GEOGLYPH RESEARCH

NAscA REGION

IN THE

The above review shows that previous research
on the Nasca geoglyphs has resulted in a com-
prehensive hypothetical model to explain the

geoglyphs. This model should be tested with
archaeological data, and as the review indicates,
any new attempt to study the geoglyphs only
makes sense if it includes the acquisition of a
fresh body of field data. The Nasca-Palpa Project
was intended to address some of these research
problems by a comprehensive documentation of
the Palpa geoglyphs and by comparing archae-
ologically testable aspects of the Andean model
with the data obtained.



4. The Nasca-Palpa Project

The purpose of SLSA’s Nasca-Palpa Project was
to carry out a broad study of the Nasca culture
including the geoglyphs of Palpa. The Palpa area
is one of the most agriculturally fertile zones of
the Nasca drainage (frontispiece). The first phase
of the project (1997-2002) comprised three main
activities®:

— A regional settlement pattern survey with
more than 700 prehispanic sites located, re-
corded, and classified (Reindel et al. 1999,
2003a)

— Extensive excavations at Los Molinos and La
Mufa - two large sites along Rio Grande
with public architecture from Early and
Middle Nasca times, respectively (Reindel/
Isla 2001; Reindel et al. 2002)

— A complete recording and analysis of the
geoglyphs that cover the slopes, ridges and
plateaus of the Palpa region®,

The Palpa area was in many respects a good
place for this study. The geoglyphs on the slopes
and hills along the valley margins (figs. 6, 7;
maps 1-13) are easily comparable to the geo-
glyphs on the Nasca pampa, but have so far
received very little attention.

That such little research has been carried out
in the Palpa aera is somewhat surprising since
in the early years of Nasca geoglyph research
the Palpa area played a prominent role. As
mentioned previously, Paul Kosok was standing
on a hill near Llipata, to the south of Palpa,
when he was struck by the idea that the ge-
oglyphs constitute “[ .. .] the largest astronomy
book in the world”®. In the following years
Maria Reiche also worked in the Palpa area. This
is evidenced by various pictures, sketch maps,
and other references in her publications (Reiche
1976, 1993). However, she left no detailed ac-
count of her activities in Palpa. At about the same
time, Hans Horkheimer studied the Palpa geo-
glyphs and took photos and sketches of several
of them including the famous reloj solar or sun
dial north of Palpa (Horkheimer 1947: figs. 7-9)
and also the combination of lines on which Kosok
had had his inspiration some years before, near
Llipata (Horkheimer 1947: figs. 5, 11).

Thereafter for many years, however, the
focus of Nasca geoglyph research shifted almost
completely to the Nasca pampa. Strong passed
through the Palpa area and Mejia conducted
excavations there, but neither of them worked
on geoglyph sites (Strong 1957; Mejia 1972,
1976). The Palpa geoglyphs were mentioned
again by Rossel (Rossel 1977: chapter X) and
Browne (Browne/Baraybar 1988; Browne 1992),
but were never studied in detail. It was only
known that

“[...] the valleys north of the pampa are
also full of ground markings which were
constructed in the same manner, and have
forms identical to those on the pampa.”
(Silverman/Browne 1991: 208)

Thus, a systematic investigation seemed a prom-
ising strategy. Other factors favored a study of
the Palpa geoglyphs as well. They are situated
close to densely settled zones along the valley
floors. There are various sites where geoglyphs
occur together with contemporaneous public
and habitational architecture as part of the same
site which is not the case on the Nasca pampa.
Another decisive point for choosing the Palpa
area was that in this area the geoglyphs are not
protected. Since they are located in openly
accessible terrain close to modern settlements,
many of them have already been damaged or
destroyed without having been recorded or
studied. Hence, the work was considered a first
step towards an effective protection and pres-
ervation of the Palpa geoglyphs.

The study of the Palpa geoglyphs started
along with the regional settlement pattern study
in 1997 when the first flight was conducted in
order to obtain aerial images suitable for pho-
togrammetric analysis. A second flight was carried

31 See also the project websites available at www.dainst.org,
www.photogrammetry.ethz.ch, and www.slsa.ch (accessed
August 22, 2005).

%2 Reindel et al. 2003b; Grin/Lambers 2003; Sauerbier/
Lambers 2003.

3 Kosok 1965: 49; Kosok/Reiche 1947: 202; Kosok in
Reiche 1993: 137.
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out in 1998. The processing and analysis of the
resulting images allowed the start of archaeolog-
ical fieldwork on geoglyph sites in 2000. It was
continued in three field seasons until 2001.
Analysis of the data was largely conducted from
2002 to 2004 and resulted in the present study.

Following the structure of section 3 in which
previous research was reviewed, the documen-
tation of the Palpa geoglyphs and the analysis
and interpretation of the resulting data are
described separately in the following sections 5
and 6.

Fig. 7. Aerial view of
Cerro Carapo (right:
Rio Viscas).




5. Documentation of the Palpa geoglyphs

In this section, the investigation of the Palpa
geoglyphs within the framework of SLSA’s
Nasca-Palpa Project is described in detail. The
different steps of data acquisition and processing
are outlined, and the applied archaeological and
photogrammetric methods are explained.

Before fieldwork in Palpa started, a review
of potentially suitable aerial photographs was
undertaken in order to determine if existing
imagery could be used for the planned photo-
grammetric documentation of the geoglyphs. As
for most other coastal valleys, vertical aerial
photographs of the Palpa area had been taken
in previous decades by Peruvian governmental
agencies. Images available prior to the start of
the project are listed in table 3.

Of these images, only the series taken in 1944
(1 5,000) and in 1970 (1 10,000) were acquired
from the SAN office in Lima since the scale of
the other series would not have given enough
detail to map the geoglyphs. No information on
the camera used in either of the two flights was
available. The 1944 images which covered only
the central part of Cresta de Sacramento could
not be oriented satisfactorily, most likely be-
cause there was a lack of camera calibration data
(Fischer/Kinstle 1999). They could therefore
not be analyzed stereoscopically. The 1970 images
could be oriented but were partially damaged
and their scale did not give enough detail. Thus,
it was decided to base the work in Palpa on a
new series of images to be taken within the
framework of the Nasca-Palpa Project. These
images were especially designed to meet the
requirements of a 3D documentation of the
geoglyphs.

In order to deliver the desired results, the
application of photogrammetry to record the
Palpa geoglyphs required close cooperation
between geomatic engineers and archaeologists.
While the former provided the technological
expertise and carried out the technical aspects
of the work, the latter contributed the archae-
ological expertise and conducted the actual re-
cording of the geoglyphs. A combined work-
flow was devised that integrated both archaeo-
logical and photogrammetric procedures in or-

der to get from the real-world geoglyphs to
digital records of them. The steps of the work-
flow, shown in figure 8, are described in detail
below. As the flowchart clearly indicates, the
different steps of the workflow were highly
interwoven so that the sequential description
given in the following can characterize it only
inadequately .

5.1 FLIGHT PLANNING

In the course of the project, two roughly
rectangular areas or blocks were defined over the
Palpa area where aerial images were to be taken
(fig. 9). Both rectangles were laid out to include
the areas with geoglyphs on the ridges and
plateaus along the valleys. The smaller block
covered Cresta de Sacramento, a low ridge
northwest of Palpa between Rio Grande and Rio
Palpa that was the main focus of the archaeo-
logical investigations in the first field season in
1997%, The flight was planned so as to yield
vertical aerial images at a scale of 1 5,000,
organized in parallel strips with a 60% overlap
in both directions in order to allow full stereo-
processing.

The original plan was to take color photo-
graphs, but when the 1997 flight over Sacramen-
to did not deliver results good enough for our
purposes, it was decided to commission a second
flight one year later in order to take black-and-
white photographs of the same area using the
same flight characteristics. By the time the
second flight was to be carried out it had
become clear that the pampas of San Ignacio and
Llipata to the southeast of Palpa were also to
be included in the archaeological project. Thus,
a second area to be photographed was defined

% The following description does not coincide in all
technical details with previous, preliminary reports. Where
differences occur, information given in the present study
should be regarded as definite.

% Grun/Brossard 1998; Grun 1999; Reindel et al. 1999.
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Fig. 8. Workflow of geo-
glyph documentation, analy-
sis, and visualization that com-
bines photogrammetric and ar-
chaeological methods.
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YEAR AGENCY NOMINAL ScALE AReA COVERED REMARK

1944 SAN 1 5,000 Sacramento, San Ignacio only partial coverage
1944 SAN 1 12,000 Sacramento scale probably 1:15,000
1955 IGN 1 60,000 whole Palpa area

1970 SAN 1 10,000 whole Palpa area

1986 IGN 1 ;8888 whole Palpa area

1992 1 30,000

to IGN 1 60,000 whole Palpa area

2002 1 80,000

Table 3. Aerial imagery of the Palpa area available from Peruvian governmental agencies (based on review of SAN archive,
Lima, and IGN website: www.ignperu.gob.pe, accessed May 2004).
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Fig. 9. Landsat 5 TM image of the Palpa area with projective centers of 1998 black-and-white aerial images (yellow

crosses) and ground control points (red triangles).

over that area that was to be covered during the
same flight. For each flight the flying height was
defined according to the desired image scale, and
the positions of the intended projective centers
were marked on a topographic map. This data
was then passed on to Horizons Inc.*, Rapid
City, SD in the United States and they carried
out the actual flights.

% See company website at www.horizonsinc.com (accessed
August 22, 2005).

5.2 IMAGE ACQUISITION

On May 1, 1997, the first photogrammetric
flight was performed over Cresta de Sacramento.
The flying height was approximately 750 m
above ground. Using a calibrated Zeiss RMK
A15/23 aerial camera with a focal length of
152.994 mm, 212 color photos were taken along
eight parallel strips. After the flight the images
turned out to be partially scratched and blotchy.
Furthermore, their color was not ideal for
identification of the geoglyphs, and an intensity
falloff was visible towards the image edges.
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Fig. 10. Black-and-white vertical aerial image of the central part of Cresta de Sacramento (left: Rio Grande).

Therefore, a second photo flight was undertaken
the following year by the same company.
On May 23, 1998, 169 images along eight
strips were taken over Cresta de Sacramento,
this time in black-and-white (fig. 10). During the
same flight the second area over the pampas of
San Ignacio and Llipata was also covered. It
comprised the area southeast of Palpa approx-
imately 4.5 km into the desert from Rio Viscas.
Two hundred and fifteen images along eleven
strips were taken over the second area with the
same characteristics as the images of the first
block®. Since Cerro Carapo, to the northeast of

37 Along with the acquisition of the Palpa images, another
series of aerial images was taken over the Nasca pampa.
These images have a nominal scale of 1 10,000 due to
the larger area covered and were taken in 1997 (439 color
images) and 1998 (401 black-and-white images), respec-
tively. The Nasca images have not been analyzed during
the first phase of the Nasca-Palpa Project, in which all
efforts were focused on the Palpa region. Only some
images of the northern edge of the Nasca pampa have
been used by the Nazca Project of HTW Dresden
(Teichert/Richter 2001, 2003). In the framework of the
second phase of the Nasca-Palpa Project, the Nasca
image series is now being analyzed at IGP in order to
map the Nasca geoglyphs as well. That work will be
reported on in a later study. See Sauerbier (2004) for
some preliminary results.
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Palpa between Rio Palpa and Rio Viscas, had
also to be included in the photographed area,
the first strips of the second block also covered
a good part of the floodplain and the town of
Palpa (fig. 9). Thus, although not intended at the
beginning, the photos of both photographed
areas actually overlapped slightly in the central
part of the flown area (approximately 20%
decreasing in northeasterly direction) which was
very advantageous during analysis since it al-
lowed the merger of the two areas into one
(Sauerbier/Lambers 2003).

All in all the black-and-white aerial images
taken in 1998 covered a roughly rectangular,
southweast to northeast oriented area of ap-
proximately 89 km? around the town of Palpa
(frontispiece, supplements 1, 2). The average
image scale that was intended to be 1 5,000
turned out to be approximately 1 7,000 which
was still sufficient for our purposes. Unlike the
color photographs, the contrast of the black-
and-white images allowed the detection of even
narrow lines, and the image quality was gen-
erally good. Thus, it was decided to use the
1998 images for analysis.

5.3 GPS MEASUREMENTS

In order to obtain control data to orient the
images spatially, GPS was used in two different
modes. In 1997, when the area over Cresta de
Sacramento was flown for the first time nine
signalized ground control points were evenly
distributed over the terrain whose position had
been determined with differential GPS®. Fur-
thermore, kinematic GPS measurements were
performed onboard the plane that could serve
as approximations for the positioning of the
projective centers (fig.9). In 1998 when both
areas were flown, kinematic GPS could not be
used, and the signalized points in the Sacramen-
to area were no longer available. The latter
problem could be solved by performing a joint
bundle adjustment of both the 1997 color images
and the 1998 black-and-white images of the first
area (see below). In the second area over San
Ignacio and Llipata, however, no ground control
points had been prepared. Therefore, in 1999
nine natural points — i. e. points clearly discern-
ible in the aerial images without having been
marked on the ground — were measured in the
San Ignacio block again using differential GPS
(Griun et al. 2000a; Grin/Beutner 2001). That
way, solid GPS control data for both areas was
available for image orientation.

All GPS coordinates were transformed into
UTM zone 18 S projection which is the basis
for the IGN topographical maps of the area. It
should be noted here that during fieldwork a
horizontal shift of several hundred meters was
detected between the UTM coordinates obtained
by GPS measurements and those taken from
available maps. This was because the topo-
graphic maps used during the first field seasons
(scale: 1 50,000 and 1 100,000, respectively)
referred to the Provisional South American
Datum 1956 (PSD 56) based on International
Ellipsoid 1924. In the GPS measurements the
World Geodetic System 1984 (WGS 84) provid-
ed both ellipsoid and datum. A later comparison
showed that current versions of the same IGN
maps refer to WGS 84 also, so that the shift
between GPS coordinates and map coordinates
is now eliminated.

5.4 AEROTRIANGULATION

The first step in image processing was the
orientation of images relative to each other. For
this purpose five to ten tie points clearly iden-
tifiable in the overlapping area of two adjoining
images had to be measured. Image matching is
today usually performed in an automated mode.
However, the Palpa aerial images show largely
the desert surface which is very homogeneous
in texture and provides little contrast. As several
tests showed, matching algorithms implemented
on different commercial systems failed to pro-
duce acceptable results due to this lack of texture
(Grin et al. 2000b; cp. Sauerbier 2004 for up-
to-date results). Thus, the measurement of tie
points had to be done manually on the analytical
plotters available at IGP (Wild AC3 and S9). In
the Sacramento flight area not only tie points
to link images within the black-and-white series
had to be measured, but also tie points to link
the black-and-white images to the color images
in which the signalized ground control points
were visible. Two hundred and eleven images
(134 black-and-white and 77 color images) were
triangulated in the Sacramento block. In the San
Ignacio flight area tie points and natural ground
control points were measured within the black-
and-white image series. Here, 168 out of 215
images were triangulated. The lower number of
images used for triangulation as compared to the
existing images is due to the fact that on the

% Grun/Brossard 1998; Griin et al. 2000a; Grun/Lambers
2003.



5. Documentation of the Palpa geoglyphs 51

Block | Images Used Control Points Kinematic GPS 0 Ground Accuracy
Sacramento 134 b/w and 77 color 8 signalized yes 133 m 9.3 cm
San Ignacio 168 b/w 9 natural no 95 m 6.7 cm

Table 4. Triangulation characteristics of the two image blocks over the Palpa area.

margins of the flight zones mountainous areas
without geoglyphs were omitted for the sake of
efficiency.

5.5 BUNDLE ADJUSTMENT AND IMAGE ORIENTATI-
ON

Once all images had been tied together via tie
points and linked to the ground control points,
a joint bundle adjustment for each area was
performed using BUN which is in-house soft-
ware developed at IGP. The orientation of each
image with respect to each other image and
UTM coordinates for each image point were
calculated. As a result, all images were provided
with orientations relative to each other and
absolute in the UTM zone 18 S coordinate
system. Table 4 summarizes the triangulation
characteristics of both areas.

The achieved ground accuracy was good
enough for the intended purpose. As a result of
the bundle adjustment oriented images were
obtained that could then be used in pairs of two
neighboring, overlapping images (also called
stereopairs or models) for 3D measurements.

5.6 DIGITAL TERRAIN MODEL GENERATION

As a prerequisite for the intended geoglyph
study, a highly accurate digital terrain model
(DTM, a geometric model of the topography)
was needed before the recording of archaeolog-
ical objects could start. The matching problems
described above meant that automatic DTM
generation was not feasible. Therefore, the
measurements were undertaken again on analyt-
ical plotters. The manual measurement offered
the advantage that a very good DTM, describing
the actual terrain, could be measured while
automated measurements would have led to a
digital surface model (DSM) that would have
described the surface including buildings, trees,
etc. with lower accuracy.

The terrain was measured in the stereopairs,
and 72 models from the Sacramento area and 94
models from the San Ignacio area were used for

these measurements. Points were obtained along
parallel profiles that had a distance of 20 m from
each other. Along these profiles the distances
between measured points depended on terrain
shape. In flat areas, less points were measured
than in mountainous terrain. Special attention
was paid to zones with geoglyphs. In addition
to profiles, breaklines were measured along
abrupt changes in the terrain in order to map
the terrain more accurately. Unlike the profiles,
the breaklines were measured as continuous
vectors, whereas points measured along profiles
were treated as isolated points not connected to
each other. In the first iteration, only the actual
terrain surface was measured. Later on, points
measured during vector extraction were added
in order to enhance point density especially in
areas with geoglyphs. All in all approximately
1.4 million points were measured in an area of
roughly 89 km? giving an average density of 1.6
points/100 m2,

Based on this data a regular grid DTM was
calculated with a grid spacing of 2 m. This was
done in two iterations: firstly, a preliminary
DTM was generated based on the corresponding
measurements alone. After the revision of the
resulting maps in the field the digital dataset was
corrected, so that the final DTM could be
produced (fig.11). The DTM was generated
using DTMZ which is another in-house soft-
ware that performs Delauney triangulation and
bicubic finite element interpolation. Neighbor-
ing points were connected by edges of triangles
resulting in an approximation of the actual shape
of the terrain surface. The breaklines were not
bridged in the triangulation process to ensure
that abrupt changes in the terrain were repro-
duced correctly in the DTM. Originally, two
separate DTMSs were generated that correspond-
ed to the two original image areas over Sacra-
mento and San Ignacio. Since the DTMs over-
lapped slightly, they could later on be merged
into a single, continuous DTM. The file size is
approximately 480 MB in ASCII xyz-format.
The wire-frame model can be used as a base for
3D modeling. Various byproducts such as shad-
ed reliefs or contour maps can be derived from
the wire-frame model.
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5.7 SCANNING OF IMAGES

Along with the analysis of the stereopairs, the
analog images acquired during the photo flight
were scanned at high resolution in order to
produce an easily accessible photographic record
of all geoglyphs and to generate an orthoimage
as texture for the DTM. To enable the latter the
scanning had to be done on calibrated photo-
grammetric scanners that allowed high resolu-
tion scans with high geometric fidelity. The
images of the Sacramento area were scanned at
a resolution of 21 pm pixelsize using an Agfa
Horizon image scanner at IGP (fig. 10). The
images of the San Ignacio area were scanned at
the same resolution on a Zeiss SKAI scanner at
the Swiss Federal Office of Topography (Swiss-
topo, Wabern). The ground resolution is 15 cm,
which ensured that even the most narrow lines
were still visible. Like the DTM measurements,
images on the margins of the flight areas that
showed only mountainous areas were omitted
for the sake of efficiency. The images were
stored in TIFF format with an overall file size
of about 2.15 GB.

Fig. 11. Digital terrain model (DTM)
of the study area as shaded relief.

5.8 ORTHOPHOTO GENERATION

The scanned images could be oriented based on
the bundle adjustment. With the DTM as ge-
ometric reference they were combined into an
orthomosaic using Socet Set on the Leica/Helava
digital photogrammetric workstation (DPW) 770.
The mosaic contains the rectified scanned im-
ages, i. e. images corrected so as to omit relief
displacements caused by the central perspective
of the original images, with smooth transitions
between adjacent images. The result is a com-
plete picture of the whole area covered by aerial
images with each pixel provided with coordi-
nates (supplements 3, 4). Like the DTM, the
orthophoto was initially generated in two parts
corresponding to the two original areas photo-
graphed. Later, when all necessary data had
become available a complete orthophoto was
generated that covered the whole area of inves-
tigation. According to different requirements
several orthomosaics with a resolution ranging
from 25cm to 2 m pixel size were generated.
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5.9 VECTOR EXTRACTION

Once the DTM had been generated, the actual
feature extraction, i.e. the 3D mapping of the
geoglyphs, could begin. This was done once
again on analytical plotters using the XMAP
software by Aviosoft. In each oriented stereo-
pair, outlines of visible geoglyphs were marked
with 3D vectors that could be digitally stored.
Only actually preserved borders and borders
that could be reasonably assumed to have once
existed based on circumstantial evidence were
mapped. Like the DTM, after a first iteration
the vector data was revised in the field and then
corrected and complemented in a second iter-
ation. That way, 33,243 3D vectors, correspond-
ing to roughly 1,500 geoglyphs, were produced.

As these numbers show, a peculiarity of this
dataset is that in virtually no instance a given
vector represents the entire outline of a single
geoglyph; rather, it usually shows only a small
part of its border (Sauerbier/Lambers 2004).
This is due to the state of preservation of the
geoglyphs: Many borders are interrupted where
erosion had washed them away or where geo-
glyphs had been partially covered by other
geoglyphs or footpaths. Furthermore, many
geoglyphs do not have clearly defined borders
on all their sides even if they are well preserved.
For example, many trapezoids have an open
narrow end without a clear margin. Thus, the
result of the vector extraction was a huge
number of unconnected 3D vectors. Based on
this data, a vector layer was generated that could
be exported into DXF format for further process-
ing. The file size of the vector layer is about
20 MB.

In a separate step, all modern man-made
elements visible in the stereopairs were also
mapped in order to allow easier orientation. This
was done in a generalizing way since the focus
of the project was on the geoglyphs. The out-
lines of modern buildings, roads, etc. were
marked and stored in a separate dataset. This
dataset needed not to be revised in the field since
all modern elements were clearly visible in the
stereopairs, and did not constitute the focus of
our investigation. The DXF file containing the
modern elements has a size of about 9 MB.

5.10 MAP REVISION AND GEOGLYPH DEFINITION

As indicated above, maps resulting from image
analysis were revised in the field in order to
improve their quality. The digital datasets were

then revised accordingly. Map revision was
accomplished during the field seasons. Due to
the photogrammetric mapping, prior to archaeo-
logical fieldwork it was already fairly clear what
to expect in the field. Reliable, though prelim-
inary maps were available such that no surveying
work had to be undertaken. Rather, in contrast
to previous projects, the limited available time
during fieldwork could be dedicated to the
actual archaeological recording of the geoglyphs.

The first of three seasons of archaeological
fieldwork was started in 2000. The fieldwork
lasted eight months all in all. Out of the
approximately 1,500 geoglyphs that had been
mapped with photogrammetric means, all 639
geoglyphs located on Cresta de Sacramento,
Cerro Carapo, and the area around La Mufia on
the right bank of Rio Grande were recorded®.
These are the geoglyphs considered in the present
study (supplement 5b). Due to time constraints,
only a small fraction of the San Ignacio and
Llipata geoglyphs (226 geoglyphs at five sites)
could furthermore be recorded which is why
their overall number cannot be given here. The
map could be corrected for some of the addi-
tional sites in the area of densest concentration
of geoglyphs on the first plateau above the
Viscas Valley. The remaining majority of geo-
glyphs of San Ignacio and Llipata, however,
were mapped by photogrammetric means alone
(supplement 2). Although this procedure was
not as reliable as the combined one employed
on Cresta de Sacramento and Cerro Carapo, the
San Ignacio and Llipata geoglyph maps can still
be considered comparatively reliable. The geo-
glyphs in that area are generally better pre-
served, and their mapping was undertaken when
experiences from earlier field seasons allowed
geoglyph shape to be reliably identified in the
aerial images.

Fieldwork required the making of paper
maps based on digital data. In order to produce
them different datasets were combined. Contour
lines with an equidistance of 10 m were derived
from the DTM and shown as background of the
geoglyph outlines. Furthermore, modern ele-
ments were added to allow easier orientation in

% Geoglyphs 1 — 646, out of which numbers 246, 285, 362,
374, 420, 461 and 511 were not assigned to geoglyphs
due to technical reasons. Different geoglyph numbers
given in preliminary reports are due to geoglyph renum-
bering in the course of analysis, during which several
geoglyphs originally recorded separately in the field were
combined and others omitted (see geoglyph database on
DVD).
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Fig. 12. Preliminary map of the southwestern portion of site

the field. The datasets were combined in ArcView
3.2 and complemented with a coordinate frame.
Using the layout tool, paper maps in A3 format
could easily be laid out and printed in any
desired scale.

The fieldwork allowed the detection of some
minor errors in the DTM, but the main focus
was on the revision of the vector dataset. Maps
at scales ranging from 1 1,000 to 1 100 were
taken into the field. Each geoglyph was located
with the aid of these maps. Since the maps
showed only disconnected sections of borders,
vectors belonging together as part of a single
geoglyph had first to be determined. Once the
context was established, each geoglyph was
assigned a consecutive code number or ID that
allowed its unambiguous identification. This
number was marked in pencil on the paper
maps.

Each geoglyph was then walked over in order
to determine if the mapping was correct. Al-
though many details had been visible in the
stereopairs during the mapping process, there

PV67A-47 corrected during fieldwork.

was still more to be seen on the ground. Badly
preserved parts of geoglyphs like eroded edges,
sections covered by other geoglyphs or modern
features and geoglyphs on sandy terrain were
usually better discernible on the ground. Fur-
thermore, footpaths and erosion gullies errone-
ously identified as geoglyphs in the photos
could be distinguished from actual geoglyphs in
the field. Thus, additional information was
obtained that could be used to improve the
quality and reliability of the maps. The maps
were revised accordingly, and corrections were
marked on them in pencil (fig.12).

Once the paper maps had been revised they
were taken back to the laboratory. During a
second review of the stereopairs on an analytical
plotter, incorrect 3D vectors were deleted and
missing 3D vectors added. Although these sec-
tions of geoglyphs had not been detected during
the first review of the stereopairs, they could,
in most cases, easily be discerned in the images
once it was clear from observations made in the
field what was to be looked for. The quality of
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the 3D recording could that way be enhanced
considerably. The revision of maps provided a
good starting point for the geoglyph description
described in the following section. On the
pampas of San Ignacio and Llipata the revision
of the preliminary maps constituted the main
activity since only a small number of the ge-
oglyphs were recorded archaeologically because
of time constraints.

5.11 GEOGLYPH DESCRIPTION

The description of each mapped and defined
geoglyph absorbed most of the time during
fieldwork. The geoglyph ID was marked on a
feature sheet. Each geoglyph was described in
detail on such a sheet with standardized cate-
gories that helped to register all geoglyphs in a
comparable way. The categories included were:
Description of the geoglyph itself, its surround-
ings, orientation, size, shape, stratigraphy, asso-
ciated cultural remains, state of preservation, etc.
Of course, not all categories applied in all cases.
If necessary, textual descriptions were comple-
mented by sketches. The feature sheet was
designed so as to structure the data as far as
possible to allow its import into a database and
query analysis. However, the category “general
description” also allowed a comprehensive tex-
tual description of the geoglyph in cases where
the structured categories could not cover all
aspects. Once the geoglyphs had been recorded
in the field, the descriptive data was fed into a
preliminary MS Access 2000 database which
allowed easy data management during field-
work“. Each record followed the structure of
the feature sheets. For some categories, prede-
fined pop-down menus allowed only a limited
selection of values. Thus, the data format was
as standardized as possible.

During recording, finds on or close to geo-
glyphs were surveyed, recorded, and classified.
Typical archaeological finds consisted of pot-
sherds, while lithics, textiles, and bones consti-
tuted a considerably smaller part of the whole
repertoire. General remarks on the nature, com-
position, cultural affiliation, and location of the
finds on each geoglyph were noted on the
feature sheet. Unfortunately it was not possible
to systematically sample the cultural materials.
The available time and manpower was too
limited to pursue such an approach, and the
permits issued by INC differed for each field
season, so that fieldwork had to be carried out
under different legal conditions. For example, in

the first field season in 2000 it was not permitted
to collect finds, so that they could only be
briefly described. Fortunately, even for geoglyphs
recorded during that field season limited samples
were available since they had been recorded
before at the site level in the course of the site
survey of 1997 when the INC permit had
included the right to collect finds (Reindel et al.
1999). However, during the site survey the focus
had been on datable materials, so fineware
ceramics are overrepresented in that sample. In
the second and third field season we were
permitted to collect finds, but did so only to
a limited degree due to time constraints. How-
ever, we tried to collect samples from the most
important geoglyphs that were representative
not only with respect to the fineware ceramics,
but also to undecorated pots.

The extensive fieldwork to document the
Palpa geoglyphs was dedicated exclusively to
describing the geoglyphs in detail. No measure-
ments had to be undertaken. The same is true
for photos since the aerial images already con-
stitute a complete photographic record of all
geoglyphs. Thus, only a few photos were taken
in the field in order to show ground views of
types of different geoglyphs.

5.12 OBJECT LAYER GENERATION

After the revision of geoglyph vectors, the
vectors represented only the preserved borders
of the geoglyphs, and borders that could rea-
sonably be assumed to have once existed based
on circumstantial evidence, but not the geo-
glyphs themselves. Thus the next step was to
digitally combine vectors marking the outline of
each of the geoglyphs defined during fieldwork
into a closed polygon that represented the most
likely original shape of that geoglyph, as far as
it could be reconstructed on the basis of photos

40 Since a good part of the data was obtained and processed
by Spanish speaking team members, and Spanish was the
working language during field seasons, all records were
kept in that language. José Palomino (Los Molinos) and
Alejandra Figueroa (Lima) entered most of the data. The
whole database was then revised by Alejandra Figueroa
to correct language errors, and by the author, to correct
content errors. After fieldwork, the corrected datasets
were integrated into the definitive Oracle database along
with additional data (see sections 5.14 and 5.15). An
extract of this data complemented by additional infor-
mation obtained during data analysis is available on the
DVD that accompanies this study.
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Fig. 13. Photogrammetric geo-
glyph mapping: Geoglyphs as
visible in aerial images (top),
vectors marking geoglyph out-
lines (center), polygons represent-
ing geoglyphs as defined from
vectors (bottom).
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