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Abstract 

Limited resources often hamper archaeologists’ ability to accurately identify 
promising areas to excavate at large-scale sites. High-resolution maps can serve as 
predictive tools for locating subsurface architecture based on patterns in surface 
topography. This paper presents recent intensive mapping conducted at three Late 
Archaic (3,000-1,800 B. C. E.) archaeological sites in the Fortaleza Valley of Peru. Total 
station data were used to generate 3D surface maps in ArcGIS to delineate elevation 
changes in fine-grained detail. Distinctive features on the surface and micro-
topography reveal small-scale patterns that can inform our choices for targeted 
excavations. This procedure will provide a methodological tool for finding subsurface 
architecture at large-scale sites elsewhere.
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Introduction 
	 This study presents recent intensive mapping conducted at three Late Archaic 
(3,000 – 1,800 B. C. E.) archaeological sites in the Fortaleza Valley, Peru. Total station 
data are used to generate 3D surface maps in ArcGIS to delineate elevation changes in 
fine-grained detail. Distinctive features on the surface and micro-topography 
(centimeter level) help define unique archaeological signatures subsurface architecture 
at Late Archaic sites in the region. More broadly, this methodology serves to aid in the 
identification of buried structures at large-scale sites.  
 	 The Norte Chico consists of four river valleys ranging from 150 to 200 kilometers 
north of Lima: Huaura, Supe, Pativilca, and Fortaleza. This region witnessed a unique 
and extraordinary florescence of large ceremonial and residential centers dating to the 
Late Archaic Period (Creamer, et al. 2007; Haas and Creamer 2004; Haas and Creamer 
2006; Haas, et al. 2004a; Haas, et al. 2004b; Kosok 1965; Ruiz, et al. 2007; Shady 
2004; Shady, et al. 2001; Shady and Leyva 2003). Thus far, 30 major Late Archaic sites 
have been found in the Norte Chico, ranging from ten to 400 hectares in area, all with 
large-scale communal architecture, and all lacking ceramics (Creamer, et al. 2007; 
Haas and Creamer 2004; Haas and Creamer 2006). The three sites sampled in this 
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study—Porvenir, Caballete, and Huaricanga—are located in the Fortaleza Valley [Figure 
1].  
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At each of these sites, high-resolution maps of surface topography were generated as 
predictive tools for locating promising areas to excavate, providing an alternative to 
ground penetrating radar surveys or the purchase of expensive satellite imagery.  !
!
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Figure 1. Late Archaic (3,000-1,800 B. C.) archaeological sites in the Norte Chico 
region of Peru with those mapped in this study highlighted.
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Site Descriptions 
	 Porvenir is located on the right margin of the Fortaleza River. The archaeological 
site fills the mouth of a dry streambed, 50 meters above sea level.  It is bounded on 
either side by rocky extensions that extend south from the hills called El Porvenir. An 
extensive site, Porvenir consists of six mounds distributed around a large U-shaped 
open space with a large gap between two mound groups, the scar of a huaico or flash 
flood (Figure 2). 


! !!!!!!!!!!!!!!!!
!

Two structures at Porvenir are platform mounds with associated sunken circular 
plazas located near the side of the mound closest to the large central open area or 
plaza.  A later period cemetery was situated in the main sunken circular plaza at the 
site and this cemetery has been heavily looted in recent years. However, Porvenir is still 
among the best preserved Late Archaic sites in the Norte Chico since the area has not 
been cultivated or encroached on by housing or construction.  
	 Caballete is located on the right (north) bank of the Fortaleza River, 
approximately 150 meters above sea level. The site consists of five mounds also 
arranged around a large U-shaped open space (Figure 3). 


!!!!!!!!!!
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Figure 2. Topographic 
site map of Porvenir, 
Fortaleza Valley, Peru 
with Operation I 
highlighted.
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!!!!!!!!!!!!!!!!!!!!!
There are indications of Late Archaic occupation in the Caballete locality that 

extend over an area of approximately 400 hectares. A portion of the site was plowed 
and laced with canals for an irrigation project in the 1970s, but the project ultimately 
failed and no water ever passed through the irrigation system. Most of the site, 
including mounds and surface architecture remains intact. Three of the mounds are 
associated with sunken circular plazas. The space the site occupies, its dimensions, 
and the architecture of the site suggest it was among the most important of the Late 
Archaic sites in the Fortaleza Valley. 
 	 The last site in this study, Huaricanga, is a combined Initial Period (1,800-900 B. 
C. E.) and Late Archaic site covering an area of 100 hectares and located 25 kilometers 
from the coast. The main Late Archaic occupation, Sectors B and C, is approximately 
two hundred meters east of a distinct Initial Period mound complex (Figure 4). 


!
!
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!
Figure 3. Topographic 
site map of Caballete, 
Fortaleza Valley, Peru 
with Operation XIII 
highlighted.
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Sector C consists of one central large mound complex, the largest Late Archaic 
construction in the Norte Chico, and several much smaller auxiliary mounds. A small 
platform and associated circular plaza is located on the west side of the site in Sector 
B, and a second buried circular plaza is associated with a low mound complex on the 
south side of the site. Indications of a third, large circular plaza on the north side of the 
main mound were uncovered during excavations in 2007. The Initial Period occupation 
is located in Sector A. This area is known as El Castillo de Huaricanga and consists of 
three mounds arranged in a U-shape facing north, parallel to the channel of the 
Fortaleza River (Authier and Perales 2011).   !
Research Problem 
 	 Qualitative changes in demography and settlement during the Late Archaic 
Period were associated with markers of increased cultural complexity such as 
monumental architecture (Burger 1992; Donnan 1985; Feldman 1985; Moseley 1985; 
Williams 1985). While these monuments were effective and enduring means of 
communicating unambiguous messages of power, they required enormous inputs of 
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Figure 4. Site map of Huaricanga, 
Fortaleza Valley, Peru with 
Operation VIII highlighted. The 
Initial Period portion of the site, El 
Castillo de Huaricanga, is not 
shown and lies immediately west 
of the Late Archaic portion of the 
site shown here.
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labor and raw materials (Adams 1975; Kolb 1994). Both the large size and great age of 
these sites present challenges in modern archaeology. Large-scale excavation over 
very broad areas is economically prohibitive, particularly in the non-monumental areas 
where there are many structures, occupation layers, and trash. As a methodology to 
extract more information out of these areas without extensive excavations, we 
implemented a strategy of intensive, detailed mapping of individual sectors.  
 
Methodology 
 	 Areas of interest were chosen for intensive mapping based on previous test 
excavations at ceremonial centers in the Norte Chico carried out by the Proyecto 
Arqueológico Norte Chico (PANC). A dense surface distribution of lithics and shell, and 
topographic anomalies were the primary criteria. Once selected, the methodology to 
generate high-resolution maps was as follows: 

1.	 Record elevation points along prominent changes in topography, such as 
ridge lines and depressions, as well as every 30 centimeters over the rest of 
the area of interest using a robotic total station (Figure 5). 


!
!
!
!
!
!
!
!
!
!

For this study a Leica TPS1200+ was used to take elevation points. This robotic 
unit has an accurate reflectorless electronic distance measurement tool that can 
measure distances over 1,000 meters. The Leica TPS 12000+ works with an Automatic 
Target Recognition sensor that tracks a prism mounted on a stadia rod. While the total 
station itself remains stationary at a single point, the stadia rod with prism allows one 
person to search, lock and measure points. Points can be recorded either by the user, 
automatically every second, or on a user-defined threshold for a change in topography. 
While the survey strategy of measuring points can be variable, it is important to 
document changes in elevation. Therefore, more points were recorded in areas with 
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Figure 5.  Mapping with the Leica 
TPS1200+ stadia rod and prism.
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irregular surface topography while somewhat fewer points were taken in flat areas. 
Such a mapping strategy maximizes accuracy once the elevation points are 
interpolated to create a surface. The range of the mapping was also extended beyond 
immediate areas of interest in order to contextualize the surface topography with the 
surrounding region. Although the number of elevation points is dependent upon time 
and desired surface detail, here an area of 30 meters by 40 meters contains on average 
about 5,000 elevation points. The single-user robotic features of the Leica TPS 1200+ 
make it possible to collect this number of points in 3-4 hours.


2.	 Export the total station data as a mass point shapefile and import into 
ArcGIS (Figure 6).


!
!!!!

!
!
!

Once the shapefile has been imported into ArcGIS, extraneous points such as the total 
station location or the backsight should be deleted so that those points did not 
influence the calculations used to create the interpolated surface.


3. Interpolate the elevation points using either inverse distance weighting, 
splining, or kriging to create a Digital Elevation Model (DEM) (Figure 7).


!
!
!
!
!
!
!
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Figure 6. Mass point shapefile 
showing the elevation points 
recorded at Operation VIII in 
Huaricanga. The mapped area is 34 
meters by 40 meters and contains 
over 3,400 points.
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Selecting an interpolation method is a widely debated topic in cartography, 
geography, and to a lesser degree archaeology, but it is beyond the purview of this 
paper (see Christopherson, et al. 1993; Robinson and Zubrow 1999; Spitkins, et al. 
2002). Using interpolation to calculate a surface is largely dependent on the 
topography. The parameters for each individual method have a significant impact on 
the quality of the result. For the data here, a tension spline was used with an output cell 
size of 0.1 and 3 points were used to locally approximate values. The tension spline 
tunes the stiffness of the surface by making sure that the resultant raster passes 
through the points. In each case presented in this paper, the tension spline with the 
aforementioned parameters best depicted the surface detail.  


4. Generate contour lines from the DEM (Figure 8).  
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Figure 7. DEM created using a tension 
spline on the elevation data gathered 
from Operation VIII at Huaricanga.
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The high-resolution mapping allows for the creation of contour lines that are accurate 
to the 10 centimeter level. In ArcGIS, the contour tool is part of the 3D Analyst 
extension.


5. Compute a hillshade from the DEM


!
!
!

A hillshade depicts the surface under natural light and provides a realistic base map to 
project the topography in 3D. In ArcGIS, the hillshade tool is part of the Spatial Analyst 
extension.  


6. Convert the mass point shapefile into a Triangular Irregular Network (TIN) and 
project the topography in 3D using the ArcGIS 3D Analyst extension (Arc Scene). 
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Figure 8. Contour maps (10 centimeter 
interval) of Operation XIII at Caballete 
(top left), Operation I at Porvenir (top 
right), and Operation VIII at Huaricanga 
(bottom).

Figure 9. Hillshade of 
Operation VI at 
Caballete (Azimuth: 
315, Altitude: 45°).
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Use the hillshade as the base layer and derive the base heights from the TIN 
(Figure 10).


!
!
!
!
!
!
!
!
!
!

!
The tool to create a TIN is available under the 3D Analyst extension. Although the 
default color for the TIN raster is green, using the hillshade as a base layer creates a 
more realistic surface.  
 
Results 
 	 The model for this methodology was Operation VI at Caballete, an area that was 
intensively mapped prior to excavation. Excavations in 2006 by PANC revealed 
evidence of a high-status residence including trash deposits rich in cultural material 
and a considerable architectural investment as evidenced by the large blocks of locally 
available stone used in the building foundations. Furthermore, given the lack of cooking 
hearths coupled with an abundance of food-related debris, indicated that meals were 
likely prepared elsewhere and brought up to the residence for consumption. This 
pattern suggests that the inhabitants of Operation VI possessed an elevated status in 
order to elicit such preferential treatment. Unfortunately, botanical remains and marine 
resources are not yet available for other domestic units to provide a comparison of 
differential consumption patterns (Winker 2011).

	 The distinctive terracing in Operation VI is clearly evident in the 3D 
reconstruction (Figure 11). 

!
!
!
!
!
!
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!
Figure 10.  
Hillshade of 
Operation VI at 
Caballete 
projected in 3D 
with base heights 
derived from 
mass point data 
obtained with a 
Leica TPS1200+
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 	 Following PANC excavations in 2006, it was revealed that each terrace likely 
represented different levels within the residence that served a variety of functions with 
individual layouts. In addition, rectilinear outlines revealed by the intensely mapped 
surface area served as topographic indicators corresponding to rooms excavated in 
2006 (Figure 12). Thus, the surface topography mapped at Operation VI at Caballete 
showed patterns that corresponded to subsurface architecture uncovered through 
PANC excavations.


!!
	 
!!!!!!!!!

	 
!!
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Figure 11. 3D Profile View of Operation VI at Caballete demonstrating the distinctive 
terracing (Base Layer: Hillshade)

Figure 12.  
Rectilinear outlines 
in the surface 
topography of 
Operation VI at 
Caballete that 
correspond to rooms 
excavated by PANC 
in 2006.
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	 The other three areas of interest, Operation XIII at Caballete, Operation I at 
Porvenir, and Operation VIII at Huaricanga, although from three different sites, share a 
few features in common. For example, each area consisted of at least one small 
mound (approximately 1-2 meters high) that was clearly distinguishable on the surface 
(Figure 13). These features were favored targets for looters who frequently dug pits in 
the centers of the mounds. Various peaks and valleys (30-50 centimeters high) were 
also irregularly spaced around these small mounds, visible as small tan, yellow and 
green forms on Figure 13. Of particular note was a flat expanse adjacent to Operation 
XIII at Caballete (Figure 14). This surface feature may have been a small patio space or 
plaza associated with the structure. Similar results to those described here in detail for 
Operation XIII at Caballete were identified at the other mapped areas. While none of the 
new Operations at the three sites have been excavated, the micro-topography 
produced by the maps presented here reveal patterns that may in fact correspond to 
buried rooms or archaeological features as demonstrated by Operation VI at Cabellete. 
While excavations are required to confirm these assumptions, the mapping does reveal 
patterns that likely correspond to subsurface irregularities. 
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Figure 13. Small mound surface anomaly visible in the TIN of Operation XIII at 
Caballete (top) and the actual topographic feature (bottom).


Figure 14. Flattened 
area, a possible patio 
or small plaza, 
adjacent to Operation 
XIII at Caballete 
visible in the TIN 
(above) and the actual 
feature in the 
foreground (below).
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!
The methodology outlined here to depict micro-topography is a rather easy and 
efficient procedure to create high-resolution contour maps and detailed renderings of 
the surface. Operation XIII at Caballete measures 36 meters by 23 meters and contains 
6,258 elevation points. At Porvenir, Operation I measures 34 meters by 27 meters and 
5,126 elevations points were measured using the total station. Lastly, Operation VIII at 
Huaricanga consists of an area 34 meters by 40 meters and features 3,429 points. The 
number of elevation points measured is largely dictated by the complexity of the 
topography as well as the desired level of detail. Given ideal field conditions, the 
mapping process takes approximately one 8-hour day per area, and the data 
processing can be done in a few hours out of the field. While this methodology is more 
labor intensive than commissioning high-resolution satellite imagery, even those 
images must be cleaned and processed in order to be analyzed. Furthermore, this 
technique is not limited by difficult field conditions such as rough terrain or moisture, 
which hamper ground penetrating radar or magnetometry surveys.
!
Discussion 
	 Intensive mapping of the surface of an archaeological site can reveal certain 
topographical signatures. These signatures, in conjunction with simple test 
excavations, can serve as a predictive tool for sampling particular areas of interest. 
Although this case study is applicable to Late Archaic architecture in the Norte Chico, 
this method offers an efficient and effective means for distinguishing subsurface 
features and for targeting areas to excavate at large-scale sites in a variety of temporal 
and geographic contexts. It also provides a more affordable alternative to LIDAR (Light 
Detection and Ranging), for example, for creating high resolution maps with centimeter 
precision. Given limitations of time and funding, this methodology can serve as an 
efficient predictive tool to identify subsurface architecture. Lastly, the incorporation of a 
robotic total station into an archaeological research design greatly enhances the 
contextualizing and presentation capabilities of the researcher whether the excavations 
are held in the highlands of Peru (Craig, et al.  2006) or a Paleolithic cave in France 
(Sisk 2010).
!
Author Biography: Matthew Piscitelli is a Ph.D. candidate at the University of Illinois at 
Chicago. He is interested in the role of religion in the development of complex 
societies. His interdisciplinary dissertation research uses a variety of modern scientific 
techniques to reconstruct the ancient religious rituals that took place within a series of 
small-scale ceremonial structures from Late Archaic (3000-1800 B.C.) Peru.
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