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SEEING UNDERGROUND: 

THE FEASIBILITY OF ARCHAEOLOGICAL REMOTE 

SENSING IN COASTAL AND HIGHLAND PERU

With contributions by 

 

Abstract

This paper1

international program focused on the investigation of twelve historic, Inca, and pre-Inca sites throughout the coast and 

INC project sites to recommend appropriate applied technology strategies in support of excavation and stabilization 

archaeological boundaries and internal site structure.  Among the underlying strategic goals of the collaborative testing 

program was the development of environmental indicators, or proxies, based on correlation of the levels of a number of 

1 This paper was initially presented as part of the symposium: 
 

organized by Monica Barnes and Mario Rivera at the 84th Annual Meeting of the Society for American 
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Resumen

bajo esta iniciativa. El esfuerzo colaborativo internacional tuvo tres componentes principales: 1) una serie de seminarios 

subyacentes del programa de pruebas colaborativas estaba el desarrollo de indicadores ambientales, o proxy, basados 

Palabras clave:

INTRODUCTION

This paper reports programmatic recommendations, an advanced seminar series in 

focused on the investigation of twelve historic, Inca, and pre-Inca sites throughout the coast 

title, a factor that underscores the continued currency and relativity of the original results to 

modern conditions and programmatic challenges (Grossman et al.

geophysical studies.

(SIR-A) aboard the space shuttle Columbia in November of 1981, detected buried river channels 

under the desert sand while circling the earth over the Sahara (McCauley et al. et 
al

et al. 1976). This study was pivotal and important because it compared radar 

directed by the author as part of a federally funded rescue excavation of the buried (under three 

studies until nearly two decades later.  

under the direction of Robert A. Benfer and Alice Benfer, their team deployed both resistivity 

B100).

-

tive in 1982 by the lead author, - which used resistivity to study the electrical contrasts between 

et al. 1983) - there appears to have been no cases 

archaeology, they did so in a two-decade chronological cluster beginning in 1998. At least thirty 

et al et al
et al et al et al

et al. 2007). Although some unpublished initiatives may 

et al
et al et al
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-

tural features at the highland Inca site of Chachabamba in the Urubamba Valley (Masini et al. 

et al. 2004, 2007). In addi-

tion, in 2015, archaeologists at the Tiahuanaco Archaeological Research Center announced the 

-

 

24 November 2020).  

structure, at INC project sites. In the end, out of twelve prehistoric and historic sites examined 

for conductivity and soil characteristics, a total of seven sites proved to be electrolytically 

responsive and to be strong candidates for additional investigation and survey with advanced 

geophysical procedures. This paper aims to explain how that was done in six topics: 1) the 

ORIGINS AND ANTECEDENTS OF THE 1982 UNESCO-OAS-ANDRES  

BELLO INITIATIVE

The institutional context and origins of the non-university and internationally funded 

program are important. How it came about is relevant. The initial invitations to participate in 

of my presentation in Quito, entitled 

Figure 1.

Radar, Resistivity and magnetometers) at twelve colonial, Inca and pre-Inca sites throughout the coast and 
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in historical archaeology between 1983 and 1984: by Katherine Deagan of the University of 

both in 1984 (Alcantara Gomez 2012: 41).

USA, in the path of a hundred-million-dollar water treatment project throughout the Raritan 

drainage (Grossman 1980). Here, the archaeological challenge was complicated by the fact 

archaeologists prior to the onset of construction.

Instead of traditional time-consuming physical test probes and blind random sampling (see 

et al. 1976). 

Bevan on Colonial historic sites being studied out of the MASCA laboratory of the University of 

RAdio Detection And R

with Bruce Bevan and engineers from Geophysical Survey Systems of New Hampshire, in 1978 

render the data not as absolute depth readings, but instead as a series of overlapping bands of 

grid lines. The resultant color-coded 3D radar map revealed the outline, location, boundaries, 

map enabled the archaeologists and planners to engineer a joint mitigation program of redesign 

trench, the mitigation program reduced the excavation impact corridor to 15-foot-wide pipe 

trench (see Grossman 1980). The archaeological project was completed on time and on budget.  

Figure 2. 
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measurement (EDM), single-camera photogrammetry, concurrent on-site computerization of all 

traditional fair-weather time schedules, heated reinforced domes and dewatering systems were 

built to thaw the ground, protect the scientists and artifacts, and permit all-weather excavation, 

tapes, line levels and optical transits, the emergency rescue excavation also innovated by 

conference.

Early portable computers (remember, this was in 1978) were programmed to expedite 

the coordinate conversion process to x, y, z points for the thousands of angle and distance 

without memory and we had to program in BASIC to convert angle and distance readings to 

th century library of the Convent 

intensive resistivity and chemical testing during the project.

and an afternoon series of discussions and formal seminar presentations by INC project directors 

Among the topics discussed, my seminars focused on presenting issues and new directions 

applicable to complex urban colonial sites, as well as multicomponent Inca and pre-Inca sites. 

In addition to the role of applied technology, my INC seminars focused on seven topics and 

areas of viable research investigation in contemporary Andean archaeology: 1) the stratigraphic 

strategies for historic and complex multi-component urban archaeology through the presentation 

2

2 See Grossman 1994, 2003, 2008a, 2008b, 2011, Grossman et al. 2015, Grossman et al. 2019 for subse-

Figure 5. 

artifact classes overlying a metrically accurate composite overhead photomosaic (bottom) of the excavated 
th century settlement (Graphic by Joel W. Grossman and Michael 
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RESISTIVITY

historic unit illustrates the use of four copper plated steel electrodes pushed into the ground in a 

with a more modern, battery powered, Gossen Geohm 3 resistivity unit in the catacombs of San 

The electrode intervals varied between half and one meter, depending on the site conditions 

measurements were converted from resistance to (expressed in 

 

applied technology, geospatial strategies, and geophysics in archaeology, in general, and on the origins of 

2  d r, where d=spacing 

between adjacent electrodes, and r=recorded resistance.  All resistance readings were translated 

The potential utility of these remote sensing procedures is supported by several basic 

depth of penetration of ground penetrating radar, and the applicability of other remote sensing 

other factors (e.g., humidity, the amount of clay, the porosity of the soil, the relative presence 

antennas (180 and 315 MHz) in 79 site settings. He was able to demonstrate that both antennas 

readings were, whenever possible, placed to crosscut at a right angle across partially excavated 

associated line graphs and statistical plots illustrate, the resistivity testing showed good signal 

graphically presented in three visual formats: 1) as a statistical histogram of the chemical  results 

showing the relative correlations between resistivity and soil chemical elements recorded at 

CHEMICAL SOIL TESTS AND CORRELATIONS

In addition to the subsurface resistivity readings, each site was also tested for six chemical 

sulfates. The goal of these additional tests was to determine any correlations between recorded 

Figure 6. 

from Seeing Beneath the Soil
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selected for additional investigation.  

Twenty-one soil samples were tested from the twelve sites investigated. All samples were 

each is electrolytically sensitive and therefore could be expected to have a strong positive, or 

humidity attenuates the radar signal and lessens its depth of penetration (Alsharahi et al. 2016: 

et al
commonly associated with construction materials and architectural elements at both prehistoric 

and depth of penetration of ground penetrating radar and other electrolytically sensitive remote 

The disparities between the soil chemistry of each of the three geographic areas studied 

Figure 7. Histogram showing the relative 

resistivity) (Graphic by Joel W. Grossman).

Figure 8. -

Grossman).
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yielded a low humidity reading of 4.85%), but was high in the highland Ayacucho sites of Wari 

and Conchopata with humidity readings of 14.05% at Conchopata and an upper range of 9.07 

with a low range of 3.82 to 5.75%. The high humidity readings in Ayacucho were consistent 

contrast, here on the coast, high levels of chlorides and pH showed positive correlations with 

other elements showed strong negative correlations between the tested elements and levels of 

Figure 9. 

across the adjoining soil matrix without structural features (Graphic by Joel W. Grossman).

Table 1. 

chimica (CIRBM)
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Huari 13.76 7.55 0.02 3.8 3.04 0.41

9.07 7.95 0.02 9.44 3.99 0.15

19.84 7.65 0.04 4.41 3.54 2.8

17.68 8.45 0.04 8.03 3.61 0.43

4.85 7.8 0.11 5.7 3.23 0.5

Conchopata Muestra :1 11.62 8.3 0.04 13.3 5.7 0.67

Muestra :2 14.05 8.95 0.02 11.15 4.24 0.07

Ollantaytambo Muestra: 1 5.75 7.05 0.11 2.46 0.75 0.75

Muestra :2 3.82 7.1 0.12 2.95 0.93 0.06

Sacsayhuaman 12.78 7.75 0.09 9.72 1.49 0.15 -

13.58 7.55 0.2 14.04 1.31 0.26

Coricancha Muestra 14.52 7.39 0.14 6.4 0.75 0.15 15 cms. debajo de la 

Markavalle Muestra 8.29 7.65 0.12 4.49 0.84 0.04 20 cms. debajo de la 

Table 2. 

Elements Lima-QdePresa Lima (SF) AYA-Huari Cuzco

Humidity -0.883 0.378 na

CaOxide -0.463 -0.086 na

CaCarb -0.228 -0.148 -0.593 -0.475

CaCl 0.306 -0.211 -0.574

pH 0.602 -0.758 -0.651

CaSO
4

na na -0.026
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high at both Wari and Conchopata, ranging between 7.55 to 8.45% at Wari and between a high 

resistivity surveying.  

et al. 
2016: 574).  

SURVEY RESULTS AND SITE EVALUATIONS

resistivity and chemical characteristics as a basis for recommending which remote sensing 

The study locals consisted of both prehistoric Inca and pre-Inca sites, as well as the investigation 

Cuzco, resistivity sampling and soil tests were conducted at two areas of Sacsayhuaman, multiple 

the Iglesia de San Bernardo (over Coricancha). In Ayacucho, geophysical studies were done at 

the two Wari sites of Wari and Conchopata and at the historic site of the Convent de Santa Teresa. 

test results and a high promise of positive planning insights from the application of remote 

building phases in a vertically series of superimposed deposits with multiple wall features down 

across the modern surface over partially exposed walls and historic features with good signal 

feature, with the intervening deposits without features dropping own to less than 100 ohm-m 

In Cuzco proper, Coricancha was evaluated, but the resistivity signal response there was 

understood to have been ca. 2–2.5 meters of 17th and 18th

very strong indications that useful underground remote sensing geophysical maps could be 

wherever the INC teams excavated, they were hitting Inca buildings in the great plain fronting 

the fortress. While I was there, I observed exposure of the foundations of two buried buildings 
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Figure 11. 

Figure 12. -

pampa sector of Sacsayhuaman showing increase of resistivity over the interior of the structure and lower 

Figure 13. 

resistivity over building interior (Graphic by Joel W. Grossman).

Figure 10. 

presence of subsurface features (Graphic by Joel W. Grossman).
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exposed Inca structure and dropped to less than 60 to 85 ohm-m outside the buried building 

that an advanced and intensive program of wide areas geophysical surveys using a variety of 

plane of Sacsayhuaman.

Although initially listed in the 1983 report as possible sites in the Cuzco region for additional 

demonstrated an additional negative factor relative to the possibility of using a magnetometer 

concluded in 1983, the two historic sites of Almudena and San Bernardo both yielded very low 

resistivity readings and minimal probability for successful geophysical surveys.

Figure 14.

Figure 15. 

this area too was a prime candidate for intensive geophysical investigation (Graphic by Joel W. Grossman).
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meters above sea level. Under the overall direction of Dr. Gonzalez Carre of the University of 

area excavations revealed a 14-meter-diameter, D-shaped, building characteristic of many Wari 

next to a series of rectilinear galleries and rooms decorated with relief impressions of Wari style 

remote sensing investigation.

In summary, good resistivity results and the recommendations for additional geophysical 

of the cases with positive geophysical results, buried wall and structural elements correlated 

particular.

THE FINAL REPORT

(Grossman et al

INC (Grossman et al.

Figure 17. 

Figure 16. 

deploy unless the surface was cleared prior to survey (Graphic by Joel W. Grossman).
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and programs in general. The report also included a call for enhanced funding to support a 

were uncovering (Grossman et al. 1983).

of Historical Archaeology in 1982 and those that followed in 1982 and 1983. Their perseverance 

and support made possible the participation of the International Consultants who participated in 

Sciences, with a specialty in archaeology) who directed my participation in this geophysical 

for the conference of the 16th

and social tensions within the region. Throughout my visit to Ayacucho and the evaluation of 

Dr. Walter Wong. Inspection tours and detailed overviews of ongoing research and excavation 

Archaeology at the University of Huamanga, together with the Director of Excavations of the 

of the institutional themes of this symposium, it is relevant to point out that, despite the ongoing 

architects, and engineers to a level of integration which is only relatively recently been accepted 

my overall report and recommendations (Grossman et al
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Plate 2. Three-part photo composite of the 15-foot-wide excavation corridor through the buried settlement 

distance readings of datum points and feature parameters. An in-house project-designed overhead bi-pod 

Plate. 3.
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Plate 4. 

Plate 5a. Interior view of the 16th

as the venue for the seminars on archaeology and geophysics given by Dr. Grossman to archaeologists and 

Plate 5b. 

multi-chambered 16th
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Plate 6a. 

Plate 6b -

the center and behind him, Graciela 

Garcia, recording resistivity transect 

across a buried double-element plas-

tered foundation wall at the coloni-

Grossman).

Plate 7a. 

Plate 7b. The main gate at the Inca site of Sacsayhuaman with Dr. Grossman standing for scale against a 
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Plate 8a. 

Plate 8b.

of Sacsayhuaman. Here, INC scientists transect a partially exposed 60 cm wide and 20-30 cm deep, 

foundation wall with tape-measured resistivity transect.

Plate 9.

cm in width and ranged in depth between 30 and 100 cm below modern grade (Grossman et al. 1983: 50) 
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Plate 10.

-

logists of the INC under the direction of Arminda Gibaja Valencia resulted in the discovery of previously 

and courts with intricate channels and piping to bring running water to interior fountains and baths (See  

Plate 11.
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Plate 12a.

Plate 12b.

Plate 13.
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Plate 14.  
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