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ABSTRACT 

The Middle Sican culture, centered in the Lambayeque region on the north coast 

of Peru, began successful, intensive production of arsenical copper starting around AD 

900. The excavation and analysis of Middle Sic^ burials has revealed that artifacts made 

of copper-arsenic alloys played an important role in mortuary practices and ritual 

activities. Copper-arsenic alloy artifacts were accessible to a relatively wide 

cross-section of the population, though in different amounts and forms. So-called 

grouped artifacts, for example, have primarily been recovered from elite graves and ritual 

contexts. Such grouped artifacts occurred in hoards and were organized into groups by 

wrapping with spun yarn, vegetable fibers, and textiles. 

This dissertation documents the patterning of compositional and morphological 

variation among three types of grouped copper artifacts and builds connections between 

the observed patterning and material flow during production and distribution in order to 

explore relations among producers and consumers. Morphological homogeneity is 

explored in relation to the methods of manufacture involved in the production of different 

types of grouped artifacts as well as the number of production units whose output was 

pooled to form a cache. Compositional standardization is addressed in relation to the 

mass of an individual object as well as material flow between smelting and smithing 

stages of the metallurgical chdine operatoire. Hypotheses are anchored in research on the 

production organization of other Middle Sican crafts as well as literature discussing 

connections between artifact variability and production organization. 
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CHAPTER 1: INTRODUCTION 

1.1. Hoards of copper and copper-alloy artifacts; their relevance for learning about 
pre-historic metallurgy and its socio-economic context 

Among the numerous ways that durable goods can become part of the 

archaeological record (e.g. Schiffer 1987, 1995), the processes that result in the 

concentration of artifacts in hoards or caches hold the most romantic appeal for the 

public. Recovering someone else's "treasure" excites us not just because of the value that 

the artifacts may hold in the present, but also because of the questions that emerge 

regarding the circumstances of and motivations behind the deposition and the cultural 

significance of the particular pieces included in the assemblage. Since hoards often 

contain a limited range of artifacts, which are often not a representative sample of 

contemporary artifacts (Bradley 1988, p. 696), they cannot serve as the sole source of 

information regarding the roles that metal artifacts played in the lives of prehistoric 

peoples. However, when examined in their cultural context, studies of hoards of metal 

artifacts have contributed important perspectives on commodity and gift exchange (e.g. 

Bradley 1985; Kruse 1988), demonstration or concealment of status differences (e.g. 

Rissman 1988; White and Pigott 1996) and the existence of centralized control over 

production and/or distribution of goods (e.g. Philip 1988; Sherman 1998). 

The studies I cited above—with the exception of the work of Kruse (1988) on 

Viking Age silver caches—^pertain to deposits containing or consisting of objects made of 

copper or its alloys. The ability of such research to contribute to our broader 

understanding of socio-economic relations in prehistoric civilizations stems from 

associating specialization with a particular technology. Specialization encompasses a 



variety of production modes' (Rice 1987, 182) and is associated with the intensification 

of manufacturing a limited category or class of goods (Rice 1987, p. 189). In most 

models of specialization, households or production units also produce more of a 

particular good or goods than they use and consume goods that they do not produce (e.g. 

Costin 1991, p. 4; Rice 1991, p. 263). This imbalance between the variety of goods 

produced and consumed and the transactions that take place between producers and 

consumers are at the heart of why the study of specialization, if fact, craft production in 

general, is interesting to archaeologists. 

Influential archaeologists of the first half of the 20"' century, such as V. Gordon 

Childe, have taken "it as self-evident that metalworking was a specialist craft" (Wailes 

1996, p. 5). Explicit formulations of this connection involve the notion that uncommon 

skills are necessary for the performance of certain metallurgical activities (e.g. de Barros 

2000, p. 150). Additionally, one may argue that metallurgy is one of those technologies 

that "will be efficient only at levels of production which imply specialist production, that 

is, a producer must make far more objects than he/she can use personally in order for the 

tools and techniques to be efficienf (Costin 1991, p. 39f. If archaeological evidence 

suggests that extractive metallurgy and metalworking were practiced as a specialized 

craft in a particular region, then the study of metal hoards—which represent certain types 

of distribution and consumption patterns—can contribute to our understanding of the 

' According to Rice (1987, p. 181), the mode of production describes how artifacts are made, and who 
the producers and consumers are. "Pertinent questions thus relate to manufacturing technology, the 
role and status of producers, the integration between tasks, the organization of producing units and 
their relation to the overall economic organization, and the relation between producers and consuming 
groups" (Rice 1987, p. 182). 



transactions and material flow between producers and consumers and thereby enhance 

our awareness of the socio-economic and political contexts of production (Costin 1991, 

p. 3). 

Researchers have sometimes found it useful to distinguish hoards primarily on the 

basis of the depositor's motivation, which in turn may be inferred from the accessibility 

of the deposit, its association with or distance from activity areas (production facility, 

habitation, special-purpose non-domestic architecture, cemetery, etc.), and artifact type 

content. "Banking caches" (Schiffer 1987, p. 78-79) and "utilitarian deposits" (Bradley 

1985, p. 692) represent hoards of artifacts in relatively accessible locations, placed there 

for storage and safekeeping. Some have created subcategories among utilitarian hoards 

based on their association with metalworking facilities and production related activities 

as opposed to contexts related to product distribution and consumption (Bradley 1985, p. 

692-693). Hoards that do not fit in the utilitarian category are classified as "ritual" caches 

(Bradley 1982), but deposits associated with human burials are often treated separately 

under the class of grave goods (Schiffer 1987, p. 79). Ritual hoards include the 

subcategories of dedicatory caches consisting of "an object or set of objects deposited 

ceremonially at the dedication of a construction site" (Schiffer 1987, p. 79) as well as 

votive deposits or offerings left at significant locations at important occasions. 

It may not always be possible to classify contemporary deposits according to the 

above scheme, especially since the same type of artifacts may be present in both 

utilitarian and ritual caches (Bradley 1985, p. 696). Efforts to understand the nature of 

See Chapman's discussion of arguments for the lack of specialization in copper production at the 



deposits are generally correlated with researchers' focus on the context of production or 

material flow between specific socio-economic groups. Below I present a few examples 

that connect the nature of the deposit with the kind of inferences researchers draw from 

them. 

The presence of scrap metal, broken or worn metal objects and ingots in a cache 

near a settlement, and especially a production facility, may indicate a "founder's hoard" 

(Bradley 1985, p. 692), i.e., a deposit related to metalworking and recycling. Philip 

(1988, p. 197) suggested that the presence of such hoards in Palestine during the 

intermediate Early Bronze-Middle Bronze (EB-MB) period (3'^'' millennium BC) is 

related to the more dispersed nature of production facilities as well as the lack of 

"institutional control" over manufacture and trade as compared to the following, more 

urbanized Middle Bronze Age period (c. end of 3'^'^ millennium-1750 BC). The study of 

utilitarian deposits related to manufacturing activities can thus enhance understanding 

regarding the context and concentration of production. "Context" describes the nature and 

extent of influence by consumers over production and distribution (Costin 1991, p. 11) 

while "concentration" refers to the geographical distribution of producers (Costin 1991, 

p. 13). 

Caches containing many multiples of the same type of object are often considered 

as examples of the function of copper (or other metals) as a commodity or medium of 

exchange. Whether in the form of ingots or mostly unfinished or unused artifacts, the 

items in such hoards are often said to be standardized, i.e., they display low variation in 

Copper Age settlement of Almizaraque, Spain (1996, p. 78-79). 



mass and/or morphology. One possible purpose of standardization may have been to 

"facilitate balanced dealing," (e.g. Bradley 1985, p. 696). Kruse's (1988) research on 

Viking Age (c. 9"'-10"' century AD) English and Welsh hoards with silver ingots, which 

she defined as "worked metal stored for whatever eventual purpose in a form without 

function as an ornament," focused on identifying standard mass units. Kruse correlated 

the observed lack of precise standardization with political fragmentation, the lack of 

tradition for regional and national standardization, as well as the availability of small 

pieces of silver or coins to adjust scales used in transactions (Kruse 1988, p. 297). It is 

important to note that Kruse examined the technology of silver ingot manufacture and 

found that craftsmen would have been able to reliably reproduce ingots of standard 

masses (Kruse 1988, p. 296). This suggested to her that artifact variability was probably 

not due to the limitations of technology and/or craftsmen's skills and knowledge. 

Sherman's (1998) discussion of Bronze Age (c. 1800-1400 BC) ingot hoards from 

Austria is an example of tracing material flow between those involved in smelting and 

those involved in preparing, distributing, and consuming ingots of standard mass. The 

absence of ingots in the Mitterberg copper producing region and their distribution in 

surrounding areas suggested that producers exchanged copper for other goods in the form 

of "casting cakes" and the standardized ingots prepared by craftsmen elsewhere (Sherman 

1998, p. 200-202). Shennan (1998, p. 202) viewed the standardization of ingot masses as 

a sign of their function as an exchange medium. The presence of small groups of ingots 

that differed in composition from the rest in a cache may indicate that copper from 

different sources was processed into ingots the same way (Sherman 1998, p. 201-202). 



Blackman et al. (1993, 74) called such variation observable among otherwise almost 

identical artifacts "cumulative blurring" of standardization and recognized it as a 

consequence of combining, in the location of use, the products of several production 

episodes carried out by (potentially distinct) specialists. 

As the above examples suggest, standardized mass and shape may facilitate the 

functioning of copper and copper-alloy objects as exchange media. However, there may 

be other explanations for low variability within and/or across hoards. Philip (1988, p. 

193) cited evidence for the use of molds in producing "crude, stereotyped, mass produced 

bronze figurines" to be deposited as offerings around Middle Bronze Age (c. end of 3^'^ 

millennium-1750 BC) temples in the Levant. He excluded the possibility that the 

figurines participated in the local exchange system based on their absence from graves, in 

contrast to other offerings in caches—such as bronze weapons, vessels and 

jewelry—which did participate in gift exchange. Instead, Philip (1988, p. 193) suggested 

that the cast figurines were acquired and deposited by people who did not have access to 

more valuable forms of offerings. In this example, low variability among the figurines 

can be related to strategies of producers to economize and the relatively low level of 

resources available to a certain stratum of people. If, as Philip argued (1988, p. 193), 

offerings were periodically collected at the temple and deposited in pits or jars, then one 

would expect to observe some morphological and compositional variation among cast 

figurines within a cache as a result of the superimposition of products by various 

producers and production episodes (see previous paragraph). 



1.1.1. Perspectives on copper hoards in Latin America 

The previously cited examples from Old World and mostly Bronze Age contexts 

are just a few that illustrate the contribution that the study of hoards, especially those 

containing multiples of the same artifact type, can make to our understanding of 

socio-economic relations within societies. The phenomenon of such hoards extends to 

the Latin America as well. Here, as a result of centuries of looting targeting elite burials 

to recover precious metal containing artifacts, museum collections contain a high 

proportion of grave goods that looters left behind. These goods include several types of 

copper-alloy objects that were deposited in burials in multiples, often by bundling 

together many, almost identical, individual items. 

Comparative studies of hoarded items from looted as well as documented contexts 

have been pursued in order to explore (1) whether craftsmen recognized the advantages 

copper-arsenic alloys offered over pure copper (e.g. Lechtman 1979a, 1981, 1996; 

Lechtman and Klein 1999); (2) the existence of pan-Andean values and traditions 

favoring the use of sheet metal rather than casting (e.g. Hosier, et al. 1990; Lechtman 

1988); (3) the use of standardized copper-based artifacts as exchange media (Hosier, et 

al. 1990; Shimada 1985b); and (4) the spread and transmission of copper-arsenic alloy 

production and processing northward from the Lambayeque region in Peru, to Ecuador 

around AD 900 and then later (ca. AD 1200) to West Mexico (e.g. Hosier 1988; Hosier, 

et al. 1990, p. 70). 

According to Lechtman (1979a, p. 23), a shift from copper to copper-arsenic 

alloy manufacture and use occiirred during the Middle Horizon (AD 550-900) along the 
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north coast of Peru. However, it was during the Middle Sican period (AD 900-1100) in 

the Lambayeque region that the technology flourished, resulting in the production and 

deposition of unprecedented quantities of goods into burials and dedicatory caches 

(Shimada 1994b). These developments coincided with the maturation of a distinct 

ideology and religious authority in the region as reflected by the resurgence of 

monumental adobe archhecture and iconography featuring the Sican Deity or Lord 

(Shimada 2000). Research on the material culture of the Lambayeque and neighboring 

regions indicated that a vast trade network—extending to Ecuador, Colombia and the 

Andean Amazonia—was in place during the Middle Sican period (Shimada 1985a, p. 97-

124; 1985b, p. 365-370; 2000, p. 58-59). Shimada has argued that copper-arsenic alloy 

ingots or more processed forms of the alloy were exchanged for Spondylus shells, coral 

and semi-precious stones from Ecuador (Shimada 1985b, p. 392; 1990). 

It is unclear whether Ecuadorian craftsmen relied on copper-arsenic alloy stock 

from the north coast of Peru to manufacture their distinct artifacts, or whether the alloy 

came to be produced locally as well (Hosier, et al. 1990, p. 76-77). Hosier (1994, p. 185) 

argued that objects made of copper-arsenic alloys were introduced to West Mexico by 

either a maritime trading network associated with a Peruvian coastal polity or Ecuadorian 

merchants. In addition to "prototype artifacts," Hosier fiirther suggested that 

technological knowledge necessary for the preparation and processing of copper-arsenic 

and copper-tin alloys may have been transmitted by Andean craftsmen who joined 

merchants on their northward voyage (Hosier 1988, p. 852; 1994, p. 185-186). 
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Hosier and others have supported arguments regarding the long-distance 

transmission of metallurgical knowledge by pointing out shared features of 

copper-arsenic alloy use and exploring regional differences in the corpus of artifacts and 

their functions (e.g. Hosier 1988; Hosier, et al. 1990, p. 70). Based on the results of 

compositional analysis, studies of microstructure, available information regarding the 

archaeological context, and ethnohistorical sources Hosier et al. (1990, p. 70) established 

four invariant "core" features that began to spread from the Lambayeque region during 

the Middle Sican period, AD 900-1100. Polities in Ecuador and West Mexico 

"assimilated" and "elaborated" the following core features: 

(1) thinness as value (and the thin-smithing style as 
appropriate to production); (2) copper-arsenic alloy as the 
single and exclusive material for manufacture of objects; 
(3) stacking, tying and packeting of finished thin items into 
groups which are often bundled into larger aggregates and 
sometimes covered with cloth; and (4) hoarding of 
individual items, packets and bundles usually, but not 
exclusively in burials. (Hosier, et al. 1990, p. 70) 

The first two core features were interrelated because Hosier et al. (1990, p. 68) argued 

that the requirement for an object to express "thinness as value," i.e., be made of a very 

thin metal sheet, is "a material strong and tough enough to survive thinness, the very 

quality of which the design is an expression." Hence copper-arsenic alloys, the 

production of which was developed by the Middle Sican peoples, must have offered a 

recognizable advantage over copper itself by endowing thin objects with superior 

strength and toughness (Hosier, et al. 1990, p. 68). 

Variations on the core features included formal and functional differences. In 

Ecuador and West Mexico thin artifacts in the shape of an axe (i.e., axe-monies or 



hachuelas) were recovered in contrast to I-shaped naipes^ in the Lambayeque region 

(Hosier, et al. 1990, p. 18-19; Shimada 1985b, p. 386). However, stacks of "feathers," 

which are thin elongated sheets that taper on one end, have been found both in Ecuador 

and the Lambayeque region (Bennett 1939, p. 105; Hosier, et al. 1990, p. 20-22 and 71). 

Ethnohistorical sources documented the use of axe-monies as tribute items and as 

exchange mediums in West Mexico and perhaps also in Ecuador (Hosier 1994, p. 166), 

whereas evidence for the use of naipes as "primitive money" is weaker (see Hosier, et al. 

1990, p. 68; compare to Shimada 1985b, p. 389-390). 

In connection with the use of axe-monies as exchange media Hosier (1986) 

investigated whether these artifacts were standardized. She distinguished several different 

types and subtypes of axe-monies within regions based on shape and found relatively 

low within-type variation in length, mass, and manufacturing method compared to 

variation among axes used as tools (Hosier, et al. 1990, p. 41-42). Similarly, dimensions 

were quite homogeneous within each of the three subcategories of Ecuadorian 

axe-monies (Hosier, et al. 1990, p. 53). Explorations regarding the extent of variation of 

axe-monies within a cache have been limited to the compositional analysis of three items 

per packet, with each packet from a different site in Ecuador (Hosier, et al. 1990, p. 93-

94). Shimada (1985b, p. 385) noted that naipe size and form was consistent within 

packages containing multiple naipes and that "the total number of naipes and/or their 

size/shape categories seems to correlate well with tomb size and the overall range, quality 

and quantity of funerary goods" in Middle Sican contexts (Shimada 1990, p. 368). While 

^ See Appendix 1: Glossary of non-english and technical terms, p. 393 



researchers have noted similar differential distribution of axe-monies in Ecuadorian 

graves (Hosier, et al. 1990, p. 55) and cited ethnohistorical sources to illustrate the 

accumulation of large numbers of these items in the hands of people receiving tribute in 

West Mexico (Hosier, et al. 1990, p. 39), the corpus of artifacts from these regions simply 

lacks the kind of detailed contextual information that has become available for the 

Middle Sican period in the Lambayeque region. 

Prior studies of hoarded copper artifacts from Latin America have aimed to infer 

pertinent aspects of the cultural and socio-economic context of metallurgy from 

observable patterning in alloy composition and artifact morphology. The argument that 

hoarded artifacts were thin because "thinness" was a cross-cultural value (e.g. Hosier, et 

al. 1990, p. 68) is an outgrowth of Lechtman's (1977; 1988) ideas on "technological 

style." According to Lechtman, belief systems and attitudes toward materials supported 

particular technical solutions and contributed to continued innovations in similar veins 

across different crafts (e.g. Lechtman 1979a). The above implies that ideological factors 

limit artifact variability by restricting the range of acceptable ways of manufacturing 

things. The promoted technical solutions are of the same "style," which means that the 

elements of their constituting activities, such as "technical modes of operation, attitudes 

towards materials, some specific organization of labor, ritual observances" are related 

and integrated in similar, nonrandom ways (Lechtman 1977, p. 6). In order to strengthen 

the argument that thinness of hoarded copper artifacts was related to similar beliefs held 

by people in the Lambayeque region, Ecuador and West Mexico, it would be necessary to 

examine whether the technical solutions chosen for other crafts in these three regions also 
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express the value of thinness. That is to say, one needs to conduct inter-contextual 

comparisons. 

Researchers of hoards in the Old World have been able to bridge observations 

about the physical attributes of hoarded artifacts to inferences about their cultural and 

socio-economic context because of the availability of information on the archaeological 

context of the finds, their geographical distribution, as well as direct evidence of 

production organization in the form of workshops, production debris, raw materials and 

tools (e.g. Costin 1991). This kind of information is important because it helps assess 

how material flows between activities and groups of people and thus speaks to the 

relations between producers and consumers, i.e., the mode of production (e.g. Rice 1987, 

p. 181-182). Similar linkages have been to difficult to construct for copper hoards in 

Latin America because pervasive looting and the problems of locating and excavating 

metallurgical production facilities has forced researchers to rely heavily on museum 

collections and to study patterning of physical attributes among artifacts which lack 

archaeological context. 

1.2. Revisiting the study of Latin American copper hoards 

The long-term, systematic excavations of the Sican Archaeological Project 

(henceforth SAP) in the Lambayeque region have recovered a wide range of copper 

artifacts from securely dated, diverse archaeological contexts from the Middle Sic^ 

period (AD 900-11000), including habitations, workshops, monumental architecture, and 

burials (e.g. Shimada 1999). Additionally, the SAP has reconstructed the process and 

many of the organizational aspects of copper smelting based on excavations of 



workshops as well as replication experiments (e.g. Epstein and Shimada 1983; Shimada, 

et al. 1983; Shimada and Merkel 1991). Efforts to understand production organization 

have extended to monumental adobe architecture (e.g. Cavallaro and Shimada 1988; 

Shimada 1997a), pottery (Cleland and Shimada 1998; Shimada and Montenegro 2002; 

Shimada and Wagner 2001; Taylor and Shimada 2001), and precious metal artifacts (e.g. 

Carcedo Muro and Shimada 1985; Shimada, et al. 1999; Shimada and Griffin 1994). The 

models developed for the above technologies take into account the relations between 

producers and consumers as well as the potential functions that the products fulfilled. 

Access to the output of crafts during the Middle Sican period has been considered 

in relation to the social organizational features that have been identified so far for the 

Lambayeque region. Shimada (2000, p. 60) has "characterized the Middle Sican as an 

economically and politically active "Vatican-like," state-level religious polity" in which 

the primary unifying forces were ritual practices centered about the Sican Deity and 

participation in a complex political economy geared toward status and sumptuary goods. 

Mortuary analyses focusing on the differential distribution of grave goods have led to the 

development of a four-tier regional social hierarchy, in which members of the top two 

tiers, i.e., the elite, were differentiated from the rest by their access to ritual artifacts 

incorporating precious metals and other non-local exotic materials (e.g. Shimada 1997b, 

p. 69-72). According to Shimada's model (2000, p. 61), the state and/or a person that 

embodied the Sican Deity orchestrated access to these artifacts and materials in exchange 

for local leaders' participation in the Sican ideological framework. 
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For the first time, there is a body of knowledge regarding the archaeological 

context and distribution of hoarded copper artifacts in Latin America that is enriched by 

sound conceptions on the technological and organizational aspects of production as well 

as the socio-economic structure of the period. Building on this background, this 

dissertation documents the patterning of compositional and morphological variation 

among hoarded copper artifacts and builds connections between the observed patterning 

and material flow during production and distribution in order to explore relations among 

producers and consumers. The dissertation will also reassess the "core invariant features" 

of copper use, which have been argued to have spread from the Lambayeque region to 

Ecuador and West Mexico, and which Hosier et al. (1990, p. 70) established for the 

region based on rather limited access to actual Middle Sican artifacts or to compositional 

data published by others. 

While the findings of the SAP have confirmed the deposition of hoards of naipes 

and "feathers" in burials, the excavation of an elite shaft tomb during the 1991-92 field 

season revealed that "finished thin items" (Hosier, et al. 1990, p. 70) were not the only 

type of copper artifacts to have been tied together to form groups before depositing 

multiple such bundles in burials. In fact, the same treatment was applied to 489 mostly 

unfinished and unused puntas, which are heavy, elongated copper implements with 

sockets (e.g. Shimada and Merkel 1993). Also, excavations at the top of a large adobe 

mound were the first to document examples of multiple bundles of thin items outside of 

funerary caches (e.g. Shimada 1985a, 1990). The incorporation of bundles of thin, 

rectangular copper sheets, along with warm-water shells and human sacrifices, into 
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architectural features during the construction of the adobe pyramid indicates the 

dedicatory character of some Middle Sican caches'^. 

The observation that the grouping, bundling and ritual deposition of copper 

artifacts v^as a more complex practice than previously noted for the Middle Sican period 

in the Lambayeque region is the starting point for this dissertation. Given that caches of 

three different types of thin objects—naipes, rectangular sheets, and "feathers"—have 

been recovered so far and many of the objects have been made available for materials 

analysis it is important to examine whether copper-arsenic alloys were in fact "the single 

and exclusive materials" (Hosier, et al. 1990, p. 70) used in manufacturing thin artifacts. 

If the arsenic content of grouped thin artifacts indeed relates to their design (e.g. Hosier, 

et al. 1990, p. 68), in that the mechanical properties of the processed alloy allow the 

objects to fulfill their functions, is there a similar relation between the composition of 

puntas and their "thick" design? 

As mentioned previously. Hosier (1986) compared the extent to which the mass 

and length of West Mexican axe-monies and tool axes were standardized in order to 

assess "whether that range of variation constitutes a standard" (Hosier, et al. 1990, p. 41). 

Physical attributes of axes used as tools were more variable than that of axe-monies used 

as exchange media. Though morphological standardization among hoarded items has 

been cited to support the function of artifacts as exchange mediums (e.g. Kruse 1988; 

Sherman 1998) we need to examine other potential reasons that can account for low 

variability. If we cannot assume that Middle Sican grouped artifacts—naipes, puntas. 

See Schiffer (1987, p. 79) for a definition of "dedicatory cache." 
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rectangular sheets and "feathers"—functioned as mediums of exchange (see Hosier, et al. 

1990, p. 68; Shimada 1985b, p. 389-390), what can we leam from the variability 

exhibited by their physical attributes, such their dimensions, mass and chemical 

composition? What may cause the physical attributes of grouped objects of one type to 

display lower variability, i.e., a greater degree of standardization, than that observed for 

comparable attributes of grouped artifacts of a different type? 

1.2.1. Relevant approaches to studying variation among hoarded artifacts 

The above questions on variation are at the heart of the body of literature that 

seeks to relate the relative standardization of artifacts in relation to production 

organization, specifically craft specialization (e.g. Costin 1991; Rice 1991). Such 

approaches are relevant to this dissertation because grouped copper artifacts represent a 

fraction of the end product of a complex series of activities which were performed, at 

least in part, by specialized producers (e.g. Shimada 1994b; Shimada, et al. 1983; 

Shimada and Merkel 1991). Therefore, the intentional deposition of copper artifacts 

outside of production-related contexts resulted from direct or mediated transactions 

between the social entity orchestrating the burial or dedicatory activities and one or more 

producers. Costin (1999, p. 85) has argued that: 

the social entities responsible for sponsoring/coordinating 
death ritual often made conscious choices among different 
kinds of production/distribution modes used to acquire the 
objects placed in graves. In choosing one production 
regime over another the individuals, kin groups, or 
institutions sponsoring interment may choose to express 
certain types of relationships (and not others) in the context 
of burial rituals. Thus by identifying the organization of 
production of objects foiond in graves, we can infer the 
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types of social networks and social relations that have been 
chosen for emphasis in these socially transitional contexts. 

The aspect of production organization that Costin (1999, p. 87) proposed to infer 

from the extent of intra-assemblage variability is "the number of production units that 

made a particular class of objects in the assemblage." The rationale behind this attributes 

variation to differences between individual producers in motor habits, skills, and 

technical choices (from raw material use to design choices) (e.g. Costin 1991, p. 33; see 

also Schiffer and Skibo 1997). Therefore if one compares the extent of variation of 

certain physical attributes for artifacts in two assemblages, then the more homogeneous 

assemblage was likely to have been generated from the output of fewer producers. For 

assessing standardization Costin and Hagstrum (1995, p. 622) suggest choosing 

"mechanical attributes," which the producer "unintentionally introduces into his or her 

works" because the "variability associated with these attributes relates to the level and 

type of mass production technology employed, training, skill, experience, motor habits, 

work habits, and idiosyncratic behavior." 

The above outlined approach raises the possibility of ranking bundles, or caches 

containing multiple bundles of copper artifacts according to the relative number of 

producers involved in the creation of the component artifacts. The relative number of 

producers may then correlate with the diversity of material and labor resources accessible 

to the deceased person or the social group(s) arranging the burial or the deposition of a 

dedicatory cache. The range and quantity of products of other specialized crafts and/or 

exotic materials that were present in addition to grouped copper artifacts in a deposit can 



serve as an independent line of evidence to help assess the ability of a person or group to 

command resources (e.g. Shimada 1997b, p. 69-72). 

Unfortunately the correlation of intra-assemblage variability with the number of 

producers or production units, whose output generated the assemblage, is not without 

problems (Arnold and Nieves 1992; Blackman, et al. 1993; e.g. Costin 1991, p. 33-34; 

see also Hodder 1979; Hodder 1981). Especially in relation to the study of pottery 

production, researchers have raised issues with reconstructing aspects of production 

organization on the basis of compositional analyses (e.g. Arnold 2000; Tite 1999). 

Blackman et al. (1993) pointed out that the heterogeneity of clay deposits is one of the 

key causes of variation among the outputs of a single producer or production unit through 

time. Budd (1996) and Pemicka (1999) raised the same issue with regard to ore deposits 

in discussing the limitations of connecting metal artifacts with distinct ore sources. On 

the other hand, the shared use of raw materials by different producers would tend to 

lower synchronic compositional variation in an assemblage and cause one to 

underestimate the number of producers, as long as producers made the same type of 

artifact and engaged in the same "technological behaviors used in selecting, modifying, 

and mixing raw materials" (Arnold 2000, p. 369). 

In order to understand how the above "environmental and technological factors" 

(Arnold 2000, p. 369) complicate the inference of production organization from the 

patteming of compositional variables among grouped copper artifacts it is necessary to 

explore literature on how production activities affect the composition of copper-arsenic 

alloys and to review research by the Sican Archaeological Project on the technology of 



Middle Sican copper smelting and the spatial distribution of smelting and smithing 

workshops. The existence of multiple distinct smelting and metalworking sites in the 

Lambayeque region (e.g. Shimada 1994b) raises the possibility that the production 

process involved the flow of stock metal from one smelting workshop to a number of 

different processing facilities, or alternatively, the possibility that a smithing facility 

relied on multiple sources for stock metal. Hence processing facilities can be viewed as 

"consumers" of smelted metal and therefore compositional patterning may be related to 

the organization of distribution between smelting and smithing facilities (e.g. Freestone, 

et al. 2002; Sherman 1998) unless a great deal of recycling took place at smithing 

workshops (see Budd, et al. 1996; Freestone, et al. 2002; Pemicka 1999). 

1.2.2. Overview of the di ssertation 

This dissertation examines artifacts from the Lambayeque region along the north 

coast of Peru. According to Bray (1985, p. 80), Nordeskiold (1921) was the first person 

to describe the north coast of Peru as a region with a distinct metallurgical tradition that 

favored the use of copper-arsenic alloys over copper-tin bronze, the use of which 

emerged independently in the southern Andes (e.g. Lechtman 1979a). Rowe (1948, p. 34-

35) articulated the significance of this region well when he wrote: "Technologically, in 

such matters as metallurgy, weaving, irrigation and town planning the coastal states led 

the whole Andean area until the Incas came down from Cuzco to conquer and to learn." 

According to others (e.g. Hosier 1988; Hosier, et al. 1990, p. 70), the Inca were not the 

only or the first to adapt innovations originating along the north coast, because the 



technology of copper-arsenic alloy production and processing spread northward from the 

Lambayeque to Ecuador around AD 900 and then later (ca. AD 1200) to West Mexico. 

Chapter 2, "Overview of the area and period of study," presents relevant 

information regarding the cultural context of copper artifact production and consumption 

during the relatively short Middle Sican period (AD 900-1100) in the Lambayeque 

region. The chapter begins by defining the geographic boundaries of the region and 

describing early, conflicting, interpretations of the local archaeological record. An outline 

of the regional chronology follows in order to place the Middle Sican period in the 

context of local developments and inter-regional cultural influences. Characteristic 

features of Middle Sican culture are then summarized, including its iconography, 

materials technologies, monumental architecture and funerary practices. The chapter also 

discusses social and settlement patterns for the Sican heartland in the Lambayeque 

region. 

Chapter 3 introduces the corpus of "Grouped copper objects," as distinct from 

artifacts that tend to occur singly in Middle Sican archaeological contexts. The terms 

"grouped artifact" and "grouped object" are used throughout the dissertation to refer to 

objects found in multiples, which are often stacked and bundled using woven, spun 

textiles and/or plant fibers. Elite burials as well as dedicatory caches associated with 

monumental architecture have been found to contain several bundles of a particular type 

of artifact. The chapter presents detailed descriptions of the formal attributes and 

archaeological context of four types of grouped objects: puntas, sheet puntas (formerly 

referred to as "feathers"), naipes and rectangular sheets. Sections dedicated to each 



artifact type summarize and evaluate existing literature, especially concerning artifact 

functions. Ethnohistoric evidence is cited to support newly proposed interpretations for 

the role of bundled puntas in burials. Comparative evidence is presented to challenge the 

notion that "feathers" were ever part of headdresses or other ornamentation and to 

support the view that the artifacts were intended to serve as sheet metal analogues of 

puntas. Finally, limitations stemming from the nature of grouped artifact finds and their 

archaeological context are addressed. 

The purpose of Chapter 4, "Middle Sican copper-arsenic alloy technology," is to 

'set the scene' for examining potential explanations for artifact variability in relation to 

the technology and the organization of its constituent activities. The first third of the 

chapter presents an overview of the Middle Sican copper smelting and metalworking 

process as reconstructed by the Sican Archaeological Project based on archaeological 

evidence and replication smelting experiments. The second third of this chapter reviews 

what is known about the organization of activities along the chdine operatoire^ of 

copper-alloy production and processing based on the spatial distribution of production 

related remains in and around workshops. The final third of this chapter discusses 

existing arguments for elite or state control of metallurgical activities. The section brings 

up questions regarding the ethnohistorical evidence used to support the idea of elite or 

state control and discusses the interpretation of archaeological evidence in light of 

production organization models developed for metallurgical activities in other cultures. 

^ The sequence of activities involved in the transformation of raw materials into products (e.g. Sellet 
1993). 
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Chapter 5 builds on the background information provided in the previous chapter 

and explores "Potential sources of variation in grouped artifacts." First the chapter 

summarizes existing work on the purposeful selection of copper-arsenic alloys by Middle 

Sican coppersmiths. This is followed by an overview of research on the effect of arsenic 

on the properties of copper in order to lay the foundations for discussing whether 

compositional differences between various types of grouped objects can be explained in 

terms of design differences. Material flow between activities along the metallurgical 

chdine operatoire is then discussed as a potential source of compositional patterning. 

Finally, I synthesize viewpoints regarding the inference of production organization from 

standardization, or low within-type artifact variability. 

Looking at architecture, precious metals, and ceramics, Chapter 6 presents an 

extensive review of "Existing organizational models for Middle Sican technologies" in 

order to evaluate their utility for explaining patterned variation in grouped copper 

artifacts. The chapter begins with a discussion of the "sponsor model" for the 

construction of monumental architecture, which was developed in order to explain the 

spatial distribution and variability of marked adobe bricks (e.g. Cavallaro and Shimada 

1988). Given that rectangular sheets were deposited as dedicatory caches during the 

construction of monumental architecture, it is plausible that similar paths led them and 

marked adobe bricks to their specific placement at the construction site. 

Following the discussion of the sponsor model is an analysis and reassessment of 

how compositional variation has been explained for precious metal artifacts. Many 

precious metal artifacts contain multiple, almost identical parts, all of which were likely 
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manufactured within a relatively short period of time. If grouped artifacts were prepared 

for the purpose of deposition, rather than accumulated over time, then the model 

developed to explain variation among the multiple, almost identical parts of precious 

metal objects may also be applicable to them. 

The chapter closes with a discussion of how studies of mold variability have 

allowed researchers to infer the relative independence of potters retained by the elite to 

produce mold-made vessels (e.g. Shimada and Montenegro 2002; Shimada and Wagner 

2001; Taylor and Shimada 2001). This research is relevant to the study of grouped copper 

artifacts because multiple, similarly organized pottery making and metalworking units 

worked side-by~side at the site. Low compositional variability in contrast to high 

morphological variability for molds and products indicated that while potters shared 

material resources, their output reflected their own (or their "customer's") personal 

preferences. Producers may have pooled their outputs in order to fulfill a large demand 

that they could not meet independently within the allotted time. This would have resulted 

in an assemblage with high morphological and low compositional variation. The pooling 

of grouped artifacts by resource-sharing metalworkers may then show similar patterning. 

Chapters 7-9 examine morphological and compositional^ patterning among 

rectangular sheets, puntas, and sheet puntas using a variety of exploratory statistical 

methods, principal component as well as k-means cluster analysis. 

Chapter 7 revisits the idea put forth in Chapter 6, that the sponsor 

hypothesis—originally developed for explaining the variability of marked adobe bricks 



(e.g. Cavallaro and Shimada 1988)—may explain variability among rectangular sheets 

excavated from the top of an adobe pyramid. A discussion of the chdine operatoire of 

rectangular sheet production is presented to explain why one would expect to encounter 

compositionally homogeneous groups of rectangular sheets and to relate morphological 

differences to the preferences of production units. Similar patterning of morphological 

and compositional variables among marked adobe bricks and rectangular sheets suggests 

that the way in which different material resources were contributed to large-scale, 

collective construction projects was similar. 

Chapter 8 begins by discussing factors relevant to understanding variability 

among puntas organized into discrete bundles within an elite burial. A detailed 

exploration of morphological and compositional variables follows in order to determine 

whether dimension- and composition-based classification of puntas crosscuts or 

coincides with their arrangement in bundles. Correlation between certain morphological 

variables is discussed as a potential indicator of the extent to which the manufacture of a 

punta was completed. Dimension- and composition-based classification schemes for 

puntas are more complex that patterning observed for rectangular sheets and do not 

replicate the grouping of puntas in the archaeological record. The bundling of puntas was 

unlikely to have been based on the identity of the producer or production unit. Instead, 

one may envision that puntas manufactured over some time period were accumulated at 

some point along their path between producers and place of burial, and that bundles of 

puntas were assembled from relatively randomly chosen pieces from such a deposit. 

® Elemental composition was determined using a Cameca SX50 electron microprobe in the Department 
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Chapter 9 focuses on the analysis of sheet puntas from a variety of contexts at the 

site of Sican. The archaeological context of ritual sheet punta deposits at the site of Sican 

is less secure than that of rectangular sheets and puntas and this poses limitations on their 

study. However, sheet puntas are the only type of grouped artifacts that have been 

recovered from inferred ritual and production contexts. Therefore a preliminary 

exploration of patterned morphological and compositional variation in the context of 

evidence from production contexts is appropriate at this time. 

Chapter 10 begins with a summary of approaches used in the dissertation to 

enhance our understanding of producer-consumer relations based on technical studies of 

grouped copper alloy artifacts. This is followed by a cohesive presentation of hypotheses 

developed and tested in the body of the dissertation, and a synthesis of findings related to 

the hypotheses based on the analysis of rectangular sheets, puntas, and sheet puntas. 

Finally, directions for future work relating to grouped objects are outlined. 

of Planetary Sciences at the University of Arizona (see A 2.3, p. 399). 
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CHAPTER 2: OVERVIEW OF THE AREA AND PERIOD OF STUDY 

Then too, if there is anything at all in the widespread 
anthropological superstition that the center of most 
complex culture was probably the center of invention, the 
north coast is a likely place for the origin of many things. 
Technologically, in such matters as metallurgy, weaving, 
irrigation and town planning the coastal states led the 
whole Andean area until the Incas came down from Cuzco 
to conquer and to learn. (Rowe 1948, p. 34-35) 

2.1. Introduction 

This dissertation examines copper-alloy objects from Middle Sican (AD 900-

1100) contexts along the north coast of Peru. Most of the objects were excavated from 

sites in the Leche and Lambayeque River valleys (Figure 2.1, p. 68). The Poma National 

Historical Sanctuary in the smaller Leche River valley has a large concentration of 

monumental architecture and lacks evidence of large-scale or long-term agricultural use 

(see Figure 2.2, p. 69). Archaeological evidence points to the long-term specialized use 

of the Poma district as a place of religious practice and pilgrimage, as well as a burial 

ground (Shimada 1981). The neighboring Lambayeque valley with its agricultural fields 

and residential sites, on the other hand, likely served as the "bread basket" to its smaller 

neighbor (Schaedel 1951, p. 540; Shimada 1999). 

While the Poma district appears to have been of some religious importance for 

over 3,000 years, it experienced an upsurge in significance during the Middle Sic^ 

period and is taken to have been the "capital" of the Middle Sican polity (Shimada 1990, 

p. 339). Existing models for the Middle Sican polity depict it as a state-level organization 

in which the primary unifying forces were religious practices centered about the Sican 

Deity and participation in a complex political economy geared toward status and 



sumptuary goods. Membership or participation in the Sican rehgion conferred privileged 

status, which in turn was expressed through access to and display of certain items of 

material culture. The control of both of these lay in the hands of the state and/or a person 

that embodied the Sican Deity. State control over metallurgical production may have 

been a key element of control over the intricate exchange relations that brought exotic 

status and ritual materials to the Poma district and contributed to the accumulation of 

wealth by the Sican elite (Shimada 2000, p. 61). 

The aim of this chapter is to detail the archaeological evidence that has 

contributed to forming the above picture of the Middle Sican polity. I will begin by 

outlining some of the early research that recognized the importance of the Lambayeque 

region and by noting the difficulties of conducting excavations in such a heavily looted 

area. One of the problems associated with this early research is the use of multiple 

incongruent chronologies. I address this by presenting a brief chronology for the region 

anchored by radiocarbon dates obtained from wood and charcoal samples. I place the 

Middle Sican period in the context of preceding regional developments, then discuss the 

abrupt abandonment of the Poma district and follow up on the multiple changes in the 

externally-imposed control that followed the Sican periods. Finally, I discuss key 

features of the Middle Sican period in greater detail—including settlement pattern and 

social hierarchy—^to lay groundwork for examining the technology, distribution and use 

of copper-alloy objects in the context of existing socio-economic relations. 



2.2. Early work in the Lambayeque region on the north coast of Peru 

A. L. Kroeber (1930) was the earliest to recognize the north coast of modem Peru 

as a region with traditions and a pre-history that were distinct from the rest of the coastal 

and highland areas (Shimada 1990, p. 297). The region in question (see Figure 2.1, p. 68) 

is comprised of adjacent river valleys bounded by the Jequetepeque River on the south 

and the Motupe River valley on the north (Kosok 1958, p. 49-50). The rivers flow, 

sometimes intermittently, from the western slopes of the Andes toward the Pacific Ocean. 

Before reaching the ocean, the rivers encounter a stretch of coastal desert. The immediate 

vicinity of the rivers is fertile and the reach of the water can be extended through the use 

of irrigation canals, thus allowing the practice of agriculture. Rowe (1948) echoed other's 

arguments when he said that the combination of fertile river valleys, coastal waters rich 

in marine resources, and mild weather was likely to have been attractive to people, 

perhaps allowing the emergence of centers of Andean civilization. 

The role of the rivers in the lives of the people of the north coast cannot be 

underestimated. The topography of the region makes it possible to channel the water of 

the Lambayeque River beyond the confines of its valley, forming large inter-valley 

irrigation systems (Kosok 1958, p. 50). This agricultural connection between adjacent 

valleys on the north coast has prompted investigators to address the possibility of 

analogous social and political integration (e.g. Kosok 1958, p. 64). The visible abundance 

of clusters of monumental adobe brick mounds—huacas—and of "lay centers" has 

further encouraged the reconstruction of the region's prehistory in terms of successive 

complex social organizations (e.g. Kosok 1958). Early surveys of architectural remains 
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distinguish between ceremonial, "elite urban," and "lay" centers and reveal a concern 

with the articulation of social hierarchy, as well as intra- and inter-valley political unity 

and tension through time (e.g. Kosok 1958; Schaedel 1951). 

Aside from the early regional and site survey reports I cite above, there are few 

publications on the material culture of the Lambayeque region. This is partly related to 

the intense looting activity in the region, often perpetrated by local landowners, which 

has discouraged scientific excavations (see Shimada 1981, p. 405). Bermett (1939) 

published an extensive report on excavations he carried out around Lambayeque in 1936. 

He stated that his writings on north coastal objects are "the first recorded works of any 

magnitude, but unfortunately they represent only a sampling of this large region" 

(Bennett 1939, p. 94). 

Bennett hypothesized that during what he called Middle Lambayeque I period (no 

date given) the region was "virtually uninhabited, at least by any outstanding civilization, 

during the great development of the Early Chimu' in [the] Moche, Chicama, and Viru 

valleys" (Bennett 1939, p. 122). He based this observation on the pottery excavated by 

himself and on preliminary reports of Julio C. Tello's excavations along the north coast in 

1937. He noted that Middle Lambayeque I ceramics exhibit Chavin (central coast) as well 

as Central American influences. Pottery from the subsequent Middle Lambayeque II 

period appeared to incorporate Early Chimu, Tiahuanaco, as well as some local features. 

Some years later Kosok referred to the latter period as "C" in the Lambayeque 

region. Contrary to Bennett, he argued that during this time Tiahuanaco influence was 

' Early Chimu = Moche or Mochica (in modem terms) 



waning and that the blackware that made up an increasing percentage of the ceramics 

were not of Chimii origin (Kosok 1958, p. 63). Furthermore, Kosok postulated that the 

inter-valley linkages that began during the Lambayeque B period (Bennett's Lambayeque 

Medio I) resulted in the "union" between the three neighboring valleys—^Zana, 

Lambayeque, and Leche—during Lambayeque C (1958, p. 64). He dated the latter period 

to AD 1000-1200, roughly corresponding to the Middle Sican period, and placed the 

Chimii invasion of the region later, to Late Lambayeque I (AD 1200-1450). 

2.3. Refining chronology and regional developments around Lambayeque 

The above outlined differences between Bennett's and Kosok's period 

designations highlight two important problems with early research in the Lambayeque 

region. The first problem is the need for establishing local and regional chronology^, 

while the second pertains to developing a good understanding of influences and 

interactions between local and surrounding Andean social groups or cultures. In the 

following subsections I introduce the reader to key areas and sites of interest in the 

Lambayeque region and then summarize the achievements of the Sican Archaeological 

Project (formerly Batan Grande-La Leche Archaeological Project) with regard to 

elucidating cultural developments and their chronology in the Lambayeque region. 

2.3.1. Areas of interest 

One of the focal points of the Sican Archaeological Project's studies has been the 

Poma district (see Figure 2.2, p. 69), situated on "a triangular alluvial plain defined on the 

north by Rio Pacora, south by Rio La Leche, east by juncture of the two rivers, and west 
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by the Poma canal" (Shimada 1981, p. 409-410). This approximately 55 square kilometer 

area was chosen because it includes almost all monumental adobe mounds and cemeteries 

in the Leche valley and because its specialized nature is underlined by a lack of 

residential sites and agricultural fields and canals. Shimada (1981, p. 410) described the 

ecology of the area as a "highly homogeneous zone dominated by algarrobo, zapote, 

vichayo {monte vegetation)." 

Hydrological characterization revealed little evidence for intensive or extensive 

prehistoric agriculture in the Poma district. Large-scale irrigation was probably not 

practiced due in part to the lack of a regular water supply and to thick flood deposits 

(Shimada 1981, p. 431). Organic remains at Poma sites were deposited as concentrated 

"lenses" as opposed to the broad layers found at sites outside the district (Shimada 1981, 

p. 435). Montenegro and Shimada (1998) argue that in place of large, permanent 

populations, Poma was occupied intermittently by small groups of people who possibly 

prepared large amounts of food as part of ceremonial feasting. In contrast to the limited 

evidence for agriculture in the Leche valley, excavation of habitation sites in the 

neighboring Lambayeque valley suggests that the populations were directly involved in 

agriculture and had a productive subsistence basis (Shimada 1981, p. 435). Shimada 

(1999) has argued that these findings concur with Schaedel's observation (1951, p. 540) 

regarding the functionally complementary role of the larger Lambayeque valley as a 

"bread baskef for the smaller La Leche valley, which had great ceremonial importance. 

^ Schaedel and Shimada (1982) present a thorough review of key issues in Andean archaeology between 
1946 and 1980 and evaluate various methodological approaches aimed at addressing these problems. 



Excavation of residential sites in the Leche River valley yielded evidence of 

domestic activities in the form of "predominantly utilitarian ceramic materials" (Shimada 

1981, p. 424) as well as food refuse. In addition to being involved in maize agriculture, 

locals also kept llama in corals, as indicated by the concentration of llama dung in some 

layers. The association of algarrobo tree remains with the llama dung and the 

examination of the dung itself revealed that domesticated llama were fed with algarrobo 

leaves and pods in addition to maize stalks, cobs and leaves (Shimada 1981, p. 435). 

In addition to habitations, investigators have also uncovered several ceramic and 

copper alloy producing and processing workshops in the region. The earliest ceramic 

kilns can be dated to around 1000 BC (Shimada 1997c; Wagner, et al. 1994). Ceramic 

technology is also well documented for the Sican (e.g. Cleland and Shimada 1998; Taylor 

and Shimada 2001; Wagner, et al. in press) and Inca periods (Hayashida 1999). Evidence 

for copper smelting and working also spans several centuries, starting with Moche V (AD 

600-700) workshops at Pampa Grande (Shimada 1978, p. 581-582) and covering the 

Sican, Chimu and Inca periods at Huaca del Pueblo Batan Grande and Cerro Huaringa^ 

(e.g. Epstein and Shimada 1983; Shimada 1985b, 1987, 1994b; Shimada, et al. 1983; 

Shimada and Merkel 1991) (see Figure 2.3, p. 70). 

Similar to agricultural produce, copper alloy and ceramic objects have been 

located, sometimes in high concentrations, in the Poma district though they were not 

manufactured there. Excavations in the central "plaza" surrounded by adobe pyramids did 

not locate copper and pottery production facilities, however, finds point to occasional 
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food preparation and feasting in the plaza (Montenegro and Shimada 1998). The 

juxtaposition of a non-agricultural, special purpose area with surrounding residential 

sites (ca. 10-15 kilometers away) involved in agricultural and craft production has 

inspired much research into the relations between the Poma district and its environs (for a 

summary see Shimada 2000, p. 59-60). Recent excavations of craft production workshops 

outside of the Poma district, at Huaca Sialupe and Pampa de Burros (see Figure 2.3, p. 

70), have explored not only ceramic and metalworking technologies, but also relations 

between producers and consumers (e.g. Shimada and Wagner 2001; Taylor and Shimada 

2001; Tschauner 2001). The above studies are relevant for this dissertation and are 

explored in detail in Chapter 6 (p. 189) because of the potential connections between 

production technology, organization and lowered artifact variability (e.g. Costin 1991; 

Costin and Hagstrum 1995). 

2.3.2. Regional chronology 

Excavations at Huaca del Pueblo Batan Grande contributed tremendously to 

establishing a regional chronology as more than 40 floor levels were documented. Fire 

pits and hearths provided charcoal samples for radiocarbon dating. The chronology based 

on these dates was further refined through excavations at other sites in the region 

(Shimada 1990, p. 306-307). The beginning of occupation at Huaca del Pueblo Batan 

Grande can be dated to the Moche IV period (ca. AD 500). Occupation continued into the 

modem era. The well preserved stratigraphy at Huaca del Pueblo Batan Grande also 

allowed Cleland and Shimada to establish a chronological sequence for mold-made and 

^ Cerro Huaringa and Cerro de los Cementerios have been used interchangeably as the name for the 



paddle-and-anvil decorated ceramics (Cleland and Shimada 1992; Cleland and Shimada 

1998). 

Evidence for the religious significance of the region preceding the Moche IV 

period (ca. AD 450-600) comes from the Temple of the Columns at Huaca 

Lucfa-Cholope in Poma. This temple consisted of an elevated platform with numerous 

tall columns, which were partially disassembled before the structure was covered in 

successive layers of sand and sealed with a layer of clay sometime around 750-700 BC 

(Shimada 1986). The radiocarbon date for the construction of the Temple of the Columns 

is around 1300 BC (Shimada 1986, p. 170). This early Cholope period was roughly 

contemporaneous with the Classic or Middle phase (ca. 1200-700 BC) of the Cupisnique 

art style"*. Ceramics recovered from the Poma district confirmed the widespread presence 

of this stylistic tradition, which was originally thought to have been "intrusive" and 

related to "occupation" of the region (e.g. Shimada 1981, p. 441), but is now believed to 

have been of autogenous origin (Shimada 1994a, p. 62). Firing of ceramics in a reducing 

atmosphere produced monochrome gray and black surfaces (e.g. Wagner, et al. 1994), 

which were also popular during the Sican periods. 

Archaeological evidence is more abundant for the later part of the Early 

Intermediate period (ca. 400 BC - AD 550), when the Lambayeque region experienced a 

resurgence of burial and religious tradition activities, possibly as a consequence of the 

expansion of the Moche culture into the region from the south (e.g. Moseley 1992, p. 

same site. 
Cupisnique style ceramics included reduction fired vessels with "incised-line or sculptural 
representations of flora and fauna (including man and stylized feline)" (Shimada 1994a, p. 62) 



181-183; Shimada 1994a, p. 88-90). It is possible that during this period the Poma district 

played an important role as a pilgrimage center that "crosscut political and even cultural 

boundaries" (Shimada 1981, p. 442). The later establishment of the Moche V capital at 

Pampa Grande (ca. AD 550) in the Lambayeque Valley coincides with the abandonment 

of the Huacas del Sol and de la Luna in the Moche valley (Shimada 1978). The 

northward shift of the Moche power must have boosted the importance of the Poma 

district "as a regional religious and burial center" (Shimada 1981, p. 442). In fact, various 

sites in Poma, such as Huaca Soledad, served as ceremonial and funerary centers during 

the Moche occupation of Poma (Shimada 1986, 1994a). 

The decline of Moche rule at Pampa Grande (ca. AD 700) marks the beginning of 

the Early Sican period, which lasted until about AD 900 (Shimada 1990, p. 312). This 

period is marked by ceramics with a black finish (blackware) that blend earlier Moche 

manufacturing techniques and iconography with contemporaneous Wari and Middle 

Cajamarca attributes (Shimada 1985b, p. 316). Incorporation of the latter two types of 

attributes reflects the influence of distant groups in the central and northern highlands, 

respectively, on the population of the Lambayeque region (Shimada 1985b, p. 316). In 

addition to blackware ceramics that echo past and present cultural and political 

influences, a new local style of wares began to emerge. These ceramics, called paleteada, 

were "formed and decorated principally by use of paddle-and-anvil techniques" (Cleland 

and Shimada 1998, p. 112). Other indicators of change include seated, cross-legged, 

burials as opposed to the extended position burials often favored by the Moche (Shimada 

1985b, p. 316). Though a low platform with columns at Mound II, Huaca La Merced, has 



been tentatively identified as an Early Sican corporate structure (Cleland and Shimada 

1992, p. 197), the Sican Archaeological Project has not located other architectural 

manifestations of "corporate undertaking," or population centers (Shimada 2000, p. 51). 

The above shifts in ceramics and burial practices and the absence of political 

centralization may indicate a transition from Moche V times (AD 600-700). At the same 

time, however, Early Sican (AD 700-900) life-ways are also characterized by many 

continuities from the Moche V period times (AD 600-700), including blackware ceramic 

technology and subsistence activities involving maize agriculture, llama herding and 

breeding (Shimada 1985b, p. 361). 

The Early Sican period was followed by an era of florescence, the Middle Sican 

period (ca. AD 900-1100). The beginning dates for this period coincide with the 

appearance of new iconography on ceramics and metals and the construction of numerous 

large adobe pyramids and platforms at the site of Sican in the Poma district. Shimada 

(2000, p. 52) has argued that decline of the Wari empire in the central Andes and the 

Middle Cajamarca polity in the northern highlands around AD 800-900 left the 

Lambayeque region without direct external influence and resulted in local religious 

revitalization. Such revitalization may have "provided the organizational framework for 

subsequent political and economic growth during this period" (Shimada 1985b, p. 365). 

The desire for a more acceptable social order, free of "foreign" influence, was probably 

widely shared by the inhabitants of the Lambayeque region, having experienced long 

periods of external influence on the part of more powerful social groups. A new and 

unique combination of cultural traits emerged with origins in earlier and 
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contemporaneous groups (Shimada 1985a, p. 97). These material, organizational, and 

ideological characteristics have been the focus of research by members of the Sican 

Archaeological Project (e.g. Shimada 1985a; Shimada 1985b, 1990, 2000). 

I will briefly summarize the distinguishing features of the Middle Sican period 

and present more detailed discussions under a separate heading (see Section 2.4, p. 59). 

One of the most important aspects of Middle Sican iconography is the appearance of the 

Sican Deity figure, and its earthly counterpart, (see Figure 2.4, p. 71) in various media: 

ceramics, metals, textiles, murals, etc. This personage has "a two-dimensional 

semicircular face, elaborate headdress, comma or almond-shaped eyes, conventionalized 

ears with pointed tips and large circular ornaments on the lobes, and a wide collar" 

(Shimada 1985b, p. 365). Shimada (1985a, p. 99-100) has discussed the possible Wari 

and Moche origin of some of the Sican Lord's features. Parallel developments in ceramic 

and metals technologies allowed for the spectacular expression of Middle Sicm ideology 

in material culture (e.g. Cleland and Shimada 1992; Cleland and Shimada 1998; Wagner, 

et al. in press; Wagner, et al. 2000). Especially notable are the vast amounts of high-karat 

gold and tumbaga (copper-silver-gold alloy) sheet metal produced for ritual and/or 

burial objects (e.g. Carcedo Muro and Shimada 1985; Shimada, et al. 1999; Shimada and 

GrifFm 1994; Shimada, et al. 2000). As it can be discerned from the multitude of smelting 

workshops located and by the large caches of copper objects found in some graves, 

copper-alloy technology was also at its apex during the Middle Sican period (e.g. Epstein 

and Shimada 1983; Merkel and Shimada 1988; Merkel, et al. 1994; Shimada 1985b, 

1987; Shimada, etal. 1982, 1983; Shimada and Merkel 1991). 



In addition to the above, the Middle Sicm period was also characterized by the 

resurgence of building activities in the Poma district. Specifically, large adobe mounds 

and pyramids were erected around the site of Sican, otherwise known as the Sican 

Religious-Funerary Precinct (Shimada 1985b, p. 365). The adobe-block construction of 

these monumental mounds exhibits important differences from preceding Moche 

structures. Differences noted in adobe brick markings and construction methods likely 

correspond to differences in social organization and resource management (e.g. Cavallaro 

and Shimada 1988; Shimada 1997a; Shimada and Cavallaro 1985). Closely related to the 

erection and use of monumental architecture are Middle Sican funerary practices, which 

involved the interment of elite personages in deep, complex shaft-tombs (e.g. Shimada 

1992; Shimada and Montenegro 1993). The number of human bodies (mostly sacrificial) 

and the amount of natural and man-made items that were included in such elite burials 

attest to the Middle Sican elite's access to material and labor resources (Shimada 1985b, 

p. 368). Not only did the Sican have access to local resources, but they also benefited 

from a trade network that extended as far north as Ecuador and Columbia and as far east 

as the Andean Amazonia (Shimada 1985b, p. 391; 2000, p. 58-59). 

The above developments occurred and spread within a relatively short period (ca. 

200 years) and some of them were strongly affected by the abrupt demise of the Middle 

Sican polity. The timing of this has been correlated with changes in precipitation patterns 

around AD 1020, when an approximately 30-year period of severe drought began to 

affect the north coast. Shimada has hypothesized that the Sican population may have 

revolted against the ruling social groups upon becoming frustrated with the rulers' 
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inability to dampen the effects of the drought (Shimada 2000, p. 61). This seems to be 

bom out by the archaeological record indicating that around AD 1050-1100 the 

abandonment of the Sican Religious-Funerary Precinct in the Poma district involved the 

burning of temples on top of and structures at the bases of truncated pyramids. This 

destruction was limited to the Sican Precinct. It did not affect area residential settlements, 

nor did it extend to monumental architecture in the Lambayeque valley. The Late Sic^ 

period (ca. AD 1100-1350) witnessed important changes in iconography as 

representations of the Sican Deity and Lord disappeared from blackware and paleteada 

ceramics, as well as from other media. However, motifs that predated or were auxiliary 

motifs in Middle Sican art, such as stylized felines, birds, and waves, continued to be 

featured in Late Sican works. Manufacturing technologies persisted mostly unchanged. 

Strong continuity is also notable in the adobe constmction techniques employed at El 

Purgatorio, the new Late Sican capital located west of the Sican Precinct and in the 

irrigation agriculture carried out in the Lambayeque valley (Shimada 1990, p. 346-347). 

As the Chimii kingdom (ca. AD 900-1470) spread northwards from the Moche 

valley it conquered the Late Sican polity around AD 1375. There were probably 

numerous reasons for the incorporation of the Lambayeque region into the Chimii 

empire. The region offered fertile, arable agricultural lands, existing irrigation canals, 

well developed copper-arsenic alloy and ceramic producing technology, and access to 

exotic goods through long-distance trade networks (Shimada 2000, p. 103). In addition to 

the above technology and infrastructure, the existence of indigenous state-level Sic&i 

institutions allowed the Chimii to rule the Lambayeque region "indirectly," i.e., by 
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leaving many social structures intact (Shimada 1990, p. 353). However, the Chimu 

empire employed the existing systems for its own purposes, such as the production and 

distribution of Chimu style as well as blended Sican-Chimu style ceramics. Signs of 

more direct Chimu rule in the region include U-shaped administrative structures or 

audencias at "ceremonial-political, population, and industrial centers" and at critical 

irrigation canal intakes (Shimada 2000, p. 103). The effects of Chimu domination 

included increased metallurgical production and expanded agricultural fields in the 

southern portion of the Leche valley (Shimada 1990, p. 353). 

The Chimu rule in the Lambayeque region was very brief as the Inca conquered 

valley complex around AD 1470. The control of local affairs was removed from the 

Chimu and the Inca reigned partially through local lords (Hayashida 1999, p. 339). For 

example, Epstein and Shimada have found that though the organization of metalworking 

may have been modified during the Inca period, the supervision of metallurgical 

production likely stayed in the hands of low status local administrators loyal to the Inca. 

(Epstein and Shimada 1983, p. 419-420). Evidence for changes in the spatial organization 

of metallurgical activities and administrative structures are subtle, and so are other 

archaeological indicators of Inca rule. Recent investigations of production at ceramic 

workshops at Tambo Real and La Vina in the Leche valley have shown that, though 

under Inca control, for the most part potters were allowed to produce ceramics that were 

stylistically and technologically undifferentiated from their earlier wares. Inca 

interference is only notable in the manufacture of "highly public and politically important 

flared-rim jars" (Hayashida 1999, p. 347). The example of ceramic production shows 
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that Inca rule manifested itself in material culture only selectively and that the retention 

of local technologies and styles need not indicate the lack of Inca control (Hayashida 

1999, p. 348). Inca rule over the Lambayeque region was as brief as the preceding Chimu 

domination as the Spanish arrived to northern Peru at the end of AD 1532. 

2.4. The Middle Sican period (AD 900-1100) 

The Middle Sic&i is archaeologically the best documented and dated period in the 

Lambayeque region. The period owes its significance to the far-reaching local 

developments that resulted in a religious, social, and economic revival of the region. The 

onset of these developments was put in motion by the decline of Moche rule (ca. AD 

700) at Pampa Grande (e.g. Shimada 1994a, p. 259). Not without external influence, the 

material culture of the emerging Sican polity combined local traditions with elements of 

its Moche predecessor, its northern neighbor (Middle Cajamarca), as well as more 

distant, southern and central Andean groups (Tiwanaku, Wari) (e.g. Montenegro and 

Shimada 1998; Shimada 1990). 

The result was a new system of representations, with origins in earlier and 

contemporaneous social groups, that centered around the Sic^ Deity and Lord figures 

(Shimada 1985a, p. 97). In addition to this component of Middle Sican iconography, the 

following key characteristics of the period include: 

• monumental adobe mounds and pyramids; 

• iimovative and extensive pyrotechnologies involved in the production of 

blackware andpaleteada ceramics as well as copper-arsenic alloy objects; 

• funerary practices that involve elite burials in deep, complex shaft tombs; 
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• large quantities of funerary and dedicatory offerings that include hoards of 

complex sheet metal objects made of high-karat gold, tumbaga, and 

copper-arsenic alloys; 

• a vast trade network, extending to Ecuador, Colombia and the Andean 

Amazonia (Shimada 1985a, p. 97-124; 1985b, p. 365-370; 2000, p. 58-59). 

These features describe the Sicto as a social group capable of mobilizing large (and 

skilled) labor forces as well as commanding access to diverse types and great quantities 

of material resources. Additionally, access to and accumulation of material wealth was 

differentiated and multi-level social stratification is evident (Shimada 1985b, p. 370). 

Shimada (2000, p. 60) has postulated that the various material, organizational, and 

ideological traits of the Middle Sican period characterize the Sican "as an economically 

and politically active "Vatican-like," state-level religious polity" in which "the ruling 

elite promoted their religion centered around the omnipotent Sican Deity evident in its 

iconography." State-level integration does not appear to have been achieved through the 

promise of protection against an external military threat or through military force 

(Shimada 1990, p. 339). Instead, the above model suggests an intertwining of religion 

and political economy by associating membership in the Middle Sican religion with 

elevated status and simultaneously controlling the production, procurement, and 

distribution of goods that symbolized and allowed the display of such status. The polity 

used its trade networks to acquire exotic materials, such as Spondylus and Conus shells, 

mostly from coastal Ecuador, used in the manufacture of sumptuary goods in exchange 

for local products, most likely including ingots or artifacts made of copper-arsenic alloys 



(e.g. Shimada 1985b, 1995, 2000). Additionally, these networks could be used to 

redistribute costly Middle Sican ritual goods to provincial leaders. Shimada hypothesized 

that state monopoly over metallurgical production was a key element of control in the 

above exchange relations (Shimada 1985b, p. 377; 2000, p. 61) (see also Section 4.3.3, p. 

131). 

The above image of the Middle Sican polity relies on extensive excavations that 

established the distribution patterns of sumptuary and other products (e.g. Shimada 

1995). Furthermore, the Sican Archaeological Project has gained detailed understanding 

of technologies that produced monumental architecture as well as portable 

artifacts—ceramics and metal objects (e.g. Cavallaro and Shimada 1988; Cleland and 

Shimada 1998; Epstein and Shimada 1983; Merkel, et al. 1995; Shimada 1997c; Shimada 

and Griffin 1994; Shimada and Wagner 2001; Taylor and Shimada 2001). Some 

inferences have been extrapolated from archaeological evidence and ethnohistorical 

research collected from later Chimu, Inca and early colonial periods (e.g. Epstein and 

Shimada 1983, p. 419-420; Shimada, et al. 1983, p. 44-45). The aim of this research has 

been to understand not only how things were made, but also how manufacturing 

technologies may have been organized. In regard to the latter, investigators have paid 

special attention to signs of state involvement in or control over production and its 

broader economic context, including the management of material resources and the 

distribution of products. 
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2.4.1. Middle Sican area of influence and settlement pattern 

Shimada (1990, p. 338-339) originally defined the area of Middle Sican influence 

based on diagnostic ceramics. It is now thought that the Piura valley marked the polity's 

northernmost area, while the southern area was the Chicama valley located about 400 

kilometers south along the Pacific Ocean coast (see Figure 2.1, p. 68) (Shimada 2000, p. 

60-61). More recent research has been able to elucidate the multi-tier Middle Sican 

settlement pattern in the upper Piura valley (Montenegro, et al. 1998) as well as in the 

area between the Taymi and the Lambayeque River (Tschauner 2001, p. 310). 

The site of Sican in Poma is believed to have been the capital of the Middle Sican 

polity (Shimada 2000, p. 59). Since no mound complexes and elite tombs of comparable 

size have been located within the polity's area of influence, the site of SicM is the lone 

occupant of the top/first tier in the Middle Sican polity's settlement hierarchy (Shimada, 

personal communication 2002). It is important to note that regional hierarchies dealing 

with areas that exclude Poma often do not include the site of Sican as the top-ranked 

moimd center, naming instead the regional center as the first-level settlement (see Table 

2.2, p. 72). In the following paragraphs I will use the convention that assigns top rank to 

regional centers. Since it is not my goal to discuss how researchers arrive at ranking 

mounds and settlements I refer the reader to Tschaiiner's dissertation (2001). 

The top two or three tiers of regional settlement hierarchies are occupied by 

mound centers, consisting of a number of large, non-habitational adobe mounds that 

served both religious and secular purposes (Tschauner 2001). Tschauner (2001, p. 313) 

found that the three second-ranked mound centers in his study area were fairly evenly 
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distributed around Vista Florida^, the largest and therefore first-ranked regional mound 

center (see Figure 2.3, p. 70). It is unclear at this time whether there were residential elite 

communities associated with mound centers. Filling the space between the more 

dispersed mound centers were the many fourth- and fifth-ranked habitation 

mounds—which consisted primarily of small residential structures atop small house 

mounds—and a few small huacas^ (Tschauner 2001, p. 314). Lack of mention of large 

residential populations concentrated at mound centers suggests that the majority of 

people lived in smaller 4*'^ and 5*'^ tier settlements. 

Based on surveys of the north bank of the Lambayeque valley Tschauner's (2001, 

p. 309-312) preliminary conclusions indicate that while "mound centers clearly 

functioned as central places in this settlement system," the system was "integrated" 

within his valley-wide study area. In other words, the settlements in the Lambayeque 

valley likely belonged to a single polity and not numerous smaller ones centered on 

mound centers. Future surveys of untested areas of the Lambayeque valley will be 

necessary to probe the relation of its settlement system to the site of Sican at Poma and 

the surrounding settlements near Batan Grande (Tschauner 2002). Similarly, the 

applicability of the Lambayeque valley settlement system model to valleys more distant 

from the Middle Sican heartland rests on future large-scale surveys. 

"Vista Florida is located in and around a patch of dunes surrounding the modem high-security prison 
ofPicsi"(Tschauner2001, p. 310). 

^ See Appendix 1: Glossary of non-english and technical terms, p. 393 



2.4.2. Middle Sican social hierarchy 

Shimada and others proposed a four-tier social hierarchy for the Middle Sican 

period based on the differential distribution of a variety of grave goods from burials 

"representing as wide a range of inferred social spectrum as possible" (2000, p. 31). 

Burial position and the configuration of the burial pit appeared to co-vary with the range 

of grave goods present (Shimada 1995, p. 146-148; 1997b, p. 69-72; Shimada and 

Montenegro 1993, p. 88-89). Furthermore, Shimada has argued that in general "distance 

between religious architecture and burial pit is inversely related to the status of the 

deceased" (Shimada 1981, p. 414). 

As also seen in Table 2.3 (p. 72), researchers broadly distinguish between elite 

and non-elite groups, each of which is further subdivided into two tiers. Shaft tombs of 

the elite tend to be located under or in close proximity to monumental mounds, while 

non-elite were buried in shallow pits near habitations and workshops and away from 

religious architecture. Elite and lower status burials are further distinguished by non-elite 

persons' lack of access to gold alloy artifacts, double-spout mold-made bottles, amber 

and cinnabar. Burials of individuals in elite social tiers can be more subtly differentiated 

by the presence of high-karat gold alloy objects and semi-precious stones. Similarly, 

members of the lowest (fourth) tier appear to have been buried with a narrower range of 

goods compared to other non-elite, notably without metal artifacts or mold-made 

ceramics. 

If the range and amount of goods deposited with the dead reflects their "command 

over material resources and labor," then the influence or trading power of higher-tier 



Middle Sican elite extended to areas in modem Colombia (emeralds) and Ecuador 

(warm-water shells), as well as to the Jaen-San Ignacio region (gold) along the Maranon 

River (Shimada 1992, p. 6). In comparison, non-elite's access was limited to local raw 

materials and small amounts of specialist-produced artifacts, such as mold-made pottery 

and copper-arsenic objects. For example, the few copper alloy needles or spindle whorls 

found in non-elite graves pale in comparison with the hoard of 489 puntas (copper 

implements)—weighing around 300 kg—excavated from an elite person's tomb at Huaca 

Loro in 1991-92 (e.g. Shimada 1992, p. 6). Only a small fraction of the output from a 

single smelting run (about 300 to 600 g)' (Shimada and Merkel 1991, p. 85) would have 

been necessary to make a needle (between 2-8 g), while the production of 489 puntas 

would have required the output of at least five hundred smelting runs. The 

labor-intensive nature of the copper smelting and refining process (e.g. Shimada, et al. 

1983) further enhances the difference between elite and non-elite assemblages. 

2.4.3. Regional variation in Middle Sican material culture 

In addition to how Middle Sican material culture reflects the local, vertical 

stratification of society, researchers have noted regional differences in ceramics that may 

be related to "horizontal" variation in how well regions were integrated into the Middle 

Sican polity. Cleland and Shimada (1992) documented diagnostic Middle Sican pottery 

with considerable variation in iconographic motifs, shape, and ceramic paste outside of 

the "core" Lambayeque region. Thus, despite the adoption of certain features of Middle 

Sican material culture, "local technical and stylistic traditions" seem to have persisted in 

^ David Killick suggests that 100-200 g output would have been more likely. 
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adjacent and more distant river valleys (Shimada 1990, p. 327). This may be related to a 

more "limited or tenuous" Middle Sican control over or integration of certain regions, 

such as the Jequetepeque valley (Shimada 1990, p. 339). One would expect that members 

of elite tier(s) in such areas did not enjoy the same level of access to sumptuary goods as 

did the better integrated elite of core areas. 

On a smaller scale, Shimada has noted iconographic variation in Middle SicM 

mold-made ceramics within the Lambayeque region (Shimada, et al. 2000, p. 55). The 

"provincial" nature of ceramics manufactured at Huaca Sialupe came as a surprise to 

researchers because of the relative proximity (about 22 km) of these pottery workshops to 

the Sican capital in Poma (Taylor and Shimada 2001). The craftsmen at Huaca Sialupe 

(see Figure 2.3, p. 70) may have been closely aligned with elite persons residing at Huaca 

Pared-Uriarte (Shimada and Wagner 2001), a settlement that Tschauner likened to a 

second-rank mound center in his study area in the Lambayeque valley (2001, p. 334). 

This means that Huaca Pared-Uriarte would have been a third-tier site if we consider it 

in the context of the overall Middle Sican settlement hierarchy. 

2.5. Summary 

The relatively short Middle Sican period (AD 900-1100) yielded a rich and highly 

diverse material record, much of which has been securely dated and studied in detail by 

members of the Sican Archaeological Project. The broad regional focus of this project 

has been coupled with focused studies that probed funerary customs and social hierarchy, 

construction technology, and ceramic manufacture as well as copper-alloy smelting. 

Exploring the organization of production is an important part of any technology-related 
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research. The contextual information amassed by early researchers and members of Sican 

Archaeological Project is crucial to formulating preliminary hypotheses to explain the 

variation in Middle Sican copper-arsenic alloy objects. 
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2.6. Figures and tables 
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Figure 2.1. Map of the north coast of Peru (based on Figure 1.2 in Shimada 1994a, p. 6) 
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Table 2.1. A selection of various chronologies used in Peruvian archaeology (constructed after Shimada 
1990, p. 299: Table 1). 

Figure 2.7. Drawing of a Sican mask (excavated in 1991-92 from the East Tomb at Huaca Loro) displaying 
typical facial features of the Sican Deity and Lord figures (drawing by Cesar Samillan and 
Izumi Shimada) (Fig. 105 in Shimada 1995, p. 117). 
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Polity-wide 
hierarchy 

Regional 
hierarchy 

Settlement types Examples 

Tier 1 = capital not included mound center Site of Sic^n in Poma 

Tier 2 = 2"^ rank Tier 1 = top rank mound center Vista Florida 

Tier 3 = rank Tier 2 = 2"" rank mound center Luya, Huaca Pared-Urlarte 

Tier 4 = 4*^ rank Tier 3 = 3^^* rank mound centers (majority) 

habitation mounds (minority) 

Tier 5 = 5"^ rank Tier 4 = 4"^ rank habitation mounds (majority) 

small ht/acas/mounds (minority) 

Tier 6 = 6"" rank Tier 5 = 5"^ rank habitation mounds 

Table 2.2. Middle Sican settlement hierarchies: polity-wide and regional rankings 

Elite tiers Non-elite tiers 

higher-tier elite lower-tier elite third tier fourth tier 

Position of internment: 

seated / 

flexed • • 
extended • • y 

Burial enclosure: 

shaft tomb • • 
deep conical pit • 
shallow pit • y 

Grave goods: 
high-karat gold alloy objects y 

tumbaga artifacts y • 
copper-arsenic alloy objects • y • 
double-spout (mold-made) bottles •/ 

single-spout (mold-made) bottles y • y 

utilitarian plain or paleteada pottery y y 

semi-precious stones J 

amber V • 
whole shells • • 
cinnabar • 
hematite • • • 

Table 2.3. Four-tier social hierarchy for the Middle Sican period based on burial position, grave goods and 
relative proximity to monumental adobe mounds (based on Shimada 1995, p. 146-148; 1997b, 
p. 69-72; Shimada and Montenegro 1993, p. 88-89). 



CHAPTER 3: "GROUPED" COPPER OBJECTS 

3.1. Introduction 

While various publications have dealt with the range of object types made of 

precious metals and their alloys during the Middle Sican period (e.g. Shimada 1995, 

1997b; Shimada, et al. 1999; Shimada and Merkel 1993) the same cannot be said for 

copper-alloy objects. Many of the precious metal objects have copper-alloy analogues 

including: masks, earspools, ^wmZ-shaped^ ornaments, headbands, quadrangular "bell" 

ornaments, tumis, and tweezers (or clips resembling tweezers). On the other hand 

precious metal equivalents of several types of copper and copper-arsenic artifacts have 

not yet been recovered. These include puntas , sheet puntas, naipes, rectangular sheets, 

needles and spindle whorls. Many fragments recovered from Middle Sican contexts not 

related to manufacturing facilities are too small and/or corroded to allow us to infer the 

appearance of the original artifact. 

Middle Sican copper alloy objects can be classified according to many criteria 

including object type, manufacturing method, composition, archaeological context, etc. 

One of the most important criterion is the distinction between metal objects found in 

multiples as part of funerary or dedicatory caches and those found singly. This is because 

multiples tend to be correlated with the nature of the archaeological context and the type 

of non-metal associated artifacts. Objects found in muhiples are often stacked and 

bundled using woven, spun textiles and/or plant fibers. In other words, they are 

"grouped" within an assemblage, and tend to be associated with monumental adobe 

' See Appendix 1: Glossary of non-english and technical terms, p. 393 
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architecture and elite tombs in close proximity to such architecture. In these contexts 

grouped objects are typically associated with other ritually deposited goods (ceramics, 

semi-precious stones, etc., often also in multiples) and human remains (see Table 2.3, p. 

72). Grouped artifact types include puntas, sheetpuntas, rectangular sheets and naipes. 

Puntas were not restricted to elite funerary or ritual deposits, as graves of 

non-elite have been found to contain one or two puntas or similar implements (e.g. 

Bennett 1939). Needles^ and spindle whorls dominated non-grouped object types in 

non-elite graves along with an occasional tumi knife (e.g. Shimada, et al. 1999, p. 302). 

The Sican Archaeological Project's excavations at habitations and workshops have 

yielded several needles, but otherwise such primary use contexts have yielded few other 

recognizable copper artifacts due to the fragmentary nature of remains (e.g. Shimada, et 

al. 1999, p. 302; Shimada, et al. 2000, p. 31). Excavations at Pampa de Burros recovered 

a few tweezers as well as needles from residential room complexes (e.g. Curay 2000). 

The predominance of grouped and non-grouped artifacts in funerary contexts, as 

opposed to non-funerary contexts, limits our ability to assess the role copper objects 

played in everyday activities of people during the Middle Sican period. However, for 

reasons I introduced in Chapter 1 and discuss in greater detail in Chapters 4 and 6, the 

study of grouped objects from funerary and ritual contexts can inform us about material 

flow between production activities as well as product distribution patterns. These 

inferences, in turn, may relate to the ability of an individual or social group to command 

^ Appendix 1: Glossary of non-english and technical terms, p. 393 
^ Needles do often occur in multiples. However, I am not aware of high multiples, such as those 

characteristic of grouped objects. 
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material and labor resources and deepen our understanding of the prevailing 

socio-economic relations during the Middle Sican period. 

The following sections introduce the reader to the four main types of grouped 

objects encountered in Middle Sican assemblages: puntas, sheet puntas, naipes and 

rectangular sheets. In addition to describing the appearance of these objects and the 

contexts from which they have been recovered, I also address issues that have emerged 

regarding the functions of puntas, sheet puntas and naipes. 

3.2. Puntas 

The word ''punta" means "poinf in Spanish and is used in this dissertation to 

refer to a particular type of copper alloy artifact found along the north coast. Puntas 

consist of two parts fashioned from the same piece of metal; (1) a rounded socket, and (2) 

a long, narrow 'blade' portion with a rectangular cross section that tapers to a point 

(Figure 3.1, p. 105). All puntas excavated by the Sican Archaeological Project during its 

1991-92 field season come from two securely dated elite Middle Sican burials at Huaca 

Las Ventanas and Huaca Loro pyramids. In addition to six puntas'^, the offerings in the 

complex tomb at Huaca Las Ventanas included ceramic vessels (some covered by 

tumbaga sheets), painted sheet metal panels (tumbaga and copper-arsenic alloys), shell 

beads, packages of naipes, tumbaga bells, and llama heads and limbs (Shimada, et al. 

2000, p. 32). Remains of approximately nine individuals, mostly young females, lined the 

preserved edges of the lowest level of the tomb, but there was no "centrally placed 

Unfortunately the six puntas found near the bottom of a tomb located 120 meters south of the Huaca 
Las Ventanas pyramid could not be located in the Sican Archaeological Project's storage area for the 
purposes of this dissertation. 



individual that could be regarded as the principal burial" (Shimada 1992, p. 3). On the 

basis of the grave goods and human remains contained by the Huaca Las Ventanas tomb, 

Shimada suggested that the individuals may have been "court attendants of an important 

personage v^ho was buried apart in a 'companion tomb' (Shimada 1992, p. 6). 

The large tomb at the base of Huaca Loro pyramid, just east of its elongated north 

platform, contained 489 puntas in addition to a vast number of other offerings that 

accompanied the principal personage in the tomb. These puntas were arranged in 15 

separate groups or bundles, each containing about 30 puntas. The bundles were originally 

held together by plant fiber cords, the remains of which are preserved in the corrosion 

covering some of the puntas (Shimada, et al. 2000, p. 74). Within each bundle many 

puntas were positioned 'head-to-toe,' i.e., with the wider sockets next to the more 

slender blades of neighboring puntas allowing them to be bound into tight bundles (see 

Figure 3.2, p. 105). "They exhibit considerable variation in size, ranging from 30.4 to 

43.7 cm in length, 2.0 to 4.1cm in width and 234.7 to 710.8g in weight (including some 

corrosion products)" (Shimada, et al. 2000, p. 37). There is considerable morphological 

variation among puntas within the same group as displayed in Figure 3.3 (p. 106). 

In contrast with the />M«to-containing tomb near Huaca Las Ventanas, the East 

Tomb at Huaca Loro is much closer to the pyramid with which it is associated. Moreover, 

the tomb contained the remains of a principal personage in addition to his entourage. 

Both the quantity and quality of associated grave goods far exceeded those at Huaca Las 

Ventanas. Shimada (1992, p. 6) summarized the funerary goods contained in the East 

Tomb at Huaca Loro as: 



489 cast bronze implements with a total weight of some 
300 kg; 141 Conus shells; 179 Spondylus shells; and 
estimated 600kg of virutas metallicas or sheet metal scraps; 
c. 70kg of beads; 19 ceramic vessels, and at least 80 major 
gold objects, among other items. 

The type and amount of grave goods and the position of the East Tomb relative to the 

Huaca Loro pyramid suggest that the principal personage buried there was of very high 

status, able to command considerable power and wealth (Shimada 1992, p. 6). 

Lechtman reported that among other implements, puntas "are commonly found in 

hoards, sometimes of several hundred, and both the Museo de Arqueologia of the 

Universidad Nacional de Trujillo and the Museo Arqueologico Briining (Briining 

Museum) in Lambayeque house myriad examples" (1979a, p. 17). The puntas from the 

East Tomb at Huaca Loro clearly exemplify such hoards. Unfortunately almost all of the 

objects in the museums to which Lechtman refered had been recovered by looters and are 

without secure archaeological provenience. This limits the scope of generalizations we 

may make regarding the occurrence of puntas in burials. All we can state is that 

archaeologists, including Bennett (see Section 3.2.1, p. 78), have recovered puntas only 

from burials so far and that higher numbers of puntas correlate positively with the 

presence of funerary goods indicative of relatively high social status. The corollary, 

however, may not be true. For example, the shaft tomb located on the west side of Huaca 

Loro's North Platform adjacent to the pyramid base, contained no puntas despite having 

large numbers of semi-precious beads, shells, tumbaga ornaments, etc (e.g. Shimada, et 

al. 2000, p. 43-47). 



3.2.1. Early punta finds and their contexts 

Bennett (1939) found several copper implements among the grave goods at 

Lambayeque One, a cemetery located between Lambayeque and San Jose, during his 

1936 excavations on the north coast of Peru. His report does not include photographs or 

drawings of the eight "heavy, wedge-shaped tools" or the "long point with a hollow 

hafting socket at one end" (Bennett 1939, p. 104). Lechtman, however, shows an image 

of the latter type of implement (1981, p. 88: Figure 7), which appears to be a punta. 

Although he details the contents of 38 graves, Bennett unfortunately does not distinguish 

between puntas and other copper implements. Two graves (2C and 2M) only contained a 

single tool accompanied by one or two ceramic bowls, while two other graves (3B and 

3D) had more complex assemblages that included several bowls, copper knives, and shell 

artifacts (Bennett 1939, p. 96). It is very likely that the burials were disturbed before 

Bennett had them excavated them and his inventories may not be representative of the 

actual contents of the graves. However, the grave goods he did locate indicate that the 

burials contained individuals of low status. 

On the basis of ceramics, Bennett classified the Lambayeque One cemetery as 

"hypothetical Middle Chimu" (1939, p. 142-143), which Lechtman interpreted to 

correspond to the Imperial Chimu phase, dating to approximately AD 1150-1300 (1979a, 

p. 17). The photographs of black pottery found in some of the graves suggest that at least 

a portion of the graves (2F, IJ, 2J, and 2H) contained diagnostic Middle Sican vessels 

bearing the image of the Sican Lord (Bennett 1939). This raises the possibility that the 



punta excavated at Lambayeque One could be of earlier, Middle Sican (AD 900-1100) 

origin. 

In 1967, having been alerted to looting activity in the area, Pedersen completed a 

salvage excavation that recovered a punta from a 20 meter deep elite shaft tomb under 

the center of Huaca Menor, which is part of the Huaca Las Ventanas mound complex 

(e.g. Pedersen 1976). Radiocarbon dates suggest that the burial was of Middle Sican 

origin. The inventory of grave goods which Pedersen compiled with the collaboration of 

the huaquero included Spondylus princeps shells, lapis lazuli and white quartz beads, 

cinnabar, utilitarian ceramic vessels and a single-spout blackware bottle (with the Sican 

lord on the spout), remains of 17 persons, naipes, wooden bows and arrow shafts, and a 

large number of square gold (possibly tumbaga) pieces (Pedersen 1976, p. 61). Though it 

was not possible to confirm the information, the looter claimed that he had found about 

500 kg of copper objects at 14 meters depth (Pedersen 1976, p. 63). One can only wonder 

whether the hoard consisted of bundles of puntas as in the East Tomb at Huaca Loro! The 

position of the shaft tomb under a monumental mound and the above described inventory 

indicate that principal person buried was most likely of upper-tier elite status (see Table 

2.3, p. 72). 

Pedersen was only able to recover seven objects from the large hoard that the 

huaquero claimed to have found (1976, p. 63-64). The description of these objects is 

relevant because it may allow a better definition of punta functions. Pedersen named four 

of the objects "punta de fiecha," i.e., arrowhead. These 98-162 mm long objects had a 

ftannel-shaped socket (11-24 mm deep) that could accept wooden shafts of about 11-12 



mm in diameter, some of which were found in the tomb (see Pedersen 1976, p. 71). The 

funnel-shaped socket terminated in a solid blade with a quadrangular cross section (~8 

mm sides) that tapered to a sharp point. Each of the four sides of the "arrowheads" had a 

row of x-shaped markings. 

Another copper artifact that Pedersen recovered was very similar in shape to the 

"arrowheads," but due to its size it is more like a punta (see Figure 3.4, p. 106). The 

"farming tool," as Pedersen called it, was 252 mm long with a fiinnel-shaped socket 29 

mm in diameter and 96 mm in depth. The blade portion had a rectangular cross section 

(17 mm by 19 mm) with a tapering profile that terminated in a semicircular edge. Each 

side of the blade had a row of anthropomorphic figures on it, separated by double 

horizontal lines. Pedersen suggested that due to its decoration, this tool had some other 

function in addition to or instead of being just a farming implement, such as a shorter, 

wedge-shaped and socketed object of 140 mm length he illustrated (see Pedersen 1976, 

p. 71). 

In contrast to the punta recovered from Huaca Menor, those found at Huaca Las 

Ventanas taper to a definite point. Several of the 489 puntas deposited in the East Tomb 

at Huaca Loro terminate in a point, but most appear unfinished and taper to a blunt 

rectangular end. The latter could have served as precursors for puntas with either the 

pointy or semicircular edge. 

3.2.2. The inferred production methods of puntas 

The archaeological context of puntas has been important in orienting 

investigators' inferences regarding their fiinctions. Technical studies conducted in the 



past have also contributed to our understanding of their possible uses. Lechtman 

conducted a compositional and metallographical study of a 55 centimeter long punta 

excavated by Bennett. She found the copper artifact to contain 1.43% arsenic (Lechtman 

1979a, p. 17), though elsewhere she reports a slightly higher number, 1.47% (Lechtman 

1981, p. 89). Vetter et al. (1997, p. 31) reported the results of elemental analysis 

performed on twelve Middle Sican puntas from the East Tomb at Huaca Loro and on four 

punt as of unknown origin from the collection of the Peruvian National Museum of 

Archaeology, Anthropology and History^. The arsenic content of puntas from Huaca 

Loro ranges between 1.35% and 4.45% (see Table 3.2, p. 106). 

Lechtman removed three cross sections from the punta\ one from the area of 

transition between the round socket and the rectangular body, a second along the length 

of the point, and a third from the tip. Vetter et al. (1997) reported sectioning a punta from 

the East Tomb at Huaca Loro into sixteen different pieces in order to ascertain its method 

of manufacture. Examination of the polished and etched cross sections suggested that the 

punta was shaped from a long, cast, piece of copper-arsenic alloy by successive 

hammering and annealing steps (see Figure 3.5, p. 107). The socket was formed by 

hammering on a portion of the cast piece at one end. This resulted in a flat, "fan-shaped 

sheet" which was then bent and hammered to produce the hollow, round socket 

(Lechtman 1981, p. 90). The rectangular blade portion of the punta also underwent 

hammering, but not as extensively as either the socket or the tip at the end of the blade. 

The severely elongated grains and slip lines within grains indicate that the tip was 

' Museo Nacional de Arqueologfa, Antropologia e Historia del Peru 



extensively hammered after the last annealing operation (Lechtman 1981, p. 90; Vetter, et 

al. 1997, p. 34). 

3.2.3. Possible functions ofpuntas 

The articulation of a socket on puntas suggests that during their normal mode of 

operation they were mounted on the end of a haft, most likely made of wood. The 

tapering of the rectangular portion of the puntas to a point indicates that it was important 

for a punta to be able to penetrate into or puncture through some type of material and be 

withdrawn easily. Hafting the punta would have allowed the user to maintain some 

distance between him or herself and the targeted material. The heavily worked 

microstructure of the punta tip examined by Lechtman results in high strength and 

hardness. This property would have prevented the plastic distortion of the punta tip upon 

encountering resistance from the material it was intended to penetrate, but it would have 

also made the tip more susceptible to breaking or fracture upon impact. 

The above, or similar consideration of the form of puntas may have lead Bermett 

to speculate that they were "probably agricultural implement[s]" (1939, p. 104). He left it 

up to the reader to imagine what agricultural activities puntas may have participated in. 

Perhaps they were used to dig holes for seeds or to loosen soil. Lechtman has argued that 

many implements found on the north coast would have been too heavy^ to be useful in 

agricultural tasks (1979a, p. 22), but she did not elaborate what those tasks may have 

been. It is important to note that there are some serious difficulties with any inferences of 

® This assessment depends on the definition of "heavy" with respect to the taslcs to be carried out. The 
heaviest punta I studied weighed ca. 600 g, which, even if one included the mass of a wooden haft, 
does not seem to heavy. 
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punta function, including my own arguments that follow, because we simply lack 

sufficient data on the mechanical properties of puntas and the behavioral significance of 

these properties. 

The weight and sturdy construction of puntas may have allowed them to be used 

as the heads for picks used in removing ores from the host rock in mines. In fact, puntas 

appear very similar to pick heads recovered from Late Bronze Age copper workings at 

Timna, Israel (see Figure 3.6, p. 107). Unfortunately no puntas have been recovered so 

far from mines suspected to have been exploited during the Middle Sican period and 

scratch marks characteristic of metal tools (e.g. Craddock 1995, p. 40: Fig. 2.9) have not 

been noted on mine walls either. Therefore, while the use of puntas as mining pick heads 

is plausible, available archaeological evidence does not allow us to confirm this. 

On occasion Lechtman has referred to puntas as "possibly spear points" (1980, p. 

312). Middle Sican iconography contains figures carrying pointy spears or long clubs, but 

the shape of the spearhead is much more squat and rhomboidal than that of puntas 

(Shimada and Griffm 1994). Hence, iconographic evidence does not corroborate the use 

of puntas as weapons. On the other hand, Pedersen recovered a puntaAike object 

alongside four "arrowheads" (see Pedersen 1976, p. 71) and a "farming tool" (see Figure 

3.4, p. 106) from a looted shaft tomb at Huaca Menor. He inferred the punta's ceremonial 

character based on incised decorations along the sides of the blade portion. The basic 

similarities in the shape of the punta and the arrowheads (with the exception of the shape 

of the tip) and the presence of incised lines along the blade portion of both objects raise 



84 

the question whether puntas may have served as some sort of weapon, possibly for 

hunting game, if not for fighting people. 

Lechtman noted that many puntas "were obviously never used nor were they 

intended for use" (Lechtman 1979a, p. 21). As also remarked by Vetter et al. (1997, p. 

33), the puntas found in the East Tomb next to Huaca Loro do not show any sign of wear 

and are mostly unfinished (see Figure 3.7, p. 108). The presence of puntas in 

burials—occasionally in large numbers—and the large amount of copper alloy used in 

their manufacture has lead Lechtman to hypothesize the following (1979a, p. 22): 

More than anything else, they appear to be "depositories" 
or "concentrators" of metal. It seems clear from their 
weight, their burial in large numbers, the unfinished quality 
of some, the ingot-like quality of others, that the bronze 
metal itself was considered of value and was amassed. 
Perhaps it indicated wealth or status, perhaps it had other 
associations. 

Given that the manufacture of puntas required extensive hammering and annealing after 

an initial casting step, each object represents a considerable amount of labor involved in 

metal shaping in addition to smelting. The fact that implement-like copper-arsenic alloy 

objects, and not just ingots, were deposited with burials, suggests that the shape of 

puntas—albeit not necessarily their usability as tools or weapons—must have been 

relevant. This may be the case with other types of objects found in burials as well. For 

example, unfired or barely fired ceramic vessels are frequently found in burials (e.g. 

Costin 1999; Shimada, et al. 2000). The presence of'unfinished' or 'unusable' objects in 

tombs suggests that certain artifacts "may have been strictly intended for funerary 



interment and not manufactured in the same ways or sizes as their counterparts made for 

use in the mundane world" (Shimada, et al. 2000, p. 37). 

Thus the form of unfinished puntas could have served as a reference to real life 

activities in which their usable versions participated. These activities may have taken 

place the realm of agriculture, hunting or fighting, or perhaps even mining. If some of the 

ethnohistorical evidence that Netherly (1977, p. 213) presented regarding North Coast 

local lords is applicable to the Middle Sican period, then the inclusion of tool-like 

artifacts in a grave may evoke the lord's responsibility to supply non-elite with the tools 

necessary for carrying out their labor obligations. The extent of the buried individual's 

involvement in activities in which puntas were used, or his/her power over and reciprocal 

obligations to those who performed activities using 'functional' puntas may have been 

related to the number of such artifacts. Shimada argued that the grouping and wrapping of 

puntas and other types of funerary goods, such as naipes, shells, etc, "probably protected 

them and facilitated their placement as well as 'accounting' of the quantities of given 

categories" (2000, p. 43). 

3.3. Sheet puntas 

Surface finds near Huaca La Merced, Huaca El Corte, Huaca Menor and Huaca 

Las Ventanas include objects made of hammered copper-alloy sheet whose appearance 

echoes that of puntas (see Figure 3.8 and Figure 3.9 p. 109). Instead of a robust blade 

with rectangular cross section, however, these artifacts have a blade portion that is similar 

in thickness (0.2-0.8 mm) to the socket and tapers from a 14-17 mm width just below the 

socket to a blunt end of 4-12 mm width. The sheet is curved about the longitudinal axis 



and the profile changes from the tip of the sheet punta to the top of the socket. Unlike 

puntas, the socket of a sheet punta is not entirely closed. The total length of sheet puntas 

is difficult to estimate because most pieces are fragmentary. Hosier et al. (1990, p. 3) 

refer to sheet puntas as "feathers" and Peruvian archaeologists often use the Spanish 

equivalent "pluma," based on Briining's description (see Hosier, et al. 1990, p. 21). 

3.3.1. Sheet puntas from Middle Sican burial and their production contexts 

In contrast to puntas, the sheet puntas that the Sic^ Archaeological Project has 

recovered came from a number of different monumental adobe mounds within the Sican 

capital (see Figure 7.1, p. 270). I examined and sampled 38 such objects from Huaca 

Menor (a component of Huaca Las Ventanas), 11 from Huaca El Corte, 5 from Huaca La 

Merced and one from Huaca Las Ventanas. Unfortunately, the archaeological context of 

sheet puntas is not as secure as that of puntas from the East Tomb at Huaca Loro, 

because the former were collected on the surface. However, the objects were found close 

to monumental adobe mounds whose radiocarbon dates fall within the Middle Sic^ 

period (Shimada 1985b, p. 386). Looters left the sheet puntas behind upon removing 

more saleable ceramics and precious metal objects from ehte tombs located around and 

under the mounds. The case of sheet puntas from Huaca La Merced illustrates why I can 

be quite certain of their date and association. 

In 1983 the flooding of La Leche River badly damaged the northern part of the 

principal mound of Huaca La Merced, further facilitating the looting of the already 

extensively exploited site. The following year Carlos Elera conducted a salvage 

excavation of a tomb near the western edge, which the flooding exposed and which had 



begun to be looted (Shimada, personal communication 2002). He recovered a gold 

diadem and fine ceramics which were determined—on stylistic grounds—to have been of 

early Middle Sican origin. The cross section cut by the flooding river revealed that the 

mound was constructed on top of the tomb (Shimada, personal commvmication 2002). 

Although much of the archaeological context of the sheet puntas collected on the surface 

near the salvage excavation was disturbed, we can state with a good degree of certainty 

that these artifacts are of Middle Sican origin. Moreover, the location of the tomb, the 

grave goods that have been recovered during the salvage excavation, and the fragments of 

objects left by looters suggest that the sheet puntas were buried with someone of elite 

status (Shimada, personal communication 2002). 

The 1996 excavation of the tomb of a member of the late Middle Sican elite in 

lllimo (Martinez Fiestas and Rodriguez Dionicio 1996) revealed that sheet puntas were 

deposited in burials in a maimer much like their cast relatives: in bundles (see Figure 

3.10, p. 110). I examined the sheet puntas recovered from Tomb 1 at lllimo and found 

that they are the same shape, though slightly longer than those from Huaca El Corte 

(compare Figure 3.11, p. 110 with Figure 3.9, p. 109). The open, semi-circular profile of 

the socket portion of these objects allowed the stacking of four or five of them. In turn, 

several such stacks were nested together, with sockets facing opposite directions, to form 

eight groups, each containing approximately 39-40 sheet puntas. During excavation the 

sheet punta groups had to be consolidated before lifting from the soil because the metal 

has completely mineralized. The shape of the eight groups and the arrangement of sheet 

punta stacks within them—^preserved due to consolidation—suggest that something, such 
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as a textile or vegetable fibers, must have been used to form tight bundles. Unfortunately, 

no trace of such fasteners survives. 

The social status of the individual in Tomb 1 can be assessed on the basis of the 

grave inventory. The male principal person was buried in an extended position and was 

accompanied by the flexed burials of two females, one on either side (Martinez Fiestas 

and Rodriguez Dionicio 1996, p. 26). Note that members of the Middle Sican top- and 

lower-tier elite tended to be buried in a seated position (see Section 2.4.2. Middle Sican 

social hierarchy, p. 64). The grave goods interred with the principal person included: 

mold-made black- and redware ceramics, gilded copper items (mask, earspools and nose 

ornaments), a necklace containing high-karat gold and polished stone beads, as well as 

numerous copper or copper-alloy objects. The gilded copper mask was covered in 

cinnabar in certain places and the earspools and nose ornaments included turquoise 

inlays. Six tumi knives and a decorative rhomboidal lance head were recovered among 

the many copper-based objects. The scope of materials used and the particular object 

types included in the grave suggest that the principal person most likely enjoyed 

lower-tier elite status (see Table 2.3, p. 72) 

Excavations led by Hartmut Tschauner at the Middle Sican compound SI65 at 

Pampa de Burros yielded sheet puntas and their possible precursors—i.e., unfinished 

sheet puntas—from non-burial contexts in production facilities from Middle Sican period 

(Tschauner 2001, p. 319). In his inventory of metallic remains, Victor Curay identified 

"plumas"—which I call sheet puntas—of several different sizes, shapes and 

configurations (see Appendix 5, p. 412). The word "configuration" refers to both the 



niimber of almost identical objects stacked or nested as well as any alterations to the 

original shape of the pieces. For example, 23 sheet puntas (PDB99 525) in Room 53 were 

found stacked on top of each other and bent in three places (see Figure 3.12, p. 111). 

From the scale included in the photograph, I infer the length of these objects to be around 

20.5-21.5 centimeters. Four, much smaller, sheet puntas—"plumas pequenas" or "puntas 

delgadas"— were found nested and bent to form a packet (PDB99 971-1) in Room 28 

along with a single fragment (PDB99 971-2). A related space. Room 34a, contained an 

assemblage of 19 such fragments (PDB99 1199), nested and bent. The above type of 

small, thin sheet puntas were approximately 5-6 cm long and around 4-6 mm wide at the 

most. 

Sheet puntas from burial contexts do not show signs of having been bent 

intentionally prior to deposition. It is plausible that the artifacts pictured in Figure 3.12 

(p. Ill) and those recovered from Rooms 28 and 34a were awaiting recycling and that 

the purpose of bending them was to form a compact, dense packet of metal and minimize 

the surface area of copper exposed to air during remelting. The above hypothesis is 

supported by the presence of other artifacts that may have been involved in the recycling 

of production waste. These include examples of single sheet fragments bent several times 

to form a compact configuration and similar packets formed by bending several sheet 

fragments together. Rooms 34b, 35a, 35a and 36, which are closely associated with 

Rooms 28 and 34a (Tschauner 2001, p. 325-328), contained a variety of sheet fragments, 

folded sheet packets, slag-covered sherds, and even a small lump of unshaped 

copper-alloy. Though Tschauner interpreted the above room block to have been a 



"single-family dwelling" (Tschauner 2001, p. 326) it is not unreasonable to speculate 

based on production-related evidence that small-scale metalworking, including 

recycling, also took place in this domestic context. 

While certain assemblages of sheet puntas or their fragments were found in a state 

indicating their impending recycling, others appear to have been awaiting their 

completion and/or distribution. The 9 sheet puntas that were found stacked, but otherwise 

unaltered (PDB99 527 1-9, see Figure 3.13, p. 111) in Room 82a are very similar in size 

and shape to the stacked and bent ones from Room 53. However, the wider portion of the 

sheet puntas from Room 82a is less curved about the longitudinal axis and does not 

suggest the appearance of a socket. These pieces may be unfinished, since folding of the 

wider portion of the sheet would have resulted in the formation of a socket. Alternatively, 

the sheet puntas found in Room 82a (Figure 3.13, p. Ill) may be examples of what 

Hosier et al. (1990, p. 6: Fig. 3) call "spatulate-end type." Tschauner assessed the 

function of the Rooms 81-82 not to have been domestic, but possibly that of a workshop 

(2001, p. 329). The above differences in shape may indicate a less advanced state of 

manufacture for sheet puntas in Room 82a or the differing design goals of craftsmen 

working in different spaces. 

3.3.2. Early reports of sheetpunta finds in Middle Sican contexts 

Photographs published by Hosier et al. (1990, Figs. 3, 16, 17) make it possible to 

identify the bundles of "copper leaves" Bennett excavated at a site he called Lambayeque 

One, a "[sjmall cemetery between Lambayeque and San Jose" (1939, p. 95) as examples 
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of sheet puntas (photograph published by Hosier, et al. 1990, p. 31; Fig. 16). Bennett 

(1939, p. 105) described these objects in the following manner; 

Three bundles of thin copper leaves wrapped together were 
found. One such bundle is composed of leaves 15 
centimeters long, 3.5 centimeters wide at one end and 
tapering to 2.0 centimeters wide at the other end. The 
bundle of these thin leaves is 1.8 centimeters thick. All 
bundles show traces of the string or cloth used to wrap 
them. A distinct bundle is composed of eight thin leaves, 
6.0 centimeters long and 2 centimeters wide, curved as if to 
fit the fingers. Each has a short shaft at one end, possibly 
for attaching to the fingers. 

Lechtman was able to examine the copper leaves (sheet puntas) Bennett excavated. 

He/she found that ten pieces at a time were tied together using vegetable fiber and that 

multiple such packets were bundled together (see Hosier, et al. 1990, p. 21). 

Figure 20d in Bennett's article (1939, p. 100) shows one of the intact ceramic 

vessels excavated from the same grave (IJ). The single spouted blackware bottle bears 

the image of the Sican Lord at the base of its neck and closely resembles Type IV bottles 

characteristic of the late Middle Sican period (see Cleland and Shimada 1992). It is 

reasonable to assume that the bundled and wrapped copper leaves are contemporaries of 

the blackware bottle and can be assigned Middle Sican provenience. Skeletal remains 

indicated that the individual with whom the above objects were associated had been 

buried in a flexed position. The grave also contained a copper helmet (Bennett 1939, p. 

96), which are infrequent in Middle Sican contexts. The elite individual buried in Tomb 1 

at Illimo had a helmet-like headdress (see Martinez Fiestas and Rodriguez Dionicio 

1996). Though the cemetery at Lambayeque One is "not associated with any sizable ruin" 

and "the graves are shallow and poorly prepared" (Bennett 1939, p. 105) we cannot 
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exclude the possibility that the status of the individual buried in grave IJ was elevated 

compared to that of non-elite. 

3.3.3. The potential functions of sheet puntas 

Hosier et al. (1990, p. 21) presented a comprehensive overview of finds reported 

to, or inferred to, include feathers, i.e., sheet puntas. South of the Middle Sican core area 

in the Lambayeque valley, these objects have been recovered at San Jose de Moro in the 

Jequetepeque valley from contexts understood to belong to the Middle Sican period 

(Hosier, et al. 1990, p. 21). An elite um burial (circa AD 850-1532) at the site of La 

Compania, Los Rios Province in Ecuador, yielded 130 loose feathers (Hosier, et al. 1990, 

p. 22). Published photographs (see Hosier, et al. 1990, p. 32-33) suggest that these sheet 

puntas are very similar to those collected at Huaca Menor, Huaca El Corte and from the 

warrior's tomb at Illimo (see Figure 3.8, Figure 3.9, and Figure 3.10, p. 109-110). Based 

partly on others' speculations. Hosier et al. (1990, p. 22) suggested that sheet puntas 

formed part of ornaments worn on the head and "were a distinct sign of elite status not 

only among Sican lords and Chimu kings, but [...] also among native peoples of Ecuador 

in the sixteenth century who wore them as symbols of high political rank." 

The shape of sheet puntas, however, differs significantly from that of hammered 

high-karat gold or tumbaga feathers that the Sican Archaeological Project recovered 

from the East Tomb at Huaca Loro (see Figure 3.14, p. 112). Feathers used in head or 

staff ornaments have a pronounced quill, which served as a point of attachment to the 

ornament. The construction of sheet puntas is quite different in that the "blade" portion is 

rather wide compared to a quill and has a curved cross section, which helps to stiffen the 
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thin strip of metal. Thus sheet puntas will not be "springy" or flexible like feathers. 

While the socketed or wide "spatulate" end of sheet puntas could have, conceivably, been 

wrapped around a protruding part of "circular metal headbands" (Hosier, et al. 1990, p. 

21), the examples of headbands from the Middle Sican period I have seen and examined 

do not display such features. The wrapping of sheet puntas to form bundles represents 

another departure from the treatment of feathers in burials, which tend to remain 

associated with the ornaments to which they were affixed (see Shimada and Montenegro 

1993, p. 76). 

The above outlined differences between sheet puntas and feathers associated with 

ornaments suggest to me that the function of these unusual artifacts was not based on 

their association with ornamentation worn around the head. Instead I believe that the 

shape of sheet puntas is clearly a reference to their cast "relatives," the puntas or to 

objects that Lechtman examined in the Briining Museum and called "digging stick 

blades" (Lechtman 1981, p. 94 and Figure 16, p. 97). Both variations on the theme have 

been found in multiples in Middle Sic^ elite burials and were deposited in a similar 

fashion (i.e., in bundles). Therefore, I suggest that in the context of burials sheet puntas 

functioned similarly to cast puntas (see Section 3.2.3, p. 82), evoking the individual's 

power over and/or reciprocal obligation to those who performed activities that involved 

usable versions of puntas. Compared to cast puntas, however, sheet puntas represent a 

much smaller amount of metal both individually and collectively and may therefore 

reflect a correspondingly lower level of power and access to copper-alloy goods on the 

part of the buried individual. Though this is a reasonable argument to make, in order to 



establish the second-tier status of the elite person with whom the sheet puntas were 

buried we would need to know the position of the body at the time of interment as well as 

the complete grave good inventory. Unfortunately, we only have this information for 

Tomb 1 at Illimo, where the principal person's extended burial position and the limited 

number of precious metal containing items suggest that he was the member of the local, 

second-tier elite. 

The sheet puntas excavated from complex SI 65 at Pampa de Burros represent the 

first known examples of these objects in production and possibly domestic contexts. 

Tschauner concluded that the SI65 complex likely represents "independent specialists in 

the general economy in which the elite did not interfere" as opposed to "attached 

specialists within the "domestic" economy of extended elite households" (2001, p. 335)^. 

This argument is based on the lack of evidence for the production of objects made of 

high-karat gold alloys or tumbaga as well as the nature and location of the settlement. If 

sheet puntas can be consistently associated with lower-tier elite burials during the Middle 

Sican period, then their production at Pampa de Burros signals some type of external elite 

influence on unattached specialists (see 4.3.3, p. 131). Alternatively, further systematic 

excavations at Pampa de Burros may help redefine the functions of sheet puntas and their 

accessibility to social groups. 

3.4. Naipes 

Naipes are I-shaped thin sheets that are either flat, or slightly curved about their 

longer axis (see Figure 3.15, p. 113). Deposited in burials, such artifacts have been 



recovered in multiples in large assemblages consisting of bundles of naipes wrapped in 

cloth or vegetable fiber (Shimada 1985b, p. 385). Some naipes display evidence of 

having been paired by wrapping with a vegetable fiber before a number of such pairs was 

wrapped in cloth to form a bundle. Though naipes display some intra-assemblage 

variation in shape and size (see Figure 3.16, p. 113), naipes within a bundle are reported 

to have been homogeneous in size and shape (e.g. Pedersen 1976, p. 64; Shimada 1985b, 

p. 385). 

3.4.1. The materials and manufacturing methods of naipes 

Cross sections cut parallel to the longer direction of two naipes indicated to 

Hosier et al. (1990, p. 20 and p. 67: fig. 45) that pieces were shaped by hammering, the 

edges were thickened by upsetting, and the objects were fully annealed after shaping. 

Shimada (1990, p. 368) remarked that naipes were cut from sheet metal, which is evident 

from his drawings of specimens^ in Lot 3 recovered between Mounds I & III of Huaca La 

Merced (Shimada 1983). The recovery of ingots in the East Sector of Huaca Las 

Ventanas, such as the one in Figure 3.15 (p. 113), however, suggests that some larger 

naipe forms were cast individually and subsequently craftsmen may have altered the cast 

shape by a combination of hammering and annealing. Manufacturing methods may have 

correlated with the size of individual specimens, vdth craftsmen fabricating larger naipes 

from individually cast blanks and cutting several small naipes from a hammered sheet 

(e.g. Hosier, et al. 1990, p. 53). Without access to a representative range of specimens to 

' Excavations led by Tschauner did not find any readily recognizable evidence of in situ presence of 
high-ranking supervisory personnel. 
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sample or to the results of John Merkel's more extensive studies on naipes collected by 

the Sican Archaeological Project, I can only hypothesize that naipes within a bundle were 

most likely manufactured in the same manner, but that there is some between-bundle or 

between-assemblage variation. 

Relatively little of the analytical work done on naipes recovered by the Sican 

Archaeological Project (e.g. Merkel, et al. 1995; Shimada 1985b) has been published, 

though I have been able to access an unpublished report (e.g. Fleming 1986). All data 

indicate that naipes were made of copper-arsenic alloys. Specimens' from Huaca La 

Merced, Huaca Las Ventanas, Huaca Menor, Huaca El Corte, and Huaca Rodillona 

contain between 1.72 and 5.63 percent arsenic (Fleming 1986). The arsenic level ranges 

between 0.8 and 1.9 percent in the ten large naipes wrapped in bundle M-99 from the 

East Tomb at Huaca Loro (Merkel, et al. 1995, p. 112). Hosier et al. (1990, p. 95) 

reported the composition of two naipes from Batan Grande (4.05 and 3.93% As) and one 

from Viciis (3.57% As). 

3.4.2. The socio-economic relevance of naipes 

Naipes have been recovered from a number of different archaeological contexts 

by the Sican Archaeological Project (e.g. Shimada 1985b, p. 384; 1990, p. 368; 1997b, p. 

89) as well as others (e.g. Bennett 1939; Hosier, et al. 1990, p. 18-20; Pedersen 1976, p. 

64). Shimada (1990, p. 368) correlated the quantity of naipes as well as the number of 

different size/shape categories with "tomb size and the overall range, quality and quantity 

of funeral goods." On one extreme is Bennett's find of only two naipes at the site of 

Shimada's drawings show jagged sides on some naipes, indicating mistakes during the shaping of 



Lambayeque One (1939), while the estimated 20,000 specimens recovered as a signle 

aggregation from the East Tomb at Huaca Loro (Shimada 1997b, p. 89) represent the 

largest known complete deposit. The widespread presence of naipes in the Lambayeque 

region, their association with funerary deposits, as well as the use of naipe motifs on 

ceramics (e.g. Shimada 1990, p. 367: Fig. 31), marked adobe bricks (e.g. Shimada 1997a, 

p. 79), and even as bone miniatures (see Figure 3.17, p. 114) underscores the cultural 

relevance of these artifacts during the Middle Sican period (Shimada 1985b, p. 386). 

Naipes are sturdy, portable, easy-to-recognize, objects that could be counted and 

distinguished by size with relative ease. The narrow mid-section and flared ends prevent 

individual pieces from slipping out of packages created by wrapping something around 

the middle. Finally, naipes are made of copper-arsenic alloy, to which individuals 

enjoyed differential access during the Middle Sican period (see Section 2.4.2, p. 64) and 

which could be transformed into other types of objects if necessary. These traits are 

shared by so-called "axe monies" (hacha mondeda) found in coastal Ecuador in contexts 

that date back to the Middle Sican period (Shimada 1990, p. 367). 

Some researchers have argued for the role of naipes as currencies of exchange 

based on shared traits with axe monies and the importance of long distance trade between 

the Middle Sican polity and Ecuador in order to obtain materials associated with high 

status (e.g. Shimada 1985b; Shimada 1990). However, Shimada also admitted that "we 

do not have an independent line of evidence to speak for the monetary function" of 

naipes (1985b, p. 388-389). Building on the above. Hosier et al. suggested that '^naipes 

these edges with an edge tool (1983). 



did not circulate and were not exchanged" between the Lambayeque region and coastal 

Ecuador because they "may have been too ritual-laden to move outside the burial context 

that bound them" (1990, p. 68). Instead, the authors argue that the extensive use of sheet 

metal along the North Coast was an indicator of "thinness" as a value in itself. Given the 

association of status with the accumulation of metal, the logic suggests that accumulating 

lots of thin pieces of metal is even better, hence the presence of hundreds or thousands of 

naipes and/or sheet puntas in elite burials (e.g. Hosier, et al. 1990, p. 68). 

Hosier et al. suggested that the thinness of these objects also necessitated the 

bundling or wrapping of multiple specimens in order to "maintain their integrity" 

(Hosier, et al. 1990, p. 68). The bundling of thin artifacts would eliminate the need for the 

objects to be strengthened in other ways, for example, by making them out of 

copper-arsenic alloys. However, Hosier et al. argued that "the metal had to be 

copper-arsenic alloy," a "material strong and tough enough to survive thinness" (1990, p. 

68). In addition to finding the arguments regarding the functional role of bundling and 

arsenic content to be conflicting, I do not believe that Hosier et al. presented sufficient 

evidence to support the argument that "thinness" itself was a value in the Lambayeque 

region. 

It is true that "thinness" is a formal property of naipes and of many other Middle 

Sican copper-arsenic as well as gold alloy artifacts and thinness is achieved mostly by 

hammering and annealing. If we accept that premise that "the artisan's behavior is 

influenced by an artifact's performances in activities throughout its life history" (Schiffer 

and Skibo 1997, p. 29) then we must consider the role that thirmess plays in the ability of 



an artifact to perform its functions. Also, one cannot neglect the effect that the technical 

choices of using copper-arsenic alloys and exerting mechanically induced plastic 

deformation have on other physical attributes of sheets, for example: surface area, 

hardness, yield strength, stiffness, surface appearance, etc. (see Section 5.1.2, p. 152 and 

Section 5.1.3, p. 155). 

Without plausible arguments for why thirmess was one of the most important 

formal attributes in allowing naipes to acceptably perform their functions, it is difficult 

for me to accept that the achievement of thinness guided all other technical choices 

during manufacture (see Schiffer and Skibo 1987, p. 236). In other words, I believe that 

thinness was one of several means to an end rather than an end in itself and that there are 

alternative hypotheses to consider before saying that "thinness" is a value. I think that it 

is more plausible to propose that the fabrication of thin objects is a consequence of an 

individual's desire to display social status and wealth via the accumulation of 

copper-alloy artifacts (see Section 2.4.2, p. 64) and by maximizing the visual impact of 

the assemblage. Alternatively, one might suggest that the subdivision of wealth (in terms 

of access to copper) into multiple groups consisting of artifacts that display low 

within-group but higher between-group variation somehow echoes the socio-economic 

landscape of the Middle Sican period. The thirmess of the objects may then be correlated 

with "situational factors" (e.g. Schiffer and Skibo 1997, p. 34) or design constraints (e.g. 

Bleed 2001; Hayden 1998), such as the total amount of metal available to a person or 

group, how they wish to structure the subdivision of their assemblage of artifacts, and the 

desired shape of the individual pieces. 
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3.5. Rectangular sheets 

Middle Sican craftsmen produced rectangular sheets by cutting roughly 

rectangular shapes from very thin copper-arsenic alloy hammered sheet stock^. The 

resulting pieces were further shaped to produce a curved cross-section along the longer 

axis of the sheet (see Figure 3.18 and Figure 3.19, p. 114). Rectangular sheets of slightly 

more complex shape have flat edges surrounding a longitudinal depression (see 

right-side of Figure 3.19, p. 114) and evoke the general shape of naipes. Their width at 

the end of rectangular sheets ranges between 15 and 26 mm, their length is between 70 

and 100 mm, and their thickness is around or less than 0.1 mm. Rectangular sheets weigh 

only 0.5-1.2 grams. 

Prior to deposition, pairs of rectangular sheets were wrapped together using 

vegetable fibers and a number of pairs were bundled in woven textile (Figure 3.20, p. 

115). Due to the decomposition of fibers, only a few sheets remain wrapped together with 

their pairs. The corrosion of the sheets has preserved parts or impressions of the plant 

fibers. There were between 60 and 100 small sheets within each cloth bundle found at 

Huaca Rodillona (see Section 7.1, p. 256). Rectangular sheets resemble naipes in their 

manner of pairing and bundling, but they were recovered from a different type of 

contexts. Naipes are predominantly associated with elite graves, while the rectangular 

sheets I examined were deposited along with human sacrifices and unmodified Spondylus 

shells atop Huaca Rodillona at the site of Sican (Shimada 1990, p. 341). I discuss the 

archaeological context of rectangular sheets in detail in Section 7.1 (p. 256). 

' Visual inspection of rectangular sheets revealed jagged edges indicating occasional mistakes while 
cutting with an edge tool. 
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3.6. Limitations of studying Middle Sican grouped copper artifacts: cultural and 
enviroimiental formation processes 

The differential distribution of copper artifacts in burials (see Table 2.3, p. 72) 

and the involvement of the Middle Sican polity in the long-distance trade of copper for 

"exotic, luxury and ritual items" (Shimada, et al. 1999, p. 302) indicate that copper was a 

valuable material. Copper artifacts can be regarded as "durable goods" (e.g. Schiffer 

1995) composed of a material that can be infinitely recycled (see Section 4.2.4, p. 123). 

The labor intensive nature of the Middle Sican smelting process (see Section 4.2, p. 118) 

combined with limited access to copper artifacts for certain social groups likely meant 

that the cost of recycling was lower compared to that of discarding an item and replacing 

it. Although non-elite persons used needles, puntas and tumi knives in 

subsistence-related activities, the deposition or "discarding" of such items in burials 

signals non-utilitarian artifact functions, or perhaps that people were expected to 

continue performing the same activities beyond death. The scarcity of discarded copper 

artifacts noted by Shimada et al. (1999, p. 302) may be related to the above factors in 

addition to other cultural and environmental processes that affect the formation of the 

archaeological record (e.g. Schiffer 1995). 

Environmental conditions in the coastal desert of the Lambayeque region do not 

favor the survival of copper artifacts. The salt content of the soil and high water table 

levels during periodic El Nino episodes promote the corrosion of copper via the 

formation of disfiguring basic copper chlorides (Scott 2002). Given that the majority of 

copper objects were made from thin, hammered sheets of copper, corrosion processes 

often resuh in the complete mineralization of the artifact without leaving behind a 
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metallic core. Though some mineralized artifacts retain their original shape, in many 

cases the accumulation of corrosion products above the original surface prevents one 

from assessing dimensions and more subtle surface features. 

While environmental conditions have favored the survival of precious metal 

artifacts in North Coast archaeological contexts, the precious metal bias of the antiquities 

market has promoted the accumulation of copper objects in public museums. The extent 

and scale of looting activities in the Leche River valley, especially between the late 1930s 

and late 1960s was enormous (e.g. Shimada 1981; 1992, p. 2). While some looters have 

removed hundreds of kilograms of copper implements in hopes of selling them (e.g. 

Pedersen 1976), most huaqueros left (and leave) corroded and fragile-looking pieces, 

such as naipes, behind (e.g. Shimada 1985b, p. 384). The Briining Museum in 

Lambayeque houses thousands of copper objects recovered from abandoned looters' pits 

and apprehended huaqueros. Aside from the approximate location of the find, most 

looted artifacts lack archaeological context. 

Most of the objects I examined were excavated by the Sican Archaeological 

Project and come from well-established and dated archaeological contexts, though 

several of the objects I analyzed are surface finds. Members of the Sican Archaeological 

Project (SAP) collected these objects upon investigating reports of looting activity that 

targeted burials in or near monumental adobe structures. The archaeological context of 

these objects is clearly less secure than those excavated scientifically by the SAP. The 

materials left behind by looters did not allow the reconstruction of full grave inventories 

and skeletal remains were often so disturbed that the burial position could not be 



determined. Given that both the position of the body and the associated artifacts are 

important in inferring the social status of the deceased (see Table 2.3, p. 72), members of 

the SAP have interviewed informants in order to make better inferences regarding the 

nature of the archaeological context. However, it remains practically impossible to 

accurately reconstruct the spatial association of grouped objects within the grave once 

looting has taken place because of the disintegration of plant fibers or spun yam that 

originally held bundles together. The above limits our ability to assess within- and 

between-group variability within a particular surface assemblage of grouped artifacts. 

3.7. Summary 

Grouped copper object types—puntas, sheet puntas, naipes, and rectangular 

sheets—form a special category within the wide range of artifacts recovered from Middle 

Sican contexts. Not only did elite funerary or ritual caches contain high multiples of such 

artifacts, but the assemblages were also subdivided into groups by bundling a number of 

pieces together. I am not the first to recognize and emphasize these shared features over 

morphological differences between types, but my inclusion of puntas and rectangular 

sheets among grouped objects is novel. Hosier et al. (1990), for example, considered 

naipes and sheet puntas, which they called "feathers," to be related by a value system that 

promoted "thinness" and in which wealth was synonymous with the accumulation of 

metal. 

Excavations of a variety of Middle Sican funerary contexts have, in fact, 

demonstrated a positive correlation between the presence of grouped objects and other 

indicators of socio-economic status (see Section 2.4.2, p. 64). However, by suggesting 
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that puntas be included in the family of grouped objects I implicitly challenge the notion 

that "thinness" was a value in itself during the Middle Sican period. Moreover, in Section 

3.4.2 (p. 96) I argue that to consider the achievement of thinness to have guided all other 

technical choices is to oversimplify how^ artifact function and a variety of constraints 

influence artifact design. For example, the amount of copper and/or labor commanded by 

the dead individual (during his life) or by the people orchestrating his burial might have 

been important in determining the weight and size of an individual naipe or other 

grouped artifact. This would especially be the case if the subdivision of the artifact 

assemblage into bundles that contained specific numbers of items reflected some relevant 

aspect of social or economic organization (see Costin 1999). 

In addition to presenting a different point of view on the thinness of grouped 

artifacts made of sheet metal, I also deviate from earlier works in treating sheet puntas as 

sheet metal analogues of larger, '3-D' puntas as opposed to feathers. My interpretation is 

based on significant morphological differences between sheet puntas and feathers used to 

decorate ornamentation worn around the head. Strong similarities between the puntas and 

sheet puntas are not restricted to shape, but also extend to the way in which assemblages 

containing such objects were structured by grouping and bundling within funerary 

caches. Since I believe that sheet puntas served as referents to puntas that were more 

accessible to low-level elite, I propose that they served similar functions, potentially as 

symbols of an elite person's obligation to supply tools to non-elite persons who 

performed labor obligations with the usable versions of puntas. 
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3.8. Figures and tables 

Type Site Context Sampled Analyzed 
Punta Huaca Loro East Tomb (elite burial) 289 86 (96 NAA) 

Huaca Menor surface (elite burial) 1 1 
San Jose de Mono burial 1 1 (NAAO 

Sheet punta Huaca El Corte surface (elite burial) 11 11 
Huaca Menor surface (elite burial) 38 38 
Huaca La Merced surface(elite burial) 5 5 
Huaca Las Ventanas surface (elite burial) 1 1 

Naipe Huaca La Merced surface (elite burial) 1 1 
Huaca Menor surface (elite burial) 45 45 
Pampa de Juarez surface (elite burial) 13 13 

Rectangular sheet Huaca Rodillona columnar box/burial 288 96 

Table 3.1. Provenance and context of grouped objects sampled and analyzed. 

ii.iiti 

Figure 3.1. Puntas from the East Tomb at Huaca Loro (Group 2389). 

Figure 3.2. Bundles of puntas in situ, East Tomb, Huaca Loro. (Photograph by Izumi Shimada) 



Figure 3.3. Puntas within the same bundle display observable morphological variation (East Tomb at 
Huaca Loro, Group 2405). 

252 mm 

funnel-shaped socket blade with rectangular cross section 

Figure 3.4. Punta-\\ks object recovered by Pedersen from the salvage excavation of an elite tomb under the 
middle of Huaca Menor (based on Pedersen 1976, p. 63). 

Sample Cu (%) As (%) Ag (%) Sb (%) Se (%) Au (%) 

1 97.42 1.98 0.048 0.015 0.0063 0.0044 

2 97.18 2.73 0.035 0.015 0.0055 0.0047 
3 97.52 2.57 0.039 0.022 0.0041 0.0023 
4 97.17 2.37 0.021 0.007 0.0134 0.0049 
5 96.68 3.06 0.103 0.027 0.0089 0.0030 
6 95.42 4.45 0.017 0.005 0.0063 0.0016 
7 96.76 2.62 0.065 0.035 0.0056 0.0052 

8 97.61 1.48 0.057 0.034 0.0046 0.0028 
9 97.36 1.35 0.050 0.006 0.0100 0.0025 
10 97.30 2.50 0.034 0.013 0.0076 0.0028 
11 95.86 3.59 0.038 0.012 0.0095 0.0122 
12 95.98 3.26 0.034 0.014 0.0051 0.0044 
13 96.62 3.24 0.151 0.285 0.0131 0.0058 
14 97.32 1.74 0.037 0.004 * 0.0027 
15 96.43 2.62 0.030 0.007 * 0.0023 
16 96.42 3.22 0.131 0.375 •k 0.0063 

Samples 1 through 12 were removed from puntas excavated from the East Tomb at Huaca Loro. Samples 
13 through 16 were removed from puntas of unknown origin from the Peruvian National Museum of 
Archaeology, Anthropology and History. 

Table 3.2. The elemental composition of puntas reported by Vetter et al. (1997, p. 31: Table 2). 
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ingot or preform 

hammer blows 

hammer blows 

flattening and spreading one end 
of the ingot by by hammering; and 
drawing the the other end to form 
the tapered blade 

thin, truncated triangle-shaped 
portion resulting from hammering 
one end of the ingot; tapered blade 
portion 

hammer blows 

placement of a pole in the middle 
of the triangle-shaped portion and 
the formation of the socl<et by 
hammering around the pole 

removal of pole once the socket is 
complete 

Figure 3.5. Inferred process of punta manufacture from an ingot or a cast blank (based on Lechtman 1981, 
p. 90; Vetter, et al. 1997, p. 34: Fig. 7). 

Figure 3.6. Copper pick head from Late Bronze Age copper workings at Timna (British Museum), (from 
Craddock 1995, p. 64: Figure 2.28) 
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Huaca Loro, Tomb 1, Group 2386: Punta 19 

Dimples formed by hammering 

Figure 3.7. Side view of a punta from the East Tomb at Huaca Loro displaying dimples formed by 
hammering. 
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Sheet punta 
I ̂  

Figure 3.8. Sheet punta (# 18) from Huaca Menor (M-1). 

Figure 3.9. Sheet puntas (# 2, 3, and 4) from Huaca El Corte (M-9). 



Figure 3.10. Consolidated stacks of approximately 39 sheet puntas from Tomb 1 excavated in 1996 in 
Illimo (for context see Martinez Fiestas and Rodriguez Dionicio 1996, Lamina 15 (Figure 
15)). 

ILLIMO: SHEET PUNTAS "°5 

Figure 3.11. Close-up view of the socket portion of sheet puntas excavated from Tomb 1 in Illimo'®. 

Note that these objects appear to be slightly larger (length: 17.5-18 cm) than sheet puntas collected at 
Huaca El Corte (see Figure 9.1, p. 367). 



I l l  

Figure 3.12. Side view of 23 sheetpuntas folded together (PDB99 525) from Room 53 in the Middle Sican 
SI65 complex at Pampa de Burros. (Photograph by Victor Curay Rufasto.) 

Figure 3.13. Side and top views of 9 stacked puntas (PDB99 527 1-9) from Room 82a in the Middle 
Sican SI65 complex at Pampa de Burros. (Photograph by Victor Curay Rufasto.) 
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headdress crown ornament staff ornament 

Figure 3.14. Outlines of gold feathers associated with various types of ornaments from the East Tomb at 
Huaca Lore (based on photographs in Shimada 1997b). 
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M-if 

Figure 3.15. Left: Naipe from Huaca Menor. Right: Fragment of a mold (East Sector, Huaca Las Ventanas) 
most likely used for casting naipes (photograph by Izumi Shimada). 

HUACA LA MERCED 

HUACA LAS VENTANAS 

Figure 3.16. Naipes of various sizes and shapes recovered from Huaca La Merced and Huaca Las Ventanas 
(from Shimada 1995, p. 25: fig. 10). 
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Huaca Sialupe 2001 #1442 

Figure 3.17. Miniature bone naipe recovered from Huaca Sialupe. 

Huaca Rodillona M-72-85, Column 13 Huaca Rodillona Mt71-85, Column 13 

Figure 3.18. Rectangular sheets of different shapes from Huaca Rodillona, Column 13 

Figure 3.19. Diagram of different shapes among rectangular sheets from Huaca Rodillona 



Huaca Rodillona 
M-69-85, Column 1Qi vegetable fiber 

wrapped around 
rectangular sheets 

Figure 3.20. Remains of woven textile used to form a bundle of paired rectangular sheets. 
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CHAPTER 4: MIDDLE SICAN COPPER-ARSENIC ALLOY TECHNOLOGY 

4.1. Introduction 

Members of the top three social strata—out of the four defined for the Middle 

Sican period—had varying levels of access to copper alloy artifacts (see Table 6.2, p. 

250) (Shimada, et al. 2000, p. 55). Accordingly, copper alloy objects have been recovered 

from diverse contexts, including elite burials (e.g. Shimada 1992), non-elite burials (e.g. 

Shimada and Montenegro 1993, p. 88), ritual caches (e.g. Shimada 1990: 341), and 

non-elite habitations (Tschauner 2001, p. 331). Excavations of metal working facilities 

have recovered copper alloy tools and scrap metal (e.g. Shimada and Wagner 2001, p. 27; 

Tschauner 2001, p. 325). 

Evidence of Middle Sican copper metallurgy (apart from the presence of copper 

objects) was first discovered during the 1978-79 field season of the Sican Archaeological 

Project (SAP), in Trenches 1-2 at Huaca del Pueblo Batan Grande (Shimada 1981). 

During the same field season, prehistoric ore sources at Cerro Blanco (south side of La 

Leche Valley) and at Cerro Huaringa were investigated (see Figure 2.5, p. 70). An 

ancient road leads to Cerro Blanco and it is clear that ancient miners first removed 

oxidized copper ores fi-om the surface veins and then followed them underground. 

Non-local stone tools used for removing surface ores were found in small pits above the 

mine, where there were small surface deposits. However, no prehistoric implements were 

found in the largest mine (Shimada 1981, p. 432). Apart from the sites mentioned above, 

signs of pre-Hispanic mining activity have been recorded at Cerros Mellizo, Barranco 

Colorado, and La Plata (see Figure 2.5, p. 70) (e.g. Shimada 1994b, p. 47-55). 



In addition to Huaca del Pueblo Batan Grande, possible evidence for copper 

smelting in the Middle Sicm period has been found in complex SI66c at Pampa de 

Burros (Tschauner 2001, p. 321-322). Radiocarbon dates from the lowest occupational 

layer and metallurgy related finds on the floor of this layer indicate that smelting 

activities in sector III of Cerro Huaringa predate the Chimii period as far back as the 

Middle Sican period (Shimada, et al. 1982, p. 954). Excavations have so far located 

contemporary metalworking facilities in complex SI65 at Pampa de Burros (Tschauner 

2001, p.: 319), Huaca Sialupe (Shimada and Wagner 2001), Huaca del Pueblo Batan 

Grande and Cerro Jotoro (Shimada 1985b, p. 369). The SAP suspects that there are many 

other metallurgical sites to be found in this region. Instead of there being a "principal" 

smelting center in the Lambayeque region, Shimada believes that regional metal 

production was built on dispersed clusters of smelting workshops, each equipped with a 

set of 3 to 5 furnaces (Shimada 1994b, p. 61). Similarly, the manufacture of objects from 

stock metal took place at multiple sites consisting of agglutinated' workshops, such as the 

facilities at Huaca Sialupe and Pampa de Burros. 

We have detailed information regarding material flow along the chdine 

operatoire^ of Middle Sican copper-alloy object manufacture that have resulted in the 

development of hypotheses of regional production organization. The latter include the 

involvement of state or other oversight over the smelting and metalworking process. In 

the following sections I will summarize existing research, focusing on important details 

' Agglutinated workshops are discrete production facilities that are attached to or in close physical 
proximity to each other. 

^ The sequence of activities involved in the transformation of raw materials into products (e.g. Sellet 
1993). 
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of material flow and production organization in order to discuss how these may serve as 

sources of variability in Middle Sican copper-alloy artifacts. 

4.2. Middle Sican copper smelting and metalworking processes 

4.2.1. Furnace design 

A brief discussion of furnace design is relevant for understanding sources of 

variability in smelting products because furnace volume and air flow influence the 

temperature and atmospheric conditions achievable during smelting. Based on the 

sources of evidence outlined in the previous section as well as replication experiments 

(e.g. Shimada and Merkel 1991), the Sican Archaeological Project has been able to 

reconstruct the Middle Sican copper smelting process in considerable detail. Excavations 

at Huaca Del Pueblo Batan Grande located four complete sets of smelting furnaces, each 

comprised of three to five furnaces connected by a trench (Shimada and Merkel 1991, p. 

82). Similar workshops were unearthed in sector III at Cerro Huaringa, where smelting 

continued from the Middle Sican period through Chimu-Inca times (Shimada, et al. 

1982, p. 954). Shimada has described the furnaces as "pear-shaped" when observed from 

above (1982, p. 955). The main, bowl-shaped chamber of the 1.5-3.0 liter capacity cavity 

of a typical furnace was set into a terrace step (see Figure 4.1, p. 142). The chamber 

opening was built up to form a low ridge, called an "apron," which served as a barrier 

between the bottom of the chamber and the trough connecting adjacent furnaces. A 

narrow chimney was shaped by constricting the chamber opening toward its apex. 

Furnace walls displayed evidence of several subsequent linings with "refractory mud" 

(Shimada, et al. 1983, p. 42). 
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Comparison of Middle Sican period furnaces excavated at Huaca del Pueblo 

Batan Grande with later Chimii period examples from sector III at Cerro Huaringa points 

to some-changes in furnace design (e.g. Epstein and Shimada 1983, p.: 414-416). The 

Middle Sican fiimaces had a more open furnace chamber and their capacity was also 

larger, about 3.3 liters compared to the roughly 1.4 liters of the Chimu furnaces. The 

larger furnace size meant that Middle Sican smelters achieved lower temperatures and 

less reducing atmospheres than their later counterparts. Moreover, the larger, more 

angular Middle Sican fumaces were also spaced closer together, probably inhibiting 

simultaneous smelting in adjacent ones (Shimada, et al. 1983, p. 44). Also, earlier furnace 

linings did not show such careful preparation as their 'descendants' and consisted mostly 

of plant tempered clay and sand (Shimada and Merkel 1991, p. 83). 

4.2.2. Furnace charge, operation and smelting products 

Studies of mineral and slag remains from workshops and mines (e.g. Epstein 

1993; Merkel, et al. 1994; Shimada 1987) suggest that the furnace charge consisted of 

copper oxide ores (mostly in the form of malachite, Cu2C03(0H)2), arsenic-containing 

ores (e.g. scorodite, FeAs04*2H20, and arsenopyrite, FeAsS), iron oxide flux (e.g. 

 ̂ -5 
hematite, FeiOs, and limonite), and charcoal . Large stone mortars (batdnes) and rocking 

' Merkel et al. (1994) found that copper-containing ores recovered from smelting workshops and mines 
with evidence of pre-colonial use did not contain sufficient amounts of arsenic to account for the 
levels detected in Middle Sican copper artifacts. Additionally, the recovery of scorodite from a 
smelting workshop at Huaca del Pueblo Batan Grande and from the Cerro Mellizo mine suggested to 
Shimada (1994b, p. 61) that Sican smelters deliberately mixed copper- and arsenic-containing ores to 
yield copper-arsenic alloys. However, the above evidence for the deliberate mixing of ores has 
limitations. First, ore samples taken j&om mines are not necessarily representative of ore compositions 
used during the Middle Sican period due to the subsequent exploitation of the mines. Second, the 
recovery of both copper oxide and scorodite ores from a smelting workshop does not exclude the 
possibility that these minerals were originally part of the same ore body. 



stone 'pestles' (chungos) were employed to crush the charge components into pea-sized 

pieces (Shimada and Merkel 1991, p. 85). Early research by Lechtman did not locate 

substantial arsenic ore deposits along the North coast and raised the possibility of their 

importation from the highlands (Lechtman 1976, 1991). More recent surveys of mines in 

the Lambayeque region, however, indicate that scorodite may have been procured from 

the local Cerro Mellizo mine (Epstein 1993, p. 141; Shimada 1994b, p. 61). 

Lacking bellows, draft was supplied to the furnaces by means of blowpipes and 

human lungpower. Replication experiments found that 1150 °C could be attained in a 

very small portion of the charge, but this temperature could not be achieved 

simultaneously throughout the entire charge (Epstein 1993, p. 156; Shimada and Merkel 

1991, p. 85). Ursel Wagner's Analysis of furnace linings from Huaca del Pueblo Bat^ 

Grande, using Mossbauer spectroscopy, confirms that the maximum temperature reached 

barely exceeded 1000 °C and was quite localized to the central portion of the furnace 

(Shimada, personal communication 2002). Though reduced copper metal droplets did 

form within the liquefied portions of the slag, the smelting method did not allow the 

small droplets to flow free from slag and to pool in the bottom of the furnace to directly 

form usable, homogeneous ingots (Shimada, et al. 1983, p. 42). Consequently smelting 

runs yielded heterogeneous, spherical bits of metal (prills) trapped in slag along with 

pieces of charcoal and un-reacted minerals (Epstein and Shimada 1983, p. 398-399). In 

order to release the prills, chunks of slag were crushed using batdn-chungo sets, resulting 

in the large quantities of ground gray slag found in the proximity of smelting workshops 

(Epstein and Shimada 1983, p. 400). 
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The individual prills were too small to be used directly for the production of 

artifacts and were consolidated into ingots by melting (Epstein and Shimada 1983, p. 

402; Shimada, et al. 1983, p. 42). Examination and analysis of two ingots and an ingot 

mold from Cerro Huaringa by Epstein suggested that such consolidation involved the 

melting of prills in some type of crucible and the casting of the molten copper into a 

ceramic mold (Epstein 1982, p. 61; 1993, p. 149-151). Evidence of a second method of 

ingot manufacture was supplied by local informants, a looted piece of "cobre bruto" 

(crude copper), and a replication experiment. This method involved the melting of prills 

in the bottom of a large sherd or shallow bowls under a blanket of charcoal and the in situ 

solidification of the ingot formed in this manner (Epstein 1993, p. 152, 157). 

4.2.2.1. The composition and microstructure of prills 

Epstein (1982, p. 61) reported the elemental composition of nine prills—three of 

which were embedded in slag—which were surface finds in sector III, the smelting 

sector, of Cerro Huaringa (see Table 4.1, p. 145). Since copper smelting activities at 

Cerro Huaringa spaimed about 500 years from the Middle Sican through the Chimu-Inca 

period (Epstein and Shimada 1983) and since the prills Epstein analyzed prills were 

found close to the svirface I doubt that the above prills were of Middle Sican origin. 

Instead they are more likely to have come from a later period. I analyzed six prills from 

securely established Middle Sican smelting workshop contexts at Huaca del Pueblo Batan 

Grande (see Table 4.3, p. 145). The arsenic content of these prills ranges from 1.87 to 

7.45 weight percent and, compared to the pieces in Epstein's report, they contain 



consistently lower amoxmts of iron and sulfur"^. Though four of the prills I analyzed were 

recovered from the same trough in front of a set of furnaces, we do not have sufficient 

evidence to state that they represent the products of a single smelting run. 

The microstructure of prills, i.e., the identity and proportion of chemical phases 

present, is related to the overall elemental composition of the metal as well as its thermal 

history^. The cross sections of prills (see Figure 4.6 and Figure 4.7, p. 146) display 

microsegregation typical of cast copper-arsenic alloys (Budd 1991b) as well as metal 

globules produced during smelting experiments (Lechtman and Klein 1999). Although I 

was not able to resolve the substructure of the arsenic-rich interdendritic areas in the 

backscattered electron images, their arsenic content, which is consistently higher than 

20.8%, indicates that in addition to the Cu-CuaAs eutectic some y' phase (CusAs, -30% 

As) is also present (see Figure 5.1, p. 186) (see also Budd 1991b, p. 86). Prills with 

higher overall arsenic content have correspondingly higher proportions of arsenic-rich 

interdendritic phases in addition to elevated arsenic contents in the solid solution (a) 

dendrites. Compared to the copper-rich a dendrites, the interdendritic areas also contain 

elevated amounts of bismuth, antimony, iron and sulfur. 

The majority of prills analyzed by Epstein (see Table 4.1, p. 145) have than 0.5% iron whereas none of 
the Middle Sican prills I analyzed do (see Table 4.3, p. 145). This corroborates that furnaces 
constructed and used after the Middle Sican period were more reducing and thus resulted in copper 
with higher iron content (see Craddock and Meeks 1987). 

' For an in-depth discussion of the portion of the copper-arsenic phase diagram relevant to prehistoric 
metallurgy, see Budd (1991b). 
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4.2.3. Raw material and labor investment versus copper-arsenic alloy output of 
the Middle Sican smelting process 

The Middle Sican smelting process described in the above section had high costs 

associated with it in terms of manpower and material investment (hardwood charcoal fuel 

in particular) relative to its output (e.g. Epstein 1992). Based on smelting experiments 

carried out in an original Chimii period furnace as well as a replica furnace, researchers 

have been able to estimate the material flow and labor associated with a single smelting 

operation (e.g. Epstein 1993; Shimada and Merkel 1991). The average charge would have 

consisted of "approximately two kilograms of copper [and arsenic] ore (about 30 percent 

copper) and four to six kilograms of flux" (Shimada and Merkel 1991, p. 85). Epstein 

(1993, p. 159) reported that six to eight kilograms of fuel would have been necessary to 

heat this charge and convert it into five kilograms of slag during the course of three to 

four hours. A single smelting heat was estimated to have produced copper-arsenic alloy 

prills totaling 300-600 grams and a workshop was able to repeat the above operation 

three or four times per day (Epstein 1993, p. 161). 

4.2.4. The processing of smelted metal into artifacts 

Lechtman was the first to undertake a long-term study of manufacturing 

techniques involved in the production of copper-alloy objects from the North Coast of 

Peru from various time periods (e.g. Lechtman 1981). Importantly, she examined the 

results of compositional and metallographic studies in the broader context of Andean 

cultural interactions, traditions and values (e.g. Lechtman 1984, 1988, 1991). Lechtman's 

technical studies of copper- and gold-alloy artifacts from other regions in Peru have 

expanded our understanding of the range of metalworking techniques employed by 



pre-Hispanic craftsmen^. Other early studies of copper-alloy objects were mostly 

restricted to elemental analyses (e.g. Caley 1973; Caley and Easby 1959; Kroeber 1954). 

We do not have reliable provenience information for many of the North Coast 

artifacts that Lechtman examined. However, she had the opportunity to work with some 

of the socketed tools excavated by Bermett at Lambayeque One (1939) and the associated 

blackware ceramics indicate that these objects are of Middle Sican origin. The technical 

repertoire of craftsmen during this time period included casting into molds, manipulating 

the cooling metal to induce shape changes in the mushy zone, as well as hammering and 

annealing (Lechtman 1981, 1988). 

While Middle Sican objects have served as evidence for the various techniques 

used to transform stock metal into artifacts (e.g. Vetter, et al. 1997), reports of Middle 

Sican smithing facilities prior to 1999 (e.g. Shimada 1985b, p. 369) did not supply 

detailed and direct data. Researchers have found technological continuity in copper-alloy 

smelting between Middle Sican smelting workshops at Huaca del Pueblo Batan Grande 

and Late Sican and Chimu facilities in sector III of Cerro Huaringa (e.g. Epstein and 

Shimada 1983, p. 414; Shimada 1985b, p. 374). The above continuity allowed 

researchers to more fully reconstruct the Middle Sican smelting process. It also enhances 

the interpretation of more recently excavated Middle Sican smithing workshops at Huaca 

Sialupe (e.g. Shimada and Wagner 2001) and Pampa de Burros (e.g. Curay 2000; 

Tschauner 2001, p. 319). 

® Earlier studies of metalworking technology included Mathewson's research on bronze artifacts from 
Machu Picchu (1915) and Bergsoe's very influential works on artifacts from Ecuador (1937; 1938). 
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The metalworking facilities at Sector I of Cerro Huaringa and Huaca del Pueblo 

Batan Grande contained several inverted porrones—large jar-shaped ceramic vessels 

with missing bottoms—which were sunken 8-10 cm deep into the ground. The 

heat-induced discoloration of soil under the porrones as well as their charcoal content 

suggested their use as annealing furnaces (Epstein and Shimada 1983, p. 407). Other lines 

of evidence pointing to smithing included polished and faceted stone anvils, oval quartz 

pebbles with signs of use as stone hammers, slag-wetted sherds, copper prills and 

fragments, and small calcareous lumps (marl) likely used in burnishing or polishing metal 

(Epstein and Shimada 1983, p. 408; Shimada and Merkel 1991, p. 85-86). 

Excavations at Huaca Sialupe in 1999 located several porrones from secxire 

Middle Sican contexts along with metal chisels, copper-alloy lumps, slag-covered 

sherds, mold fragments, sheet fragments and a fragment of a stone hammer (Shimada and 

Merkel 1991, p. 27). The Middle Sican period porrones from Huaca Sialupe closely 

resembled those found in contemporaneous and later contexts at Huaca del Pueblo Batan 

Grande and at Cerro Huaringa, however their state of preservation permitted a more 

complete reconstruction (see Figure 4.2, p. 143). To evaluate the hypothesis that porrones 

were used as armealing furnaces, researchers conducted a replication experiment in the 

field and found that the charcoal bed reached 1100 °C and the air above the furnace 

measured in excess of 700 °C (Shimada and Wagner 2001, p. 28; Wagner, et al. 2001). 

This temperature is certainly sufficient for recrystallizing cold-worked copper containing 

0-11 % by weight arsenic and for reducing microsegregation (e.g. Budd 1991a; 

Northover 1989). 
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Tschauner's excavations of the Middle Sican complex SI65 at Pampa de Burros 

did not encounter any porrones in situ^, however several rooms contained multiple 

"shallow ash filled depressions" in non-domestic settings (Tschauner 2001, p. 324). 

Instead of more permanent furnace structures, these small charcoal fires could have been 

used in annealing the hammered sheets whose manufacture was indicated by the presence 

of hammer stones, thin copper sheet scrap as well as finished objects, and chisels used for 

cutting sheet metal (Curay 2000). 

Some of the most interesting finds at Huaca Sialupe and at complex SI65 of 

Pampa de Burros are single or multiple nested thin sheet fragments that have been bent 

several times to form small packets (see Figure 4.4, p. 144 and Figure 4.6, p. 144). It is 

plausible that these artifacts were awaiting recycling and that the purpose of bending 

them was to form a compact, dense packet of metal and minimize the surface area of 

copper exposed to air during remelting. The above hypothesis is supported by the 

presence of slag-covered sherds, which may have served as simple crucibles. I hope to 

advance this hypothesis in the future by completing technical studies to compare the 

composition of folded sheet metal packets, complete artifacts and tiny droplets of copper 

trapped in the crucible slag. 

To summarize, Middle Sican craftsmen used both casting as well as mechanical 

means of deformation to shape smelted as well as recycled metal into artifacts. In 

addition to material flow between the various activities constituting the chdine operatoire 

of copper-alloy object manufacture (see Figure 5.2, p. 187), variation in artifacts may be 

^ Note that Tschauner does report clusters of porron fragments which were in situ in room 77, however. 
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related to production organization. I review the current state of knowledge regarding the 

latter topic in the next section before discussing potential sources of variation in 

copper-arsenic alloy objects in Chapter 5. 

4.3. Organization of copper-alloy smelting and processing 

Middle Sican copper-alloy production and processing belongs to the realm of 

specialized production because, unlike household producers, smelting and smithing 

workshops made goods in excess of what their immediate social unit consumed (e.g. 

Peacock 1982; van der Leeuw 1977). Furthermore, Middle Sican metallurgical facilities 

clearly represent a case of intensification of the production of a limited category or class 

of goods (e.g. Rice 1987, p. 189). In the broad scheme of copper-related metallurgical 

activities in the Middle Sican period both task differentiation and task redundancy are 

evident, depending on the level at which we consider component activities. I use task 

differentiation to indicate that activities pertaining to a particular phase of the chdine 

operatoire of copper-alloy object manufacture—such as smelting or smithing—were 

carried out by distinct groups of people, usually in spatially separate facilities. In this 

text, task redundancy refers to coexistence of multiple production units that carry out the 

same or very similar activities using virtually identical technology. We may consider task 

differentiation and task redundancy on increasingly finer levels, zooming in from the 

overall chdine operatoire, as carried out in the Lambayeque region, to activities 

performed on site and workshop levels. 

the floor of this room did not exhibit ash lenses or burned areas (see Tschauner 2001, p. 324). 
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4.3.1. Evidence for task differentiation 

It is very unlikely that a single group of people carried out all metallurgical and 

related activities in the Middle Sican period. Instead one can make strong arguments for 

task differentiation in the process in the sense that separate groups of people carried out a 

subset of activities such as mining, smelting, and smithing. Task differentiation has been 

inferred for regional, site as well as workshop level. Early evidence for regional level 

inter-site separation of smelting and metalworking activities came from Pampa Grande, 

an urban site belonging to the Moche V period (AD 550-650/700, for location see Figure 

2.5, p. 70). Shimada's exhaustive surveys and excavations did not uncover any smehing 

facilities attendant to the Mochica metalworking facility at Pampa Grande (Shimada 

2001, p. 188). Instead, he speculates that the above workshop "depended on ingots and 

blanks produced at smelting site(s) not yet identified" (Shimada 1994a, p. 203). 

Shimada does not report evidence that one can interpret to mean that copper 

smelting was carried out at Huaca Sialupe (2001, p. 28). Therefore copper smithing at 

this Middle Sican period site likely depended on external sources for stock metal, which 

local recycling supplemented to some degree. Compound SI65 at Pampa de Burros and 

sector I at Cerro Huaringa offer two possible examples for task differentiation at the site 

level during the Middle Sican period. Both of the above areas hosted metalworking 

workshops located close to, but spatially separate from smelting activities. Based on 

relatively limited data Tschauner argued that smelting took place at compound 8166c, 

only 200 meters from compound SI65, which yielded convincing evidence for 

agglutinated non-domestic smithing facilities (2001, p. 319-322). At Cerro Huaringa 
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copper smelting in sector III dates back to the Middle Sican period (e.g. Shimada, et al. 

1982: 954), however it is more difficult to push back the dates that far for metalworking 

activities performed in sector I (e.g. Epstein and Shimada 1983, p. 413). 

Proximity to ore and fuel sources as well as resource distribution networks appear 

to have been important factors in locating smelting workshops in the Lambayeque region 

(e.g. Shimada 1985b, p. 377; Shimada, et al. 1982, p. 955). Smelting was carried out at 

multiple sites during the Middle Sican period (e.g. Shimada 1994b, p. 61) and in some 

cases smelting and subsequent metallurgical activities took place at the same site. 

However, spatial separation between production areas suggests site-level task 

differentiation, and the existence of smithing workshops without attendant smelting 

facilities implies such differentiation at a regional level as well. 

We have evidence for workshop-level physical separation of activities 

constituting larger subsets of the chdine operatoire of copper artifact production—such as 

smelting and metalworking. At the Mochica site of Pampa Grande a metalworking 

facility contained "four interlinked but functionally differentiated areas involved in (1) 

aimealing and melting, (2) forming, cutting, and shaping sheet metal(s), (3) food and 

drink storage and consumption, and (4) possible food preparation and refuse disposal" 

(Shimada 1994a, p. 203). Similarly, evidence for smithing is not evenly distributed 

among the rooms that make up likely Middle Sican period metalworking units in 

compound S165 of Pampa de Burros (e.g. Tschauner 2001, p. 323-329). I find it highly 

likely that functional differentiation of workshop areas, based on the differential 

distribution of production-related features, is linked to intra-facility task differentiation. 



Shimada's study of smelting facilities supplies further evidence for 

workshop-level task differentiation. He argued that the spatial separation of smelting 

furnaces and grinding areas within workshops indicates that the reduction of ores to metal 

was carried out by skilled workmen while the more tedious, though not so physically 

demanding, task of recovering copper prills from slag was "performed by women, elders, 

or children" (Shimada, et al. 1982, p. 957). However, while smelting furnaces and 

grinding areas appear to be distinct, their proximity "suggests that these activities were 

closely coordinated" (Shimada, et al. 1982, p. 957-958). Such coordination may imply 

that smelting units did not pool their output (i.e., copper-arsenic prills) immediately 

following recovery. I have not encountered any reported evidence regarding the context 

of ingot production from prills. However, Shimada et al. (1982, p. 958) have 

hypothesized, based on the location of an inverted porron furnace in Sector III at Cerro 

Huaringa (Shimada, personal communication 2002), that this was carried out by the same 

labor unit engaged in smelting and that prill processing took place in a room that was 

physically separate from the smelting area but interlinked with it. 

4.3.2. Evidence for task redundancy 

The existence of multiple smelting and metalworking sites in the Lambayeque 

region (e.g. Shimada 1994b, p. 61) demonstrates task redundancy on a regional level, i.e., 

the performance of equal or similar activities by a number of different production units. 

Examples of the same phenomenon on the site level include agglutinated smelting 

workshops at Cerro Huaringa and at Huaca del Pueblo Batan Grande, as well as several 
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self-contained metalworking units at Huaca Sialupe (e.g. Shimada and Wagner 2001, p. 

28) and potentially at Pampa de Biirros (e.g. Tschauner 2001, p. 329). 

Copper-alloy production and processing is not the only craft practiced during 

Middle Sican period that involves task redundancy at both site and regional level. For 

example, Cleland and Shimada (1998, p. 139) cite mold-made pottery manufacture as an 

example of "nucleated workshop production," which involves the coexistence and close 

spatial relation of relatively small scale production facilities that use the same technology 

to achieve equivalent output (see Section 6.4, p. 235). Both mold-made pottery 

production and copper smithing at Huaca Sialupe took place under such circumstances in 

a non-domestic context, possibly attached to elite consumers at the nearby Huaca 

Pared-Uriarte (e.g. Shimada and Wagner 2001, p. 30). In contrast, Tschauner found that 

metalworkers in compound SI65 at Pampa de Burros lived in "agglutinated apartment 

units" separated from their workshops only by a plaza and represent "independent craft 

specialists" (2001, p. 334-335). I explore connections between the organization of other 

Middle Sican period technologies and copper-alloy smelting and subsequent processing 

in Chapter 6 (p. 189). 

4.3.3. Middle Sican elite or state control of copper-arsenic alloy production and 
processing 

Mentioning the 'independence' of Middle Sican metalworkers at Pampa de 

Burros in contrast to the 'attachment' of those at Huaca Sialupe in the previous section 

highlights the need to discuss the presence and nature of external oversight at various 

copper-alloy producing and processing sites. To explore elite and/or state involvement in 

controlling production is to characterize "the relation between producers and consuming 
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groups," a parameter related to the mode of production (Rice 1987, p. 182). 

Understanding the nature of demand for the product is key to assessing the above relation 

(e.g. Costin 1991)^. Earle (1981) suggests describing production in terms of its position 

along a continuum between independent and attached specialization. Costin (1991, p. 11) 

uses the word "context" to describe the "affiliation of producers," i.e., the nature and 

extent of influence by the elite over production and distribution, which in turn is 

influenced by the function of the goods produced. Independent specialists produce mostly 

utilitarian goods for general distribution and consumption. Attached specialists serve the 

needs of the elite for goods of special value and status, the production of which involves 

some degree of elite influence. The latter may occur through the control of raw materials, 

the design and manufacturing process, and the distribution of products. Some degree of 

such control characterizes production by corvee^ labor. 

Archaeological evidence for attached specialization is often gleaned from the 

architectural setting of production activities, which may be associated with administrative 

centers (e.g. Hayashida 1999) or elite habitations. Further clues for control over 

production include the restriction of flow of materials—^raw materials and/or 

products—and personnel to manufactviring areas (Costin 1991, p. 25). However, 

ethnographic studies have found examples of access restriction by independent potters 

who wished to maintain their competitive edge over other potters in the community (e.g. 

® On the other hand, some have argued that "information about whom a good is produced for" falls 
outside of the realm of production and therefore should not be necessary for categorizing specialized 
production (e.g. Rice 1991, p. 266). 

® Corvee is defined as "the enforced and unpaid labor of a peasant for his feudal lord" or "the forced 
labor exacted by a government, as for the construction of public works" (Neufeldt 1989, p. 313). Here 
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Arnold and Nieves 1992). Also, the segregation of production areas from habitations is 

not sufficient to infer elite and/or state control because it may be related to technological, 

social or ideological considerations^®. Other lines of evidence relating to the nature and 

extent of control over production include the type of goods and their distribution. 

Material remains from the production facility help assess the scope of goods produced 

while the study of habitations and burials is essential for mapping the accessibility of the 

goods to various social classes. The appropriate interpretation of material remains 

requires a good understanding of formation processes that may have affected the 

evidence (e.g. Schiffer 1975, 1987). 

Several different types of archaeological as well as some ethnographic evidence 

have informed our ideas about the involvement of elite or state control over 

copper-arsenic production and processing during the Middle Sican period. In the case of 

recently excavated metalworking facilities at Huaca Sialupe and compound SI65 at 

Pampa de Burros, researchers marshaled evidence for 'attached' and 'independent' 

specialization, respectively, from regional settlement data, architectural context, and the 

nature of inferred products (e.g. Shimada and Wagner 2001; Tschauner 2001). The close 

proximity of Huaca Sialupe to Huaca Pared-Uriarte, the "inferred regional Middle Sic^ 

residential-ceremonial center," (Shimada and Montenegro 2002) makes the association 

of this workshop complex with the nearby residing elite plausible. The organization of 

the workspace in the Middle Sican strata suggests that non-domestic metalworking and 

it is used in the general sense of labor obligation owed to higher ranking individuals or social 
organizations. 
For example, iron smelting in some African societies takes place away from the village, and sexually 
active women, to help smelters avoid breaking sexual taboos (see de Barros 2000, p. 169). 
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mold-made pottery production took place simultaneously, partly in contiguous 

rectangular rooms with quincha walls. Metallurgical operations requiring annealing 

and/or melting took place downwind from this block of rooms, making use of porrones, 

five of which have been recovered so far (Shimada and Montenegro 2002; Shimada and 

Wagner 2001). 

The only potential evidence of on-site supervision at Huaca Sialupe is a room 

with plastered interior and no production-related remains (Shimada and Montenegro 

2002). The products of the Huaca Sialupe workshops included mold-made blackware 

ceramic vessels, copper objects, and gold-alloy artifacts (Shimada and Wagner 2001, p. 

28). Finely polished blackware pottery and gold-alloy objects have only been recovered 

from elite contexts, thus the distribution of a portion of products from Huaca Sialupe 

must have been restricted. However, non-elite also had access to copper-arsenic alloy 

artifacts, especially the kind of needles and spindle whorls recovered from Huaca 

Sialupe. At this time we do not know the full scope of copper artifact types that the 

craftsmen at Huaca Sialupe produced. 

Based on the above summarized evidence and the results of ceramic analysis (e.g 

Taylor and Shimada 2001), which I discuss in Section 6.4.1 (p. 236), Shimada and 

Montenegro (2002) argue that distinct groups of craftsmen, who enjoyed relative 

autonomy over within-workshop labor organization as well as technological decisions, 

"produced specified amounts of specified types of products," probably for members of 

Middle Sican elite living at Huaca Pared-Uriarte. Similarly, Shimada (1985b, p. 377) 

correlated variation in tuyere "decoration, form, and size" at Huaca del Pueblo Bat^ 
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Grande to producer autonomy regarding technological decisions at the level of smelting 

workshops. Shimada and Montenegro (2002) liken the work force at Huaca Sialupe to 

parcialidades. According to ethnohistorical research on the North Coast, pre-colonial 

indigenous socio-economic organization was characterized by groups of kin-related 

people specializing in the same occupation (Netherly 1977, p. 182). Colonial records 

indicate that metalworkers were also organized into parcialidades headed by a master 

craftsman or a principal (Netherly 1977, p. 248). This leader was responsible for 

negotiating the labor and/or product output obligations of the group with the "paramount 

lord or state authorities" (Netherly 1977, p. 248). The authority of higher-level lords did 

not extend to the internal organization of parcialidades and this model of 

socio-economic organization may explain the relative degree of autonomy that craftsmen 

at Huaca Sialupe enjoyed (see Shimada and Montenegro 2002). 

As part of his responsibilities, the paramount lord redistributed the products of the 

specialist craftsmen (Netherly 1977, p. 213), provided them with subsistence goods 

(Ramirez 1994, p. 105), and spared them from rotating agricultural labor obligations 

(Netherly 1977, p. 210). Other responsibilities of lords included the witnessing of labor in 

order to "validate the work with their presence" (Netherly 1977, p. 213). 

I am not able to evaluate whether one can extend the late pre-colonial model of 

socio-economic organization for the North Coast of Peru 500 years back to Middle Sic^ 

period (for a discussion of this issue see Shimada 2001; Tschauner 2001). One of the 

unresolved issues in my mind is the acquisition of copper-arsenic alloy objects by 

agricultural populations, if the particular objects were not used in activities connected to 
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their labor obligations. Netherly (1977, p. 213) documents the complaints of workers who 

were "forced to use their own implements." How did farmers obtain their own 

implements, or, for example, needles used to mend their own clothing? Was there no 

other avenue for attaining such utilitarian products except for the redistributive networks 

managed by lords, as Ramirez (1994, p. 105) speculates? 

Tschauner's (2001) study of production organization at Pampa de Burros suggests 

that in addition to attached specialists, copper production and processing was also carried 

out by independent craftsmen. To assess the possibility of Middle Sican elite or state 

control of metalworking at compound SI65 at Pampa de Burros, Tschauner looked to 

settlement data. The lack of a "Middle Sican mound center within 10 km from the Pampa 

de Burros" indicated to him that the metalworkers at SI65, in contrast to the situation at 

Huaca Sialupe in the Leche River valley, were not attached to elite that would reside 

around ceremonial mounds (Tschauner 2001, p. 334-335). 

The scope of goods produced by the independent specialists at Pampa de Burros 

included needles, ornaments and sheet puntas (see Appendix 5, p. 412). Since sheet 

puntas have been recovered mostly from both lower-tier elite and non-elite burials (see 

Section 9.1, p. 355), I argue that the potential consumers included non-elite persons as 

well as members of the Middle Sican elite. Based on this, I suspect that the situation at 

Pampa de Burros was more complex that the picture Tschauner (2001, p. 343) paints in 

his conclusions: "At least non-prestige items circulated directly from independent, 

specialized producers to consumers, themselves presumable specialists in some trade." 

Instead, I suggest that independent producers engaged in a variety of exchanges, akin to 
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the situation articulated by White and Pigott (1996) for prehistoric (2000-300 BC) copper 

smelting and processing in the Khao Wong Prachan Valley in Thailand. Based on 

archaeological and regional ethnographic evidence, they argue that "specialized 

independent communities could provide prestige goods for elite in the form of tribute, 

even while producing for unrestricted regional consumption" (White and Pigott 1996, p. 

169). Members of the elite also relied on "court artisans," i.e., attached specialists who 

produced "the most prestigious religious and secular goods" (White and Pigott 1996, p. 

169), the distribution of which was limited to the elite. 

Shimada (1985b: 377) argues that "it is logical to expect the involvement of a 

state authority" in the mining and distribution of arsenic-bearing ores. The SAP has 

identified what appear to be Chimu or Inca stone masonry storage rooms of standardized 

size near the Cerro Mellizo mine and has also located other, more crude, stone structures 

associated with mines in the Lambayeque region (Shimada 1994b, p. 53-54). WTiile it 

may be possible to argue for state involvement in mining during the Chimu and/or Inca 

periods based on the above evidence, the remains are insufficient to draw the same 

conclusion for the Middle Sican period. 

One of the assumptions behind Shimada's statement regarding the involvement of 

state authority in mining and ore distribution is that the management of limited or 

unevenly distributed resources—such as ores and trees for producing charcoal—is likely 

to be somewhat centralized compared to the procurement of unlimited, unconstrained 

supplies. This assumption is likely to hold if similar social mechanisms oversaw the 

distribution of copper stock metal produced from the ores. An example of this type of 
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patterning surfaces in other settings: Bisson (2000) discusses ethnographic and historical 

evidence for control by African group chiefs—as opposed to the rulers of their Kongo 

kingdoms—over copper ore mining as well as the distribution of ingots. Such control 

makes sense in the context of the specialized role of copper currency ingots in "social or 

extremely high cost transactions" as well as their trade for "symbolically important, rare, 

or imported merchandise rather than mundane subsistence items" (Bisson 2000, p. 133). 

In prehistoric Mesoamerica, turquoise played a similarly distinguished role as an 

"extravagantly valuable possession and status marker, laden with so much symbolism 

that it is difficult for us to comprehend" (Weigand 1994, p. 22). Correspondingly, 

centralized control over mining by the elite of the Chalchihuites culture in Zacatecas 

(Mexico) makes sense not only because turquoise deposits are rare and the nature of the 

deposits necessitated sophisticated engineering of mining operations (Weigand 1994, p. 

24), but also because of the special role turquoise played in local elite consumption and 

long-distance trade with more centrally located centers of civilization (Weigand 1994, p. 

25). 

Excavations in the Lambayeque region produced ample evidence for the ritual use 

of copper alloys during the Middle Sican period (e.g. Shimada and Montenegro 1993). 

Some evidence points to the role of copper-arsenic alloy stock metal in long distance 

trade for gold and other materials used in the production of sumptuary items, which only 

members of the elite could access (e.g. Shimada 1985b, 1995). However, unlike in the 

case of copper in pre-colonial Kongo kingdoms and turquoise in Mesoamerica, 

copper-arsenic alloy also played more mundane roles in Middle Sican society as needles, 
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agricultural tools, etc., which were accessible to many non-elite persons. Consequently, 

while centralized control may have been exercised over certain mines, it is also plausible 

that others remained open to exploitation by independent specialists. 

Furthermore, the concentration of communities on the manufacture of limited 

types of goods due to the availability of natural resources, which Rice (1991, p. 262) calls 

"site specialization," can lead to the intensification of production without a corresponding 

increase in centralized control of the resources or the production process. For example. 

White and Pigott (1996, p. 165) observed the following in relation to copper smelting 

communities in pre-state central Thailand (mid 2"'^ millennium BC - 700 BC): 

Examining the Khao Wong Prachan Valley evidence for 
copper production in light of Costin's discussion one is 
struck that although the output and the concentration of 
effort must have been industrial in scale, there is virtually 
no evidence to suggest any movement toward workshop 
organization where unrelated individuals are "employed" in 
differentiated tasks or toward production units which are 
attached to or commanded by social or political elites. 

Based on the quantity of copper necessary for producing the goods recovered from elite 

graves and the more general distribution of utilitarian copper-alloy artifacts, Shimada 

(1985b, p. 376) speculated that during the Middle Sican period the "procurement level 

[was] beyond the production capacities of a cottage industry." However, as the example 

from pre-state central Thailand illustrates, the scale of production output is not 

necessarily correlated with centralized supervision or state control. 

Pre-colonial copper mining in the Lambayeque region involved the exploitation 

of dispersed, often small ore outcrops using relatively simple technology that focused on 

removing ores close to the surface, and up to 30 m deep (e.g. Shimada 1994b, p. 47-52). 
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Middle Sican remains do not unequivocally indicate state control over mining operations. 

Existing arguments for such involvement have been based on the supposed need to 

coordinate limited and unevenly distributed natural resources (e.g. Shimada 1985b, p. 

377). I think that due to the relatively unrestricted—^though clearly 

unequal—accessibility of copper artifacts in the Lambayeque region we must remain 

open to the possibility that the organization of mining operations during the Middle Sican 

period was not uniform: while some may have been overseen by some centralized 

authority, others may have been conducted by independent specialists. 

As suggested by Tschauner (2001, p. 335), a similar variety of 

contexts—independent and attached—^may have characterized copper smelting and 

processing activities. Based on evidence for the production of elite-associated goods by 

supposedly independent specialists at Pampa de Burros and analogous archaeological and 

ethnographic data from Thailand (e.g. White and Pigott 1996), I argue that the Middle 

Sican elite relied on output by both independent and attached specialists. The coexistence 

of a variety of production contexts along the chdine operatoire of copper-alloy 

production and the flow of finished goods from different production contexts to the same 

consumers (i.e., the elite) raises the possibility of complex material flow patterns between 

production stages carried out by distinct groups. Elite consumers may have played a role 

in directing materials between production stages, smelting and smithing, which may have 

been carried out in different contexts. For example, in order to satisfy their tribute 

obligations, independent smithing workshops may have manufactured goods that were 
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commissioned by members of the elite, who also supplied the necessary stock metal In 

turn, production of the stock metal could have taken place in state supervised workshops 

or in independent production facilities. 

11 Ethnohistorical research suggests that metal smiths serving at the courts of coastal lords received 
subsistence as well as raw materials necessary for their work (e.g. Ramirez 1994, p. 100). 
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4.4. Figures and tables 

Plane view, 
.^furnace 9 Apron 
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^ Furnace 
X wall 

Apron Trough 

Figure 4.1. "Plane and sectional views of furnaces 9 (—) and 11 (—), respectively, in excavation area 5, 
sector III, Cerro Huaringa." (Shimada, et al. 1982, p. 956, Fig. 4.) 
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Figure 4.2. Diagrams of reconstructed porron furnace from a Middle Sican workshop at Huaca Sialupe 
(Shimada and Wagner 2001, p. 28, Fig. 5). 
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Huaca Sialupe M-77-99 

Figure 4.3. Nested thin copper-arsenic alloy sheet fragments folded into a small packet (side and end 
views) from Huaca Sialupe . 

Figure 4.4. Rectangular sheet folded (twelve times) into a small packet from Room 29, Pampa de Burros 
(PDB99 1003-1). (Photograph by Victor Curay Rufasto) 
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Elemental composition {% by weight) 
Cu Sn As Pb Fe Ag Sb S Ni Zn 

Prills 

BG 80-5A 94.2 <0.03 1.24 0.71 2.38 0.32 <0.03 0.053 <0.006 0.54 0.61 

BG 80-58 96.0 <0.03 1.04 2.03 0.059 0.44 <0.03 0.093 0.067 0.28 <0.03 

BG 80-5C 97.6 <0.03 0.70 0.17 0.96 0.11 <0.03 0.025 0.062 0.32 <0.03 

BG 80-5D 99.0 <0.03 0.48 0.057 <0.01 0.20 <0.03 0.013 0.025 <0.05 <0.03 

BG 80-5E 92.4 <0.03 0.76 0.23 5.95 0.15 <0.03 0.024 <0.006 0.18 <0.03 

BG 80-5F 91.1 <0.03 6.37 0.12 <0.01 0.26 <0.03 0.006 <0.006 1.69 <0.03 

Prills (embedded in slag) 
BG 80-7 97.8 <0.03 0.51 0.34 0.34 0.33 <0.03 0.22 0.34 0.35 S0.03 

BG 80-8C 96.1 <0.03 0.84 0.33 1.64 0.27 <0.03 0.086 0.029 0.40 <0.03 

BG 80-8D 89.1 <0.03 1.03 0.31 8.37 0.26 <0.03 0.065 0.024 0.53 <0.03 

Ingots 
BG 80-1 93.7 <0.03 2.76 <0.01 1.45 0.18 <0.03 0.31 0.30 1.30 <0.03 

BG 80-2 94.2 <0.03 2.02 <0.01 2.26 0.10 <0.03 0.15 <0.006 1.03 <0.03 

Table 4.1. Elemental analysis (PIXE) of prills and ingots from Cerro Huaringa as reported by Epstein 
(1982, p. 61). Prills were surface finds in Sector III while ingots were collected in Sector I. 

HPBG no. M-139-83 M-176-83 M-179-83 M-179-83 M-179-83 M-179-83 

Database no. PR12 PR14 PR15 PR20 PR21 PR22 

Cu 96.8 93.3 98.8 99.0 97.6 98.9 

Sn <0.01 <0.02 <0,01 <0.01 <0.02 <0.02 

As 3.4 7.4 1.9 1,9 2.6 2.1 

Pb <0.03 <0.05 <0.04 <0.03 <0.04 <0.05 

Fe 0.44 <0.01 <0.01 <0.01 <0.01 <0.01 

Ag <0.03 0.07 0.05 0.07 0.05 0.06 

Sb 0.04 0.06 0.08 0.07 0.08 0.07 

S 0.02 0,03 <0.008 <0.008 <0.008 <0.01 

Ni S0.02 0.03 <0.02 <0.02 <0.02 <0.02 

Zn <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Bi <0.06 <0.05 <0.05 0.16 <0.05 <0.05 

Co <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Au <0.04 <0.03 <0.03 <0.06 <0.03 <0.04 

Table 4.2. Elemental analysis (EPMA) of prills recovered in 1983 from Middle Sican period smelting 
workshop contexts at Huaca del Pueblo Batan Grande'^ (HPBG). 

Such high magnesium content was not likely to have been achieved in Middle Sican or later furnaces 
and these data may have resulted from the misidentification of a PIXE line. 
The four prills with HPBG number M-179-83 were recovered from the trough of furnace set number 2. 
(Compositions are reported in % by weight, "<X" means that the quantity of the element is below the 
detection limit of the instrument.) 
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Figure 4.5. Backscattered electron image of the cross section of a copper prill''* (M-139-83, PR12). 

Dendrites; — 
98,97% Cu 
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Interdendritic areas' 
67.98% Cu 
22.20% As 
0.98% Bi 
3.24% Sb 
0.34% S 

Figure 4.6. Backscattered electron image of the cross section of a copper prill'^ (M-179-83, PR15). 

The arsenic content (3.36% overall) is unevenly distributed between the cored dendrites that form the 
majority of the prill (-94% of cross section area) and the arsenic-rich interdendritic areas that account 
for only about 6% of the cross section. 
The arsenic content (1.87% overall) is unevenly distributed. Compared to the prill above, the 
arsenic-rich interdendritic regions are occupy a much lower proportion of the cross section (only about 
0.7%). This correlates with the lower overall arsenic content of M-179-83 compared to M-139-83. 
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CHAPTER 5: POTENTIAL SOURCES OF VARIATION IN GROUPED 
ARTIFACTS 

5.1. Compositional variability in Middle Sican copper-arsenic alloy objects 

Published information pertaining to variability in Middle Sican copper-arsenic 

alloy objects is relatively limited, especially concerning artifacts from known 

archaeological contexts. Based on the work of the Sican Archaeological Project and my 

research on excavated objects we know that there were many different types of artifacts 

that were made of copper or copper-arsenic alloys and that the accessibility of various 

types and of the total amount of metal represented by copper-based burial goods 

depended on the social status of a person (see Section 2.4.2, p. 64). Shimada (1985b, p. 

387) and Merkel et al. (1995, p. 112) have published the elemental composition of 4 and 

11 naipes, respectively, from burials at Huaca la Merced, Huaca Las Ventanas, and 

Huaca Loro. Two naipes from each of the first two locations contained 2.45-4.47 weight 

percent arsenic, while the ones from Huaca Loro had levels between 0.9 and 2.2 percent. 

In addition to differences in arsenic content the naipes also differed in size. Vetter (1997, 

p. 31) reported the elemental composition of 12 puntas from the East Tomb at Huaca 

Loro with arsenic contents ranging from 1.35 to 4.45 weight percent. Though arsenic is 

clearly the second major component of the alloys, neither publication discusses potential 

sources of variation in arsenic content. 

In the following I will briefly simimarize research that has addressed the presence 

of arsenic and variation in its levels, focusing on works that advance some explanation 

for compositional differences. I then take a more detailed look at potential sources of 

variability in composition, and especially arsenic content, in light of the existing model 
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for the Middle Sican smelting process and from the perspective of various explanatory 

frameworks. 

5.1.1. Existing research on compositional variability 

Nordeskiold was the first to write about the geographic distribution of different 

types of objects in Peru (see Bray 1985, p. 80), though it is difficult to tell whether his 

study included objects of Middle Sican origin. Based on compositional studies 

Nordeskiold (1921) concluded that arsenical copper was preferred on the north coast of 

Peru and that the use of bronze in Bolivia and Argentina predated Inca occupation in 

those regions (around AD 1450). Caley's research (Caley 1973) included three 

objects—a rectangular sheet, a lance head and a rattle—from Batan Grande, 

Lambayeque. The dates of these artifacts, presumably assigned at the National Museum 

of Anthropology and Archaeology in Lima (Caley 1973), roughly agree with that of the 

Middle Sican period. The above artifacts contained between 2.67 and 3.07 weight percent 

arsenic. Caley (Caley 1973) interpreted the presence of arsenic as an indirect indicator of 

the smelting of sulfide ores to produce copper. Additionally, he argued that the addition 

of arsenic was intentional because arsenic is absent from copper ores available in the 

coastal regions of Peru. Early research by Lechtman (1979a; 1991) concurred with the 

above arguments and pointed to the highlands as a potential source of arsenic-containing 

sulfide ores\ 

Lechtman (1981) examined compositional information from fifty objects from the 

north coast of Peru to see whether any sort of patterning would suggest that 
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copper-arsenic alloys were manufactured or used intentionally. Some of the objects she 

studied are housed in the Briining Museum and are most likely of Middle Sican origin. 

(Lechtman 1981: 113). On comparing the range and frequency distribution of arsenic 

content for cast and worked artifacts, Lechtman concluded that in the case of cast objects 

(1981, p. 113-114): 

Either there was difficulty in controlling the alloy smelted 
directly from the ores, which would be expectable given the 
problems attendant upon sulfarsenide smelting, or there 
was simply no attempt at control of the composition of the 
castings made from the smelted alloys. 

However, she also cited some work-hardened chisels, which contained relatively high 

weight percent arsenic (4-6%), as examples of objects where "the composition [...] had 

been carefully adjusted to their functions" (Lechtman 1981, p. 114). Similarly, Hosier et 

al. (1990, p. 68) argued that the relatively high arsenic content of Middle Sican naipes 

and "feathers" (i.e., sheet puntas) was necessary in order to achieve thin objects that 

could withstand deformation. The authors further reasoned that motivation for the 

production of copper-arsenic alloys is related to value attached to "thinness in and of 

itself in north coast metalworking traditions which served the social/ritual need for 

amassing large numbers of thin wealth items, such as naipes and sheet puntas (Hosier, et 

al. 1990, p. 68). 

In order to critically evaluate the above conclusions regarding the correlation of 

arsenic content with artifact function, manufacturing techniques and mechanical 

properties, Lechtman (1996) conducted extensive experimental research that involved 

' This hypothesis has been challenged by the findings of the Sican Archaeological Project, see Section 
4.2.2, p. 119 



preparing ingots with arsenic contents ranging from 0% to 13 weight % and subjecting 

them to rolling and hammering to achieve various degrees of distortion. She conducted 

hardness measurements and tensile testing. Lechtman then presented an overview of 

copper-arsenic alloy use in the Americas and, based on her results, argued the there is 

evidence for both "indiscriminate" use of the alloy as well as its selection for its desirable 

properties. Regarding the manufacture of copper-arsenic alloys, she left the question 

open by stating that either metal workers had enough control over smelting to 

consistently produce them, or that "certain alloys were selected from the range of smelted 

products and dedicated to specific purposes" (1996, p. 506). 

The studies I summarized above approach compositional variation in Middle 

Sican copper-arsenic alloy artifacts from multiple perspectives. A behavioral approach to 

variability (e.g. Schiffer and Skibo 1997) is key to understanding links between technical 

choices along the chdine operatoire that result in physical attribute values (yield strength, 

thickness, hardness, color, etc.) necessary for an artifact to fulfill its functions by having 

certain performance characteristics (resistance to dulling, thinness coupled with 

resistance to distortion, etc.). To explore whether the smelting of arsenic-containing 

copper was 'intentional' or if stock metal within a given range of arsenic content was 

purposefully selected for the manufacture of certain types of objects is to investigate 

artisan knowledge as well as technical, environmental, social or other constraints 

affecting production (Schiffer and Skibo 1997, p. 33-34). 

The inference of design objectives (e.g. Hay den 1998; Kingery 2001) in light of 

the hypothesized functions of naipes and sheet puntas is an example of Lechtman's and 
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others' long standing interest in Andean value systems (e.g. Hosier, et al. 1990, p. 68; 

Lechtman 1984) and how these affect patterns of technical choices (Bleed 2001, p. 159). 

Lechtman aims to push beyond behavioral and design theory-based approaches to 

variability in copper-arsenic alloy objects by employing the concept of technological 

style (e.g. Lechtman 1977, 1979a). For example, the extensive use of hammered sheet 

metal (e.g. Lechtman 1988) across different crafts—^precious metal and copper 

smithing—represents a technological solution promoted by the overarching value 

attributed to thinness (Hosier, et al. 1990, p. 68). Such a design constraint may also limit 

variability in copper composition since Hosier et al. (1990, p. 68) argued that "the metal 

had to be a copper-arsenic alloy" processed so that it could resist deformation even in the 

form of a very thin sheet. 

One of the goals of this dissertation is to evaluate the applicability of existing 

explanations of variation in Middle Sican copper alloy objects to the data I gathered. The 

research I summarize in this section is primarily concerned with how artifact use affects 

compositional variability. Such arguments stem from the fact that the presence of arsenic 

alters some properties of copper during manufacture and use. Hence it is important to 

review how the arsenic content of smelted copper can affect activities 'downstream' of 

smelting before considering other "situational factors" (Schiffer and Skibo 1997, p. 

34)—such as material procurement, manufacturing activities and their organization, as 

well as product distribution—^that also affect variation observed in the archaeological 

context. 
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5.1.2. The effect of arsenic content on copper 

Several relatively recent works have dealt with the effects of arsenic on the 

properties and behavior of copper in detail (e.g. Budd 1991b; Lechtman 1996; Northover 

1989) and the scope of this dissertation only permits a brief summary of relevant works 

(see Table 5.1, p. 70). 4% arsenic content depresses the liquidus of the copper alloy by 46 

°C (see Figure 5.1, p.186). Given the labor-intensive blow pipe draft supply used by 

Sican metal workers, even such a slight temperature difference may have been important. 

Contrary to earlier claims by Charles (1967), arsenic does not appear to improve the 

casting properties of copper by acting as a deoxidant (Budd 1991b; Budd and Ottaway 

1991). The loss of arsenic from molten alloys occurs mainly through the vaporization of 

arsenic oxide (AS2O3) (Charles 1974; McKerrell and Tylecote 1972). Researchers have 

not noticed much loss in the bulk arsenic content as a consequence of casting (Budd and 

Ottaway 1991, p. 133). 

Inverse macro segregation increases with faster cooling rates (Budd 1991a; Budd 

and Ottaway 1991; Charles 1973, 1974) and will cause the alloy to appear silvery rather 

then reddish, which may have been a desired property for objects with "ritual or 

decorative applications" (Charles 1980; Northover 1989; Shalev and Northover 1993). 

Northover (1989, p. 115) observed that the initial silver appearance of the 

arsenic-enriched surface "will tarnish to an attractive golden color," while Meeks (1993, 

p. 269) described the color of blades with y' compound at the surface as "silver-gray." 

The 'arsenic sweat' resulting from macrosegregation consists of the eutectic arrangement 

of a solid solution and y' compound. Budd (1991b, p. 89) writes that such a surface layer 
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would be "more brittle and difficult to work" than the a solid solution, however Meeks 

(1993, p. 120) argues that the y' compound is "relatively ductile" and that arsenic sweat 

could survive hammering. Lechtman (1996, p. 493) found the CusAs compound^ to be 

"highly ductile" as she found no cracking in this phase even after 50% reduction in 

thickness of a copper-arsenic alloy. While an arsenic-rich surface may have survived 

extensive hammering, it would have suffered some reduction in thickness if annealing 

was carried out under oxidizing conditions (e.g. McKerrell and Tylecote 1972). 

Researchers have noted compact surface layers of y' compound as well as thin 

filaments of it extending into the body of the metal in some objects (e.g. Budd 1991b; 

Meeks 1993). Budd (1991b, p. 92) determined that some CuaAs precipitates even from 

almost completely homogenized microstructures over time because the solubility limit of 

arsenic in copper is likely lower at and below 100 °C than the approximately 6 weight 

percent arsenic reported by Subramanian and Laughlin (1988). 

Hook et al. (1991, p. 71) related the relatively thin corrosion layer on a 

copper-arsenic alloy blade recovered from Los Millares, Spain, to the presence of a 8-10 

|j,m thick CusAs layer on its surface. Charles (1967, p. 24) cited the use of 

arsenic-containing copper in steam boilers to illustrate the superiority of these alloys in 

resisting corrosion. 

Microsegregation—coring and the formation of the interdendritic 

eutectic—strongly affects arsenical copper alloys, even those with only 1% arsenic (Budd 

1991b). Due to non-equilibrium sohdification, islands of CusAs may form between 

^ The CusAs compound falls in the middle of the y' region at room temperature. 
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dendrites instead of a-y' eutectic. Budd (1991b, p. 132) observed that "the mechanical 

properties of copper-arsenic alloys tend to vary as a function of the amount of arsenic in 

solid solution" (see also Budd and Ottaway 1991; Lechtman 1996, p. 492). Since the 

formation of CusAs compound leaves the a solid solution poor in arsenic, the overall 

mechanical properties of copper-arsenic alloys with low arsenic content (0-2 %) are not 

significantly different from that of pure copper (Budd 1991b, p. 131-132). 

Homogenization encourages the diffusion of arsenic concentrated in the interdendritic 

regions into the solid solution (slow cooling also limits the development of y phase below 

the solid solubility limit). However, experiments showed that it is difficult to eliminate 

islands of CusAs and residual coring in copper-arsenic alloys, even if heat treatment 

takes place at 600 °C for two hours (Budd 1991b, p. 117-125). 

Lechtman (1996, p. 488) judged the role of arsenic in solid solution strengthening 

as "not remarkable" if present under 8%. Budd (1991b, p. 96-98) noted a significant solid 

solution hardening effect above 8% and even at lower percentages found that casting 

conditions resulting in slower cooling rates promoted greater strengthening because more 

of the arsenic was present in the solid solution, rather than in the form of CusAs. For 

copper-arsenic alloys of intermediate arsenic content (2-8%), the alloying element plays 

an important role in increasing the work hardening and tensile strength of copper without 

compromising the ductility of the alloy (e.g. Budd and Ottaway 1991; Lechtman 1996; 

Northover 1989). 

^ See also Northover (1989, p. 112): "Annealing temperatures in the range of 300-400 °C are insufficient 
to homogenize the cast-in dendritic segregation: for this to be done in a reasonable time temperatures 
of600-700 °C are required." 
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5.1.3. The relevance of arsenic content in terms of the performance 
characteristics of copper-alloy artifacts 

In addition to considering how arsenic changes the formal attributes of copper, it 

is important to interpret property differences in terms of performance characteristics and 

to evaluate whether such differences are behaviorally significant (e.g. Schiffer and Skibo 

1987). The latter, in tiim, are best examined in the context of activities in which the 

copper-arsenic alloy participates during its life history. Lechtman (1996, p. 509) has 

argued that above 0.5% the arsenic content of copper should be considered significant in 

terms of its effect on the mechanical properties of the alloy. Such a composition 

represents a 10-30% improvement over the tensile strength of copper. Others have also 

employed 0.5% or 0.4% as a marker for arsenic's potential behavioral significance (see 

Budd 1991b, p. 210; Hosier 1995, p. 113). 

During the manufacture of copper-arsenic alloy objects there are several activities 

that involve the melting and pouring of copper-arsenic alloys. In the Middle Sican period 

such activities included the casting of ingots, recycling, and the casting of blanks (which 

would be fiirther worked to form an artifact) or, rarely, artifacts. The decrease in liquidus 

temperature with increasing proportion of arsenic is relevant in such activities because, 

given the same technology, less fuel is necessary to melt and superheat alloys with higher 

levels of arsenic. The slope of the liquidus between 0% and 6% arsenic content, the range 

of arsenic content typically encountered in Middle Sican artifacts, is not very steep (see 

Figure 5.1, p. 186). Given the use of blowpipes or porrones even small decreases in the 

liquidus temperature would likely have been behaviorally significant. While arsenic does 

not appear to have played an important role as a deoxidant during casting (e.g. Budd 
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1991b, p. 48-49), its effect on the color of copper becomes noticeable around 4% (Budd 

1991b, p. 66). Another formal attribute potentially relevant for cast objects is the solid 

solution hardening that relatively high arsenic levels (>8%) confer. In the context of cast 

objects this property relates to the ability of the surface of the object to resist scratching 

and indentation. 

The manufacture of only a very few Middle Sican copper-arsenic objects did not 

involve cold working in addition, making the mechanical performance of copper-arsenic 

alloys potentially very significant. Stiffness—the ability to maintain shape under an 

elastic load—and resistance to plastic deformation despite small cross sectional areas is a 

relevant performance characteristic of finished thin sheet metal objects (e.g. Hosier, et al. 

1990, p. 68; Lechtman 1996, p. 507). Yet the manufacture of thin copper-arsenic alloy 

sheets required that craftsmen be able to reduce the thickness of a piece of stock metal to 

a great degree with relative ease and without the danger of developing cracks in the sheet. 

The yield strength of the alloy had to be high enough to prevent plastic deformation due 

to stresses during use—manual handling, wearing, display, etc.—^but low enough to allow 

flow of the metal while hammering. Researchers commonly report Vickers or Rockwell 

hardness versus the extent of deformation for alloys of varying arsenic content rather than 

yield strength or tensile strength'* (e.g. Budd and Ottaway 1991; Lechtman 1996). It is 

Articles on pre-historic copper-arsenic alloys do not explicitly state that ultimate tensile strength 
(UTS) can be predicted from hardness measurements. In relating UTS to Brinell hardness (BHN), 
Ashby and Jones (1980, p. 105-106) suggest that a correction factor is necessary for materials that may 
undergo appreciable work hardening. Both copper-arsenic and copper-tin alloys undergo work 
hardening, however, copper-tin alloys appear to follow the UTS(psi)~500BHN relationship closely 
(VanAken 2001). Given the similarities in the hardening rates for copper-arsenic alloys containing the 
same atomic percent alloying element as copper-tin alloys (Lechtman 1996, p. 506), it is possible that 
copper-arsenic alloys also follow the above relation between ultimate tensile strength and Brinell 
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possible to calculate the 0.2 percent offset yield strength from the Vickers hardness 

number (Cahoon, et al. 1971; Dieter 1986, p. 330). 

The effect of cold working on the yield strength of copper alloys tends to be even 

greater than on the tensile strength^, which means that it is progressively more difficult to 

reduce the thickness of copper sheets by hammering even though one can achieve a high 

degree of reduction in thickness without the danger of failure. Researchers have not yet 

addressed what the threshold values of yield strength would be for effective thickness 

reduction by hammering with a stone hammer and for resistance to bending during use 

activities. 

Needles, pins, and perhaps puntas needed to be "strong and tough, since a 

penetrating implement works by retaining its pointed shape and its ability to focus kinetic 

energy long enough to perforate a material" (Rostoker and Bronson 1990, p. 3). 

Copper-arsenic alloys are stronger than pure copper and are also tough as they are able to 

endure extensive plastic deformation before failure (they maintain their ductility even 

after extensive cold working) (e.g. Lechtman 1996, p. 506). My review of research on the 

mechanical properties of copper-arsenic alloys indicates that numerous factors and 

technical choices influence their yield and tensile strength (as assessed through hardness 

measurements). The choice of stock metal will affect the arsenic content while casting 

conditions and subsequent heat treatment(s) determine whether the arsenic is present 

hardness. It is important to note that Vickers and Rockwell hardness test results would first have to be 
converted into Brinell hardness in order to predict the ultimate tensile strength. That said, it is difficult 
to think of any applications in ancient Peruvian metallurgy in which tensile strength would have been 
relevant. 

^ This is indicated by the steeper slope of the yield strength versus % reduction by cold work curve in 
Figure 6-29 in Dieter (1986, p. 232). 
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mostly in the a solid solution or as CusAs (e.g. Budd 1991b). In turn the arsenic content 

of the a solid solution governs the hardenability and ductility of the alloy (e.g. Budd and 

Ottaway 1991). The final mechanical properties depend on the extent of plastic 

deformation imposed as well as any heat treatment designed to eliminate the effects of 

cold working. 

Researchers have evaluated the behavioral significance of arsenic content in 

copper by assessing whether correlations exist between arsenic content, material 

processing (as inferred from the microstructure), formal attributes (mostly hardness, less 

frequently color), and inferred use. Budd rejected the proposition that in Eneolithic 

Europe copper-arsenic alloys (As>0.5%) were recognized as different from copper 

(As<0.5%) based on the fact that material processing did not take advantage of the 

hardenability of copper-arsenic alloys, even in the case of artifacts that had cutting edges. 

Northover (1989, p. 115-116) argued that craftsmen working in the Remedello and 

Rinaldone industries in Italy consistently used copper-arsenic alloys with higher arsenic 

levels for the manufacture of blades and compositions with low arsenic levels for making 

axes. However, in the case of Irish axes versus daggers or halberds, Northover (1989, p. 

116-117) suspects a lack of such purposeful material selection. 

As mentioned previously (see Section 5.1.1, p. 148) Hosier and Lechtman have 

assessed the systematic use of copper-arsenic alloys in the New World. Hosier (1994, p. 

119) found that "while smiths were certainly optimizing some [copper-arsenic] alloy 

properties, such as hardness, particularly in the tweezers and axes that were cold-worked 

to shape, they did not take full advantage of these alloys to improve design—^to make 
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thinner, finer axes, rings, and tweezer blades." Lechtman (1996, p. 510) found that albeit 

"tight control of alloy composition does not appear to have been achieved or even 

sought" there is sufficient evidence to suggest the preferential use of copper-arsenic 

alloys for the manufacture of Mexican axe-monies, which were fabricated from sheet 

metal. 

What the above cited studies of copper-arsenic alloy use have in common is their 

aim to find within-type consistency in artifact composition compared to between-type 

variation, especially when type distinctions are associated with clear and easy to 

articulate differences in performance characteristics. My study of Middle Sican period 

copper-based objects considers type-driven alloy use. My ability to draw firm 

conclusions regarding the above, however, is restricted since due to time constraints. I 

have not been able to assemble detailed microstructural information or microhardness 

measurements. Also, the main focus of this dissertation is variation within and between 

groups of identical or very similar objects that were never used for utilitarian purposes. 

Arguably, all artifacts within a group likely met or exceeded the threshold values of 

relevant performance characteristics, which probably included the ability to maintain 

their shape. Hence, in addition to function-related explanations I must seek potential 

causes of compositional variability in relation to material flow during the production 

process as well as production organization. 

5.2. Material flow in the Middle Sican copper production process and attendant 
variability in smelting products 

Differences in material procurement and processing patterns are key to 

understanding formal variability in artifacts (Schiffer and Skibo 1997, p. 28). Researchers 
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considering explanations of arsenic variability in terms of the function of artifacts often 

address technical choices related to material selection and flow into and out of the 

smelting process as well as to the smelting process itself This is generally motivated by 

the desire to locate points along the chdine operatoire at which technical choices would 

influence the arsenic content in the finished object. Moreover, researchers are interested 

in assessing whether craftsmen were aware of and/or influenced by the effects such early 

technical choices would have on later manufacturing activities and the performance 

characteristics of the artifact. 

One of the key questions regarding material flow into the smelting process is 

whether the copper ore—inferred to have been included in the charge—contained 

sufficient amount of arsenic and various trace elements to account for the levels 

observable in artifacts (e.g. Hook, et al. 1991; Merkel, et al. 1994). If it likely did, 

subsequent arguments focus on how the smelting technology itself affected the arsenic 

content of smelting products and the ability of craftsmen to adjust the parameters of the 

ore processing and/or smelting process to yield products with the desired range of arsenic 

content (e.g. Budd, et al. 1992; Pollard, Thomas, Ware, et al. 1991; Rostoker and Dvorak 

1991). On the other hand, copper ores may not have contained sufficient arsenic to 

explain the levels measured in smelting products (e.g. Merkel, et al. 1994), or researchers 

think that the trace element content of the alloy is inconsistent with what would be 

expected to result from smelting an ore containing some arsenic (e.g. Craddock 1978, p. 

376). In such cases researchers suspect that arsenic was introduced through deliberate 

addition of arsenic-rich ores or minerals (e.g. Lechtman and Klein 1999). 



Material selection and processing patterns—including the smelting process 

itself—may have been limited or 'unreliable' in yielding alloys with desired properties, 

making it necessary to "specially set aside" smelting products that matched design 

criteria (Northover 1989, p. 116). Hence the purposeful selection of alloys may have 

occurred through the control of material flow between smelting and smithing operations. 

The production of multiple prills or copper globules, as opposed to a single ingot or cake 

of metal, during a single smelting run presents another point at which technical choices 

over material can/will impact the formal attributes of material/artifact outputs of activities 

further along the chdine operatoire. It is plausible that once they were liberated from 

slag, prills produced by Middle Sican smelters were sorted and grouped according to 

some criteria, such as their streak color or response to a compressive force, before 

melting to produce usable ingots. Material flow patterns affecting primary smelting 

products during the Middle Sican period could have been fairly complex, involving the 

pooling of prills produced during different smelting runs in the same workshop, or even 

in different workshops. 

Clearly, the compositional variability of Middle Sican copper-arsenic artifacts is 

inseparable from material flow patterns. In the following two sections I explore the role 

which the procurement and processing of materials necessary for smelting (see Figure 

5.2, p. 187) played in prill variability along with choices in how smelting was carried out. 

By doing so, I hope to illustrate to the reader how difficult it is to explain compositional 

variability in Middle Sicto copper-arsenic alloy objects in terms of specific technical 

choices during production without detailed experimental work that tracks compositional 
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variables along potential material flow patterns. Instead it may be more feasible to 

connect compositionally distinct groups of objects to more general "pattem[s] of metal 

procurement and use" (Budd, et al. 1996, p. 172). 

5.2.1. Sources of variability between the products of different smelting runs 

So far, very limited information has been published regarding formal variation in 

primary smelting products, i.e., prills, during the Middle Sican period (see Section 

4.2.2.1, p. 121). This is partly because prills are not commonly recovered from 

production contexts as they represent a very early stage in the chdine operatoire. Given 

the labor and fuel intensive nature of the smelting process, one would expect that almost 

all usable prills were collected with care and passed on to subsequent stages of 

production. The rarity of prills makes it very difficult to assess whether differences 

between those available for analysis are representative of the variability in prills resulting 

from the same smelting run and how within-smelt variation compared to between-smelt 

compositional variation. 

Potential sources of compositional variability in copper smelting products have 

mostly been investigated in relation to the possibility of using elemental composition 

(including lead isotope ratios) as an indicator of the provenance of the metal or the 

parameters of smelting technology (for recent reviews see Budd, et al. 1996; Pemicka 

1999). Given that I did not explore lead isotope ratios in Middle Sican ore sources and 

artifacts, I restrict my overview to the matter of elemental composition^. Studies of 

® For a discussion of important factors in the study of lead isotope ratios for South American ore sources 
see the work of Macfarlane (1999). 
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provenance aim "to link compositionally similar artifacts to common geographical 

sources" (Budd, et al. 1996, p. 168) and therefore must 

assume that the artifacts under consideration were 
fabricated using similar manufacturing processes, derived 
from a strictly limited range of impurities. Furthermore, 
one is obliged to make further fundamental assumptions 
about alloying and recycling (Budd, et al. 1996, p. 168). 

Merkel et al. (1994) have studied the composition of copper ores recovered from 

Middle Sican contexts as well as from mines in the Lambayeque region with evidence of 

pre-colonial use. Though they were able to conclude that the arsenic content of 

copper-rich ores was too low to cause concentrations measured in smelting products and 

finished objects, the researchers were not able to assess the variability of the various ore 

sources nor to show that the copper came from the known mines. Such a step is key to 

evaluating the possibility of connecting copper artifacts to specific geographical sources 

(e.g. Budd, et al. 1996; Pemicka 1999). 

In addition to the dearth of information regarding ore sources used in 

copper-arsenic alloy smelting during the Middle Sican period, my ability to assign 

provenance to artifacts is fiirther complicated by potential differences in the 

manufacturing process. Evidence from Middle Sican smelting sites suggests that the first 

phase of the manufacturing process of copper-arsenic alloy objects was, in certain 

regards, consistent in the Lambayeque region. Though furnace capacities and shapes 

seem to be very similar and the primary smelting products are prills, a number of 

parameters remain variable. 
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Figure 5.2 (p. 187) shows the material flow into the Middle Sican smelting 

process. Potentially relevant variables for explaining compositional variation in smelting 

products include; (1) the elemental composition of substances that compose the smelting 

charge; (2) the ratio of smelting charge components; (3) the rate and total time of airflow; 

(4) fiirnace size, shape, and construction. 

Fuel composition does not significantly effect the composition of smelted metal 

as the contribution of elements that are likely to enter copper, with the exception of zinc, 

is less than 10 ppm (e.g. Tylecote, et al. 1977, p. 327). Algarrobo trees served as the 

source of charcoal during the Middle Sican period and there is no evidence for the use of 

llama dung as a fuel source in smelting (e.g. Shimada 1985b). Analyses of charcoal 

composition so far have not revealed unusually high quantities of trace elements likely to 

enter copper (Wagner, et al. 2001)^. 

Roasting of ores affects the overall elemental composition of the smelting charge 

by lowering the concentration of more volatile elements, such as arsenic (Doonan 1994; 

Tylecote, et al. 1977). Based on the presence of batanes and chungos, researchers have 

inferred the Middle Sican carried out beneficiation (e.g. Shimada and Merkel 1991, p. 

85), but there is no evidence, so far, for the roasting of copper- and/or arsenic-containing 

ores during Middle Sican period. The latter is not surprising given that prehistoric mines 

' Elevated levels of gold in charcoal from porron furnaces are unique to that use context and are most 
likely not due to elevated gold levels in the algarrobo plants themselves (Shimada and Wagner 2001). 

^ Ore beneficiation aims to increase the concentration of relevant metals in the furnace charge by 
physically eliminating gangue via crushing and sorting (Biswas and Davenport 1980, p. 31-32) and 
several researchers have demonstrated improvements in the concentration of copper as a consequence 
of beneficiation (e.g. Doonan 1994; Merkel 1985). 
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yielded primarily copper oxide ores, which could be smelted directly (Merkel, et al. 

1994). 

Researchers have found the elemental composition of smelted copper to depend 

on a nvimber of factors, the use of oxide versus sulfide ores, the total arsenic content of 

the charge, the smelting temperature and atmosphere, etc. Tylecote et al. (1977, p. 327-

328) suggested that the iron-to-sulfur ratio is greater than 5 in the case of raw copper 

smelted from oxide ores while Fe/S is about 1 for copper smelted using roasted sulfide 

ores. Since Tylecote's work, researchers have worked to show that prehistoric smelters 

could have used sulfide ores for producing copper and copper-arsenic alloys without 

prior roasting. Rostoker and Dvorak's (1991) crucible experiments involving the 

high-temperature (1250-1300 °C) co-smelting of copper oxide ores with a variety of 

arsenic-containing sulfides or copper arsenates yielded products low in iron and sulfur, 

with a better than 50% recovery of arsenic^. Lechtman and Klein (1999, p. 522) claimed 

to have produced "clean, coherent metal or alloy ingots over a wide range of 

oxide-to-sulfide ratios" in their co-smelting experiments, which they carried out under 

1200 °C in a furnace similar to those found in Middle Sican contexts. It is questionable 

whether an ingot, such as the result of experiment 3396, containing 7.6 volume percent 

matte inclusions (~Cu5FeS4) and various "speiss" (Cu-Fe arsenides) phases totaling 12.5 

volume percent can be called clean or even usable. However, Lechtman and Klein's 

experiments do point to a potential source of variability in the Middle Sican smelting 

9 The temperature range in these experiments could not have been achieved in Middle Sican furnaces. 
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process, since it is plausible that, in addition to scorodite (FeAs04*2H20), furnace 

charges contained varying ratios of copper and arsenic sulfides. 

The furnace design, fuel-to-ore ratio, and air supply influence the temperature 

sustained during the smelt as well as the CO/CO2 ratio in the furnace atmosphere. 

Craddock (1987) argued that the iron content of copper is related to the CO/CO2 ratio, the 

temperature of smelting, the possibility of liquid slag formation, and contact time 

between iron-rich slag and copper droplets surrounded by the slag. Furnace temperature 

also limits the uptake of arsenic by copper (e.g. Pollard, Thomas, Ware, et al. 1991; 

Pollard, et al. 1990; Pollard, Thomas and Williams 1991). Pollard et al. (1991) found that 

they could achieve the solid-state reduction of copper under a charcoal blanket between 

600 °C and 1100 °C^°. Any arsenic present may also be in a reduced state and since 

elemental arsenic sublimes at 616 °C its diffusion into solid copper would occur from the 

vapor phase. Below the liquidus of the binary copper-arsenic system at the composition 

of the furnace charge the uptake of the arsenic into copper is limited to about 4% even if 

the charge contained 33% arsenic in the form of synthetic olivenite (Cu2As04(0H)). At 

temperatures higher than the liquidus of the binary copper-arsenic system, the diffusion 

of vapor-phase arsenic into liquid copper occurs much faster and about 80 weight percent 

of arsenic in the furnace charge can be recovered (Pollard, Thomas and Williams 1991, p. 

170). 

The composition of the furnace charge, its exposure to high temperatures in an 

oxidizing atmosphere (during roasting and/or smelting), and the maximum temperature 
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sustained during smelting are key factors for determining the arsenic content of smelting 

products. Additionally, these factors affect the levels of other volatile metals (lead and 

antimony) and those of iron and sulfur. Given that the Middle Sican smelting process 

resulted in not a single cake of metal, but multiple, small, prills, the heterogeneous 

conditions during smelting resulted in product variability within the same smelting run. 

The next section builds on the parameters I discussed above to explore their effect on the 

within-smelt variability of products. 

5.2.2. Potential explanations of variability for prills resulting from the same 
smelting run 

Prills that resulted from the same smelting run contained variable levels of 

arsenic. Lacking prills attributable to the same smelting run from the Middle Sicm 

period, I have to support this assumption based on replication smelting experiments 

carried out by the Sican Archaeological Project (e.g. Shimada and Merkel 1991) and 

others (e.g. Lechtman and Klein 1999; Tylecote, et al. 1977). In the following paragraphs 

I will outline the relation between the variability of prill composition within a smelting 

run and the technical choice of using human lungpower to supply air by relating the latter 

to the unevenness in temperature and atmosphere throughout the charge. 

Similar to the Middle Sican smelting process, early smelting experiments by 

Tylecote and Boydell (1978, p. 32-37) in furnaces replicating chalcolithic examples from 

Site 39 at Timna, Israel, produced copper "globules" (i.e., prills) and filaments trapped in 

slag. The mean weight of globules produced in furnace B varied between 0.68 grams and 

Pollard et al. (1991, p. 127) note that "no attempt has been made to reproduce possible Early Bronze 
Age technology, other than operating temperatures and reducing agents." 
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2.80 grams. Tylecote and Boydell (1978, p. 46, Table 12a) only report the mean 

composition of the globules produced, therefore it is difficult to assess the variation of 

elemental composition of prills within the same smelting run. However, in another 

publication Tylecote et al. (1977, p. 311) remarked that globules from the same smelt had 

notably different zinc contents. Tylecote and Boydell attributed this heterogeneity to the 

differing proximities of copper prills to the tuyere during smelting and hence their 

exposure to different temperatures and atmospheric conditions. 

Shimada and Merkel (1991, p. 85) noted that only the small portion of the furnace 

charge right in front of the tuyeres heated up to the maximum of 1150 °C and that the 

tuyeres needed repositioning in order to effect the reduction of copper ores and the 

formation of liquid slag. Though the researchers ground the ores and flux to a very fine 

powder, which increased the homogeneity of the furnace charge, some local variation in 

charge composition was unavoidable. Inequalities in the composition of copper prills 

corresponded, therefore, to variations in local furnace charge composition as well as to 

the temperature and partial oxygen pressure affecting the limited volume of charge. 

Given that the furnace charge never melted to form a pool of liquid copper-alloy at the 

bottom, there was no opportunity for the composition of the smelting products to 

homogenize. 

Lechtman and Klein (1999, p. 513) smelted a mixture of copper oxide 

ores—atacamite and paratacamite, Cu2(OH)3Cl—^with arsenopyrite (FeAsS) in an 

experimental furnace based on those used at Cerro Huaringa. The temperature during the 

smelt hovered between 950 °C and 1000 °C during the hour-long smelting run, which 
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resulted in the formation of copper prills trapped in slag, much like the products of the 

Middle Sican smelting process. Elemental analysis of the tiny (0.02-1.5 mm in diameter) 

metal globules revealed two distinct types of composition. Type I consisted primarily of 

antimony-rich y phase (Cu3(As, Sb)), copper-iron arsenide and a solid solution (Cu,As). 

Type II contained mostly a solid solution, copper-iron arsenide, and some y phase 

(CU3AS). 

Further supporting evidence for the variability of prill compositions within a 

smelting run comes from crucible smelting experiments that illuminate the limiting effect 

of temperature on the uptake of arsenic by copper (see Section 5.2.1 above). Temperature 

variation within the furnace serves as a plausible explanation for how Middle Sican 

smelting runs using well-mixed, close to homogeneous, furnace charges could result in 

prills with variable arsenic content. Copper reduced close to the tuyere tip, in the zone 

that reached between 950-1000 °C was able to absorb much more arsenic than prills that 

formed at lower temperatures, at a greater distance from the tuyere tip. This source of 

prill composition variability within a smelting run is related to the technical choices'' that 

constitute the Middle Sican smelting process, most importantly the use of human 

lungpower to supply air through blowpipes. Limited to using about three blowpipes 

simultaneously, smelters were not able to attain uniformly high (>950 °C) temperatures 

throughout the furnace (Shimada and Merkel 1991). 

Epstein (1992) argues that cultural constraints played an important role in the sustained use of 
lungpower as opposed to bellows. 
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5.2.3. Variability in ingot composition and size 

The multiple and variable output of Middle Sican smelting runs—i.e., prills 

containing different levels of arsenic—^presented metal producers with the technical 

choice that impacted on the arsenic and trace element content of ingots and finished 

artifacts. If prills from a single smelting run were melted together to form an ingot or 

several ingots, then the stock metal produced can be regarded as representative of a single 

production episode and its attendant material flow patterns and processing parameters. 

However, if prills from multiple smelting runs—^potentially from different furnaces 

and/or workshops—were pooled and sorted to produce ingots, then the composition of 

these secondary smelting products reflects the conflation of multiple material selection 

and processing patterns. 

The pooling and/or sorting of prills before casting ingots may have involved 

selection criteria that correlated with composition, such as surface color, streak color, 

hardness, etc. Based on limited evidence, Epstein (1993, p. 174-179) speculated that the 

amount of prills grouped together in order to form an ingot was based on the "indigenous 

Andean weight system." The two ingots he recovered from Cerro Huaringa weighed 182 

g and 399 g, which according to Epstein's calculations are equivalent to 47.2-48.9 H and 

103-107 H, respectively. These closely approximate 50 H and 100 H, where "H" stands 

for 3.71-3.89 grams, the Andean weight unit defined in Nordenskiold's studies (see 

Epstein 1993, p. 174-179). 

Given the rarity of Middle Sicm ingots of secure archaeological provenance it is 

impossible to evaluate whether any indigenous unit system played a significant role in the 
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size of ingots. Even if ingots were produced to be of particular masses, one must ask what 

impact this may have had on the size of artifacts produced from standard sized stock 

metal. In a later section I propose that the size of an ingot, in relation to the weight and 

number of individual artifacts craftsmen made from it, influenced the compositional 

variability within a group of objects (see Section 6.3.3, p. 231). The production of a 

hundred rectangular sheets from a single ingot would lead to a group of artifacts with 

little compositional variability, whereas the manufacture of thirty puntas from fifty ingots 

is likely to result in a more heterogeneous group of objects. 

5.3. Relating compositional variability in artifacts to material flow between smelting, 
melting/refining and coppersmithing activities 

Current interpretation of archaeological evidence suggests that copper-arsenic 

alloy artifact manufacture involved task differentiation between the smelting and metal 

processing phases of production during the Middle Sican period (see Section 4.3.1, p. 

128). These distinct phases may have been carried out in relative proximity to each other 

by separate groups of craftsmen, or by groups located at different sites. The existence of 

multiple, agglutinated, smelting and metalworking facilities in combination with both 

site- and regional-level of task differentiation raises the possibility of complex, 

one-to-multiple and multiple-to-one, material flow patterns between distinct smelting 

and smithing facilities. Hence, what we are dealing with in the Middle Sican period is 

something other than what Shalev (1995, p. 115) calls "vertical" craft specialization, in 

which "all stages of each production, from the processing of the source-material to the 

finishing of the product, were coimected." 



Instead, material flow between distinct production phases of the copper-alloy 

objects during the Middle Sican period may have resembled the model Freestone et al. 

(2002, see Figure 2 on p. 259) advance for glass vessel production along the coast of 

Syria-Palestine during the 6*'' and centuries. Glass factories sharing imported natron 

sources, but using their ovm regional sand to produce raw glass of distinct compositions 

may be a good analogy for Middle Sican smelting sites, which may also have relied on a 

mixture of shared and unique material resources. Raw glass from one factory made its 

way to several different glass houses where craftsmen shaped it into stylistically distinct 

vessels, though a single glass house may have received raw material from multiple glass 

factories. Similarly, Middle Sican coppersmithing workshops located at some distance 

from smelting sites could have received copper-arsenic alloys in the form of ingots or 

other stock metal from several different smelting facilities (see Figure 5.3, p. 188). 

5.4. Potential explanations for within-type variability 

Exploration of within-type compositional and morphological variation is of 

particular relevance to this dissertation because of the many grouped copper-alloy object 

types in Middle Sican funerary or ritual deposits. Both ethnographic and archaeological 

research has contributed potential explanations for intra-type artifact variability. 

Compared to literature on pottery and ceramics there are relatively few works on metals 

technology that address these issues. Studies in ethnoarchaeology have focused primarily 

on intra-type artifact variability at the level of a single production unit or have compared 

variability between units in a community or region (e.g. Arnold 2000; Arnold and Nieves 

1992; Arnold III 1991; Longacre 1999), while archaeologists have had fewer 
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opportunities to do this type of study (e.g. Blackman, et al. 1993). Instead, most 

archaeological research focuses on artifact variability in use or depositional contexts at 

the level of habitations, burials, sites, and regions (e.g. Costin 1999; Costin and Hagstrvim 

1995; Ehrenberg 1989). 

Authors often use the term "standardization" in discussing low intra-type artifact 

variation (e.g. Rice 1991, p. 268). Reviews of ceramics literature by Rice (1991) and 

Costin (1991) highlight the importance of studying standardization in relation to ideas 

about craft specialization. However, both authors are careful to point out that production 

organization (of which specialization is an example) is only one of several potential 

causes of artifact standardization (e.g. Costin 1991, p. 33; Rice 1991, p. 273). Some 

models of craft specialization emphasize the role of activity differentiation in 

specialization leading to a lower number of producers'^. The decrease in the number of 

producers results in lowered variation attributable to differences between individual 

producers in motor habits, skills, and technical choices (from raw material use to design 

choices) (e.g. Costin 1991, p. 33). The more intensive involvement of specialists in the 

production of a limited range of goods may lead to standardization for economic reasons 

involving: (1) cost effectiveness, i.e., reduction of per-unit cost; (2) "quality control" 

over products; (3) risk minimization through conservatism (consistent use of a limited 

range known resources and techniques) (Rice 1991, p. 268). Economic concerns may be 

associated with the context of production if independent producers are more likely to be 

in competitive situations than are attached producers (e.g. Costin 1991, p. 37). 

For an early example see Rice (1981) and comments on this work by Earle (1981) and Hodder (1981). 
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Increased production intensity has been related to standardization through 

artisans' production of more consistent results due to enhanced producer skill and 

knowledge (e.g. Costin 1991, p. 33; Rice 1991, p. 268). However, as Longacre's 

ethnoarchaeological study of independent non-centralized full-time potters showed, skill 

differences may exist and can be positively correlated with the degree of product 

standardization even if production organization is identical (see Longacre 1999). In his 

study of potters in southern Veracruz, Mexico, Arnold III (1991) observed dimensional 

standardization within assemblages of independent producers both on a community and 

regional level. He argued that homogeneity in form, shape and size was partly related to 

shared types and sizes of tools used in pottery production. Regardless of production 

organization, certain technical choices along the chdine operatoire and producer 

experience levels may limit the variability of artifacts. 

Both Longacre (1999, p. 49) and Arnold III (1991) found that consumer demand 

and expectation was a strong motivator for producing vessels of standard sizes and hence 

low within-type variation observed among the products of different craftsmen or 

workshops. User expectations of artifact properties are bound up with the requirement 

that they perform their functions in an acceptable manner (e.g. Schiffer and Skibo 1987, 

1997). Low intra-type variation in the physical attributes or artifacts made by multiple 

producers makes sense if the users belong to the same group, share a "basic lifeway" 

(Schiffer and Skibo 1987) and if uniqueness is not a desired performance characteristic of 

the artifact. Market competition, however, may encourage producers to exercise tight 

control over certain artifact properties that serve to distinguish their products from others 



of the same type. Arnold and Nieves (1992) note that this competitive strategy lowered 

intra-type variability within a workshop but enhanced it among different potters in Ticul, 

Mexico. 

The ancient pottery workshops that Blackman et al. (1993) studied in Leilan, 

Syria, satisfied a high level of urban demand for bowls that fulfilled mostly utilitarian 

functions. The high level of standardization achieved within a workshop during a single 

production episode was related not only to the function of the vessels but also to the 

technical choices involved in the firing process. Blackman et al. (1993) did not find 

evidence for centralized production or centralized control over production. Perhaps this 

was due to the mostly utilitarian functions that the bowls served. The authors contrasted 

high homogeneity in both the composition and dimensions of bowls within a single 

production episode with higher levels of heterogeneity observed in use contexts. The 

latter resulted from the accumulation of products from different production episodes and 

groups through time (Blackman, et al. 1993, p. 74). Blackman et al. (1993, p. 76) also 

pointed out the importance of "natural variation in local clay deposits" as a factor in 

heterogeneity between the products of different production episodes. 

The above examples represent cases in which specialist producers working in 

independent, non-centralized workshops of relatively small scale achieved varying 

degrees of standardization. Since the studies were based on direct evidence from 

production contexts, important aspects of production organization were known from the 

start. As Costin (1991, p. 33-34) points out, similar standardization may come about 

under different circumstances and thus one must be careful with inferring aspects of 
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production organization from measures of artifact variability from artifacts not directly 

associated with manufacturing facilities: 

Whether or not standardization is an appropriate measure of 
specialization depends on the type of object, the 
technology, its function, and the nature of demand. 

For example, consumers may exercise power over independent producers by economic 

means or they may have more direct power over attached producers. Despite different 

producer-consumer relations, a key aspect of production organization, consumer demand 

for standardized artifacts may lead to low intra-type variability (Costin and Hagstrum 

1995; e.g. Hagstrum 1986; see also Hodder 1981). 

Costin and Hagstrum (1995) suggest that low artifact variability may be used to 

infer the concentration of manufacturing facilities. If multiple specialized producers or 

production units are clustered they are "more likely to share raw material sources, to 

participate in ad hoc sharing of facilities, to exchange tools and labor, and to have general 

access to one another's products" (Costin and Hagstrum 1995, p. 624). Taylor and 

Shimada's (2001) analysis of molds and vessel fragments from agglutinated pottery 

workshops at Huaca Sialupe found that, despite their reliance on shared raw material 

sources and vessel firing facilities. Middle Sican potters at the site made highly variable 

vessels using molds. Potters at Huaca Sialupe were likely attached to a nearby elite 

settlement. Based on Costin and Hagstrum's (1995, p. 624) argument, ceramics 

production at Huaca Sialupe is a potential example for the reliance of patrons on smaller 

attached individual production units rather than craftsmen in larger settings to produce 
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goods. So uniqueness rather than standardization may have been an important 

performance characteristic related to artifact function. 

It is important to understand that observing relatively high variation among 

artifacts of a particular type which were recovered from non-production contexts does 

not necessary mean that uniqueness was a desired performance characteristic. The 

economic conditions of a social group, for example, may partly determine the relative 

extent of intra-type artifact variability. In discussing British and Irish Bronze Age 

weapons Ehrenberg (1989, p. 84) suggested that high within-type variability in a region 

may be due to the dearth of local resources for metal manufacture and the acquisition of a 

few objects from dispersed and/or distant sources. On the other hand, abundant resources 

could have fostered "greater variability or individual choice in the design of artifact 

types" (Ehrenberg 1989, p. 84). In addition to relating economic conditions to artifact 

variability, Ehrenberg (1989, p. 81-83) cited Hodder's work (1979; see alsoHodder 

1981) to suggest that low intra-type variation on a regional level may have indicated "a 

certain cross-cultural unity." The middle ground appears to consist of communities in 

which social stress—in relation to competition for resources—encourages within-group 

conformity and between-group diversity. The above situation would result in object types 

with low levels of variability when examined within a given social group (Ehrenberg 

1989, p. 86). 

The desire for expressing conformity or shared identity via artifacts may result in 

low intra-type artifact variability, which in turn could mask aspects of production 

organization, such as the number of discrete production units in an area. Until now, little 
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has been said about the role that formation processes of the archaeological record play in 

our ability to posit explanations for artifact variability, especially in terms of production 

organization. Rarely do archaeologists have the opportunity to contrast within-type 

variability of the output of a single production episode with artifact variability in 

non-production contexts. Blackman et al. (1993) were in the fortunate situation to do just 

this at Leilan, Syria, where the authors noted high homogeneity in both the composition 

and dimensions of ceramic bowls within a single production episode with higher levels of 

heterogeneity observed in use contexts. The latter resulted from the accumulation of 

products from different production episodes and groups through time (Blackman, et al. 

1993, p. 74). Blackman et al. (1993, p. 76) also pointed out the importance of "natural 

variation in local clay deposits" as a factor in heterogeneity between the outputs of 

different production episodes. 

Time thus plays a key factor in increasing variability within assemblages not only 

because of potential diachronic changes in consumers' sources of acquisition, but also 

due to "a combination of the natural variability of raw materials inherent in the local 

geology and a variety of technological behaviors used in selecting, modifying and mixing 

raw materials" (Arnold 2000, p. 369). Goods deposited in human burials or during other 

ritual activities present us with rare opportunities to study intra-type variation in cases 

when the accumulation of artifacts may have occurred over a relatively short period of 

time. Moreover, previously undisturbed funerary deposits allow us to assess the 

heterogeneity of a complete inventory of goods relevant to the ritual. Based on her and 

others' work relating standardization to production organization (e.g. Costin 1991; Costin 
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and Hagstrum 1995) Costin suggested, that "the relative amount of standardization or 

diversity in a well-defined assemblage is proportional to the number of producers that 

created the assemblage" (1999, p. 87) and "reflect[s] the number and/or diversity of 

social ties" of the deceased (1999, p. 100). 

However, one must be careful with choosing physical attributes for studying 

variability and equating homogeneous groups with producers. I have already discussed 

how material flow patterns between processing activities along the chdine operatoire can 

lead to groups of objects having very similar elemental composition despite having been 

made in distinct facilities (see Sections 5.2 and 5.3). Conversely, compositional 

differences among the otherwise homogeneous products of a single production unit may 

arise due to the heterogeneity of raw material sources, changing patterns of material 

procurement and use (including recycling), or because producers perceive less variability 

in their materials than what we can detect with our analytical methods (e.g. Arnold 2000; 

Blackman, et al. 1993; Budd, et al. 1996). It is for these reasons, rather than to identify 

producers, compositionally distinct groups help to distinguish "pattern[s] of metal 

procurement and use" (Budd, et al. 1996, p. 172), "source communities" (Arnold 2000, p. 

369), "resource sharing" or "resource use" groups (Costin 2000, p. 387). 

Let us return to the issue of interpreting within-type variability in a burial 

assemblage. Though we may not be able to determine the number of different producers 

whose goods were contributed to the burial, Costin (1999, p. 100) suggests that the 

relative degrees of intra-type variability may be meaningful for pointing out "different 

production systems/regimes as they are engaged to produce objects for mortuary rituals." 
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If multiple specimens of two different types of objects are present among the grave 

goods, one may compare the number of objects within a type to the number of groups 

exhibiting distinct material procurement and use. Material evidence also helps contrast 

the chdine operatoire of the object types as well as the levels of technological knowledge 

involved in manufacture. Based on the above sorts of information, Costin (1999, p. 99) 

interpreted the "material and technological homogeneity and formal variability" of 

crisoles (small, crudely hand-formed, and poorly fired pots) recovered fi-om a single 

burial to indicate that they were "individually handmade by a relatively large number of 

untrained individuals—^that is, not by ceramic specialists—at or near the burial site soon 

before their final placement in the grave." In contrast, the deposition of large numbers of 

"relatively crude" mold-made pottery in tombs may reflect the contribution of a smaller 

number of specialized producers (Costin 1999, p. 100). 

Costin's study (1999) of intra-type variability at the scale of a single burial 

revolved around goods that were most likely manufactured for the purpose of interment 

within a short span of time. The unfinished nature of puntas (see Section 3.2.3, p. 82) 

recovered from the East Tomb at Huaca Loro suggests that, like crisoles, they were made 

to be deposited in the tomb, but the preparation of the deep and complex tomb likely took 

several weeks. Hence, we cannot assume that puntas, or other grouped copper-alloy 

artifacts, were made hastily. Given the technical knowledge and skill involved in 

smelting and the processing of copper-arsenic alloy it is unlikely that copper-arsenic 

alloy objects were made by inexperienced individuals. For this reason, copper-arsenic 
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alloy artifacts are in some ways analogous to fine quality ceramics made by specialist 

producers. 

If commissioned directly by the deceased or by the social 
groups sponsoring the interment, the finewares represent 
the ability to command skilled, specialized labor. Because 
finewares are differentially distributed in burials, they 
represent differential ability to command wealth and labor, 
reflecting the hierarchical nature of North Coast society and 
access to power through control of wealth. (Costin 1999, p. 
102) 

The total amount of metal represented by grouped copper artifacts is likely to be a 

good indicator of ability to command labor because of the labor intensive nature of 

Middle Sican smelting production. Additionally, the various types of grouped artifacts 

likely differed in the per item amount of labor involved in shaping them from stock 

metal. The question is whether the organizers of burial or the depositors of the dedicatory 

cache could or chose to demand more output from fewer production units (i.e., an 

intensification of production) or whether they chose to/could call on a larger number of 

production units and pool their outputs. 

5.5. Summary 

In this chapter I outline several lines of arguments potentially useful for 

explaining compositional variation among Middle Sican copper-arsenic alloy artifacts. 

Researchers have related the arsenic content of copper artifacts to artifact function and 

design objectives by correlating the effect of the arsenic content to the enhancement of 

properties key for acceptable artifact performance (see Sections 5.1.1 and 5.1.3). The 

methodology used to establish the above entails surveying the composition of artifacts 

within a type or broader functional category (such as 'weaponry' or 'blade tools') and 
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testing for correlation between arsenic content, thermo-mechanical history, and object 

type. 

Differences in the arsenic and trace element content of copper can also be related 

to material selection patterns and material flow between activities comprising the chdine 

operatoire (see Section 5.2 and 5.3). Material selection and flow patterns clearly impact 

the composition of copper-arsenic alloys regardless of whether particular ranges of 

arsenic content were selected for manufacturing certain types of objects. However, as the 

study of Freestone et al. (2002) also found, in some cases compositional patterning is 

type-independent and stems from the use of shared or unique material sources during 

manufacture (see also Budd, et al. 1996). In order to identify material flow from distinct 

or shared sources as a relevant factor in artifact variability, it is necessary to locate 

distinct compositional subgroups within an artifact type or category, or alternatively, find 

compositional patterning that crosscuts functional categories (see Figure 5.3, p. 188). 

Ethnoarchaeological studies of pottery workshops suggest that independent 

producers can achieve highly standardized output, due in part to high skill level, the 

routine use of measuring devices, and the motivation to fulfill consumer expectations 

(e.g. Longacre 1999). Some product types have been found to be more variable, even 

when produced by the same specialist, due to different measuring techniques used to 

judge dimensions (e.g. Arnold and Nieves 1992). Personal preferences as well as the 

desire to differentiate one's products in the marketplace may result in distinguishable 

products of the same artifact type. The above factors complicate the interpretation of 

patterned variation among grouped artifact types because of the possibility that their 
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different manufacturing methods affect the extent of achievable standardization. Cutting 

rectangular shapes from the a hammered copper sheet may allow for a relatively fine 

control of dimensions relative to the morphological standardization achievable during the 

manufacture of puntas, which involved casting individual preforms and their subsequent 

shaping by hammering and annealing. Even if reusable molds were employed during 

manufacture, it is likely that molds had a limited use life. 

Time and the inherent variability of natural resources are two key limiting factors 

in our ability to group products based on measurable physical attributes and to associate 

distinct groups with production units or resource sharing groups. Whether grouped 

copper artifacts were produced for the purpose of burial within a relatively short time 

period, or whether the caches resulted from the accumulation of objects over time 

determines the extent to which standardization is 'blurred.' If objects functioned as part 

of transactions or tribute items, then the likelihood of a cache representing a long 

accumulation period and the output of multiple production units increases. However, if 

bundles of artifacts remained together during such transactions, then sharper distinctions 

may be visible. 

Clearly, the issue of interpreting within-type variability or standardization is 

fraught with challenges. To begin to overcome these challenges, it is necessary to have a 

detailed awareness of the sources of artifact variation stemming from material flow and 

activities along the chdine operatoire. These sources need to be evaluated for each 

different artifact type. The success of ethnoarchaeological and archaeological studies of 

standardization also depends on imderstanding local socioeconomic structures. The next 
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chapter explores models developed for such structures during the Middle Sican period 

and proposes various ways in which explanatory frameworks for patterned variability 

among the products of other crafts may be adapted for grouped copper artifacts. 
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5.6. Figures and tables 

Effect Reference Evidence/Conclusion 

Melting point lowering Budd (1991 b) The liquldus of copper with 4% arsenic Is 1040 °C, only 46 
°C lower than the melting point of pure copper. This alloy 
would be completely solid by the time the temperature 
reached 900 °C. 

Deoxidant Charles (1967) 

Budd and Ottaway 
(1991); Budd (1991b) 

Arsenic may be beneficial by reducing copper oxide in the 
Intergranular eutectic regions during solidification. 

Density measurements of ingots with higher arsenic content 
were not greater than those of Ingots with less arsenic. 
Arsenic does appear to improve castings as a deoxidant. 

Arsenic loss during 
casting 

Charles (1967) 

McKerrell and 
Tylecote (1972) 

Arsenic loss from molten arsenical copper would be high due 
to evaporation as a consequence of the high vapor pressure 
of arsenic. 

The equilibrium vapor pressure of arsenic would be too low 
even at 1150 °C to cause significant arsenic loss through 
evaporation. Instead, the formation and evaporation of AS2O3 
is responsible for the removal of arsenic under oxidizing 
conditions. 

Chades (1974) Contrary to his earlier conclusion, arsenic loss due to 
evaporation would be too low to be significant. 

Budd and Ottaway 
(1991) 

During their casting experiments, these researchers did not 
note loss In the bulk arsenic content. 

Macrosegregatlon Charles (1973; 1974) 
(Inverse segregation) 

Budd and Ottaway 
(1991); Budd (Budd 
1991a) 

Inverse segregation causes a silvery appearance In 
copper-arsenic alloys due to the presence of the eutectic 
structure (a(Cu)+Cu3As) at the surface. This is encouraged 
by rapid cooling. 

Inverse segregation can be noted above 4% arsenic content. 

Microsegregatlon McKerrell and Eutectic structures will appear around 3% average arsenic 
Tylecote (1972) content. 

Budd and Ottaway 
(1991) 

Eutectic structures may appear if the arsenic content is as 
low as 1 %. 

Northover (1989) Eutectic structures were observed in alloys containing 2% 
arsenic. 

Mechanical properties Charles (1967) 

Northover (1989) 

Budd and Ottaway 
(1991) 

Lecthman (1996) 

Arsenical copper can be hammered over a wide range of 
temperatures without the formation of a second phase 
causing embrlttlement. 

Hardness testing after cold working suggested that around 
4% arsenic content began to increase the toughness and 
strength of copper. 

2-6% arsenic content results in good work hardening of 
copper while retaining enough ductility to undergo 60-80% 
reductions in width without cracking. 

0.5% arsenic "appreciably" changes the hardness an 
malleability of worked copper. The maximum useful 
concentration of arsenic in copper is around 7-8%. 

Table 5.1. Summary of core archaeometallurgical research on the effects of arsenic in copper 
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Figure 5.1. Binary copper-arsenic phase diagram based on Subramanian and Laughlin (1988), including 
modifications suggested by Budd (1991b, p. 95) 
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1994) 
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CHAPTER 6: EXISTING ORGANIZATIONAL MODELS FOR MIDDLE SIC AN 
TECHNOLOGIES 

The previous chapter discussed some potential sources of variability in Middle 

Sican copper-alloy artifacts, among them: material flow patterns and their relation to 

characteristics aspects of specialized production. Important aspects of specialized 

production include the context of the production as well as the nature and extent of 

control that consumers exert over the output of production units and the manufacturing 

process itself. This chapter looks at these and other characteristics of Middle Sican craft 

production and how they impact product variability. 

6.1. Middle Sican socioeconomic organization: general characteristics 

Our current understanding of the Middle Sicm period's socioeconomic 

organization emerged from research on manufacturing technologies including metallurgy, 

pottery and adobe brick making. The products of these technologies, remains of 

manufacturing facilities, as well as replication experiments served as important evidence 

regarding manufacturing methods (Cleland and Shimada 1998, p. 137). Moreover, 

research has been extended to examining the implications of manufacturing methods on 

the organization of production (e.g. Cleland and Shimada 1998; Shimada 1994b; 

Shimada, et al. 1999; Shimada, et al. 2000; Taylor and Shimada 2001). In order to 

construct a potential model for Middle Sican socioeconomic organization, investigators 

have had to take a close look at variation among the products of a particular technology. 

Product variation was mostly studied in terms of differences in form, raw material, 

processing activity sequences (chdine operatoire), and product distribution. 
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In the following I outline Cleland and Shimada's (1998, p. 135-141) "production 

sphere" framework for explaining differences in the organization of technologies, 

including copper-arsenic alloy smelting and processing. Then I take a detailed look at 

how researchers have explained patterns of variation in the products of three different 

technologies: large-scale construction of adobe architecture, precious metal working, and 

mold-made pottery production. The purpose of this is to take account of existing 

explanations of artifact variation in the Middle Sican period so I may assess their 

potential for explaining patterns of variation in copper-arsenic objects. 

What is a production sphere? Technologies in a production sphere share 

organizational features and their products are consumed by the same group(s) of 

consumers (Cleland and Shimada 1998, p. 135-141). Cleland and Shimada's division of 

production into separate spheres emphasizes the correlation between the product 

category, its consumers and the extent of oversight imposed on the craftspersons: 

Sican organization of production as understood thus far is 
placed along a scale determined by physical location of the 
workspace, value of goods produced, control of production 
by central authorities or supervisors, and degree of 
independence of producers (Cleland and Shimada 1998, p. 
137). 

Based on covariation among the above factors, Cleland and Shimada distinguished three 

production spheres: (1) sumptuary production, (2) nucleated workshop production, and 

(3) domestic industry production (Cleland and Shimada 1998, p. 137). I provide a brief 

description of each category in the following paragraphs. 

The output of the first, i.e., the sumptuary, production sphere included items 

displaying standardized Sican iconography made of high-karat gold, tumbaga 
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(gold-copper-silver alloy), and very high quality pottery. These types of artifacts were 

produced under the direct supervision of elite persons and/or their agents. Additionally, 

the sumptuary production sphere is characterized by workshops closely associated with 

elite compounds (Cleland and Shimada 1998, p. 137-138). Evidence for this production 

sphere was gathered from the technical study of precious metal objects included in elite 

burials and from more limited studies of production sites (see Section 6.3, p. 210) 

(Carcedo Muro and Shimada 1985; Shimada, et al. 1999; Shimada and Griffin 1994; 

Shimada, et al. 2000). 

The second production sphere—nucleated workshop production—is characterized 

by larger agglutinations of workshops that produced mostly mold-made ceramics and/or 

copper-arsenic alloy objects. These products were accessible to a broader range of 

consumers, including non-elite individuals, than sumptuary items (Cleland and Shimada 

1998, p. 139). Adjacent workshops were laid out to produce the same products in almost 

identical manner (Cleland and Shimada 1998, p. 137, 138-139). Researchers have argued 

that "elite-sponsored supervisors" (Tschauner 2001, p. 35-35) played a role in nucleated 

workshop production organization. However, evidence for the supervised production of 

mold-made ceramics is largely derived not from workshop architecture, but from traces 

of the manufacturing process remaining on excavated objects (Cleland and Shimada 

1998, p. 139). 

Administrative oversight of nucleated copper-arsenic smelting and processing 

workshops has been assumed due to the complexity of the technologies involved (Cleland 

and Shimada 1998, p. 139). There is some architectural evidence of state control over 



copper-arsenic production by Chimu supervisors at the multi-component site of Cerro 

Huaringa (Cerro Huaringa) (Epstein and Shimada 1983, p. 421). It is questionable 

whether this type of production supervision during the Chimu domination of the region 

(ca. AD 1375-1470) also characterized production during the earlier Middle Sican period 

(ca. AD 900-1100). I address the issue of continuity in copper-arsenic alloy production 

organization during and after the Middle Sican period in Section 4.3.3 (p. 131). 

The third production sphere is described as "domestic industry" and is 

characterized by its close physical association with domestic contexts as well as its 

seasonal or part-time nature. Raw material procurement and processing was controlled 

by the members of the domestic unit, without the involvement of supra-household 

authorities (Cleland and Shimada 1998, p. 137). The lack of elite oversight is 

concomitant with a lack of interest in the relatively low-status products, such as 

palateada (paddle-and-anvil) pottery (Cleland and Shimada 1998, p. 139-140, 142). 

Though production spheres correlate with spatially separate production facility 

locations, the outputs of different production spheres do intersect in the political 

economy. For example, Shimada has argued that some copper-arsenic alloy products 

produced in nucleated workshops were exchanged via the Sican long-distance trade 

network for placer gold to be used as raw material in the sumptuary production sphere 

(Shimada 1995, p. 156, 159). Material flow between production spheres has imphcations 

for the extent of control over the production process versus production output. If the 

output of a production sphere was important in facilitating work in a higher order 

production sphere—one with greater control over all facets of production 



193 

organization—^then control over this output may have been tighter than supervision of its 

actual production. 

Products from a particular production sphere may represent a range of values. For 

example, high-karat gold objects appear to have been considered more valuable than 

tumbaga artifacts among sumptuary goods (Cleland and Shimada 1998, p. 138; Shimada, 

et al. 2000, p. 54). It is important to mention here, that Cleland and Shimada use the word 

"value" to represent a number of different qualities. These include the inherent value of 

the raw material, "artistic qualities" (Shimada, et al. 2000, p. 54), the level of 

craftsmanship and the extent of technological complexity involved in manufacture. 

Within the sumptuary goods category the iniierent worth of the raw material ranks 

tumbaga objects below gold and silver artifacts of higher purity. This is evident from the 

more restricted distribution of high-karat gold and silver objects in elite burials (Cleland 

and Shimada 1998, p. 138). The artistic qualities of products depend on the extent of 

"stylistic refinements and iconographic contenf (Shimada, et al. 2000, p. 58). The 

quality of execution of stylistic details on the artifact is related to the level of 

craftsmanship involved in manufacture (Cleland and Shimada 1998, p. 137). The concept 

of craftsmanship allows researchers to differentiate the output of a single technology 

within a production sphere. For example, high-karat gold and tumbaga objects (and even 

parts of objects) may be distinguished according to the "finesse" with which technical 

solutions were carried out (Shimada and Griffin 1994, p. 66-67). 

In addition to raw material value, artistic qualities and craftsmanship, Cleland and 

Shimada rank products of different technologies within the same production sphere 
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according to technological complexity. The lesser material value of ceramic paste 

compared to precious metals contributes to the lower value of fine ceramic vessels 

(Cleland and Shimada 1998, p. 138). Furthermore, "the greater technical knowledge 

required to produce objects in metals" than those needed for ceramics manufacture 

further differentiates goods in the sumptuary sphere (Cleland and Shimada 1998, p. 138). 

To summarize the above three paragraphs, the relative values of artifacts within 

the same product category (for example, precious metal containing sumptuary artifacts or 

blackware bottles) are determined by the raw material (high-karat gold vs. tumbaga), 

artistic qualities, as well as the level of craftsmanship. Distinguishing the values of goods 

in a production sphere produced by different technologies (for example, tumbaga vs. 

blackware vessels; or copper-arsenic alloy objects vs. mold-made pottery) appears to 

involve more complex notions in addition to the other evaluation criteria. These notions 

are "technological knowledge" and "technological complexity" (Cleland and Shimada 

1998, p. 138-139). Metal extraction and shaping exceeds pottery manufacture in both 

aspects (Cleland and Shimada 1998, p. 139). 

The following section discusses Middle Sican monumental architecture in terms 

of features of the sumptuary production sphere. This categorization is applicable, 

because, like precious metal objects and blackware ceramics, monumental mounds have 

very limited distribution and they were "manufactured" (i.e., constructed) away from 

non-elite habitats by a centrally supervised work force. The construction of Middle Sican 

monumental architecture involved the use of thousands of adobe bricks, which arguably 

belong to the domestic industry production sphere. Hence the discussion of Middle Sican 



monumental architecture gives me the opportunity to take a look at the intersection of 

two different production spheres—sumptuary and domestic industry—from the 

perspective of a non-metallurgical technology. 

6.2. Middle Sican monumental architecture 

While Cleland and Shimada do not discuss it as part of the first production sphere 

(Cleland and Shimada 1998, p. 137-139), I argue that Middle Sican monumental 

architecture can be considered a type of "sumptuary" product. Large-scale mounds, 

constructed principally of adobe bricks and mortar, are located away from non-elite 

households (Shimada 1995, p. 32). However, elite burials have been found underneath 

and in the close vicinity of monumental architecture. Researchers have also identified 

structures that may have served as seasonal or part-time elite residences, facilities to 

prepare feasts, and even as precious metal smithing workshops (Shimada and 

Montenegro 1993, p. 70). Though the inherent value of construction components (sand, 

clay, stone, wood, etc.) is relatively low, the enormous quantity of these materials used in 

conjunction with high labor cost makes large-scale architecture "valuable" compared to 

domestic buildings. Similar to precious metal-based objects and fine blackware ceramics, 

each large-scale mound is a unique combination of standardized architectural forms 

(Shimada 1981, p. 412) as well as Middle Sic^ iconography. The latter was featured in 

wall paintings (Shimada 1990, p. 339) as well as "Sican masked head vessels, which 

Shimada suspects may have been inserted into sockets atop the roof or on pillars as 

architectural ornaments" (Cleland and Shimada 1998, p. 138). 



Access to and consumption of sumptuary products is restricted to Middle Sican 

elite personages (Cleland and Shimada 1998, p. 137-138). One can make a strong 

argument for similar restrictions in relation to Middle Sican monumental architecture. 

The privilege of Middle Sican elite to enter and move w^ithin restricted private spaces 

(Shimada 1997a, p. 63) and to inter the dead underneath or near large-scale mounds 

(Shimada 1992; Shimada and Montenegro 1993) is analogous to their ability to obtain 

portable sumptuary goods. Studies of construction methods have revealed that the 

"production" of monumental architecture "required on-site supervision that was [even 

more] unified and complex" (Cavallaro and Shimada 1988; Shimada 1997a, p. 84; see 

also Shimada and Cavallaro 1985). This high level of control over production by a central 

authority is also characteristic of the sumptuary production sphere. 

In the following I provide an overview of some of the key examples of Middle 

Sican monumental architecture and their characteristic features. I write more extensively 

about marked adobe bricks used in constructions and review literature exploring variation 

in these bricks as a function of their manufacturing method. I also discuss Middle Sican 

socioeconomic organization. 

6.2.1. Characteristic features of Middle Sican monumental architecture 

Shimada has identified three dominant Middle Sican architectural forms in the 

Lambayeque region (see Figure 6.1, p. 245): (1) T-shaped platform mounds; (2) 

truncated pyramids; and (3) platform mounds topped by rectangular enclosures (Shimada 

1981, p. 412). T-shaped platform mounds are essentially successive platforms of 

increasing height and connected by a central ramp. Such platform mounds can be 
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freestanding, as is Mound 3 of Huaca El Moscon (a.k.a., Ingeniero or Colorada). 

Alternatively, T-shaped platform mounds may be attached to truncated pyramids, as in 

the case of Huaca Rodillona (Shimada 1981, p. 414). 

Truncated pyramids are elaborated by narrow, zig-zagging access ramps and may 

be capped by terraces. In addition to T-shaped platform mounds, truncated pyramids may 

have a simple elongated platform attached, as in the case of Huaca Loro (Shimada 1981: 

413). Multiple rows of columns were originally present on the terraces of truncated 

pyramids and T-shaped platforms. Evidence from Huaca Rodillona suggests that the 

colonnades supported some type of roof(s) that sheltered the top of the pyramid (Shimada 

1990, p. 341). The remains of adobe walls on top of Mound 1 at Huaca Las Ventanas 

suggest that this mound is an example of a truncated pyramid with a walled enclosure on 

top (Shimada 1981, p. 413). 

Monumental architecture is predominantly oriented according to the four 

directions of the compass (Shimada 1981, p. 412) and consists of freestanding examples 

or conjoined combinations of the three dominant architectural forms. Table 6.1 (p. 245) 

summarizes the shapes and sizes of many huacas in the Poma district at the site of Sican, 

the inferred Middle Sican capital. Shimada (1981, p. 412) argues that in addition to 

temporal and stylistic considerations, much of this variation 
is believed to reflect the nature of religious acts (elite vs. 
masses, regular vs. irregular, etc.), different degrees of 
functional exclusivity, and the nature of participants (public 
vs. private). 

Pyramids like Huaca Loro likely served as very prominent grave markers or 

"monumental tombstones" for members of Middle Sican elite lineages (Shimada 2000, p. 
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57). The excavation of large and deep elite shaft tombs around the Huacas Loro, Huaca 

Las Ventanas, Huaca Menor, and Huaca La Merced pyramids supports the inference of 

this function (Shimada and Montenegro 1993; Shimada, et al. 1998). Ground penetrating 

radar studies supplied further evidence of pyramids having served as funerary 

monuments as they indicated the presence of "a deep pit and an accompanying, small 

adobe mound at the center bottom of the pyramid" (Shimada 2000, p. 57). 

The incorporation of Middle Sican iconography into monumental architecture 

suggests that mounds provided a place for rituals activities involving small, privileged 

groups of people as well as the masses. Remains of polychrome murals on adobe walls 

have been found along the top of monumental mounds easily accessible by wide ramps as 

well as in the context of smaller and more restricted platforms (Shimada 2000, p. 60). 

The sacrificial burials accompanied by bundled copper sheets and/or shells atop Huaca 

Rodillona and other colonnaded mounds (Shimada 1990, p. 341) may reflect the practice 

of placing dedicatory offerings to adobe mounds as part of ritual activities. The 

large-scale preparation of foodstuff, as indicated by structures near Huaca Loro (Shimada 

and Montenegro 1993), suggests that some feasting was involved in relation to activities 

performed on and around large adobe mounds. 

It is difficult to envision what exactly Middle Sicm worship entailed, though the 

contents of the two elite tombs excavated next to Huaca Loro give some important clues 

(Shimada, et al. 2000). The West and East tombs included many objects that are also 

depicted in murals, ceramics and precious metal objects and can be considered to serve 

not only as personal ornamentation, but also as ritual paraphernalia or symbols of power 
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(Shimada 1990, p. 321-327). In addition to large masks that depict the face of the central 

character of Middle Sican iconography, graves contained tall head-dresses, crowns, 

scepters, tumi knives, and even a wooden litter. Based on this, it is possible that 

gatherings atop mound platforms involved the procession and participation of a person of 

high status dressed much like the iconographic representations of the Sicto Lord or deity 

(e.g. Shimada, et al. 2000, p. 30, Figure 2.1). A rare depiction of a miniature temple on 

the back of a wooden litter shows three different masked men with ear spools, head 

dresses, scepters and clubs as they stand under a decorated roofed enclosure (Shimada, et 

al. 2000, p. 31, Figure 2.2). It is possible that the enclosure represents the roof-covered 

colonnades atop platform moimds and the simultaneous presence display of power by 

several members of the elite. 

The variation of platform height and access routes among different mounds and 

within parts of the same mound complex suggests that access to some ritual activities was 

limited. For example, compared to the large, relatively open spaces of T-shaped platform 

mounds, the tops of truncated pyramids are smaller in area and access to them by zig-zag 

ramps was likely to have been more restricted. In addition to the high elevation of 

pyramid tops, colonnade-supported roofs probably offered further protection from 

visibility and thus more privacy. The largest mound of the Huaca Rodillona group is a 

good example for functional diversity. It was able to accommodate public events attended 

by large masses on its T-shaped platform mound as well as provide a more exclusive 

setting for a select group of participants on the colonnaded and terraced top of the 

adjoining truncated pyramid (Shimada 1981, p. 414). 
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6.2.2. Construction methods in Middle Sican monumental architecture 

In addition to the three standardized forms discussed above, Middle Sican 

monumental architecture is also characterized by three construction features: 

chamber-and-fill construction, encased columns and the use of new marked adobe 

bricks. Builders often made use of natural features with higher elevation than the 

surrounding area. The bulk of the man-made portion of structures was built using the 

chamber-and-fill method (see Figure 6.2, p. 246). The process involved the construction 

of a tier of contiguous chambers from adobe bricks and wet clay mortar during a single 

construction episode. Individual chamber size may have depended on the overall size of 

the mound. Builders filled the chambers with some combination of soil, fragmented 

adobe bricks and dried mortar, domestic refuse, camelid dung, algarrobo leaves, etc. The 

chamber complexes were then capped with a floor which was supported by horizontally 

positioned logs and consisted of adobe brick, mortar, and plaster layers. Chamber lattice 

layers were superimposed in order to achieve the desired height. Several layers of adobe 

brick walls encased the outermost surfaces of the chamber lattices to provide lateral 

support (Shimada and Cavallaro 1985, p. 55-63). 

The technique used to incorporate multiple rows of columns on pyramid-top 

terraces and on T-shaped platform mounds echoes the chamber-and-fill construction of 

monumental mounds (Shimada and Cavallaro 1985, p. 63-65). The encased column 

technique during the Middle Sican period is the same as that used at the Moche V capital 

at Pampa Grande (Shimada 1985a, p. 102). Essentially, wooden posts were set in boxes 

sunken below the adobe brick floor of the top terraces (see Figure 6.3, p. 246). The boxes 
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were approximately cubic in shape, each side being around 1 meter and the wooden post 

was set on a flat piece of stone resting on the bottom of the box. In some cases the boxes 

had a solid clay mortar bottom (e.g. Huaca Rodillona). The box was filled with sand (e.g. 

Huaca El Corte) or a mixture of sand and reddish limestone gravel (e.g. Huacas El 

Moscon and Rodillona). 

Many of the columnar boxes at Huaca Rodillona contained a human sacrifice 

along with many thin, rectangular copper-arsenic alloy sheets wrapped in cotton cloth, 

others contained the same type of sheet bundles and Spondylus shells (Shimada 1990, p. 

341), The top of the box was sealed off with clay mortar, or in some cases alternating 

layers of adobe bricks and clay mortar (e.g. Huaca Rodillona) that matched the floor. The 

wooden posts were wrapped with cord and covered in clay. At Huaca El Corte, the clay 

was modeled to produce a square cross section with rounded corners (Shimada 1990, p. 

339-341). 

The study of chamber-and-fill and encased column construction techniques has 

prompted research on adobe bricks (Cavallaro and Shimada 1988; Shimada 1997a; 

Shimada and Cavallaro 1985). Makers of adobe bricks (adoberos) pressed wet soil 

mixture into rectangular wooden molds and dried these. Researchers observed that almost 

all bricks (85-95%) exhibited some type of design on one of their surfaces (Shimada 

1997a, p. 79). Adoberos impressed these marks with their fingers, hands, and feet into the 

wet bricks (Shimada and Cavallaro 1985, p. 66). Many marks are simple lines, crosses, 

dots, and their combinations. However, there are also "logographic" designs that 

represent easily recognizable Middle Sican objects—such as tumi knives and naipes—in 
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addition to hand- and footprints (Shimada 1997a, p. 79). In addition to bearing different 

markings, adobe bricks also vary considerably in size, shape and soil composition. The 

use of relatively high proportion of mortar (almost one-to-one volume ratio of 

brick-to-mortar) in buildings helped accommodate the variation in brick size (Shimada 

1997a, p. 79-80). 

Though adobe bricks vary in size as well as the markings they bear, researchers 

have found that 

there is no one-to-one correspondence between a given 
mark and an adobe brick mold, as bricks from the same 
mold may bear different marks and, conversely; the same 
mark may appear on adobes from different molds (Shimada 
1997a, p. 79). 

The distribution of adobe bricks made from the same mold and marked identically within 

the building structure is equally interesting. Researchers have found some clustering of 

such identical bricks (Shimada 1997a, p. 79), however, the general trend is closer to a 

random mixing of bricks with different characteristics (Cavallaro and Shimada 1988, p. 

82). 

6.2.3. Production organization inferences from monumental architecture 

Beyond identifying characteristics of monumental architecture, the above 

described construction methods and patterns of variation in the production and use of 

adobe bricks have allowed researchers to infer some aspects of Middle Sican production 

organization and socioeconomic relations. 

The interlocking nature of the chambers in chamber-and-fill structures suggests 

that the necessary labor and material resources were centrally coordinated and that 
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construction took place as a single and unified rather than a segmented task (Shimada 

1990, p. 341). The building of contiguous chamber lattices required the availability of 

large amounts of adobe bricks and wet clay mortar on site. This speaks to the nature of 

resource management involved in monumental constructions, which likely relied on the 

centralized management of on-site materials, and the stockpiling of materials "under 

state direction" (Shimada 1997a, p. 83-84). 

Similarly, the diversity of materials used to fill the brick-and-mortar chambers 

implies the mobilization of a "wide[r] range of subjects" (Shimada and Cavallaro 1985, 

p. 59) and reinforces the existence of some central agency that coordinated the 

distribution of the material output of the mobilized subjects. The mostly random 

distribution of adobe bricks with identical markings, size, shape and soil type also 

supports the idea that material output from diverse sources was pooled at the construction 

site and used as the necessity arose (Shimada and Cavallaro 1985, p. 69). 

From the above it appears that the production of monumental architecture was 

quite complex administratively (Shimada and Cavallaro 1985, p. 59) and involved the 

performance of distinct tasks by laborers. For example, the group of adoberos that made 

a particular type of bricks did not also incorporate said bricks into a distinct segment of 

the structure. There may have been a separate group of laborers that carried adobe bricks 

from the on-site pool to where they were incorporated into chamber walls by yet other 

groups. Labor and material flow does not appear to have been vertically integrated in the 

monumental architecture construction, instead, the production of Middle Sican 

monumental architecture involved task differentiation. In other words, materials procured 



204 

or produced by a group were not directly incorporated into the structure by the same 

people. 

Cavallaro and Shimada used a material flow diagram (see Figure 6.4, p. 247) to 

illustrate the expected patterning of marked adobe brick distribution in monumental 

architecture according to a task differentiation model (Cavallaro and Shimada 1988, p. 

90-92). According to this model, laborers produced adobe bricks in order to comply with 

tax demands affecting them. Adoberia workers thus marked their bricks to "ensure 

credit" for the group's output (Cavallaro and Shimada 1988, p. 90). Once transported to 

the construction site and deposited in the common brick pool, it would be up to different 

groups of laborers to distribute adobe bricks throughout the site to construction workers. 

The patterning of marked adobe bricks in Middle Sican architecture is more 

complex than that predicted by the task differentiation-labor tax model. The complexity 

is due to the lack of one-to-one correspondence between markings and brick size, shape 

and soil type. Cavallaro and Shimada assume that a particular brick size, shape and soil 

type is correlated with output from a single adoberia location (Cavallaro and Shimada 

1988, p. 85). Therefore, Middle Sican monumental structures include bricks made by the 

same adoberia but bearing different marks as well as bricks bearing the same mark 

though they were manufactured by distinct adoberias. In light of this, Shimada and 

Cavallaro argue that marks on Middle Sican adobe bricks probably represent something 

other than the vehicle by which labor tax is accounted for (Shimada 1997a, p. 80). 

The sponsor model provides a plausible explanation for the patterning and 

variation observed in the markings found on Middle Sicm adobe bricks as well as the 
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relative location of identically marked adobe bricks in monumental architecture (see 

Figure 6.5, p. 248) (Cavallaro and Shimada 1988, p. 94). The task differentiation-labor 

tax model assumes the direct contribution of bricks to a building project by a group of 

people involved in the production of the bricks. In contrast, the sponsor model describes 

the contribution of the bricks as indirect because an individual or social group 

commissions bricks from another social group or groups over whom they have power 

(Cavallaro and Shimada 1988, p. 95). Thus the people that "sponsor" the contribution of 

a particular amount of bricks to a construction effort are not involved in their actual 

production. 

Instead of distinguishing the adoberos, the brick markings represent the sponsors' 

or commissioners' contribution to a building project. 

The basic idea resembles the widespread practice of 
donating stones or roof tiles inscribed with the sponsor's 
names in construction of cathedrals or temples in Asia and 
Europe as manifestation of religious devotion, and/or 
attempts to maintain or augment social status and prestige. 
(Cavallaro and Shimada 1988, p. 95) 

In return for their contributions, sponsors may have secured access to restricted areas of 

the mound under construction as well as the right to reside and/or be buried in its 

proximity (Shimada 1997a, p. 80). A sponsor may have been an individual of elite status, 

but Cavallaro and Shimada believe that kinship groups or guilds of craft specialists may 

also have acted as sponsors (Cavallaro and Shimada 1988, p. 95). The researchers base 

their argument on the use of certain logographic marks that are characteristic of 

specialized activities (for example, a shovel or a naipe). At the same time, the exact 
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natiire of sponsoring entities and the ways in which markings may represent them remain 

elusive (Shimada 1997a, p. 84-85). 

In summary, the sponsor model correlates the differences in the markings on 

bricks with distinct social entities of sufficient power and/or resources to contract other 

social groups to supply the bricks. In turn, the variation in size, shape and soil type 

among bricks is correlated with the diversity of labor and material resources to which 

sponsors may claim access through power over brick-providing social groups (Shimada 

1997a, p. 80). Sponsors do not appear to have had an interest in controlling the 

production of adoberias in order to yield bricks with identical physical attributes from 

several different sources. Instead, sponsors controlled only the mark inscribed while the 

adobe was still wet and the quantity and distribution of the production output. Finally, the 

location of the marked adobe bricks within a monumental mound speaks to the 

centralized organization of corporate building projects, which involved task 

differentiation. 

6.2.4. Utility of the sponsor model for explaining variation in artifacts 

The sponsor model is powerful at explaining the pattems of variation in the 

physical attributes and markings of adobe bricks. It takes into account both the method of 

brick manufacture as well as the reliance of consumers—specifically sponsors—on 

multiple, and in some cases, overlapping material and labor resources—the adoberias. 

This sharing of resources may result in more intricate pattems of variation in artifacts of a 

single type whose manufacture involves technology of higher complexity, as does, for 

example, the production copper-arsenic alloy objects. While an individual or group may 
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have counted on several workshops to produce required artifacts, the workshops 

themselves could have used raw or processed materials (e.g. charcoal, ores, ingots, etc.) 

from sources upon which other workshops relied as well. In trying to explain variation 

within an artifact type it is thus important to keep in mind that the observed patterns may 

be a composite result of manufacture- as well as consumption-related material flow. 

Reliance of sponsors on multiple resources was pertinent when a single 

production unit was not capable of supplying the necessary amount of objects in the 

required time. For example, a single adobena is unlikely to have been able to supply the 

enormous numbers of bricks a sponsor needed to contribute to the building of a 

monumental mound. Additionally, Shimada has argued that the use of adobe bricks in 

Middle Sican corporate architecture "symbolized power, implying control over labor 

force" (Shimada 1997a, p. 63). By extension, it is plausible that obtaining adobe bricks 

from multiple adoberias was important for a sponsor in order to illustrate its or his 

command over the output of many different labor sources. 

Sponsors who contributed adobe bricks to centrally organized construction 

projects were involved in the donation of other offerings as well. Human sacrifices, 

rectangular copper sheets and shells were most likely placed in the column-encasing 

boxes atop Huaca Rodillona as dedicatory offerings (Shimada 1990, p. 341). The 

involvement of sponsors in making such offerings is supported by the fact that 

identically marked bricks of divergent size, shape and soil 
were clustered both horizontally and vertically around each 
sand-filled columnar socket (Shimada 1997a, p. 79). 
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The size, shape and soil differences suggest that the bricks used for columnar boxes were 

made by different adoberias. On the other hand, the identical markings on the bricks, 

according to the sponsor hypothesis, indicate that the different bricks were manufactured 

for a single sponsor. The deposition of human sacrifices and other material offerings was 

integral to completing the columnar boxes as they formed part of the fill that held the 

wooden column in place. Based on the above one may argue that just as a single sponsor 

may have donated the necessary construction materials for each columnar box, they may 

have also contributed the human and material sacrifices included in the fill of these 

boxes. 

The donation of human sacrifices may have reflected the sponsor's power over a 

particular section of population while his contribution of shells indicated the sponsor's 

privileged access to long-distance trade items. Finally, in addition to adobe bricks, the 

sponsor's command over the output of production units must have included certain 

metalworking units and, by extension, metal smelting workshops. This raises the 

possibility of explaining patterned variation among bundled rectangular sheets of copper 

in a manner analogous to the sponsor model's treatment of variation among adobe bricks. 

The sponsor model may be further extended to approaching variation among certain types 

of copper-arsenic alloy objects foimd in large numbers in elite burials. I argue this 

because, similar to sponsors' donations, burial goods represent an individual's or group's 

power and social position via their access to diverse materials and labor involved in 

supplying artifacts (e.g. Shimada and Montenegro 1993; Shimada, et al. 1998). 
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Hence I propose that in addition to thin rectangular sheets, naipes, puntas and 

sheet puntas make good analogies to marked adobe bricks. These Middle Sican artifacts 

were deposited in elite burials in large numbers and, like rectangular sheets, they were 

also grouped and bundled. For example, the large tomb excavated at the base of Huaca 

Loro pyramid, just east of its elongated north platform, contained 489 puntas wrapped in 

bundles containing about 30puntas each (Shimada 1992, p. 4). 

Grouped and bundled objects can be viewed as "building blocks" of ritual artifact 

deposits. Like adobe bricks, there are artifact groups whose members appear identical to 

each other side-by-side with ones that differ slightly, but noticeably, in size and shape. 

Deposits of large numbers of grouped objects represent privileged access to 

copper-arsenic alloy, a material of greater value than adobe, and to a considerable 

amount of human labor. While the copper-arsenic alloy artifacts I examined do not 

exhibit logographic markings like adobe bricks do, it is possible that the grouping of 

artifacts in bundles or their deposition in distinct columnar boxes served as a way to keep 

track of the contributor(s) or sponsor(s) (regarding the role of wrapping, see Shimada, et 

al. 2000). It is plausible that in order to put together a deposit of hundreds of artifacts the 

output of more than one metalworking unit was commanded. Similarly, the output of 

single production unit may have been distributed among several sponsors or contributors 

of burial goods and dedicatory offerings (see Figure 6.6, p. 249). 

In seeking to explain the variability of objects found in groups, I will examine 

whether the sponsor model and attendant explanations of artifact variation in terms of 

material and labor resource sharing provide useful starting points. Other explanations of 
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artifact variation that may complement the sponsor model have grown out of research on 

Middle Sican precious metal artifacts, which, like monumental architecture, belong to the 

sumptuary production sphere. 

6.3. Precious metal artifacts 

Cleland and Shimada have categorized precious metal-containing artifacts as 

sumptuary items based on their restricted distribution, their valuable raw materials, and 

inferred level of control over organization of their production (1998, p. 137). The 

distribution of objects made of high-karat gold and tumbaga is limited. Those with 

known provenance were excavated from elite burials. Most looted objects are likely to 

have come from such burials as well (Shimada 1992, p. 1-2). The focus on artifacts 

primarily from funerary contexts is, in large part, a consequence of their rarity in other 

environments in which they may have been used; 

It is quite difficult to obtain a 'representative sample' of 
metal objects, let alone a sample of any appreciable size, to 
establish their social and symbolic significance in the 
day-to-day world of the living (Shimada, et al. 2000, p. 
31). 

The excavation and analysis of Middle Sican burials "representing as wide a 

range of the inferred social spectrum as possible" (Shimada, et al. 2000, p. 31) has 

allowed researchers to gauge the social position of the interred based on the metal artifact 

content of burials (Shimada, et al. 2000, p. 55). Importantly, the types of alloys used for 

grave goods (e.g. high-karat gold, tumbaga, or copper-arsenic) and the level of 

iconographic detail on them correlate with the burial's configuration (Shimada, et al. 

1999, p. 307). Based on this, Shimada et al. have grouped burials into four categories that 
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likely correspond to four different strata in Middle Sican social hierarchy (Shimada 1995, 

p. 146-148; Shimada, et al. 1999, p. 307; Shimada and Montenegro 1993, p. 88-89). 

Table 6.2 on p. 250 summarizes the characteristics of the four groups. 

It is apparent from Table 6.2 that the lower tiers of Middle Sican society did not 

have access to precious metal containing objects and that distribution of this category of 

goods was limited to members of the elite. In addition to distribution, the manufacture of 

sumptuary goods was also tightly controlled. Limited evidence of precious metal 

processing workshops places them near mound complexes associated with elite burials. 

For example, excavations in the western sector of Huaca La Botija—a monumental 

mound complex at the site of Sican—located a set of interconnected, well finished, adobe 

rooms that contained fragments of tuyeres and numerous areas with evidence of 

combustion (Shimada and Montenegro 1993, p. 88-89). 

More direct evidence for gold-working comes the Huaca Sialupe workshop 

complex, which is close to inferred elite habitations "at the nearby sites of Huaca 

Pared-Uriarte" (Shimada and Wagner 2001, p. 28). At Huaca Sialupe, residual charcoal 

from the bottom of a metalworking fiamace and pottery sherds contained trace levels of 

gold much higher than typical trace gold levels for local soil and clay and a small gold 

sheet (Shimada and Wagner 2001, p. 28, 30). In addition to the limited evidence on 

production facilities associated with elite compounds and monumental architecture, 

researchers have used traces of manufacturing steps remaining on artifacts to infer a high 

level of centralized control over the production of precious metal containing artifacts (see 

Section 6.3.2 below). The presence of multiple piles of tumbaga sheet-metal 
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scraps—representing production refuse and/or defective products—in the elite burial of 

the East Tomb at Huaca Loro (Shimada, et al. 2000, p. 37; Shimada and Montenegro 

1993, p. 74) further supports elite influence over material flow in the precious 

metalworking process. 

Finally, the high value associated with gold alloy sumptuary objects results from a 

combination of the artifacts' iconographic content, raw material value, and the high level 

of technological knowledge involved in their manufacture (Cleland and Shimada 1998, p. 

137). The discovery of Middle Sican ceramics in the Jaen and San Igancio regions 

suggested to Shimada that gold was likely obtained from placer deposits in area rivers 

and acquired by the Sican elite through long-distance trade (1992, p. 6). The Jaen and 

San Ignacio regions are between 150 and 200 kilometers from the site of Sican 'as the 

crow flies' and occupy the eastern slope of the Andes with rivers flowing east into the 

Maranon River, a tributary of the Amazon River. In addition to gold, some precious 

metal containing artifacts incorporated other non-local materials of high value such as 

emerald (probably from Columbia) and amber beads (Shimada, et al. 2000, p. 47,49). 

Though all gold-alloy objects are considered to be outputs of the sumptuary 

production sphere, there is considerable variation among them. In the preceding 

paragraphs I outlined an explanation for the differential distribution of high-karat gold 

and tumbaga objects in burials in terms of social status. In the following section I discuss 

other major dimensions and patterns of variation and then examine explanations relating 

these to functional differences between artifacts, artisan skill levels, and production 
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organization. Finally I analyze how these explanations of variation may be useflil in 

looking at patterned variation in copper-arsenic alloy objects. 

6.3.1. Dimensions of variation in artifacts made of precious metals 

As discussed in the previous section, the majority of precious metal objects 

studied by the Sican Archaeological Project come from burials of individuals occupying 

the upper echelons of Middle Sican social hierarchy. Status differentiation within this 

social stratum is indicated by the presence of tumbaga vs. high-karat gold objects in 

burials in addition to size and location of the burial pit (see Table 2.3, p. 72). It is 

important to point out that both tumbaga and high-karat gold was used to make the same 

type of artifact, thus members of both higher and lower tier elite owned some almost 

identical artifacts (Shimada, et al. 1999, p. 307). 

The variety of known Middle Sican artifacts made from gold alloys is stunning 

and is the subject of several publications (e.g. Shimada 1995; Shimada, et al. 1999; 

Shimada and Griffin 1994; Shimada, et al. 2000). Given that certain objects—such as 

masks, crowns, and headdresses—consist of multiple parts, the artifact typology is quite 

complex (Shimada, et al. 2000, p. 37). Masks, for example, often included bangles 

dangling from and around the nose as well as earspools. The latter, however, have also 

existed on their own (Shimada 1995, p. 77, Fig. 57; Shimada and Griffin 1994, p. 63). 

Rounded, polygonal, and even bird-shaped bangles were incorporated into other personal 

ornamentation that may have been worn in combination with masks, including different 

types of headdresses/crovm ornaments, headbands, nose and tunic ornaments (Shimada 



1995, p. 115, Fig. 104). Rounded bangles were integral to the construction and function 

of rattles (Shimada 1995, p. 107, Fig. 97). 

In addition to bangles, gold-alloy feathers along the perimeter of crown 

ornaments added movement and sparkle (Shimada, et al. 2000, p. 50-51). Feathers also 

formed parts of scepters and standards (Shimada 1995, p. 74, Fig. 53 and 135, Fig. 113). 

Similar to feathers and bangles, other types of small gold-alloy pieces formed parts of 

bigger objects. Artisans used gold-alloy wires and staples in assembling 

multi-component gold-alloy objects (Shimada and Griffin 1994, p. 64-65). Little cones, 

square foils, figurative and geometrical foil appliques (Shimada 1995, p. 86, Figs. 68-69), 

and 'bells' likely served as ornamentation on cloth tunics or wooden litters (Shimada, et 

al. 2000, p. 40). 

Objects made of gold alloys include tumi knives, gloves, cups, large disks, and 

dart throwers. In an elite shaft tomb excavated at Huaca Las Ventanas, tumbaga sheets 

were used to cover ceramic vessels and to provide a background for wall paintings 

(Shimada 1992, p. 2; 1995, p. 134-135, Figs. 118-119). Studies of the above, more 

unique, types of artifacts are clearly important for understanding the full spectrum of 

gold-alloy use during the Middle Sican period. However, studies of formal variation 

conducted on more populous object types have been key to gaining insight into 

production methods and organization (e.g. Carcedo Muro and Shimada 1985; Shimada 

and Griffm 1994), as well as potential correlation between alloy composition, artifact 

function, color, and the social status of burial (Gordus, et al. 1996; Gordus and Shimada 

1995; Merkel, et al. 1995; Shimada, et al. 1999; Shimada, et al. 2000). 
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6.3.1.1. Gold alloy compositions of Middle Sican artifacts and their 
relation to mechanical and optical properties 

Over 360 precious metal artifacts and fragments have been sampled and studied 

using optical metallography, scanning electron microscopy, and neutron activation 

analysis (Gordus, et al. 1996; Gordus and Shimada 1995; Merkel, et al. 1995). Almost all 

objects have proved to be gold-silver-copper ternary alloys'. Based on the relative 

amount of gold, researchers divide objects into two broad compositional categories; 

high-karat gold and tumbaga. 

Alloy compositions equivalent to the gold content of 14 to 18 karat gold (58.5% 

to 75.0% by weight gold) are considered high-karat. The word tumbaga has been used 

fairly flexibly. It may describe 10 to 12 karat gold alloys (containing 41.7% to 50% gold) 

(Shimada 1994c: 94; Shimada and Griffin 1994: 61) but sometimes artifacts with lower 

gold content, between 30% and 40% (i.e., 7-10 karat), are also described as tumbaga 

(Merkel, et al. 1995). In addition to dominant high-karat and tumbaga composition 

ranges, artifacts both higher and substantially lower in gold content have been analyzed. 

Describing the composition of gold-containing alloys in terms of their karat 

equivalent allows one to compare various artifacts in terms of purity. However, 

identifying an object as "14 karat gold alloy" only states that 58.5% of its weight is gold 

and does not reveal the relative amounts of silver and copper that make up the remaining 

41.5% of the material. The latter information is important because of the interrelatedness 

of alloy composition with microstructure, melting temperature, mechanical properties 

(such as ductility, hardness and tensile strength) and color. For example, a 14 karat gold 



alloy with 9.0% silver and 32.5% copper content is red in color, relatively soft in the 

annealed condition, but can be heat treated in order to cause age hardening. If the silver 

content of the 14 karat gold alloy is increased to 20.5% with 21.0% copper, the alloy will 

have a yellow color and will be very hard, even in the annealed state (Drost and HauBelt 

1992, p. 274-275). 

Melting temperature and mechanical properties affect both the processing of the 

alloy and its behavior during use. Appropriate pyrotechnology is needed to exceed the 

melting temperature (liquidus) of the alloy if it is to be cast and the use of heat, as part of 

a process designed to join two pieces, will be limited by the temperature at which the 

alloy begins to liquefy (solidus) (see "protobrazing" in Section 6.3.1.2 below). Not only 

do low karat tumbaga alloys melt at lower temperatures, but they also reproduce 

"decorative detail more accurately" than pure gold during casting (Bray 1985, p. 77). 

This property may not have been very relevant for Middle Sican goldsmiths given that 

most pieces were shaped mechanically. 

The relative weight ratio of silver and copper in a ternary alloy, the cooling rate 

and any heat treatment determine whether the microstructure consists of a single solid 

solution phase or a mixture of Cu-Au and Ag-Au phases (Drost and HauBelt 1992, p. 

273-274). Both types of structures have been documented in Middle Sican objects 

(Merkel, et al. 1995, p. 117-122). Single-phase structures tend to be softer and easier to 

hammer into thin sheets as hardening mechanisms are restricted to solid solution and 

work strengthening. The presence of a second phase in tumbaga objects—either as a 

^ The arsenic content of gold alloy artifacts was not systematically explored by Gordus and others 



result of slow cooling or age hardening—increases the resistance of the alloy to 

deformation due to dispersion and grain size strengthening in addition to the above two 

hardening mechanisms. 

The alloy composition and microstructure have important implications not only 

for the manufacture of an object, but also for its behavior during use. "Correlation 

between alloy composition and artifact type was anticipated from the design, 

functions(s), and techniques employed in manufacturing the objects" (Shimada, et al. 

1999, p. 306). Given that many gold alloy artifacts were made of thin sheets, the ability to 

resist plastic deformation during wear (yield strength) must have been an important 

property for objects such as headdresses, crowns, ear-spools, etc. The strength of bangles 

suspended from the above types of objects was likely less relevant. In fact, the 

"variability [in their composition] raises the possibility that the bangles were made from 

sheet scraps left over from the manufacture of other objects, rather than using one or two 

large sheets for all bangles" (Shimada, et al. 2000, p. 53). 

While it was undesirable for most objects to get bent out of shape, the visual 

effect of certain artifacts depended on their ability to deform elastically. The design of 

?wwz-shaped headdresses (see Figure 6.7, p. 250) and tumbaga feathers illustrates the 

above points well. Both types of objects have rigid tangs that were inserted into or affixed 

to a crown or head ornament. The upper portion of the objects was intended to quiver 

subtly, i.e., deform in an elastic manner, causing it to shimmer as the wearer moved 

(Shimada, et al. 2000, p. 51). The use of tumbaga compositions that produced two-phase, 

(Gordus, et al. 1996; Gordus and Shimada 1995). 
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hardenable microstructures was key to achieving these design goals from very thin 

hammered sheets. Craftsmen worked and annealed the tang vs. the top of these objects 

differently in order "to produce specific, required mechanical properties" such as stiffness 

and yield strength (Shimada, et al. 1999, p. 306). Correspondingly the thickness of the 

object tapers off toward the top along with a decrease in hardness. It is important to point 

out, that while ^wmZ-shaped headdresses found in the West Tomb at Huaca Loro were 

made of tumbaga, almost identical artifacts in the East Tomb were made of high-karat 

gold. The microstructure and mechanical properties of the latter alloys would have been 

quite different from those of tumbaga. 

In addition to influencing the mechanical properties of the completed artifact, the 

alloy composition affects its appearance. Depending on the relative amounts of copper, 

silver and gold present, the color of tumbaga ranges from pink copper tones through 

greens, from silvery whites tones to golden yellows (Drost and HauBelt 1992; Pingel 

1995). However, Merkel has found that the surface and bulk composition of some Middle 

Sican tumbaga objects differs significantly (Merkel, et al. 1995). Lechtman has 

researched how a nxmiber of different processes could have produced surfaces that were 

relatively poor in copper and/or silver compared to the bulk composition (e.g. Lechtman 

1973, 1979b). Among these processes depletion gilding appears to have been important 

in affecting the appearance of some Middle Sican tumbaga artifacts. 

Repeated hammering and annealing of tumbaga ingots into thin sheets causes the 

formation of copper oxide scale on the surface of the sheet which may fall off during 

further hammering or which can be removed by pickling in a mild acid. This leaves 
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behind a surface depleted in copper and enriched in silver and gold when compared to the 

composition in the bulk of the object. Small square pieces of tumbaga foil were likely 

depletion gilded in this maimer (Merkel, et al. 1995, p. 119). Merkel points out that this 

one-stage depletion gilding is an unavoidable effect of repeated work-anneal cycles 

necessary for the production of very thin tumbaga sheets and writes that "Deliberate 

intent by a Sican metalworker to utilize depletion gilding as a decorative effect should not 

always be assumed" (Merkel, et al. 1995, p. 121). 

Further treatment of the copper-depleted surface with acids removes some silver, 

leaving behind a more golden surface than the original greenish or pinkish color. Merkel 

has found evidence of this two-stage depletion gilding in a tumbaga ceremonial glove 

and in some tumbaga feathers (Merkel, et al. 1995, p. 117, 119). Given that beyond the 

removal of the disfiguring copper oxide scale, a second pickling or cementation step 

would have been necessary for the removal of silver from the surface, it is unlikely that 

surfaces depleted in both copper and silver were achieved unintentionally. 

The issue of intentional surface depletion is related to broader questions about the 

use of specific gold-silver-copper compositional ranges to achieve desired mechanical 

and optical properties in particular classes of objects. Limited evidence for depletion 

gilding in conjunction with stronger patterns of covariation between bulk alloy 

composition, mechanical properties, and object type may suggest that "Among 

high-karat gold alloys, specific hues and tints of the surface appear to have been 

secondary to obtaining desired mechanical properties" (Shimada, et al. 1999, p. 307). 

Merkel has argued that variation in the occurrence and extent of depletion gilding among 
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tumbaga objects parallels the "variable quality of the metalworking and control of tool 

marks" (Merkel, et al. 1995, p. 124). I discuss the implications of this on a working 

model of production organization in Section 6.3.2. (p. 228). 

6.3.1.2. Levels of analysis for compositional variation in gold alloy 
artifacts 

Before summarizing the methods used in the manufacture of Middle Sican gold 

alloy objects I need to discuss in greater detail how compositional data has been used to 

argue for the purposeful use of distinct alloy formulations for artifact types. Doing so is 

relevant to my study of copper-arsenic alloy objects because it helps to unpack the logic 

involved in existing models for explaining compositional variation in Middle Sican 

metallic objects at various levels of analysis. By "levels of analysis" I am referring to 

hierarchies of groups that investigators set up and use to compare mean composition as 

well as within-group and between-group dispersion of compositional data. In the 

following I will show how the level of the analysis influences the type of explanations 

researchers construct for differences between and within groups. 

Gordus determined the elemental composition^ of almost 400 gold alloy objects 

from the East Tomb at Huaca Loro using neutron activation analysis (Gordus and 

Shimada 1995). He summarized his data in a table that shows the average weight percent 

of gold, silver and copper in sets of artifacts grouped by type and archaeological context 

(Gordus and Shimada 1995). Gordus also produced graphs that display the gold-to-silver 

^ Researchers removed scrapings from the surface of artifacts for compositional analysis. Tests were 
conducted to ensure that the scrapings did not exclusively come from the gold-enriched surface of the 
artifacts. Nonetheless, the sampling method used limits the extent to which one can regard the results 
of elemental analyses to represent bulk composition. 
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ratio and weight percent copper content of individual objects (Gordus and Shimada 

1995). Based on the above I have constructed a hierarchical diagram of the levels at 

which Gordus and others have used compositional variation to infer aspects of gold alloy 

production and use (see Figure 6.9, p. 252). Note that the diagram excludes several object 

types in which the number of pieces analyzed was too low to permit meaningful 

discussion. 

Artifact type or category is at the highest level of analysis. Gordus and others 

(Shimada, et al. 1999, p. 306) relate differences in the mean gold, silver and copper levels 

among object types to the desire on the part of metalworkers to achieve "concordance 

between the intrinsic qualities of different alloys, expectations of the users, and their own 

individual artistic expression" (Gordus and Shimada 1995). In other words, each artifact 

category has specific uses and in order to perform acceptably during use metalworkers 

select alloy compositions that permit them to realize both the desired shapes and 

properties. 

Differences at the level of artifact category, however, are not clearly articulated 

across the board. On one hand, the average composition of ear spool pairs, groups of 

bangles, and sets of feathers does tend to cluster at distinct points in the 

gold-silver-copper ternary phase diagram (Figure 6.10, p. 253). On the other hand, there 

are clearly groups of bangles and feathers that are distant outliers (Gordus and Shimada 

1995) and there are examples of object categories that overlap. For example the mean 

gold, silver and copper content of cones is not significantly different from that of set-4 
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feathers^. Does this mean that the manufacture and use of cones required similar 

properties as those necessary for feathers to fulfill their functions? Were consumer 

expectations the same for both types of objects? The overlap of compositional ranges for 

different artifact categories suggests that it is necessary to refine our understanding of 

artifact functions and/or that factors other than functional ones may significantly affect 

composition. Exploring other levels of analysis may allow us to do so. 

Several artifact categories can be subdivided into groups based on the 

archaeological context and/or formal properties of the member objects (see Figure 6.9, p. 

252). These groups represent the next level of analysis within artifact categories. 

Feather-shaped tumbaga sheets in the East Tomb, for example, can be grouped easily by 

location within the tomb, size and shape (Shimada 1997b, p. 137, 150-153, 178; 

Shimada, et al. 2000, p. 35). Gordus grouped bangles by the type of artifact they 

decorated, which also tends to correlate with size and shape (Gordus and Shimada 1995). 

Ear spools usually occur in pairs and Gordus treats each pair as a subset of the ear spool 

category (Gordus and Shimada 1995). Since there are several Middle Sican examples of 

similarly grouped copper-arsenic alloy artifacts—such as puntas, naipes, and rectangular 

sheets—explanations for between-group and within-group variation among gold alloy 

objects may serve as useful models for my research. 

Gordus argued that a "very high degree of homogeneity in the alloy contents, 

especially in the gold:silver ratio for each subset" of artifacts may indicate manufacture 

from the same ingot, or good control over composition in order to achieve design goals 

^ Comparing mean gold, silver, and copper levels using the t-test for unequal variance, at 95% 
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(Gordus and Shimada 1995). Five out of six groups of feathers analyzed had 

gold-to-silver ratios around 1.1. Among the above, feathers from the headdress are about 

half the size of feathers from set-1, 2, 3, and 4. While in this case the gold-to-silver ratio 

does not vary with size differences, the longer feathers that make up set-5 have a 

gold-to-silver ratio of 2.8 (Gordus and Shimada 1995). 

Upon closer look, there clearly is not a one-to-one relation between feather 

design and gold-to-silver ratio. However, if one examines the position of mean alloy 

compositions for groups of feathers in a ternary diagram that relates all three major alloy 

components, it is possible to see a separation between groups of feathers according to 

size and design"^ (see Figure 6.11, p. 253). It is plausible that the distinct subtypes of 

feathers were made by different craftsmen and/or at different times. Compositional 

distinctions may be complicated by the inclusion of products from multiple production 

events carried out by the same or different craftsmen (see Blackman, et al. 1993). This 

may especially be the case in deposits containing large amounts of copper-arsenic alloy 

objects. 

Mean alloy composition is not the only criterion used to study variation at the 

level of artifact categories and subgroups. Researchers have looked at the dispersion of 

individual artifact compositions about the mean as an indicator of a number of potentially 

interrelated issues. Narrow dispersion—low within-group variance—may suggest the 

cutting of artifacts from a single gold-alloy sheet. Conversely, high within-group 

4 
confidence level, assuming that the data has normal distribution. 
Without access to data on the composition of individual artifacts, it is difficult to determine whether 
the more subtle differences are statistically significant. It is also difficult to assess whether any 
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variance would indicate that artifacts within a group or category "were made from sheet 

scraps left over from the manufacture of other objects" (Shimada, et al. 2000, p. 53). 

Many factors must have contributed to the decision to use a single sheet vs. sheet scrap 

for objects. The relative importance of and/or control over a specific alloy makeup most 

suited to for the objects are issues that have been raised explicitly (Gordus and Shimada 

1995). Shimada et al. express this more implicitly when emphasizing the variability of 

alloy composition in bangles associated with a headdress from the West Tomb at Huaca 

Loro (2000, p. 53). Not only were the mechanical properties likely less important for 

small, dangling ornaments—such as bangles—in comparison with a headdress, but the 

small size of the individual bangles probably lent itself well to the use of sheet scrap in 

their manufacture. The reuse of tumbaga scrap during the Middle Sican period is 

suggested by the large pile of this material found on level six of the East Tomb at Huaca 

Loro (Shimada and Montenegro 1993, p. 84). 

Based on the above, one may generate a number of hypotheses regarding the 

dispersion of alloy compositions within a group or category of objects. Objects that were 

likely made in high multiples by cutting from one large sheet should display a narrow 

distribution of gold, silver and copper content. Examples of such objects include feathers 

and cone-shaped ornaments on a string. Small objects or parts—such as wires, staples, 

and bangles—^that were made, possibly from scrap sheets, when the need arose would be 

expected to have higher variance. Categories of large objects—such as masks, tumi 

headdress omaments, 30-cm disks—^may also display broader compositional distribution 

differences in mechanical properties would have affected the ability of the feathers to fulfill their 
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because they were likely made one-at-a-time, using an entire ingot hammered into a 

large sheet. 

The compositional data reported by Gordus et al. (Gordus and Shimada 1995) can 

be used to test the above hypotheses, assuming that the distribution of gold, silver and 

copper contents reported for artifact groups is normal. Shennan suggests using the 

coefficients of variation (standard deviation / mean) as a "standardized measure of 

dispersion" (1997, p. 43-44). Intuitively, summing the coefficients of variation of the 

gold, silver, and copper content of artifact categories or groups should give us an idea of 

the overall extent of variation^ (see Figure 6.12, p. 254). As hypothesized, the 

composition of large objects {tumi ornaments and 30-cm disks) and small objects (wires, 

staples and certain groups of bangles) is relatively highly variable. The lower 

compositional variability of cones and two groups of feathers also matches the 

hypothesized pattern. Contrary to expectations, several groups of bangles—2-cm bangles, 

and bangles from the headdress and tumi ornaments—have very low variability and three 

sets of feathers display intermediate or high variability. 

The fact that the variability of composition for groups of bangles is not 

consistently high suggests that not all bangles were cut from small, random pieces of 

sheet scrap. Perhaps when a large number of bangles were needed for a larger object they 

were cut from a bigger sheet in one production episode, leading to low compositional 

variability. The higher-than-expected variability of groups of feathers may reflect the use 

functions. 
^ It is important to note that restrictions placed by the Institute Nacional de Culture on the method of 

removing samples from the objects and the chemical analysis introduces some uncertainty to the 
measured compositional variables. 
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of multiple sheets from which feathers were cut and/or the limited ability of 

metalworkers to control alloy composition of distinct ingots. The above analysis of 

published compositional data suggests that artifact size and the number of identical, or 

close-to-identical, pieces produced within a production episode may explain some of the 

patteming observed in the variability of artifact categories or groups. Such models may 

complement prior ones that connect the use of a single ingot or large sheet for multiple 

objects with the desire to control alloy properties (Gordus and Shimada 1995). 

6.3.1.3. Methods used in the manufacture of gold alloy artifacts 

The majority of Middle Sican gold alloy objects are made or assembled from thin 

(0.15-2 mm thick) sheets that were produced by repeated hammering and annealing of an 

ingot (Shimada 1994c, p. 94). To achieve the desired shape, hammered sheets were cut 

with chisels, pierced, embossed and joined mechanically or by an early form of soldering 

(Carcedo Muro and Shimada 1985; Shimada and Griffm 1994). Cutting and piercing 

could be done from one or both sides of the sheet. Embossed designs were achieved by 

pushing against the thin sheet backed by a resistant surface from the reverse using an 

appropriately shaped tool (repousse). Metalworkers would have accentuated the raised 

details by chasing the front of the object (Shimada and Griffin 1994, p. 64-65). 

One of the common mechanical joining techniques was the so-called "tab and 

slot" method (Shimada and Griffm 1994, p. 64). To achieve this join, the tab—a 

rectangular protrusion at the edge to be joined—would have been inserted into a narrow 

slot in the other sheet and the assembly would have been hammered flat (see Figure 6.13, 
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p. 254). Metalworkers frequently used forged wires to "staple" together overlapping thin 

sheets and to suspend bangles from pierced holes (Shimada and Griffin 1994, p. 64). 

In addition to mechanical joining techniques, a method researchers have called 

"protobrazing" was also used during the Middle Sican period (Shimada and Griffin 1994, 

p. 64). First the join was fitted with an organic glue mixed with some type of copper 

mineral or verdigris (copper acetate). Then localized heating of the area to be joined 

using charcoal and a small blowpipe would have resulted in the simultaneous reduction 

of the mineral to copper and the formation of a low melting temperature alloy. The latter 

occurred as the result of interdiffusion of the gold alloy and the freshly reduced copper 

while local heating elevated the temperature and increased the diffusion rate. Effectively, 

a liquid solder was produced in situ and upon cooling it formed a secure but unobtrusive 

joint. Protobrazing is essentially the same as one of the techniques used to produce gold 

granulation on Old World artifacts (Ogden 1992, p. 266). 

Surface finishing techniques included depletion gilding (see p. 218), burnishing, 

and polishing (Merkel, et al. 1995; Shimada and Griffin 1994, p. 66). Some areas on 

masks were covered with cinnabar-containing red paint (Carcedo Muro and Shimada 

1985). Other non-metallic materials—such as feathers, semi-precious stones—were also 

incorporated into gold alloy artifacts (Shimada, et al. 2000). 

6.3.1.4. Quality of workmanship vs. alloy composition 

The use of hammered sheets and the availability of several different joining 

mechanisms allowed Middle Sican metalworkers to achieve design objectives in a variety 

of ways from a variety of different alloy compositions. In addition to the method of 
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execution, designs for artifacts within the same category differ in their extent of 

iconographic detail and intricacy (Shimada, et al. 1999, p. 307; Shimada, et al. 2000, p. 

50). Shimada et al. (1999, p. 307) have found that 

the quality of metal (i.e. proportions of precious metals) in 
the excavated Sican objects in general appears to vary 
positively with the complexity, difficulty, and innovative 
character of manufacturing techniques employed [...]. It 
also appears to be related to the presence and quality of 
shell or mineral inserts, as well as to iconographic details. 

The above relations, however, are not consistent throughout the body of Middle 

Sican gold alloy artifacts studied by the Sican Archaeological Project. For example, 

high-karat gold objects found in the East Tomb at Huaca Loro exhibit some roughly 

finished and/or poorly executed features while certain tumbaga artifacts from the same 

tomb showcase high-level and even quality craftsmanship (Shimada, et al. 2000, p. 53). 

Variation in the quality of design execution within an artifact may be explained in terms 

of the functional role of the feature. In other words, if a part of the object would not be 

visible or would not be in direct contact with the flesh during use, then its refinement 

may not have been a priority (Shimada, et al. 2000, p. 53). Other approaches to 

intra-artifact variation in design and craftsmanship move beyond the level of object 

functions and consider the role of production organization in bringing about variation. 

6.3.2. Organizational issues in the production of gold alloy objects 

In discussing high—karat gold and tumbaga artifacts, researchers of the Sican 

Archaeological Project hypothesize that "the production of metal objects was organized 

into task-specific work groups, which in turn were based on nested hierarchy of master, 

apprentices and other supportive personnel" (Shimada and Griffin 1994, p. 67). They 
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base this on having reconstructed the chame operatoire of manufacture, professional 

insight into the requirements of component activities and the close study of objects with 

special attention to the consistency of design execution and choice of technical solutions 

(Carcedo Muro and Shimada 1985; Shimada, et al. 1999; Shimada and Griffin 1994; 

Shimada, et al. 2000). 

Middle Sican high-karat gold or tumbaga artifacts were made predominantly of 

sheet metal. The manufacturing activities resulting in such objects can be divided into 

two groups: one pertaining to the making of the sheet metal and the other involving 

subsequent cutting of parts and their assembly. Griffin's experience with precious metal 

working and architectural remains of room complexes atop the north platform of Huaca 

Loro and northeast of Huaca Las Ventanas suggests that the different steps of making 

gold alloy sheets were carried out in separate areas. Hammering and annealing of the 

sheets would have been carried out in well-ventilated areas close to heat sources, 

separate from sheet polishing. The latter activities would have been performed in "a 

separate, well-protected room, because airborne sand and other contaminants would have 

wreaked havoc with the polishing efforts" (Shimada and Griffin 1994, p. 66). 

The close study of sheet metal objects has led Carcedo Muro, Shimada and 

Griffin to generate hypotheses regarding the organization of production. Specifically, 

they have argued that the skill evident in gold and tumbaga sheet objects points to the 

existence of full-time specialists (Carcedo Muro and Shimada 1985, p. 72; Shimada and 

Griffin 1994, p. 66). Level of expertise was further differentiated between specialists. The 

examination of complex artifacts has shown that often the highly visible parts on the front 
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of the objects exhibit greater evenness in the execution of design than the less visible 

parts in the back, which appear to be more roughly and less skillfully formed. 

Shimada and Griffin explain the above discrepancies in terms of labor division, 

commensurate with skill level, within workshops. According to Shimada and Griffin 

(1994, p. 66-67), apprentices might have carried out the "eariy stages of remelting scraps 

to prepare ingots for making sheets," and would have executed the less important design 

details on objects after a master craftsman completed the finer designs and instructed 

them on how to complete the rest. Merkel's (1995, p. 124) observations regarding the 

variable effects of depletion gilding on tumbaga objects may corroborate the hypothesis 

that apprentices with lower skill levels were assigned the more repetitive, labor-intensive 

tasks such as the hammering of sheets. 

In addition to variation in the quality of design execution, investigators have also 

documented more subtle differences in the ways in which technical solutions for designs 

were implemented by artisans. The joining of sheet metal parts, for example, can be done 

in a number of ways (e.g. Griffin and Shimada 1997, p. 95) without affecting "overall 

technical or artistic quality" (Carcedo Muro and Shimada 1985, p. 72). Similarly, 

depletion gilding can be carried out on a larger sheet before smaller parts are cut from it, 

or craftsmen may decide to finish shaping an object before depletion gilding. The result is 

difficult to distinguish, except by scanning electron microscopy. Merkel (1995, p. 119) 

has found evidence of both technical solutions among Middle Sican tumbaga artifacts. 

Thus the choice of a particular technical solution may reflect the "idiosyncrasies of 

master goldsmiths" (Carcedo Muro and Shimada 1985, p. 72) and "differences in the 
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goldsmiths' personal styles" (Shimada and Griffin 1994, p. 66). This lack of 

standardization in joining technology and depletion gilding may reflect that control over 

craftsmen did not extend to their low-level technical choices. 

6.3.3. Implications of research on gold alloy artifacts for studies of variation 
among copper-arsenic alloy objects 

Researchers have identified several potential sources of variation in Middle Sicm 

gold alloy artifacts from burials (see Table 6.3, p. 255). The gold content, iconographic 

detail, design sophistication, and overall quality of execution positively correlate with the 

social status of the principal person buried (Shimada, et al. 1999, p. 307; Shimada, et al. 

2000, p. 55). While copper-arsenic alloy equivalents of certain types of gold alloy 

objects, such as masks and tumis, have been excavated, the majority of copper-based 

artifacts do not have gold alloy counterparts. It is therefore important to examine whether 

social status correlates positively with sophistication and execution of design in copper 

alloy objects despite functional differences between them and gold alloy artifacts. For 

example, certain copper objects, such as puntas, may have been prepared specifically for 

burials (Shimada, et al. 2000, p. 37), making their generally recognizable shape and 

quantity potentially more important than the quality of their craftsmanship. 

Design complexity and the manner in which it is realized is related to how objects 

function. However, researchers have been more explicit in using artifact function to 

explain covariation of tumbaga composition with artifact type (e.g. Shimada, et al. 1999, 

p. 306). In the case of certain artifact categories—fwmz-shaped headdresses and feathers 

made of tumbaga—^material selection and processing appears to be consistent with the 

desired mechanical properties inferred by archaeologists (Gordus and Shimada 1995; 
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Merkel, et al. 1995). Wide variation in whether and how depletion gilding was carried out 

suggests that the color of tumbaga alloys was potentially secondary to the mechanical 

properties necessary for the artifact to fulfill its functions (Shimada, et al. 2000, p. 55). 

The fact that there is some type-related patterning in the composition of tumbaga 

artifacts begs the question whether such correlation can be observed for copper-arsenic 

alloy objects. Like tumbaga artifacts, many copper alloy objects are made of thin sheets 

and thus mechanical properties such as ductility and yield strength featured importantly 

during manufacture and use. I address relations between the composition, processing and 

properties of copper-arsenic alloys in detail in Sections 5.1.2 (p. 152) and 5.1.3 (p. 155). 

In essence, an increase in the arsenic content of copper lowers the melting temperature 

and raises the yield strength and hardness that can be achieved during cold working 

without drastically decreasing the ductility of the alloy (e.g. Budd and Ottaway 1991; 

Lechtman 1996; Northover 1989). Similar to tumbaga alloys, copper-arsenic alloys may 

have two-phase microstructures depending on their composition and cooling rate (Budd 

1991b). Finally, the presence of a second phase alters mechanical properties (see Section 

5.1.2, p. 152). 

Additionally, inverse macrosegregation may occur during casting and will cause 

the surface of copper-arsenic alloys to appear silvery rather than reddish due to the 

presence of the y compound (CusAs) (e.g. Budd 1991a; Budd and Ottaway 1991). Based 

on his study of an Early Copper Age blade, Meeks suggests that such a silvery layer may 

survive hammering and annealing cycles (1993, p. 270-271). Craftsmen could have also 

achieved silver colored arsenic-rich surface layers by a cementation process (Smith 
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finishes on copper-arsenic alloy objects that evoke the color of precious metals, though 

of course depletion gilding and macrosegregation are two different physical processes. 

Therefore it is important to investigate whether there is evidence for consistent 

manipulation of surface color on certain types of copper-alloy artifacts. Assessment of 

the above will be complicated by the observations of Budd, who found that filaments of y 

compound (CusAs) may form during burial due to the lower-than-expected solubility of 

arsenic in copper at ambient temperatures (Budd 1991b, c). Thus it is necessary to 

carefully differentiate this phenomenon from the presence of arsenic rich surfaces that 

were present at the time of manufacture and use. 

Studying the manufacturing methods of copper alloy artifacts may also lead to 

understanding issues related to production organization. For gold alloy objects 

inter-artifact differences in the technical solutions chosen to achieve the same purpose 

may reflect the relative freedom of craftsmen to make low-level technical choices 

according to personal style (Carcedo Muro and Shimada 1985, p. 72; Shimada and 

Griffm 1994, p. 66). This explanation of variation is at the level of production 

organization and so is the hypothesis that "goldsmithing was conducted by a series of 

task-differentiated groups," each with its own internal hierarchy master craftsmen and 

apprentices ( see also Shimada and Griffin 1994, p. 67; Shimada, et al. 2000, p. 54). Such 

arrangements would explain the coexistence of finely and more crudely executed details 

on the same object; the former having been accomplished by the skilled master craftsman 

who left the less important details for the apprentices to complete. The manufacture of 
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copper alloy objects may have involved similar organizational features. Research on 

excavated copper smelting and metalworking facilities (e.g. Shimada 1990, 1994b; 

Shimada, et al. 1983) may enhance the interpretation of artifact-related evidence 

regarding production organization. 

One of the interesting and more complex pieces of artifact-related evidence that 

emerges in the study of gold alloy objects is the matter of compositional variability (i.e., 

the extent of dispersion) within artifact categories or groups of almost identical objects 

(see Section 6.3.1.2, p. 220). The complexity of this evidence lies in that there may be 

multiple, and possibly concurrent, reasons for groups of similar objects to exhibit low or 

high compositional variability. Explanations for low variability among Middle Sican gold 

alloy objects include the use of a common "raw material" (i.e., gold-silver ingot), or high 

level of control over alloy composition in order to achieve desired properties (Gordus and 

Shimada 1995). A variant of the above is the suggestion that multiple objects were cut 

from the same large hammered sheet as opposed to smaller scrap sheets (Shimada, et al. 

2000, p. 53). I have hypothesized, that the number and size of individual objects to be 

made during a production episode also influences variability within an artifact category 

or group (see p. 224). It is of great interest to see whether these hypotheses hold up in the 

case of Middle Sican copper-arsenic alloy artifacts because of the niraierous examples of 

grouped objects versus those found singly. For example, is the composition of a bundle of 

puntas more variable than that of a bundle of rectangular sheets because the latter were 

small and light enough to have been cut from a single hammered sheet? Will copper alloy 

needles found singly in non-elite graves display greater variation in arsenic content as a 
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category than a group of objects—such as rectangular sheets—consisting of pieces that 

each weigh about the same as a needle? 

It is evident from the above discussion that existing explanations for potential 

sources of variation in gold alloy artifacts are a good starting point in the study of 

copper-arsenic alloy objects. However, it is important to recall that copper-alloy objects 

belong to the second production sphere, which encompasses nucleated workshop 

production (see, p. 191). This means that in relation to the lower value and different 

functions attributed to copper-alloy artifacts, their manufacture was organized differently 

compared to that of gold alloy objects belonging to the sumptuary production sphere. 

Awareness of such disparities is vital to evaluating the suitability of models based on 

objects from a different production sphere for explaining variation in copper-arsenic 

alloy artifacts. 

6.4. Mold-made black pottery 

Cleland and Shimada classified the majority of Middle Sican mold-made, 

single-spout blackware bottles as outputs of the nuclear workshop production sphere 

(1998, p. 139). Compared to rare, very fine quality Sican pottery, most mold-made 

bottles display more simplified imagery that excludes a particular representation of the 

Sican deity (Shimada, et al. 2000, p. 55) and exhibit a lower level of aesthetic quality and 

craftsmanship (Cleland and Shimada 1992, p. 199). Cleland and Shimada suggest that 

examples of mold-made blackware covered in thin copper sheets—in order to imitate the 

appearance of copper bottles—also point to the secondary status of these ceramics (1992: 

199; for a photograph see Shimada 1997b, p. 203). 
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In addition to the above, several other lines of evidence point to lack of elite or 

state control over the production and distribution of mold-made blackware. The frequent 

occuirence of such ceramics in non-elite burials hints at their relatively unrestricted 

distribution in comparison to the finest Middle Sican bottles only found in elite graves 

(Cleland and Shimada 1998, p. 138-139). In putting together a seriation scheme for Sican 

bottles, Cleland and Shimada found considerable regional variation in formal details 

despite general agreement in diagnostic ratios of certain body parts (1992, p. 212). 

Research on molds and mold matrices excavated at Huaca Sialupe has traced artifact 

variability to manufacturing practices that appear to confirm the relative autonomy of 

potters (Taylor and Shimada 2001). Studies of workshop spaces at Huaca Sialupe further 

indicated that copper alloy metalworking was carried out concurrently with pottery 

manufacture (Shimada and Wagner 2001). Because of potential parallels in the 

production organization of pottery and copper alloy artifact manufacture it is worth 

taking a look at some of the observations at Huaca Sialupe and their attendant 

explanations. 

6.4.1. Linking product and process variability with levels of producer 
independence 

The contiguous mounds designated as I and II at Huaca Sialupe were home to 

agglutinated, mold—made pottery workshops and metalworking facilities during the 

Middle Sican period. Because of the non-household context of production and Huaca 

Sialupe's close proximity (about 1 km) to Huaca Pared-Uriarte, Shimada and Wagner 

believe that the workshops were "attached" to the local elite living around the latter 

platform mound complex (2001, p. 26). Taylor and Shimada examined the nature of 
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control exerted by the local elite over pottery producers through studying iconography on 

finished vessels and molds, mold variability, and workshop layouts (2001). 

The wares produced at Huaca Sialupe have clearly recognizable Middle Sic^ 

features. However, their deviation from similar vessels at the site of Sic^ both 

stylistically and in the quality of execution suggests a lack of control over this aspect of 

production even though Huaca Sialupe is only 22 km from the Sican capital in Poma 

(Shimada and Wagner 2001, p. 26; Taylor and Shimada 2001). Another area where 

potters seem to have had considerable autonomy was the way in which they used molds 

to achieve the desired single-spout or stirrup-spout shapes. Taylor and Shimada found 

several different mold configurations for shaping the same vessel type, indicating that 

potters enjoyed freedom in choosing preferred processing methods to achieve the desired 

output (2001). 

Comparison of the interlinked set of ^t^mc/za-walled rooms at Huaca Sialupe with 

similar layouts found at ceramic producing Moche period sites suggests that several 

different groups of potters worked concurrently at the site (Taylor and Shimada 2001). 

While the groups shared certain material resources (including clay (Wagner, et al. 2001), 

water and fuel), variable mold use, and spatial separation suggests that groups performed 

the chdine operatoire of pottery manufacture largely independently of each other 

(Shimada and Wagner 2001, p. 30). In contrast, the model for the manufacture of gold 

alloy artifacts suggests that groups of workers—each with its own hierarchy of master 

craftsmen and apprentices—focused on a restricted range of tasks and worked in separate 

rooms (Shimada and Griffin 1994, p. 66-67). The coordination of task-oriented groups in 
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the latter case would have arguably involved a greater measure of oversight in 

comparison to the situation when multiple, largely self-contained units managed their 

own material and labor flow. 

The geometric and stylized designs or marks that Taylor and Shimada 

documented on mold exteriors and vessels help in understanding the mechanisms which 

autonomous groups of potters used to manage group activity and output in light of their 

close spatial relation to each other and attachment to the nearby Huaca Pared-Uriarte. 

The location and nature of marks on mold exteriors suggests that they may have 

identified the individual potter or group that used it and/or the vessel type for which it 

was used. These mold marks are distinct from the ones found on the base of finished 

wares, suggesting accordingly different purposes. Vessel base markings do not display a 

one-to-one correspondence with vessel type, indicating that—like symbols on adobe 

bricks used in monumental constructions (e.g. Cavallaro and Shimada 1988)—^they "may 

have identified the "consumers" who may have placed specific orders" (Taylor and 

Shimada 2001). 

The need to identify consumers points to the lack of one-to-one relation between 

an independent production unit and a single consumer or consumer group. Two possible 

scenarios emerge regarding the implications of this on control over production 

organization and product output at Huaca Sialupe. It is possible that in the eyes of 

consumers, Huaca Sialupe functioned as a single pottery producing entity and the local 

elite at the nearby Huaca Pared-Uriarte exerted control only over the pooled output of the 

potter groups. On the other hand, workshop units may have had direct obligations to a 
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specific, and perhaps overlapping, array of elite consumers. In this case, consumers 

played some role in maintaining the "modular" (Shimada and Wagner 2001, p. 30) nature 

of production at Huaca Sialupe, potentially by ensuring their supply of food and other 

necessities. Even if members of the elite had an interest in treating workshop units at 

Huaca Sialupe as distinct entities, situating them together in a larger compound may still 

have afforded some benefits, for example, in terms of general oversight over a relatively 

compact area that was close by. 

In summary, if Huaca Sialupe pottery workshops were indeed "attached" to local 

elite at Huaca Pared-Uriarte, the craftsmen retained independence over most aspects of 

production organization while having to account for the output of workshops separately 

or as a whole. Variability in mold use suggests autonomy in making technical choices to 

achieve design objectives, which in turn reflected some freedom to deviate from the 

"classic Sican" style displayed by objects excavated at the not-so-distant Sican capital in 

Poma (Taylor and Shimada 2001). Given that there is evidence for metalworking of both 

copper and gold alloys at Huaca Sialupe concurrent with pottery manufacture (e.g. 

Shimada and Wagner 2001, p. 28), it is important to examine if there may be possible 

parallels in how these different crafts were organized. 

6.4.2. Possible parallels in the organization of different crafts—including 
coppersmithing—at Huaca Sialupe 

Preliminary studies have indicated that the metalworking remains—slag-covered 

sherds, spills and discards—excavated at Huaca Sialupe (Shimada and Wagner 2001, p. 

27) are related to the processing of copper-alloy stock into artifacts, such as hammered 

sheets and needles. Shimada and Wagner hypothesized that the four inverted porron 
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furnaces excavated may have been used for melting and/or annealing. Field tests 

confirmed that the furnaces could have achieved sufficiently high temperatures (2001, p. 

28). Highly elevated gold levels in the charcoal from one of the porron furnaces suggest 

that gold alloy—^possibly tumbaga—^processing was also carried out parallel to copper 

smithing (Shimada and Wagner 2001, p. 28). 

Shimada and Wagner correlated the spatial separation of two groups of furnaces 

with the presence of "at least two distinct groups of a half dozen or so metalworkers" 

(2001, p. 28). It is unclear whether groups were involved in both gold- and 

coppersmithing. However, the duplication of furnaces in distinct workshop areas implies 

some redundancy in the activities performed by the distinct groups at the site level. This 

feature contrasts with the task-differentiation model discussed earlier for precious metal 

artifact production (Shimada and Griffin 1994, p. 66-67) (see also Section 6.3.2, p. 228) 

and more closely resembles the scenario developed for mold-made pottery manufacture. 

Evidence from copper smelting (e.g. Shimada, et al. 1982, p. 958), as well as 

copper alloy metalworking sites (e.g. Tschauner 2001, p. 323-325) suggests that 

task-differentiation did not occur among workshops at the same site, though there may 

have been some measure of task-based labor division within individual production units 

(e.g. Shimada, et al. 1982, p. 957). It is therefore quite likely that metalworking at Huaca 

Sialupe was carried out in a similar manner, despite involving the processing of gold 

alloys. The range of gold alloys processed was likely limited to tumbaga, rather than 

high-karat gold, because Huaca Pared-Uriarte resembles second-rank Middle Sican 

centers (Tschauner 2001, p. 334) whose residential elite belonged to a lower tier 
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(Shimada 1995, p. 146-148). It may even be plausible that craftsmen at Huaca Sicalupe 

worked with tumbaga infrequently and when such a task did arose it was handled much 

the same way and using the same facilities as the more routine copper smithing. 

6.4.3. Potential explanations for variation in copper alloy objects based on 
mold-made pottery production model 

In addition to a "modular" organization, resource sharing between production 

units, and even crafts (Shimada and Wagner 2001, p. 30), may have been another 

common feature of mold-made pottery manufacture and metalsmithing at Huaca 

Sicalupe. The sharing of local clay resources has been inferred from the chemical 

composition of the ceramic remains found in the workshops (Wagner, et al. 2001). In the 

absence of evidence suggesting that copper-arsenic alloys were smelted locally, one must 

consider the possibility of importing stock metal to the site as has been suggested in the 

case of Moche urban metalworking (Shimada, et al. 1982, p. 957). A large smelting 

center, like the one at Sector I of Cerro Huaringa (a.k.a. Cerro Huaringa), may have 

provided workshops at Huaca Sialupe with "ingots, roughly cast blanks, or other stock 

forms" (Shimada, et al. 1982, p. 957). Whether metalworkers relied on a shared source 

for stock metal could be revealed by chemical indicators, which, in turn, depend on the 

ore sources and processing conditions used in smelting (see Section 5.2, section 159). 

The idea of potentially pooling outputs by separate groups of craftsmen working 

in the same complex has possibilities for explaining variation among Middle Sican 

copper alloy objects. This scenario may be especially relevant to ftilfilling demands for 

ritual or funerary deposits involving grouped objects (puntas, rectangular sheets, naipes, 

etc.). For example a workshop complex may meet the demand for a large number of 
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naipes or rectangular sheets by dividing the commission among craftsman groups and 

then pooling the produced pieces. The above proposed pooling of group outputs would 

imply some dimensional and structural variation among grouped objects due to 

differences between metalworkers' preferred methods of production. Similarly, one 

would expect some variation in arsenic and trace element content depending on whether 

metalworkers relied on shared sources for copper alloy ingots and on the control that 

smelting workshops exercised over alloy composition. 

6.5. Summary 

Prior and ongoing studies of Middle Sican material culture and technologies 

present have resulted in a number of powerful models to explain artifact variation at 

different levels of analysis. The goal of above review and discussion of these models was 

to explore their potential utility for generating hypotheses regarding patterns of variation 

among copper-arsenic alloy objects. The following presents a synthesis of these existing 

models as they complement each other to some extent. Another goal of this summary is 

to tease out assumptions that need to be examined closer in light of literature on artifact 

variation and to identify areas where other, non-Middle Sican related explanations for 

variation would be useful. 

In section 6.2.4 (p. 206) I adapted the sponsor model, which has been used to 

explain variation in marked adobe bricks used in corporate construction projects (e.g. 

Cavallaro and Shimada 1988), to explain the flow and distribution of grouped 

copper-arsenic alloy artifacts from labor groups or production units to their place of 

deposit in columnar boxes or burials (for an example, see Figure 6.6, p. 249). The 
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adapted model predicts the co-occurrence of groups of artifacts that display within-group 

homogeneity and between-group heterogeneity if the same consumer or consumer group 

had control over or access to the output of more than one production unit. 

Though the adapted sponsor model treats within-group homogeneity as an 

identifier of distinct production units and/or episodes, the study of gold alloy objects 

suggests that the size of individual objects and how many are manufactured within a 

single production episode affects within-group homogeneity (see p. 226). Hence in 

looking at how object variability may inform us about the organization of production, we 

must not lose sight of other explanations of variation rooted in the manufacturing process 

itself 

The distinction of production units based on between-group variation assumes 

that craftsmen had some measure of autonomy over the manufacturing process and even 

the design of the products as long as they satisfied general consumer expectations. 

Research on mold-made pottery manufacture, which was carried out in the same 

production sphere as copper-alloy smelting and metalworking, suggests that such 

producer autonomy is reasonable to assume (e.g. Taylor and Shimada 2001). 

Furthermore, the study of marked adobe bricks indicates that adoberos were free to 

control the physical attributes of the bricks they produced (e.g. Shimada 1997a). 

In addition to the relative independence craftsmen within the nucleated 

workshops, the organizational model for mold-made pottery manufacture at Huaca 

Sialupe also suggests some measure of resource sharing between workshops in the same 

complex (Shimada and Wagner 2001). This may be applicable to both metal smelting and 



metalworking facilities. Workshop units in the former may have shared ore and fuel 

sources, while distinct groups of metalworkers conceivably obtained stock metal from the 

same smelting complex or even a specific smehing workshop. The idea of raw material 

sharing elaborates the adapted sponsor model by allowing us to detect differences "in the 

pattern of metal procurement and use" (Budd, et al. 1996, p. 169) based on differences in 

trace element contents (e.g. Pemicka 1999). For example, marked differences in the trace 

element patterns or production debris in a metal working workshop indicate that distinct 

ore sources and/or the smelting conditions were involved in producing the stock metal 

procured by or for craftsmen. At the level of grouped artifacts, homogeneity in trace 

element patterns in contrast to heterogeneity in size and shape may point to the sharing of 

the output of a particular smelting workshop by different metal working craftsmen and 

the subsequent pooling of their finished products. 
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6.6. Figures and tables 

Truncated pyramid 

T-shaped platform mound 

Access ramp 

Dominant types of Middle Sican monumental architecture 

Name Date(s) Description and size 

Huaca Botija 

Huaca El Corte Originally a U-shaped complex facing Huaca Las 
Ventanas with its opening. Overall size: ca. 400 m by 225 
m (Shiimada and Cavallaro 1985, p. 51). 

Mound 1 AD 1040±60 Approximately 4 m higii T-siiaped platform mound with 
colonnade supported roof (Shimada and Cavallaro 1985: 
51, 63). Wall with polychrome murals lined the long east 
edge (Shimada 1990, p. 339). 

Huaca Lore AD 1040±40 
AD 1020+50 

Truncated pyramid (ca. 35m high) with a steep ramp 
along west and south sides. Terrace with central ramp on 
pyramid top. A long (ca. 145m) and narrow platform 
extends to north of pyramid. (Shimada 1981, p. 413) 

Huaca Rodillona AD 1020±50 

AD 1030±30 

T-shaped platform joined to a truncated pyramid with 
colonnaded terraces on the top. Size: ca. 80 by 100 m 
base; ca. 40 m height (Siiimada 1981, p. 414). 

Huaca Las Ventanas AD 950±60 

AD 1050±50 

Remains of tiiree mounds form a U-shaped complex with 
its opening facing west Mound 2 destroyed by looters. 
(Shimada and Cavallaro 1985, p. 51) 

Mound 1 Truncated pyramid with a narrow ramp along its north 
face leading to the top. Pyramid top has remains of adobe 
walls outlining a rectangular compound (Shimada 1981, 
p. 413). Wider ramp accesses lower terrace attached to 
pyramid. Size: ca. 80 by 60 m base; 15 m height 
(Shimada and Cavallaro 1985, p. 51). 

Mound 3 Pyramidal mound with "elaborately constructed set of 
rooms and an extensive limestone flagstone floor" 
(Shimada and Cavallaro 1985, p. 51). 

Huaca La Merced AD 1020±40 
AD 1000±50 
AD 830±130 

Only one out of two mounds survived looting activities. 
The remaining mound has a series of platforms 
increasing in height and possibly linked by a T-shaped 
platform (Shimada 1981, p. 413). Size: ca. 50 by 150 m 
base. 

Table 6.1. Overview of monumental architecture at the site of Sican (dates from Cavallaro and Shimada 
1988, p.; and Shimada 1995, p. 183-201). 
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(1) Construction of bonded adobe chamber lattice. (2) Filling of chambers. (3) Creation of roof/floor layer 
that may involve logs, cane, fired tiles or clay mortar fired in situ. (4) Construction and filling of next 
chamber lattice layer. 

Stages in chamber and fill construction 

Figure 6.2. Chamber-and-fill construction technique. Diagram by Shimada and Cavallaro (1985, p. Fig. 9, 
p. 56). 

Q SAND ADOBE 

BRICK 

^  S T O N E C L A Y  

MORTAR 

30CM 

Figure 6.3. "Cross-section and plane views of a square column and associated 'cell' excavated atop the 
Huaca El Corte pyramid" (Shimada and Cavallaro 1985, p. Fig. 12, p. 64). 
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Task differentiation-labor tax model 

USE IN MONUMENTAL 
ARCHITECTURE BY 
ADOBE BRICK 
CONSTRUCTION 
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OUTPUT 

MODAL 
BRICK 
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C^^MMON BRICK PO(^]^ 

' I  
p. 

t LABORTAX 
DEMANDS 
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t  

D 
LABOR GROUP X LABOR GROUP O 

Figure 6.4. Task differentiation-labor tax model. Schematic drawing derived from Cavallaro and Shimada 
(1988, p. 92). 



Sponsor model 

v'.. 

8 )( 
X  

USE IN MONUMENTAL ADOBE ARCHITECTURE 
I 

BRICKPOOL^ 

BRICKS BRICKS 
PRODUCED FOR PRODUCED FOR 

SPONSOR X SPONSOR O 

X  Mm 
V t 

SPONSORS' DEMANDS FOR BRICKS 
I I 

LABOR GROUP A LABOR GROUP B 

Figure 6.5. Sponsor model. Schematic drawing derived from Cavallaro and Shimada (1988, p. 94). 



Adapted sponsor model 

\ / 
adobe bricks 
surrounding 
columnar 
boxes 

•' 
• 

• 

COLUMN X COLUMN Y 

DEPOSIT ATOP ADOBE MOUNDS 
IN COLUMNAR BOXES 

RECTANGULAR SHEETS 
PRODUCED FOR 

SPONSOR X 

RECTANGULAR SHEETS 
PRODUCED FOR 

SPONSORY 

D 
f  V  

D O  

yf t 

SPONSORS' DEMANDS FOR RECTANGULAR SHEETS OR OTHER 
GROUPED METAL OBJECTS 

D • 
LABOR 

GROUPA 
LABOR 

GROUPB 
LABOR 

GROUPC 

Figure 6.6. Adapted sponsor model to explain variation in grouped metal objects 
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Position of interment Burial enclosure Range of metallic grave goods Social status 

extended shallow pit no metallic grave goods lowest social class 

extended, flexed, or 
seated 

shallow pit utilitarian and/or ornamental 
copper-arsenic alloy objects 

non-elite 

seated, extended, or 
flexed 

deep conical pit or 

shaft tomb 

utilitarian and/or ornamental 
copper-arsenic alloy objects 

tumbaga artifacts 

lower tier elite 

seated deep shaft tomb copper-arsenic alloy objects 

tumbaga artifacts 

high-karat gold alloy objects 

higher tier elite 

Table 6.2. Correlation between burial configuration, grave goods and position of interred person in Middle 
Sican social hierarchy at Sican 

Figure 6.7. TwOTj-shaped headdress from the East Tomb at Huaca Loro (excavated 1991-92). 
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Au 

Isothermal boundary of the immiscibllity field. 
After water quenching from 600 °C, alloy 
compositions in the shaded area have two-
phase structures. 

Figure 6.8. Gold-silver-copper ternary phase diagram of the liquidus surface ( after Brepohl 2001, p. 41: 
Fig. 1.36; based on Pingel 1995, p. 395, Fig. 8). Isothermal boundary based on Roberts and 
Clarke (1979, p. 10: Fig. 1). 
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Artifact category / type Group 
(by context and/or other criteria) 

2-cm bangles 2-cm bangles 

from tumi ornaments from tumi ornaments 

from rattle rings 
Bangles 

from headdress 

from mask from mask 

miscellaneous miscellaneous 

Individual object 

n=31 

n=28 

Feathers 

V 

from headdress, ~12cm 

set-1, ~21cm 

set-2, -21 cm 

set-3, ~21cm 

set-4, ~21cm 

set-5, ~27cm 

n=90 

-f n=11 

n=12 

"1 n=12 

-E n=11 

-E n=6 

Tumi ornaments 

Cones 

Ear spools 

30-cm Disks 

Wires, staples 

pair-4 

pair-2 

palr-3 

pair-1 

pair-5: mask 

n=2 

n=2 

-f= n=2 

-c: n=1 

n=2 

-g n=12 

n=14 

B n=9 

n=11 

Figure 6.9. Hierarchy of levels for Gordus' analysis of compositional data on Middle Sican gold alloy 
artifacts (Gordus and Shimada 1995). 
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Au 

t Bangles 

• Feathers 

A Earspools 

• Cones 

A 30 cm disks 

• Wires, staples 

B Tumi ornaments 
60 40 

50 

40 

Ag 30 

Figure 6.10. Mean composition of some gold alloy artifact categories from the East Tomb at Huaca Loro. 
Based on NAA data published by Gordus et al. (Gordus and Shimada 1995). 

Au 

* Feathers from headdress (~12 cm) 

• Set-1 feathers (-21 cm) 

A Set-2 feathers (-21 cm) 

® Set-3 feathers (-21 cm) 

• Set-4 feathers (-21 cm) 

• Set-5 feathers (-28 cm) 

Figure 6.11. Mean composition of groups of feathers from the East Tomb at Huaca Loro. Based on NAA 
data published by Gordus et al. (Gordus and Shimada 1995) 
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Figure 6.12. A ranking of gold alloy artifact categories or groups in order of increasing compositional 
variability based on the sum of coefficients of variation for gold, silver and copper content 
(Gordus and Shimada 1995). 

side view: i 

top view: | " ' 

tab-^l '^slot 

Figure 6.13. Tab and slot mechanical join (based on photo in Shimada and Griffin 1994, p. 66). 
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Level of analysis Variable Explanation(s) / potential sources of variation 

artifact category karat gold content 
Iconographic detail 
design sophistication 
quality of execution 

• social status of principal person In burial (Shimada, et 
ai. 1999, p. 307; Shimada, et al. 2000: 55) 

artifact category 

mean alloy composition • material properties related to artifact function, user 
expectations and relative freedom of craftsman to 
express individual preferences (Gordus and Shimada 
1995; see also Merkel, et al. 1995) 

artifact category 
and group 

dispersion of 
compositional variables 

• control over composition, Importance of using particular 
alloy composition: 
LOW variability use of same Initial gold-silver Ingot 
or good control over composition (Gordus and 
Shimada 1995); cutting of multiple identical objects 
from same hammered sheet (Shimada, et al. 2000, p. 
53) 

HIGH variability use of sheet scrap (Shimada, et al. 
2000) and implied lower priority of or control over alloy 
properties 

• size of individual object and number of objects made 
during production episode 

artifact category 
and group 

manufacturing method • relative freedom of craftsman in choosing technical 
solutions (Carcedo Muro and Shimada 1985, p. 72; 
Shimada and Griffin 1994, p. 66) 

artifact category 
and group 

depletion gilding • secondary Importance of color to mechanical properties 
(Shimada, etal. 1999, p. 307) 

• difference in craftsman skill and/or evidence of relative 
"artistic" freedom of craftsman 

Individual artifact quality of execution of 
details 

• difference in craftsman skill as related to position within 
hierarchical structure of task-differentiated groups 
(Shimada and Griffin 1994, p. 67) 

• differences in the visibility of detail or whether it Is In 
contact with the skin during use (Shimada, et al. 2000, 
p. 53) 

Table 6.3. Levels of analysis of variation in Middle Sican gold alloy objects 
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CHAPTER 7: RECTANGULAR SHEETS 

7.1. Introduction 

As mentioned in section 6.2.4 (p. 206), in addition to the wooden column itself 

and the sand fill the columnar boxes at Huaca Rodillona also contained dedicatory 

offerings (Figure 7.3, p. 271). The latter included urmiodified Spondylus shells and 

bundles of arsenical copper sheets; or Spondylus shells, metal sheets and a "dedicatory 

human burial" (Shimada 1990, p. 341). The groups of roughly identical rectangular 

sheets were wrapped in coarse, plain-weave, cotton cloth. There were between 60 and 

100 small sheets within each cloth bundle. Within the groups, pairs of rectangular sheets 

were wrapped together with vegetable fiber (Figure 7.4, p. 271). Due to the 

decomposition of fibers, only a few sheets remain wrapped together with their pairs. The 

corrosion of the sheets has preserved parts or impressions of the plant fibers. 

All of the rectangular sheets I examined for this dissertation were excavated by 

the Sican Archaeological Project from the top and near the base of Huaca Rodillona 

pyramid (Shimada 1990, p. 341). Huaca Rodillona is the largest of more than a dozen 

monumental mounds concentrated at the site of Sican (Figure 7.1, p. 270). Atop this 

mound was a superstructure supported by rows of columns placed 2 meters apart (Figure 

7.2, p. 270). Based on the preserved remains of columnar sockets, Shimada estimated a 

total of fifteen rows of twenty columns, which adds up to 300 columns (Shimada 1990, p. 

340). The columns most likely supported roofs over the terraces. Excavations at the 

columns revealed an interesting architectural solution for incorporating them into the top 

of the pyramid. Essentially, wooden posts were set in sub-floor, cubic meter sized boxes 
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filled with sand and gravel. I refer the reader to page 200 in section 6.2.2 for a detailed 

explanation of the encased column construction technique. 

7.2. Extending the sponsor model to explaining variability in rectangular sheets at 
Huaca Rodillona 

In section 6.2.4 (p. 206) I advanced the idea of adapting the sponsor 

hypothesis—originally developed for marked adobe bricks—^to explain variation in 

grouped and bundled objects deposited in elite burials or as dedicatory offerings (Figure 

6.6, p. 249). Like marked adobe bricks, there are groups of rectangular sheets that appear 

identical to each other side-by-side with ones that differ slightly, but noticeably, in size 

and shape. However, vmlike adobe bricks, the rectangular sheets I examined do not 

exhibit logographic markings. The sponsor hypothesis suggests that such markings 

served as a way to keep track of and account for the contribution of sponsor(s) to a 

construction project. In the case of rectangular sheets this function may have fulfilled by 

their arrangement in cloth-wrapped bundles and/or their deposition in distinct columnar 

boxes. 

In order to put together bundles containing hundreds of rectangular sheets the 

output of more than one metalworking unit may have been commanded by a sponsor. 

Similarly, the output of a single production unit may have been distributed among several 

sponsors or contributors of the dedicatory offerings deposited in the columnar boxes. In 

seeking to explain the various levels of variation for rectangular sheets found in groups I 

examined whether the sponsor model and attendant explanations of artifact variation in 

terms of material and labor resource sharing provide useful starting points. First, 



258 

however, I considered the role of the manufacturing process and material flow between 

its stages as sources of variability in rectangular sheets. 

7.2.1. The chdine operatoire of rectangular sheet production and potential 
sources of variability 

The trace element content of the metal is most closely related to the ore soiarces 

used in the smelting charge and the conditions during smelting—the conversion of ores to 

metal. Evidence from workshops and area ore deposits suggests that in addition to copper 

ores, such as malachite, separate arsenic containing ores were used. The proportion of the 

two major types of ores in the smelting charge in addition to the temperature and 

atmosphere conditions during smelting influenced the amount of arsenic in the metallic 

products. 

Sican smelting operations produced many small spheres, or prills, of 

copper-arsenic alloy. The arsenic content of these prills was not uniform due to the 

heterogeneous conditions during the smelting operation. The prills were too small to be 

directly used in the manufacture of objects and needed to be consolidated into ingots by 

melting. This consolidation of prills may have been preceded by a sorting operation that 

grouped prills with similar arsenic contents on the basis of their color or malleability. The 

use of different ingots for manufacturing groups of rectangular sheets led to their 

differences in arsenic content. Replication experiments suggest that an ingot, resulting 

from the melting together of prills from a single, or multiple, smelting runs, would have 

weighed between 300-600 grams (e.g. Shimada and Merkel 1991). If ingots were 

produced by fully melting prills, then one would expect the many rectangular sheets 

(each weighing ca. 1 g) that could be made from the same ingot to contain very similar 
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amounts of arsenic and trace elements. Conversely, differences in composition between 

groups of rectangular sheets indicate that the stock metal used in their manufacture was 

the result of a separate production episode. 

The micro structure of rectangular sheets indicates that their manufacture involved 

extensive plastic deformation through multiple hammering and annealing cycles. Close 

examination of the edges of rectangular sheets suggests that they were produced by 

cutting with a sharp metal chisel. Rectangular sheets were probably produced in batches 

because an ingot would yield quite a large sheet upon hammering from which smaller 

shapes could be cut. The trimmed rectangular sheets were further shaped by bending to 

produce a curved cross section. If several rectangular sheets were to be cut from the same 

larger hammered sheet, then one would expect them to have very similar sizes and shapes 

in order to minimize material loss. 

In connection with Middle Sican gold alloy technology I discussed the relations 

between the compositional homogeneity of grouped artifacts, the weight of the individual 

piece in relation to the ingot or stock metal, and the number of objects that needed to be 

produced in one episode (p. 226). The amount of metal allotted for the production of the 

sheets as well as the dimensions of the finished rectangular sheets influences the total 

number of sheets produced and the compositional homogeneity of deposits. Access of 

sponsors to greater or lesser amoimts of copper-arsenic alloy would influence the number 

of sheets bundled and deposited. If the number of sheets to be made exceeded what could 

be fashioned from a single ingot then the composition of rectangular sheets produced 
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from different ingots may be correspondingly different, unless the composition of the 

ingots is closely controlled. 

7.3. Compositional and dimensional variation in rectangular sheets 

7.3.1. Amounts of rectangular sheets in columnar boxes 

The rectangular sheets I examined were excavated from beneath four different 

columns from Huaca Rodillona. The Sicm Archeological Project identified these 

columns by the following numbers: 2, 3, 10 and 13. Different numbers of rectangular 

sheets were found with each column (Figure 7.5, p. 272). Since the columns were 

selected for excavation based on their good state of preservation (Shimada, personal 

communication 2002) the number of sheets recovered from the columns may well reflect 

the sponsor's wealth and power. 

7.3.2. Shape and size 

The small sheets buried at Huaca Rodillona are roughly rectangular in shape and 

are curved about their longer axis. Additionally, sheets also have a latitudinal mirror axis 

as they tend to be narrower toward their middle than at their ends. Some of the 

rectangular sheets are slightly more complex in shape, with flat edges surrounding a 

longitudinal depression (Figure 7.6, p. 272). The latter specimens evoke the general shape 

of naipes. The width at the end of rectangular sheets ranges between 15 and 26 

millimeters and their length is between 70 and 100 mm. They are very thin, less than 0.1 

millimeters in thickness. Most of the sheets are quite well preserved. When handled, the 

sheets feel flexible and springy. In many cases, I could take small samples from the edges 

by cutting the sheets with a pair of scissors. 



Table 7.1 (p. 273) summarizes and the scatter plot in Figure 7.7 (p. 274) compares 

the width and length of those rectangular sheets that I analyzed for elemental 

composition. Since no complete objects remained from the cache at Column 2, I 

estimated the length of these rectangular sheets based on their mirror symmetry about the 

latitudinal axis. Upon first glance, several clusters of measurements are evident in Figure 

7.7. The tightest groups are made up of sheets excavated from Columns 2, 3 and 10. 

Sheets from these Columns can also be distinguished visually. The situation is not so 

simple with rectangular sheets found at Column 13. These rectangular sheets seem to 

form two subgroups, with members of one subgroup—Type A—being wider and longer 

on average. Type A rectangular sheets from Column 13 are very similar in dimensions 

and shape to those from Column 2. Type B rectangular sheets from Column 13 seem to 

be distinct in size from objects found at other columns. 

In summary, graphing the length versus the width of rectangular sheets 

reproduced, with one exception, the grouping of these objects in the archaeological 

record. While a subgroup of rectangular sheets at Column 13 (Type B) does form a 

distinct dimensional cluster, the rest of the pieces (Type A) are practically 

indistinguishable in size from those found at Column 2. 

The very low coefficients of variation for the length measurements of rectangular 

sheets within distinct dimensional groups (see A 3.1, p. 405) and the slightly higher 

coefficients of variation for width measurements may serve as evidence regarding their 

method of manufacture. Cutting strips from a hammered sheet and then subdividing them 

into individual rectangular sheets, as proposed in Figure 7.12 (p. 278), would account for 
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the difference in the variability of the two dimensions. The proposed sequence of actions 

would explain the slightly lower degree of standardization in sheet width than length. 

7.3.3. Elemental composition 

7.3.3.1. Arsenic and nickel content 

The examination of compositional data^ from rectangular sheets revealed that the 

arsenic and nickel content plays a key role in replicating, to some extent, the grouping of 

these objects in the archaeological record. Table 7.2 (p. 275) summarizes the mean 

elemental composition of rectangular sheets from the four different columns at Huaca 

Rodillona. I treated Type A and B pieces from Column 13 separately because not only do 

they differ in size, but also in their elemental composition. 

Rectangular sheets from Column 10 have the lowest arsenic content on average 

(1.75%) and the nickel content of most cases in this group is below the detection limit 

(-250 ppm). Objects from Column 2 have a slightly higher mean arsenic content 

(1.99%), but differ significantly from those at Column 10 due to their high nickel content 

(mean=0.52%). Though a subgroup of rectangular sheets from Column 13 (Type A) is 

the same width and length as the pieces from Column 10, the pieces have a slightly 

higher mean arsenic content of (2.35%) and a lower mean nickel content (0.35%). The 

slightly overlapping distribution of arsenic content for rectangular sheets from Columns 

2, 10, and 13 (Type A) are compared in Figure 7.9 (p. 276). At the high end of the range 

of arsenic levels detected in rectangular sheets are two overlapping clusters formed by 

objects from Column 3 and Type B sheets from Column 13. This overlap in arsenic and 
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nickel content is very interesting, because these two groups of sheets do not match in size 

(compare Figure 7.8 with Figure 7.7, p. 274). 

7.3.3.2. Trace element content 

In addition to detectable amounts of copper, arsenic, and nickel, the rectangular 

sheets contain trace amounts of lead, bismuth, antimony, sulfur, and silver. In order to 

explore whether variation in trace element content followed the trends noted for arsenic 

and nickel I turned to factor analysis. I included arsenic, nickel, lead, bismuth, antimony 

and sulfur content as variables. I removed silver from the analysis, because non-zero 

values were just above the detection limit and when included, these caused an artificial 

bias in contrast to values just below the detection limit which were assigned zero values . 

Principal component analysis followed by Varimax rotation with Kaiser Normalization 

yielded three components with eigenvalues greater than one, cumulatively explaining 

87.2% of variance. The following equations for the principal component functions are 

based on the coefficients reported in Table 7.3 (p. 277). 

PCF1 = 0.9xPb + 0.86xe/+0.753x/V;-0.316xS 

PCF2=-0.414xM + 0.927x>As + 0.872xS 

PCF3=0.252xB/-0.283xM-0.2x>4s + 0.248xS+0.962x Sb 

As measured in weight % 

Ni, Pb, Bi, Sb,S measured in ppm 

' See A 2.3 (p. 399) for analytical procedure. 
^ A 2.4 (p. 402) discusses how I handled multi—point elemental data for each sample. Essentially I 

compared the mean weight percent of the element reported for multiple points on a cross section with 
the mean value of the element's detection limit at those points. If the mean weight percent was lower 
than the mean detection limit, then I reported the value as 'bdl' (below detection limit). The 'bdl' value 
means that the elemental content is below the detection limit of the instrument, but the element is not 
necessarily absent. However, the SPSS statistical package has difficulties interpreting 'bdl' and such 
values were entered as zero weight percent. The assignment of zero values creates an artificial contrast 
between weight percent values that are just below and those that are just above the detection limit, 
because in reality, the numbers may differ by only a few ppm. 
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High scores for the first principal component function suggest that the rectangular 

sheet contains relatively high concentrations of lead, bismuth, and/or nickel. Sulfur has a 

negative loading on the first component, hence detectable sulfur contents would lower a 

case's score for this function. The second factor is composed of arsenic and sulfur, both 

with high positive loadings, and nickel, which has a medium negative loading. This 

principal component function reflects the negative correlation of nickel and arsenic as 

observed for rectangular sheets from Column 2, 3 and 13 but not for objects from 

Column 10, which contain low levels of both arsenic and nickel. The highest loading in 

the third principal component function is observed for antimony with low positive 

loadings for bismuth and sulfur as well as low negative loadings for nickel and arsenic. 

The scatter plot of the scores for the first and second principal component 

functions (Figure 7.10, p. 277) reveals similar groupings as the scatter plot of arsenic 

versus nickel content (Figure 7.8, p. 274). Due to their high nickel and lead content, 

rectangular sheets from Column 2 and Type A rectangular sheets from Column 13 have 

the highest scores for the first principal component function. Because of nickel's negative 

loading on the second function, the high nickel content of the above objects in 

combination with their low arsenic levels results in negative scores for the second factor. 

While the principal component score trends for Column 2 and Column 13, Type A 

objects are very similar, the two groups can be distinguished based on the consistently 

lower second factor scores of objects from Column 2. 

Rectangular sheets from Column 3 as well as Type B pieces from Column 13 

have a lower nickel, lead, and bismuth content than the above discussed groups but 
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contain more sulfur. These trace element levels results in lower scores for the first 

principal component function, especially for those cases whose lead and bismuth content 

is below the detection level. On the other hand, sheets from Column 3 and Type B sheets 

from Column 13 have the highest arsenic content among the samples I analyzed. Since 

both arsenic and sulfur have strong positive loadings on the second factor, these 

rectangular sheets have higher scores on this component than others. 

Rectangular sheets from Column 10 distinguish themselves from other groups by 

their negative scores on both first and second principal component functions. These low 

scores result from nickel contents that are mostly below the detection limit and 

correspondingly low mean lead and bismuth contents. Since all but three rectangular 

sheets from Column 10 have non-zero values for sulfur (mean S=206 ppm), the negative 

loading of this element on the first factor further lowers their scores for this component. 

Low scores for the second principal component function result primarily due to the low 

arsenic content of objects from Column 10. 

In summary, principal component analysis suggests that the variation in lead, 

bismuth, antimony, sulfur and antimony content follows the patterning observed for 

arsenic and nickel. The differential distribution of the above elements causes the 

separation of 4 compositional groups when scores for the first and second principal 

components are plotted against each other: 

I: Column 2 

II: Column 3 + Column 13, Type B 

III: Column 10 

IV: Column 13, Type A 
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The above composition-based clustering replicates the physical grouping of rectangular 

sheets at separate columns, except in the case of objects from Column 13. In the latter 

case, there appear to be two very distinct compositional subgroups, one of which—^Type 

B—overlaps with the cluster formed by rectangular sheets from Column 3. The other 

subgroup. Type A, is similar in composition to objects from Column 2, but it can be 

distinguished from the latter on the basis of lower nickel content. 

7.3.4. The relation of dimensional and compositional variation between groups 
of rectangular sheets 

The comparison of the distinct dimensional and compositional groups formed by 

rectangular sheets (Figure 7.7 and Figure 7.8, p. 274) indicates that there isn't a simple 

one-to-one relationship between an object's archaeological context (i.e., location at a 

particular column), its size and its composition. The only such one-to-one relation is for 

rectangular sheets from Column 10. Pieces deposited at Column 2 have the same size as a 

subgroup (Type A) at Column 13, but these populations differ slightly in composition. 

On the other hand, the composition of rectangular sheets at Column 3 is identical to a 

different subgroup of sheets (Type B) sheets at Column 13 but these populations are of 

different size. 

7.4. Relating compositional and dimensional variation to material flow between 
manufacturing stages and the location of deposition 

The relations between ore sources, smelting and metal working workshops, and 

sponsors determine how material flows between various stages of manufacturing and 

distribution of a rectangular sheet. In turn, this material flow is related to the differences 



that are observed for groups of rectangular sheets. Thus the mapping of differences 

between groups of rectangular sheets helps trace material flow (Figure 7.11, p. 278). 

Assuming similar smelting conditions and refining procedures, the trace element 

content of rectangular sheets indicates that the ingots or stock metal used in the 

manufacture of rectangular sheets were smelted from three or four distinct ore batches. 

Rectangular sheets that have very similar proportions of arsenic and nickel and also have 

similar trace element content were most likely manufactured from the same ingot or 

metal stock. The nickel and arsenic content of rectangular sheets indicates that four 

different sources of smelting products were used to make the rectangular sheets studied. 

If the rectangular sheets were manufactured with the purpose of depositing them 

atop Huaca Rodillona, then their manufacture took place during the same, relatively short 

time period. It is reasonable to assume that a single smelting workshop would not have 

exhausted a vein during that time and would have relied on a single ore source for 

producing the stock metal necessary for the manufacture of a given number of 

rectangular sheets. On the other hand, more than one smelting workshop may have relied 

on shared ore sources. 

Differences in the size and shape of rectangular sheets may reflect the working 

styles and preferences of production units. I support this statement by pointing out that at 

Pampa de Burros archaeologists recovered sheet puntas from a number of distinct 

production contexts and that the objects display within-workshop morphological 

homogeneity and between-workshop morphological variation (see p. 365). If 

morphological differences do reflect the preferences of different producers, then size 



268 

measurements indicate that at least four different production units manufactured the 

rectangular sheets I studied. Metal processing workshops are often associated with 

smelting workshops. However, metal processing can also take place away from smelting 

sites, as in the case of Huaca Sialupe (see Shimada and Wagner 2001). Consequently, 

workshops may receive metal from a single or multiple smelting sites. The compositional 

differences between rectangular sheets of very similar size and shape indicate that the 

craftsman making these sheets received raw metal from two different sources. 

Pairing and wrapping rectangular sheets with vegetable fiber facilitated their 

counting as well as improving their resistance to deformation. The creation of textile 

bundles made it more convenient to account for, transport and deposit the objects in 

columnar boxes. This appears to be the stage at which sponsors became involved in the 

distribution of rectangular sheets. The location of the bundles with respect to particular 

columns most likely coincides with the sponsor's contribution of both building materials 

and dedicatory offerings during the construction of the colonnade. 

7.5. Summary and conclusions 

Although the sponsor model is the most plausible of a number of competing 

models for monumental architectural construction, nonetheless, it remains a hypothesis. 

The sponsor model is adaptable for explaining variation among rectangular sheets 

because they exhibit similar variation as marked adobe bricks used in the construction of 

large-scale, public architecture. It is therefore plausible that during the Middle Sican 

period the way in which different material resources were contributed to large-scale, 

collective construction projects was similar. 
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Differences in rectangular sheets found at Huaca Rodillona can be partly related 

to material flow during manufacture and partly related to different levels of access to 

resources by sponsors. The paths connecting raw materials to finished products appear to 

be complex in some cases, suggesting that several metal working workshops may share 

access to smelting products and that smelting products from different sources may be 

used in a single workshop. Similar complexity characterizes the access of sponsors to 

labor and material resources. The ability of a sponsor to command access to the products 

of more workshops may increase the variation among the offerings deposited along with 

erecting a column. 

To some extent, sponsors controlled the output of production units by demanding 

specific numbers of objects. However, size, shape and compositional differences among 

rectangular sheets in the same deposit reflect that metalworkers retained some autonomy 

over the organization of the production process as well as the formal aspect of the output 

within certain limits. Only a fraction of all rectangular sheets excavated at Huaca 

Rodillona have been analyzed (see Table 3.1, p. 105). The completion of a long-term 

technical study will help in refining these conclusions. 
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7.6. Figures and tables 
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Figure 7.1. The location of Huaca Rodillona with respect to other mounds at the site of Sican (based on 
Shimada 1990, p. 310, Fig. 5). 
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Figure 7.2. A reconstruction of the shape of Huaca Rodillona (based on Shimada 1985a, p. 103, Fig. 17). 
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Figure 7.4. Rectangular sheets from Huaca Rodillona. 
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Figure 7.5. The number of rectangular sheets excavated at various columns at Huaca Rodillona. 

Figure 7.6. Diagram of the shape of rectangular sheets . 

^ Note the flat edges in relation to the longitudinal depression in the more complex type of rectangular 
sheet on the right. Compare the latter with that of naipes (see Figure 3.15, p. 113). 
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Mean Std. Deviation Minimum Maximum C.V. 

Column 2 Width (mm) 21.0 1.00 20 22 0.048 

Length (mm) 90.0 2.52 87 95 0.028 

Column 3 Width (mm) 20.7 1.11 18 22.5 0.054 

Length (mm) 73.3 1.23 70 75 0.017 

Column 10 Width (mm) 24.4 0.99 22 26 0.040 

Length (mm) 97.9 1.44 95 100 0.015 

Column 13, Type A Width (mm) 21.8 1.29 20 25 0.059 

Length (mm) 89.3 1.23 88 92 0.014 

Column 13, Type B Width (mm) 18.6 1.58 15 21 0.085 

Length (mm) 81.1 1.09 78 82 0.013 

Table 7.1. Width and length of rectangular sheets 
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Mean Std. Deviation Minimum Maximum C.V. 

Column 10 As (%) 1.75 0.29 1.25 2.43 0.166 

Ni (ppm) 48 101 0 283 

Pb (ppm) 76 186 0 648 

Bi (ppm) 114 245 0 770 

Sb (ppm) 204 223 0 595 

S (ppm) 206 99 0 338 

Ag (ppm) 11 54 0 277 

Column 2 As (%) 1.99 0.21 1.6 2.39 0.105 

Ni (ppm) 5241 500 4260 5846 

Pb (ppm) 1199 1156 0 3904 

Bi (ppm) 627 389 0 1206 

Sb (ppm) 77 116 0 249 

Column 13, Type A As (%) 2.35 0.19 1.89 2.64 0.0808 

NI (ppm) 3495 477 2565 4296 

Pb (ppm) 1034 572 0 1838 

Bi (ppm) 460 351 0 818 

Sb (ppm) 113 145 0 383 

S (ppm) 34 63 0 161 

Column 3 As (%) 4.42 0.26 3.95 4.82 0.0588 

Ni (ppm) 975 159 689 1289 

Pb (ppm) 344 382 0 1203 

Bi (ppm) 331 404 0 1364 

Sb (ppm) 118 143 0 438 

S (ppm) 306 68 176 422 

Ag (ppm) 159 181 0 414 

Column 13, Type B As (%) 4.47 0.22 4.14 4.92 0.0492 

Ni (ppm) 946 103 781 1121 

Pb (ppm) 273 389 0 971 

Bi (ppm) 309 347 0 855 

Sb (ppm) 56 110 0 352 

S (ppm) 330 55 206 433 

Ag (ppm) 205 201 0 444 

Table 7.2. Elemental composition of rectangular sheets. Note that groups of sheets are listed in order of 
increasing mean arsenic content. 
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Figure 7.9. Box plot of the distribution of arsenic content for groups of rectangular sheets. 
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1 2 3 

Pb (ppm) .900 

Bi (ppm) .860 .252 

Ni (ppm) .753 -.414 -.283 

As (%) .927 -.200 

S (ppm) -.316 .872 .248 

Sb (ppm) .962 

Table 7.3. Component matrix for factors extracted using principal component analysis followed by 
Varimax rotation with Kaiser Normalization. 
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Figure 7.10. Scatter plot of scores for the first and second principal component functions. 
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Figure 7.11. Material flow model for the manufacture and distribution of rectangular sheets at Huaca 
Rodillona based on the adapted sponsor model (see Figure 6.6, p. 249). 
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Figure 7.12. Hypothetical manufacturing method of rectangular sheets. 
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CHAPTER 8: PVNTAS 

8.1. Introduction 

This chapter explores compositional and morphological variation among puntas 

from a number of bundles deposited in a single elite burial (East Tomb) at Huaca Loro. 

As grouped artifacts puntas and rectangular sheets share several common features, yet are 

also quite distinct from each other. Multiples of both types of objects were packaged 

together by bundling and several bundles were included as part of ritual hoards. Puntas, 

however, have been recovered from burials rather than dedicatory caches (see Section 

3.2, p. 75) and have been also recovered singly, in graves of persons of relatively low 

status (see Section 3.2.1, p. 78). Furthermore, while puntas found in caches appear to 

have been unfinished and unused, they could have been easily transformed into usable 

implements (see also Lechtman 1979a, 1981). 

A single punta weighs 160-600 times more than a single rectangular sheet, 

representing a significantly greater amount of raw materials as well as labor involved in 

smelting and prill extraction. Finally, puntas were most likely produced one-at-a-time 

using a combination of casting and mechanical forming techniques (see Section 3.2.2, p. 

80), whereas multiple rectangular sheets could have been cut from a hammered copper 

sheet. The above outlined differences in depositional context, material use and processing 

are likely to manifest themselves in the variability of puntas. 

8.1.1. Relevant factors for understanding punta variability 

In the preceding chapter I explored dimensional and compositional variation in 

rectangular sheets found at Huaca Rodillona. I identified sources of variability in material 
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flow between various stages of manufacture and between producers and consumers. To 

explain how the relations between producers and consumers can lead to heterogeneity in 

an assemblage of grouped objects I tested an adapted version of the sponsor hypothesis. 

The assembly of the large amount of diverse grave goods in the East Tomb at Huaca 

Loro—and other funerary deposits suspected of containing large numbers of puntas (see 

Section 3.2.1: Early punta finds and their contexts, p. 78)—likely involved an effort on 

the part of multiple persons or entities with social or other obligations toward the dead 

and/or his survivors. 

The preparation of the deep East Tomb at Huaca Loro, the inclusion of many 

products made by craft specialists, the presence of materials acquired via long-distance 

trade add up to represent a very high investment of "total energy expenditure in the 

mortuary process" (Schiffer 1987, p. 86). Overall energy expenditures correlate 

positively with the "rank" or "social significance" of the deceased, which can also be 

understood in terms of "the greater variety of social relationships maintained" by the 

person during his or her life (Schiffer 1987, p. 86). The social relationships of the 

deceased person either included direct connections to specialist producers and access to 

their products or relations with individuals or groups that provided indirect access to such 

goods. As Costin (1999, p. 102) suggested, the variability among grave goods of a given 

type may reflect the relative diversity of "skilled, specialized labor" resources, accessible 

to the deceased or "the social groups sponsoring internment." 

The weight of an individual object and the total amount of metal represented by a 

bundle of objects are differences between puntas from the East Tomb at Huaca Loro and 



rectangular sheets found at Huaca Rodillona that may correlate with differences in the 

variety of labor resources commanded by the deceased or those sponsoring the burial or 

dedicatory deposit. While a 300-gram ingot of copper-arsenic alloy would have supplied 

sufficient material for one or two entire bundles of rectangular sheets, an entire ingot or 

even two would have been necessary to make a single punta. There is a vast difference 

between the material and human resources needed to assemble a cache of puntas 

weighing 250 kilograms compared to a 300-gram deposit of rectangular sheets. 

Punta bundles deposited in the East Tomb as Huaca Loro weighed between 10 

and 13 kilograms. If, as replication experiments suggest, a smelting run produced 

between 300-600 grams of copper prills (Epstein 1993; Shimada and Merkel 1991) then 

between 17 and 44 smelting runs would have been necessary to produce sufficient metal 

for a bundle of puntas. The assemblage of 489 puntas, weighing about 250 kg, would 

have required the yield of approximately 555 smelting runs, each producing 450 grams of 

copper-arsenic alloy on average. It is somewhat more difficult to project what this would 

have meant in terms of human labor and resources involved in the mining and processing 

of ores, the procurement of charcoal, the smelting and the processing of smelting 

products, and the maintenance of furnaces. Epstein estimated that a single workshop 

undertook only three smelting runs per day (1993, p. 161), which means that it would 

have taken 185 days (i.e., 6 months) for such a unit to produce 250 kg of copper-arsenic 

alloy. 

Given the low output of Middle Sican smelting workshops and the presence of 

multiple workshops per site as well as multiple smelting sites in the vicinity of the Poma 
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district it is highly improbable that a single workshop was source of all the metal used to 

fabricate 489 puntas. It is more likely that a number of different smelting workshops, or 

even distinct workshop complexes, participated in the production of the stock metal. 

Similarly, the puntas at Huaca Loro likely represent the pooled output of multiple metal 

working craftsmen or workshops. The acquisition of the 489 puntas over a longer period 

of time does introduce the possibility that the cache combined the outputs of fewer (or 

only a single) smelting and metalworking workshops. However, a longer period of 

accumulation does not exclude the contribution of multiple distinct production units to 

the cache. In fact, continuous stockpiling of puntas as well as other funerary goods may 

been part of the Middle Sican socio-economic landscape (Shimada, personal 

communication 2002). The involvement of multiple producers at various stages of 

manufacture, longer accumulation, and stockpiling periods introduce several potential 

sources of compositional and formal variation. 

The elemental composition of completed puntas is influenced by the composition 

and ratio of the ores used in the smelting charge, the furnace conditions during smelting, 

the potential sorting and pooling of prills from various smelting runs, as well as melting 

and refining and recycling processes (see Section 5.2, p. 159). The shared use of ore 

sources by distinct smelting workshops may result in ingots with similar trace elements 

as long as the ore deposits were homogeneous and smelting conditions as well as the 

subsequent processing of smelting products were similar (see Section 5.2.1, p. 162). The 

latter is not an unreasonable assumption considering the remarkably similar size and 

configuration of Middle Sican smelting fiimaces examined so far. However, the 



283 

homogeneity of ore sources is difficult, if not impossible for me to judge without 

extensive sampling and analysis of ore samples from pre-colonial mines, which has not 

been conducted. 

According to Shimada and Merkel's calculations (1991, p. 85) smelters would 

have needed a total of about 1110 kg of copper and arsenic ores in order to produce 250 

kg of copper-arsenic alloy stock metal (see also Section 4.2.3, p. 123). I speculate that 

smelters drew on a number of different ore sources in order to produce stock metal 

required for the 489 puntas. It is conceivable that recycling also played an important role 

in supplying the necessary raw materials, especially if there was a strict time constraint. 

I argue that whatever compositional heterogeneity existed between ingots carried 

over to the finished puntas because only two small puntas, at most, could be produced 

from an ingot that was 300-600 grams in weight, the typical size of Middle Sican ingots 

according to Shimada and Merkel (1991)'. Hence even though one might expect to find 

subpopulations of puntas (within the Huaca Loro cache) with similar trace element 

compositions due to common patterns in the procurement of their raw materials, I 

hypothesize that the within-group variation for such subpopulations would be greater 

than that observed for bundles of rectangular sheets. 

While some metal working facilities have been located near smelting workshops, 

there is also evidence for spatial separation between the two types of activities. A 

one-to-one correlation between smelting and metalworking sites in terms of material 

flow is certainly plausible in the former case, but we cannot exclude one-to-multiple 

^ The two ingots recovered from Cerro Huaringa weighed 182 g and 399 g (Epstein 1993). 
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scenarios. If formal variation between subpopulations of puntas indicates that distinct 

craftsmen or workshop^ manufactured them, then shared metal procurement would 

manifest itself in puntas with distinct shapes having very similar trace element 

compositions. Conversely, divergent elemental compositions within a formally 

homogeneous group of puntas would indicate reliance on multiple contemporaneous 

sources for raw metal or diachronic changes in the latter (perhaps due to using ore from a 

different section of a heterogeneous deposit). Repeated use of a mold for casting punta 

preforms preform or blanks (see Figure 3.5, p. 107) would have increased morphological 

standardization to some extent. However, the subsequent mechanical shaping of 

individual puntas may have been an important source of morphological variability. 

8.2. Morphological variability of puntas from the East Tomb at Huaca Loro 

Of the 15 groups of puntas excavated from the East Tomb at Huaca Loro I was 

able to examine 10 groups containing a total of 299 puntas (see Table 8.1, p. 324) in the 

summer of 1997 and 1998. 

8.2.1. Condition 

The state of preservation varies considerably between puntas from the same 

bundle. It is likely that the ones in better condition were situated close to the center of the 

bundles, and that the peripheral puntas suffered considerably from their contact with 

ground water. The most vulnerable area to corrosion as well as any mechanical damage is 

the socket. The metal is quite thin here and experienced much greater extent of plastic 

deformation during manufacture compared to the blade portion. 

^ This may be the case if metalworkers—like adoberos, potters, and goldsmiths—enjoyed some level of 
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8.2.2. Dimensions 

Once I lightly cleaned and numbered each punta, I weighed them to the nearest 

tenth of a gram. This measurement can only be regarded as approximate as puntas have 

varying degrees of corrosion, soil or other encrustation, and loss due to breakage. These 

factors also affected the measurement of various diagnostic object dimensions in some 

cases (Figure 8.1, p. 325). Most puntas exhibited sub-surface corrosion and a rather thin 

and compact layer of corrosion products above the surface. I estimated to latter to have 

cause insignificant change in dimensions compared to the morphological variation 

observable between puntas. In cases when the original surface of the punta was not 

visible below a heavy encrustation I attempted to locate it via mechanical reduction of the 

encrustation. However, in some cases it was not possible to measure every diagnostic 

dimension for each punta due to loss or heavy corrosion. 

Table 8.2 (p. 326) summarizes the descriptive statistics of diagnostic 

measurements and Table 8.3 (p. 326) summarizes the results of one-sample 

Kolmogorov-Smimov tests for normality of distribution. Comparison of the coefficients 

of variation^ (C.V.) for diagnostic dimensions suggests that punta length (LP) and blade 

length (LB) are the least variable (i.e., exhibit the most standardization) among all 

puntas, while mass and thickness related measurements appear to display the greatest 

extent of variation. 

freedom in realizing the consumer's design expectations. 
^ Coefficient of variation (C.V.) = standard deviation / mean. The C.V. is often used as a robust measure 

of the degree of standardization and to allow comparison of the extent of variation between 
populations or samples. 
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8.2.2.1. Punta weight 

The weight of puntas ranges from 160 to 610.5 grams with a mean of 404 grams. 

Though the null hypothesis for normality of distribution cannot be rejected at the 0.05 

significance level, the histogram of punta weights suggests a possible bimodal 

distribution with a lighter population centered about 320 grams and a heavier group 

centered about 440 grams (Figure 8.2, p. 327). These two subgroups, however, are not 

well separated and therefore it is difficult to categorize puntas based on weight only. 

8.2.2.2. Total punta length (LP) and blade length (LB) 

The total length of puntas varies between 30.4 and 43.6 centimeters with a mean 

of 36.3 cm. The distribution of this variable is normal, though slightly skewed toward the 

left (Figure 8.3, p. 327). Eight puntas form an outlying group that centers about 31.5 cm 

and five puntas are longer than 42 cm. The blade length of puntas ranges from 20.4 cm to 

33.7 cm with a mean of 26.5 cm. The distribution of this variable is normal (Figure 8.3, 

p. 327). The three puntas at the high end of the range belong to the same bundle (2408-

25,2408-28,2408-29). 

8.2.2.3. Blade width 

I measured the width of punta blades just under the socket, i.e., at the top of the 

blade (WT), and at the point (WF). Blade thickness at the top of the blade (WT) varies 

between 14.8 and 30.4 millimeters with a mean of 24.3 mm. The distribution is normal 

with one outlier that is only 14.8 mm wide (Figure 8.4, p. 327). The thickness of the 

punta blade at the point (WP) ranges from 6.0 mm to 15.8 mm with a mean at 10.1 mm. 
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Normality of distribution can be rejected at the 0.05 significance level. It is skewed with 

five outliers at the high end of the range (Figure 8.4, p. 327, WP>15.3 mm). 

8.2.2.4. Blade thickness 

The thickness of the punta blade was measured at the two extremes—just below 

the socket (TT) and at the point (TP)—as well as at halfway between (TM). The blade 

thickness at the top (TT) varies between 5.3 mm and 16.8 mm with a mean of 10 mm. 

Though the distribution can be regarded as normal at the 0.05 significance level, the 

inspection of the histogram of TT measurements suggests a possible bimodal distribution 

with two, subpopulations centered about 8.5 mm and 11 mm, respectively (Figure 8.5, p. 

328). Similar to the distribution of punta weights, a lack of clear separation between the 

possible subgroups makes it difficult to categorize puntas on the basis of blade thickness 

below the socket. 

The thickness of blades halfway between the socket and the point (TM) varies 

between 4.3 and 12.8 mm with a mean of 7.9 mm. Similar to the distribution of TT, 

values of TM may belong to two subgroups that partially overlap to produce an 

approximately normal distribution (Figure 8.5, p. 328). Finally, the blade thickness at the 

point ranges from 1.5 mm to 7.6 mm with a mean of 4.2 and an approximately normal 

distribution (Figure 8.6, p. 328). 

8.2.2.5. Socket diameter and thickness 

When possible, the inner and outer diameter of the punta socket was measured in 

two locations, 90° from each other at the opening of the socket. These measurements are 

represented as IDl and ID2, ODl and 0D2, respectively, and the mean inner and outer 
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diameters are labeled simply as ID and OD. Since the socket region is most prone to 

corrosion and the accumulation of encrustations, and since most of the sockets are not 

perfectly circular in cross section, ID and OD measurements are less certain than the 

diagnostic dimensions discussed above. The same applies to the measvirement of socket 

thickness, values of which were determined in the field by averaging between 2 and 4 

measurements taken using calipers. 

The outer diameter of punta sockets varies between 16.4 and 38.0 millimeters, 

with a mean of 27.8 mm. The distribution is normal with six outlying values above 33 

mm and two under 20 mm (Figure 8.6, p. 328). The inner diameter of punta sockets 

ranges from 9.4 mm to 34.6 mm, with a mean of 24.4 mm. The distribution is normal 

with four outliers at or above 32.0 mm and at 9.4 mm (Figure 8.7, p. 328). The mean 

socket thickness is 1.1 mm, ranging from 0.5 mm to 3.0 mm. The distribution of socket 

thickness values is not normal due to high positive skewness and kurtosis, the latter 

indicating that the distribution has longer tails than what would be expected for a normal 

curve (Figure 8.7, p. 328). 

8.2.3. Categorizingpuntas according to diagnostic dimensions 

The above outlined dimensional differences between puntas were very apparent to 

me as I arranged the contents of each bundle on my work surface in Peru. Similarities 

were also evident as it was often possible to find several pieces that appeared almost 

identical in shape and size. Not only could I create subgroups of puntas belonging to the 

same bundle, but found pieces from other bundles that could be similarly categorized. 

These observations prompted me to investigate whether, based on their diagnostic 
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dimensions, I could establish a typology for puntas that applies across bundles. 

Alternatively, differences between bundles may inhibit the establishment of such 

typology. 

In order to assess the relations between various diagnostic dimensions within the 

population of all puntas measured, I produced a Spearman rank"^ correlation coefficient 

matrix (Table 8.4, p. 329). Table 8.5 (p. 329) lists pairs of variables, i.e., diagnostic 

dimensions, in order of decreasing Spearman rank correlation coefficients. The most 

strongly correlated variables are the total length of puntas (LP) and the blade length (LB), 

with a Spearman coefficient of 0.849. The three possible paired combinations of punta 

weight, blade thickness at the midpoint (TM) and below the socket (TT) also had high 

correlation coefficients (above 0.600). All other variable combinations had correlation 

coefficients lower than 0.500. 

8.2.3.1. Correlation between total punta length and blade length 

The scatter plot of total punta length versus blade length suggests a strong linear 

relation between the two variables (Figure 8.8, p. 330). To further explore the relation 

between them I conducted a simple linear regression analysis. I chose punta length as the 

dependent variable because if the current model for manufacturing method is applicable 

(see Figure 3.5, p. 107), then the total punta length is determined by the length of the 

section flattened by hammering to form the socket. One would expect some elongation to 

As opposed to Pearson correlation coefficients, the calculation of Spearman rank correlation 
coefficients does not assume normality of distribution (recall that values for the width of punta blades 
at the point, WP, are not normally distributed). Given the problems involved in measuring the inner 
socket diameter and thickness due to heavy corrosion, I excluded these variables from the analysis. 
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occw in addition to an increase in the width of the flattened portion during plastic 

deformation. The extent of this elongation will influence the total length of the punta. 

The adjusted coefficient of determination, R^, for the linear model is 0.731, this 

means that the blade length (LB) accounts for 73% of the total variation in punta length 

(LP). Since the standard error of estimate (1.216) is lower than the standard deviation of 

LP (2.343) the linear model is a better predictor of LP than the mean punta length (36.3 

cm). The linear regression model for punta length is: 

LP = 12.8 + 0.886x16 

Examination of residual plots suggests that their distribution is approximately normal, 

lending further support for the appropriateness of the linear regression model. 

If puntas with longer blade portions tend to have a greater overall length the 

question arises how their relation effects socket length. Did metalworkers try to achieve a 

certain socket depth in order for it to securely hold a wooden haft? If the use of finished 

puntas involved a prying motion, a longer blade would have caused greater torque on the 

socket region than a shorter blade. Punta design could have compensated for this by 

increasing socket length and hence the distance along which force is distributed along the 

portion of the haft in the socket. Alternatively, the lengths of sockets may be closely 

related to the manufacturing process, during which craftsmen used a short tapered rod 

around which they hammered and bent the flattened portion of the punta blank. It is 

plausible that a craftsman's repeated use of a single pole as the template for sockets 

would result in fairly consistent socket lengths despite differences in the other punta 

dimensions. 
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To investigate the above possibilities I calculated the length of the socket portion 

by subtracting blade length (LB) from the total punta length (LP). Socket lengths range 

from 6 centimeters to 13.6 cm, with a mean of 9.8 cm (Figure 8.9, p. 330). According to 

the Kolmogorov-Smimov test, the assumption of normal distribution has to be rejected at 

the 0.05 significance level. The scatter plot matrix of socket, blade and total punta 

lengths show^s that while LP and LB have a strong linear relation, while socket length 

appears to be only weakly correlated with these variables (Figure 8.10, p. 331). Attempts 

to express socket length using either LP or LB as independent variables in a simple linear 

model fail as they only explain about 11 and 4 percent, respectively, of the variation in 

socket length. The simple linear regression models turn out not be significantly better 

estimators of socket length values than their mean. 

The above analysis suggests that socket length is not strongly correlated with 

either total punta or blade length. In fact, socket length is only very weekly associated 

with any other diagnostic dimension measured. This supports the argument that socket 

length may be related to the tools and techniques used in punta manufacture rather than 

blade design. 

8.2.3.2. Summarizing diagno stic dimensions through principal component 
analysis 

The high Spearman rank correlation coefficients between certain diagnostic 

dimensions raise the possibility of reducing the number of variables to be studied by 

grouping them into factors. These factors can then be used as independent variables in 

discriminant analysis to test whether bundles of puntas can be effectively distinguished 

from each other based on the size and shape of their component pieces. Alternatively, the 
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factors can be used as variables in cluster analysis to identify groups of similar puntas 

and build a typology. 

I conducted principal component analysis on variables describing punta length 

(LP, LB), blade width (WT, WP), and blade thickness (TT, TM, TP). I omitted socket 

diameter and thickness variables from the analysis because values for these were missing 

for several puntas and because their measurement involved greater uncertainty due to the 

corrosion and encrustation of sockets. Punta weight was excluded for a number of 

reasons. First, the other variables essentially define the volume of the object, and weight 

is directly related to volume with density as the proportionality constant (m=p*V). 

Second, the observed weight is not completely representative of the original weight of the 

punta due to corrosion and encrustation. 

Principal component analysis extracted four factors from the seven original 

variables. Together, the four principal components explain 88.5% of variance. Table 8.6 

(p. 331) summarizes the loadings of each variable for the four factors obtained using the 

Varimax rotation. Based the loadings the following four functions were used to calculate 

each punta'% principal component score: 

PC1 = 0.956xLB+0.937xLP + 0.209xl4/P 

PC2 = 0.906x 77 + 0.881x TM + 0.281x TP - 0.207x WP 

PC3=0.896x7P + 0.663xH/P + 0.232x7M 

PC4=0.961xUT + 0.534xH'P 

The first principal component groups total (LP) and blade length (LB) together, as 

to be expected from the results of the simple linear regression analysis discussed in the 

section above. The width of the blade at the point (WP) also displays a small loading for 

this component. Thus puntas with high scores for the first principal component function 
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are long and may also have a wide point. The second principal component function 

includes the three variables associated with blade thickness—TT, TM, TP—and the 

width of the blade at the point, WP. Note that loadings are highest for blade thickness 

below the socket (TT) and at the midpoint (TM). The small negative loading of WP 

complicates the interpretation of scores for the second factor. Puntas with high scores for 

the third principal component have thick and narrow blades. Conversely, low scores for 

the second factor suggest that the punta blade is thin but wide. When comparing two 

puntas of similar blade thickness, the wider one will have a smaller score for the second 

factor due to the negative loading of WP. 

The third principal component function contains high loadings for blade thickness 

(TP) and width (WP) at the point, as well as relatively low loading for blade thickness at 

the midpoint (TM). Hence puntas with thick and wide blade points have high scores for 

the third factor. In the fourth principal component function the blade width below the 

socket (WT) displays high loading while the coefficient for the blade width at the point 

(WP) remains moderate. High scores for the fourth factor correlate with blades that are 

wide below the socket and toward the midpoint. 

The distribution of the first, second and fourth principal components is 

approximately normal, whereas the hypothesis of normality has to be rejected for the 

third principal component based on the Kolmogorov-Smimov test at the 0.05 

significance level. Except for a few outliers, the histograms for the four factors do not 

reveal discrete subgroups within the punta population examined. The case is quite 

different when the distribution of factor scores are compared between punta bundles. 
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Population means, minima and maxima differ between bundles and nonparametric 

comparison of means using the Kruskal-Wallis test confirms that the mean principal 

component scores are not equal between groups at the 0.05 significance level. 

Furthermore, in most cases, score distributions are bi- or multi-modal. This means that 

sub-groups or sub-types may be distinguished among puntas belonging to the same 

bundle and it is possible that such categories may cut across bundles. 

Examination of scatter plots of principal component function scores, such as the 

one in Figure 8.11 (p. 332), also suggests clustering of puntas with similar properties 

exists. However, scatter plots of principal component analysis results did not produce 

visibly obvious separation of punta types or bundles based on the diagnostic dimensions 

included in the analysis (LP, LB, WT, WP, TT, TM, TP). The high number of cases (284) 

and bundles (10) presented in the scatter plots makes it difficult to recognize more subtle 

groupings. To address this problem I conducted discriminant analysis to verify whether 

bundles could be effectively differentiated from each other based on principal component 

scores of the pieces. Then I turned to cluster analysis in order to examine whether 

subtypes that crosscut distinctions between bundles could be differentiated. 

8.2.3.3. Differentiating punta bundles based on principal component scores 

Discriminant analysis is a usefiil tool for distinguishing objects known to belong 

to two or more different groups based on variables characterizing the data (e.g. Sherman 

1997, p. 350). During the course of the discriminant analysis procedure, one determines 

discriminant functions consisting of linear combinations of given variables in such a 

manner that the functions maximize the ratio of between-group to within-group variance 
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(Baxter 1994, p. 193). Typically, untransformed diagnostic dimensions are selected as 

variables for discriminating between groups of objects. However, during preliminary tests 

of discriminant analysis procedures I found that using principal component scores as 

variables produced a better separation of punta bundles. 

As discussed above, principal component analysis combined seven dimensional 

variables into four factors. In addition to these, I used punta weight as a potential 

predictor variable for characterizing differences between bundles of puntas in the 

discriminant analysis procedure. I made the decision for including weight as a variable 

after determining that doing so would improve classification results. Additionally, I used 

a stepwise Mahalanobis distance method for selecting predictor variables from among the 

four principal component scores and punta weight in order to improve separation 

between bundles of puntas that may be similar to each other (SPSS Inc. 1999, p. 283). As 

the result of this procedure scores for the fourth principal component function were 

eliminated as they apparently did not significantly affect the separation of punta bundles. 

The first four canonical discriminant functions determined were used to calculate 

corresponding discriminant scores for each punta using the following equations: 

CDF1 = -0.827x weight+ 1A01X PCFS1 + 0.236x PCFS2 + 0.660x PCFS3 

CDF2 = -1.82 3x weight + 0.170x PCFS^ +1.321x PCFS2 + 0.617x PCF S3 

CDF3 =-0.695x weight + 0.608x PCFS^ + ̂ ^ 05x PCFS2 - 0.430x PCFS3 

CDF 4= 0.166x weight- 0.047x PCFS^ + 0.597x PCFS2 + 0.605x PCFS3 

CDF = canonical discriminant function 

PCFS = principal component function score 

The mean canonical discriminant function score was then determined for each of the four 

functions in each of the ten punta bundles. These mean scores locate the group centroid 
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in a four dimensional space. I assessed differences and similarities between pairs of 

bundles by evaluating the null hypothesis that the group centroids are equal, i.e., the 

distance between them is zero. This hypothesis could be rejected for every pair of 

bundles, except for the following pairs; 

2302*^ ^ 2407 

2388< ^'•'•2i7,sg.= .304 , 24 0 5 

2386'^ F=i.32^sg=362 ,2535 

2389'= 749,sg.-.i40 ,2391 

2385'^ F=2322,s>g.=.057 ^ 238£ 

2385^ F=2327,sig.=.056 ^ 2389 

Unfortunately, pairwise group comparison presents an overly optimistic picture of 

our ability to distinguish between punta bundles. To test how well the discriminant 

functions work, the SPSS statistical software compares actual bundle assignments with 

the ones predicted on the basis of canonical discriminant functions. Discriminant 

functions classify only 29.2% of puntas correctly. A leave-one-out cross-validation 

procedure allows for a more realistic assessment of how good discrimination is (Baxter 

1994: 201). This procedure removes puntas one at a time from the sample and then tries 

to assign the punta to a bundle based on the discriminant functions constructed in the 

absence of the case (SPSS Inc. 1999, p. 260). The proportion of puntas classified 

correctly using the cross-validation procedure is only 24.9%. This means that 

discriminant analysis fails to reproduce the grouping of puntas observed in the 

archaeological context based on their weight and diagnostic dimensions reduced to 

principal component functions. This suggests that there may exist a classification scheme 
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or typology that cuts across bundles. To investigate this possibility I turned to cluster 

analysis. 

8.2.3.4. Establishing apunta typology based on cluster analysis 

Cluster analysis has been widely used in archaeology for typological studies and 

to compare various assemblages (for a review see Baxter 1994, p. 179). In general, 

cluster analysis algorithms determine the similarity of all pairs of individual cases based 

on chosen variables and group individuals based on certain rules about their similarity to 

one another. K-means analysis is a non-hierarchical iterative method (compare to 

Shennan 1997, p. 235-249) that requires that the number of clusters, k, be specified up 

front. Initially cases are assigned to clusters with the closest center—as defined by the 

variables selected—and the cluster center is recalculated. What follows is an iterative 

reassignment of cases and recalculation of cluster centers until no further changes occur 

in the position of cluster centers (SPSS Inc. 1999, p. 293). K-means cluster analysis is 

more suitable than hierarchical methods for handling large data sets (200 or more cases). 

As in the case of the discriminant analysis procedure, I used the four principal 

component function scores and punta weight as classifying variables in the k-means 

cluster analysis. However, I computed standardized scores for weight values before 

running the k-means procedure in order to prevent this variable from contributing 

disproportionately more to the classification due to its much larger scale than the 

principal component scores (SPSS Inc. 1999, p. 295). Based on trial runs with various 

numbers of clusters, I used the k-means procedure to assign each punta to one of eight 

different groups. No change in cluster centers occurred after eight iterations. The 
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cross-tabulation of cluster assignments with bundle memberships shows that there isn't a 

one-to-one relation between the two classification schemes (Table 8.7, p. 332). If cluster 

assignments are thought of as different punta types, then this lack of one-to-one 

correlation suggests that a typology based on weight and diagnostic dimensions cuts 

across bundles. 

Box plots as well as two- and three- dimensional scatter plots of classification 

variables suggest some overlap between punta clusters. Scatter plots restricted to cases 

whose absolute distance from their cluster center is equal to or less than 1.3 show better 

separation between the clusters. Distances between cluster centers are the smallest for 

groups 3 and 6, 1 and 5, as well as 2 and 6. Differences between the mean values of 

classification variables for clusters are most pronounced for standardized weight scores 

and the scores for the second and first principal component functions. Mean scores for 

the third and fourth principal component functions are the least different between the 

eight clusters. 

Since principal component functions reflect trends in more than one diagnostic 

dimension, differences and similarities between groups are easier to visualize using 

simplified graphical representations of frontal and lateral views of puntas based on the 

mean values of diagnostic dimensions for each cluster (see Figure 8.12, p. 333). 

Unfortunately it is more difficult to get a good feel for differences in mean punta weight. 

For example, at first glance frontal views suggest that average puntas from cluster 1 and 

2 are almost identical, but upon closer look the lateral view reveals that mean blade 

thickness under the socket and at the midpoint is somewhat greater for puntas in the first 
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cluster (see Table 8.8, p. 333). This difference in blade thickness translates into puntas in 

cluster 1 weighing almost 200 grams more on average. On the other hand the average 

punta from cluster 7 and 8 can be clearly distinguished on the basis of blade length, 

thickness, and width despite their very similar mean weight (-480 g). 

8.2.3.5. The effectiveness of bundle versus cluster assignment in 
accounting for dimensional variability 

Does the eight-group typology established by k-means cluster analysis make 

sense? Baxter has noted "the archaeological literature is comparatively silent" on "the 

subject of validating clusters or using objective methods to determine an appropriate 

number of clusters" (1994, p. 183). It is difficult for me to address whether the eight 

clusters I estabhshed are "intuitively acceptable" (Baxter 1994, p. 183) largely because I 

have not had the opportunity, or space, to view all the puntas I measured together in light 

or the results of statistical analysis. 

It is possible, however, to judge whether the dimension-based classification of 

puntas using cluster analysis results in more homogeneous groups of objects compared to 

the bundles. The eta statistic, r\, measures how much of the variability of a dependent 

variable can be accounted for by a categorical independent variable (SPSS Inc. 1999, p. 

87). 1 used eta squared, r] , to compare the percentage of the variance of diagnostic 

dimensions and principal component function scores of puntas explained by their bundle 

or cluster assignment (SPSS Inc. 1999, p. 99). Table 8.9 (p. 334) shows that the cluster 

assignment of puntas consistently explains a much greater percent of variability than their 

bundle membership. This means that cluster analysis based on punta weight and 
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diagnostic dimensions—as summarized by principal component function 

scores—^produces groupings of puntas that are more homogenous that the bundles in 

which they were arranged before or at the time of their deposition into the East Tomb at 

Huaca Loro. Figure 8.24 (p. 344) illustrates this point by displaying the coefficients of 

variation for mass and seven diagnostic punta dimensions for bundles and 

dimension-based clusters. The classification of puntas based on their dimensions 

produces groups with lower overall coefficients of variation. 

In addition to doing a better job at explaining variability and producing more 

homogeneous groups of puntas, cluster analysis brings to our attention a separation 

between groups of puntas that have wide blades below the socket and at the point 

(clusters 4, 6, and 8) and those that are narrow in these regions (clusters 1 and 5). This 

distinction becomes important when considering other aspects of punta shape, such as the 

way the socket is articulated. 

8.2.4. Other aspects of punta shape 

8.2.4.1. Traces of manufacturing activities or use 

In addition to weighing and measuring puntas I also noted features that are related 

to their manufacturing process. Hammer marks are visible on the front and back of 

puntas in the form of pronounced ridges that run perpendicular to the longitudinal axis 

(see Figure 3.7, p. 108). The ridges are present on the front of 46% and on the back of 

39% of puntas I examined, though I observed less prominent dimples on a greater 

proportion. Only 18% of puntas have pronounced ridges both front and back and the 

Pearson chi-square test indicates that the independence of the two variables cannot be 
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rejected at the 0.05 significance level. Hammer marks have not been reported on puntas 

examined by other researchers (Lechtman 1981; Pedersen 1976) and their presence most 

likely indicates that the object was buried in an unfinished state. 

The presence of a depression, or channel, running parallel to the longitudinal axis 

of the punta may also be related to the manufacturing process. The shallow channel 

typically runs from the bottom of the punta socket through the top third of the blade 

portion. I observed the charmel on the front of 22% and on the back of only 5% of all 

puntas examined. As in the case of hammer marks, the presence of a charmel on the front 

does not significantly affect the chances of another being on the back of the punta. 

However, the Pearson chi-square test shows a significant positive correlation between the 

presence a channel and hammer marks along the front of puntas. Since hammer marks 

likely indicate that the production of the punta was not completed before deposition in 

the tomb, their association with shallow channels suggests that the latter also represent 

traces of manufacturing activities. 

A third indicator of the degree of completion of a punta is its point or tip. I found 

that most puntas from Huaca Loro do not live up to their name, i.e., they are far from 

being pointy, and they do not terminate in a sharp edge despite some tapering in width 

and thickness from the top of the blade. The pronounced bluntness of the blade points in 

comparison with other known examples of puntas (Lechtman 1981; Pedersen 1976) 

suggests that their intended use was different and/or work on them was stopped before 

completion. 
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In summary, the degree of completion of puntas can be assessed based on the 

presence of hammer marks, a longitudinal shallow channel on the front or back of the 

punta blade, and the bluntness of blade tip. The minimum level of finish for puntas 

excavated from the East tomb at Huaca Loro includes the shaping of a socket and the 

achievement of some degree of taper in the blade. Puntas with a high level of finish 

exhibit a smooth transition between the socket and the blade, straight edges without 

traces of hammer marks, and well tapered, albeit not pointy, tip. I suspect that some of 

the steps necessary to achieve this degree of completion involved the shaping of the 

socket and the portion of the blade right below it. In the following section I elaborate on 

this idea and discuss the affect of such manufacturing steps on the diagnostic dimensions 

of puntas. 

8.2.4.2. Socket shapes and their relation to the degree of completion of 
puntas 

As Figure 3.5 (p. 107) suggests, the socket of a punta was most likely shaped by 

hammering the triangular flattened portion of the punta preform around some type of a 

pole. During this operation two edges of the triangular flattened portion are bent toward 

the front of the punta and may come in contact. The transition region between the socket 

and the blade is where many puntas differ in the extent of contact achieved during the 

formation of the socket (Figure 8.16, p. 336). Many puntas have what I call a "closed 

sockef which means that good contact and integration was achieved between the edges 

of the flattened portion of the punta in the zone between the bottom of the socket and the 

blade. In other cases there is an obvious gap or opening in the above zone. Figure 8.17 (p. 

337) shows close-up frontal views of open and closed sockets. Note that puntas with 
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open sockets appear to have wider, but thinner blades than those with closed sockets. 

Figure 8.18 (p. 337) illustrates this difference in thickness in the upper portion of the 

blade, near the bottom of the punta socket. Despite the above differences between puntas 

with closed and open sockets, the outer diameter of the sockets appear to be very similar. 

The above observations lead me to hypothesize that puntas with open sockets 

represent an earlier stage in the manufacturing process than those with closed sockets. I 

argue that after a portion of the cast blank was hammered into a triangular sheet, the 

bending of this portion around a haft formed a socket that was open in the transition 

region between the socket and the blade. In order to seal the bottom of the socket—so 

that it would fully enclose and secure the tip of the haft—craftsmen may have started 

with bringing the bottom edges of the socket together by hammering on the sides of the 

blade (see Figure 8.19, p. 338). This likely resulted in the slight protrusion or 

mushrooming of the metal above the original surface of the blade's front and back. 

Subsequent efforts to flatten the front surface resulted in the closing of the bottom part of 

the socket and the formation of a depression or channel that ran down the middle of the 

blade. The top closed socketed punta in Figure 8.16 (p. 336) displays such a channel just 

below the region where the socket meets the blade. Further hammering and aimealing 

would have resulted in a smooth transition between the socket and the blade like in the 

case of the bottom punta in Figure 8.17 (p. 337). 

The hypothesized process of closing the bottom of the socket (Figure 8.19, p. 338) 

involves deforming the punta blade, but not that of the top part of the socket. Thus the 

mean socket diameter would not have been affected during the process even though the 
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top portion of the blade, just under the socket, would have become narrower but thicker 

than before. If the shaping of the blade in this region did not involve its elongation along 

the longer axis of the punta, then the circumference of the blade would remain constant 

while the cross section undergoes change in width and thickness. 

Since I noted the socket shape for 191 out of 289 puntas for which I measured 

diagnostic dimensions (Figure 8.1, p. 325), I was able to evaluate statistically whether 

puntas with closed sockets are consistently narrower but thicker than those with open 

sockets and if the mean circumference of the blade is the same for both groups. 

I considered the following variables relevant for the above purpose (for 

descriptive statistics see Table 8.10, p. 339): 

WP = width of blade at the point 

WT = width of blade at the top 

TP = thickness of blade at the point 

TM = thickness of blade at the middle 

TT = thickness of blade at the top 

ODl and 0D2 = outer diameter of the socket measured in 
two different locations 

The distribution of values for each variable was found to be approximately normal in 

both categories of puntas. Based on Levene's test (at 0.05 significance level), equal 

variances were assumed for values of TP, TM, TT, ODl and 0D2, but not for WP and 

WT. T-tests for equality of means for the first five variables were conducted using 

pooled variances, and using separate variances for WP and WT (Table 8.11, p. 339). The 

null hypothesis of equal means could not be rejected for TP, ODl and 0D2, but was 

rejected in the case of all other variables (at 0.05 significance level). 



Statistical analysis hence lends support to the observation that the blade portion of 

puntas with closed sockets is narrower and—^with the exception of the point—also 

thicker than the blade portion of puntas with open sockets. Another way of describing the 

difference in open and closed socketed puntas is to calculate the ratio of blade width to 

thickness below the socket: WT/TT. If puntas with closed sockets are indeed narrower 

and thicker at the top of the blade, their WT/TT ratio should be lower than that of open 

socketed ones. One could also say that the WT/TT ratio describes the "squareness" of the 

blade cross-section below the socket because the less different width and thickness are, 

the closer to 1 their ratio becomes. Figure 8.20 (p. 340) compares the distribution of 

WT/TT ratios for the two punta types. Results of the nonparametric Mann-Whitney test 

for equality of means confirms that the WT/TT ratio is significantly lower for puntas with 

closed sockets, i.e., their blades below the socket are more "square" in cross section than 

ones with open sockets. 

Despite the above differences in socket and blade shape between open and closed 

socketed puntas, the mean outer diameter of sockets cannot be distinguished at 0.05 

significance level. Another property of punta blades that does not appear to correlate with 

socket type is the estimated circumference of the blade below the socket. Assuming that 

the blade has an approximately rectangular cross section, I calculated this variable as 

follows: 

blade circumference =2x(WT + TT)  

Since the assumption of normal distribution and equality of variances held, I compared 

the mean blade circumference of open and closed socketed puntas using one-way 
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analysis of variance (ANOVA). Equality of means cannot be rejected at 0.05 significance 

level. The box plots in Figure 8.21 (p. 341) illustrate how closely matched the means and 

distributions of blade circumference are for closed and open socketed puntas and how 

different the distributions of WT/TT are. 

I tested whether puntas with closed sockets are more likely to have a channel 

running down the middle of the blade as the result of the process that closed the bottom 

of the socket (see Figure 8.19, p. 338). The presence or absence of such a channel was 

noted for 192 puntas. Less than one-quarter of them was found to have it. The Pearson 

chi-square test indicated that the number of closed socketed puntas that have a channel 

running dovm their front is significantly greater than that expected if there were no 

correlation between socket type and the presence of a channel (Table 8.12, p. 341). In 

other words, if a punta does have a channel in the front, it has a significantly greater 

likelihood of also having a closed rather than an open socket. 

To summarize, statistical analysis of dimensional differences confirmed 

preliminary observations pointing to closed socketed puntas being thicker but narrower 

on average than ones with open sockets. Mean outer socket diameter as well as blade 

circumference just below the socket were found not to be significantly different for the 

two groups. As proposed at the beginning of this section, one of the plausible 

explanations for this is that puntas with open sockets are less finished versions of those 

with closed sockets and that process for closing the bottom of the socket results in the 

increase in blade thickness and reduction in blade width. The correlation of closed 
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sockets with the presence of a channel in the front supports the scheme proposed for the 

completion ofpunta sockets in Figure 8.19 (p. 338). 

8.2.4.3. The relation between cluster analysis results and punta socket 
shape 

The eight-group punta typology I established using cluster analysis distinguishes 

puntas partly on the basis of their blade width and thickness. In the above section I 

demonstrated how the ratio of these dimensions (WT/TT)—measured just below the 

socket—correlate with the articulation of the punta socket. Therefore I investigated how 

well the cluster analysis results were able to distinguish between puntas with open and 

closed sockets. 

The majority of puntas in clusters 1 and 5 have closed sockets, while clusters 4, 6 

and 8 include mostly open socketed puntas. The rest of the clusters have roughly even 

numbers of puntas of both types. The Person chi-square test I performed on the 

cross-tabulation of socket types and punta cluster memberships in Table 8.13 (p. 342) 

indicated that the hypothesis of independence between the two variables could be rejected 

at the 0.05 significance level. In other words, there is some correlation between a punta's 

socket type and its cluster membership. I found that this relation is also borne out by the 

between-cluster differences in the mean ratio of blade width and thickness: WT/TT 

(Table 8.14, p. 342). 

I tested and rejected the equality of cluster means for the WT/TT ratio using the 

nonparametric Kruskal-Wallis test (SPSS Inc. 1999, p. 239) after determining that the 

values for WT/TT were not normally distributed for all clusters. The box plot of the 

distributions (Figure 8.22, p. 343) shows that the WT/TT ratios are the lowest for puntas 
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in clusters 1 and 5, in which the majority of puntas—70.6% and 81.4%, 

respectively—^have closed sockets. Clusters with mostly closed socketed 

puntas—numbers 4, 6, and 8—^have comparatively high WT/TT ratios. Given that the 

other clusters—2, 3, and 7—contain close to even numbers of puntas of both socket types 

and have high overall WT/TT ratios, I examined whether the WT/TT ratio was different 

for the distinct types within each cluster. 

Table 8.14 (p. 342) summarizes the mean WT/TT ratios for puntas with open and 

closed sockets within each cluster along with the conclusions of nonparametric 

Mann-Whitney tests for the equality of those means. Figure 8.23 (p. 343) presents a 

visual comparison of the distributions using box plots. It is evident that the 

subpopulations of open and closed socketed puntas follow the same trend as their pooled 

means do (compare Figure 8.22 and Figure 8.23 on p. 343). Interestingly, the mean 

WT/TT ratio of puntas with closed sockets in clusters 1, 4 and 5 is not significantly 

different from those with open sockets in the same clusters. Coincidentally, these three 

clusters have the most homogeneous populations as far as socket type is concerned: more 

than 70% of puntas have closed sockets in clusters 1 and 5 and 84.6% of puntas have 

open sockets in cluster 4. 

In summary, while three dimension-based punta clusters contain a very high 

proportion of either closed or open socketed puntas, the rest include both kinds. If the 

articulation of a punta's socket (open vs. closed) is indeed related to its state of 

completion, then variability within dimension-based clusters can be partly explained by 

the presence of puntas at various stages of completion. However, socket articulation 
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appears to be less important for classifying puntas than their principal component 

function scores, which were calculated based on seven different dimensional variables. 

8.2.5. Discussion of morphological variability analysis 

Data on the mass and diagnostic dimensions (Figure 8.1, p. 325) of puntas from 

10 out of 15 bundles deposited in the East Tomb at Huaca Loro was analyzed at the level 

of assemblage as well as at the level of bundles. The continuous and relatively wide 

distribution of mass and dimensional variables within the assemblage, as well as the 

shape of distributions suggests the possibility of more homogeneous subpopulations with 

some overlap in properties. In order to find such subgroups I combined morphological 

variables with the help of principal component analysis. I used discriminant analysis to 

test whether puntas could be correctly assigned to the bundles in which they were found 

on the bases of their mass and principal component function scores. Such an assigimient 

is possible when relatively homogeneous groups exhibit greater between-group 

differences than within-group differences. 

The leave-one-out cross validation procedure after discriminant analysis was 

only able to reproduce the bundle-based grouping of about 25% of puntas. This suggests 

that bundles do not have a high degree of morphological standardization and that any 

punta classification scheme or typology would cut across bundle-based differentiation. In 

other words, puntas that are very similar in mass and shape may come from different 

bundles. Moreover, the low success rate of the cross validation procedure also implies 

that it is unlikely that puntas were arranged in bundles based on their appearance and 

mass. 
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K-means cluster analysis proved to be successful in identifying groups of puntas 

more homogeneous in appearance than those belonging to the same bundle (see Figure 

8.12, p. 333 and Table 8.9, p. 334). The choice of 8 dimension-based clusters is relatively 

arbitrary and specifying a higher number of clusters results in even more homogeneous 

groups of puntas. However, members of such groups come from multiple bundles, 

reinforcing my argument that a meaningful typology crosscuts the physical grouping of 

puntas v^ithin the East Tomb. This is the patteming one would expect to see if puntas 

were accumulated or stockpiled over a period of time and the bundles were assembled 

from stock on hand before the burial. While statistical analysis helps identify puntas that 

are very similar to each other, it does not address the relevance and realness of such 

groups. For example, do dimension-based clusters correspond to the output of a 

particular craftsman or workshop? Were puntas with very similar masses fabricated using 

blanks or billets cast in the same mold? Alternatively, do clusters correspond to 

standardized punta types, which correspond to identifiably different values or functions? 

In the latter case, one would expect to find clear separation between 

dimension-based punta clusters as opposed to the considerable overlap that exists 

between them (see Figure 8.14 and Figure 8.15, p. 335). Epstein (1993, 174-179) 

hypothesized that the mass of ingots related to an indigenous Andean weight system. If 

such a system did indeed exist along the north coast during the Middle Sican period, the 

lack of clustering of punta masses around 50 or 100 times H (3.71-3.89 grams) suggests 

that these indigenous units did not play an important role in the standardization of puntas. 



If puntas were manufactured and accumulated for the purpose of deposition in the 

East Tomb, or in elite burials in general, then design considerations related to their 

potential uses as tools or weapons may have been secondary to both manufacturers and 

consumers. Therefore, consumers may have had relatively low expectations of 

standardization related to utilitarian or other functions (see Section 5.4172) and were 

perhaps more concerned with the total number of puntas within a bundle and/or the 

assemblage. Accordingly, most diagnostic dimensions of puntas display a lower degree 

of standardization and have higher coefficients of variation (see Table 8.2, p. 326 and 

Appendix 4, p. 406) than the length and width measurements of bundled rectangular 

sheets from dedicatory caches at Huaca Rodillona (see A 3.1, p. 405). 

Unlike adobe bricks and mold-made pottery (e.g. Cavallaro and Shimada 1988; 

Taylor and Shimada 2001), punta blanks or billets underwent considerable mechanical 

shaping subsequent to casting in order to fashion a socket, leaving no identifiable 

evidence of the mold and making it difficult to trace even unfinished puntas to the same 

mold. If it is plausible to relate puntas to the same mold based only on mass, how much 

variation in mass between subsequent castings is it reasonable to expect? Mass 

differences between extant Viking Age silver ingots from the same mold suggested "an 

accepted tolerance of at least one to two grams" (in a total of about 250 grams) to Kruse 

(1988, p. 296). Before one could assess the number of different molds used to cast billets 

for the puntas at Huaca Loro based only on weight, it would be necessary to develop an 

understanding for the extent of weight loss that puntas incurred during shaping as well as 

weight change due to corrosion and/or encrustation. 



Even if one were able to relate puntas based on the use of the same mold, the 

possibility remains that a craftsman or workshop used a number of different molds to 

manufacture the necessary number of puntas. While this would tend to increase the 

variability of mass, the working style or preferences of craftsmen would likely impact the 

transformation of billets in a similar manner and result in relatively homogeneous shapes 

among the punt a output of a workshop. Hence dimension-based punta clusters 

potentially identify production units or producers with similar working methods, 

preferences and skill levels (e.g. Arnold and Nieves 1992; Longacre 1999). In addition to 

different customer expectations relating to standardization, higher coefficients of 

variation for dimension-based punta clusters (A 4.2, p. 409) compared to that observed 

for groups of rectangular sheets (A 3.1, p. 405) may correlate with differences in the 

achievable standardization due to dissimilar manufacturing methods. It is much more 

difficult to make forged products from cast preforms to constant dimensions than it is to 

cut identical rectangular pieces from a hammered sheet. Research on adobe brick 

manufacture for monumental mound construction (e.g. Cavallaro and Shimada 1988) and 

mold-made pottery production at Huaca Sialupe (e.g. Shimada and Wagner 2001; Taylor 

and Shimada 2001) indicate that both independent and attached producers retained 

autonomy in making technical choices to achieve design objectives (see also Section 

6.4.1, p. 236). Unless the functions of the commissioned artifact(s) demanded a very high 

degree of morphological standardization, coppersmiths working in either independent or 

attached workshops likely maintained some flexibility in how they met consumer 
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Though the patterned variability of the diagnostic dimensions of puntas allowed 

me to distinguish clusters that are morphologically more homogeneous than bundles, the 

correlation of certain dimensional variables (or their lack of correlation) cuts across both 

dimension-based and bundle-based groups. I argue that these, more "universal," 

relations stem from aspects of the manufacturing process which all producers carried out 

in a similar manner. For example, the depth or length of punta sockets does not appear to 

be strongly correlated with the length of the blade portion (see Section 8.2.3.1, p. 289). 

Longer/deeper sockets would seem to be more appropriate for puntas with long blades if 

the use of these artifacts involved any prying or leveraging action. Absence of strong 

correlation between socket length and other diagnostic dimensions suggests a number of 

things: (1) socket length/depth is correlated with the tools or techniques used in punta 

manufacture, such as a pole/template used in forming the socket; (2) puntas at Huaca 

Loro were never intended for use^, only burial and therefore socket length/depth was 

unimportant; or (3) the use of finished puntas did not involve prying and/or socket depth 

was sufficient for the normal operation of these artifacts. While factors other than shared 

production techniques may affect the socket length of puntas, the correlation of blade 

width (WT) and thickness (TT) with the open or closed configuration of the bottom of the 

socket is best explained in terms of the manufacturing steps involved in completing a 

punta (see Section 8.2.4.2, p. 302 and Figure 8.19, p. 338). 

^ Lechtman (1981).has examined many puntas from the Briining Museum, but she does not explicitly 
discuss wear or other indicators of specific pieces having been used for agricultural or other purposes. 
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8.3. The elemental composition ofpuntas 

I collected information on the elemental composition of 85 puntas from four 

bundles (2385, 2386, 2388, and 2408) using an electron microprobe. All of the puntas 

studied are made of a copper-arsenic alloy with detectable trace amounts of nickel, 

bismuth, antimony, sulfur and silver in several of the samples. 

8.3.1. Arsenic content 

The arsenic content of the sample of 85 puntas is normally distributed between 

1.06 and 5.23 weight percent with a mean of 3.03 weight percent (Figure 8.25, p. 345). I 

summarized the mean arsenic content of the various bundles in Table 8.15 (p. 345). 

Kolmogorov-Smimov and Shapiro-Wilk tests do not reject normality of distribution 

within bundles and variances were also found to be homogeneous. However, histograms 

suggest that subpopulations of puntas with low versus high arsenic contents may exist 

within the bundles (Figure 8.26 through Figure 8.29, p. 346-347). Only in the case of 

bundle 2386 can puntas with arsenic content below 2.5% be distinguished from the rest 

by virtue of their higher silver content (see Figure 8.30, p. 348). 

One-way analysis of variance (ANOVA) rejected the equality of mean arsenic 

contents between bundles at the 0.05 significance level. Post hoc multiple range tests, 

using Bonferroni and Tukey methods, identified bundles 2385, 2386 and 2388 as a 

homogeneous subset. In other words, the mean arsenic content of these groups is not 

significantly different from each other. The arsenic content of puntas in bundle 2408 is 

significantly higher than that of the others, with the exception of 2385, to which it is most 

similar (see Figure 8.31, p. 348). 



To explore whether alloy composition correlated with punta weight and shape, I 

compared mean arsenic contents between the eight groups established by cluster analysis 

(see Table 8.16 and Figure 8.32, p. 349). Kolmogorov-Smimov tests did not reject 

normality of distribution for the clusters and variances were also found to be 

homogeneous. However, examination of the histograms suggested possibly multi-modal 

distributions. A look at the identity of cases at the high ends of the distributions revealed 

that they tended to come from bundle 2408 and 2385, i.e., the bundles with the two 

highest mean arsenic contents. In fact, the two groups with the highest mean arsenic 

content, clusters 1 and 5, are almost exclusively populated by puntas from bundles 2408 

and 2385. Conversely, clusters with low mean arsenic contents mostly contain puntas 

from bundles 2386 and 2388, i.e., those with the lowest mean arsenic contents. 

The nonparametric Kruskal-Wallis test did not reject equality of mean arsenic 

contents between clusters at the 0.05 significance level. This makes sense as most 

clusters include puntas from a variety of bundles. Thus even if there are significant 

between-bundle differences in mean arsenic levels, the effect of arsenic-rich puntas 

would be dampened by the presence of arsenic-poor ones. Based on the analysis of 

puntas in four different bundles, there is sufficient evidence to state that the association 

of a punta with a particular bundle is a more important predictor of its arsenic content 

than its cluster membership based on weight and shape. However, we need to consider 

the possibility of groups based on compositional criteria that do not match either the 

shape based cluster designation or the archaeological bundle based designation. 
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8.3.2. Trace element content 

In addition to copper and arsenic levels, I attempted to determine the amount of 

eleven elements present at trace levels in puntas: nickel, lead, bismuth, antimony, tin, 

iron, sulfur, zinc, cobalt, silver and gold. Unfortunately, most samples contained these 

elements in amounts below the detection limit of the electron microprobe. I calculated 

mean values for each element based on all cases as well as based only on non-zero cases 

for that element (Table 8.17, p. 350). Nickel, bismuth, antimony, sulfur and silver are the 

most frequently occurring trace elements with nickel and antimony levels reaching as 

high as 0.4 weight percent. 

Based on my study of arsenic content I chose to limit my group-wise comparison 

of trace element levels to exploring between-bundle differences. Since so few cases had 

non-zero values for the other trace elements, I focused on nickel, bismuth, antimony, 

sulfur and silver content. I performed nonparametric Kruskal-Wallis tests for equality of 

means among bundles using all cases as well as using only non-zero cases. Neither test 

was able to reject the equality of means for at the 0.05 significance level. 

Since a single very high value can strongly bias the mean value of the trace 

element content when only three cases are present, I decided to explore whether certain 

punta bundles were more likely to have non-zero values for each trace element. In order 

to do this, I recoded the parts-per-million compositional data into binomial variables, 

using "1" to represent any non-zero value. Then I ran chi-squared tests to determine 

whether the number of non-zero values for the five trace elements—^Ni, Bi, Sb, S, and 

Ag—correlated with the four punta bundles. The chi-squared tests did not reject the 
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independence of non-zero trace element scores and bundle designations at the 0.05 

significance level. Hence there are no statistically significant differences in trace element 

content between the four punta bundles I studied. 

It is important to note that the proportion of variability in trace element 

composition accounted for by the bundle assignment of puntas is consistently lower than 

that explained by dimension-based cluster assignment (see Table 8.18, p. 350). However, 

the case is the opposite for arsenic content as also noted at the end of Section 8.3.1 above. 

This reinforces the possibility that a classification scheme that differs from both the 

bundles and dimension-based clusters may be necessary to locate puntas with similar 

composition. 

8.3.3. Exploring correlation between trace elements and arsenic content via 
principal component analysis 

A visual scan of compositional data suggested that there may exist some 

association between the presence of certain trace elements and arsenic in puntas. 

Spearman's rho tests of bivariate correlations between Ni, Bi, Sb, S, Ag and As content 

of puntas found significant negative correlation between Ni and Bi and positive 

correlation between the following pairs of elements: Bi-Sb, Bi-S, Bi-As and As-S. This 

suggested that principal component analysis can combine some of the compositional 

variables into factors to be used in differentiating between punta bundles more 

effectively. The factors could also be used as variables in cluster analysis—as in the case 

of factors based on diagnostic dimensions—to identify punta groups with similar 

compositions. 
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Principal component analysis extracted three factors based on the six original 

variables (Ni, Bi, Sb, S, Ag and As content). Together the three principal components 

explain about 72 percent of variance. Table 8.19 (p. 350) summarizes the loadings of 

each variable for the three factors obtained using the Varimax rotation. Based on loadings 

the following three functions were used to calculate each punta 's principal component 

score (note that only loadings greater than 0.2 are included below): 

PCF1 = 0.484x>As + 0.864x Sb{ppm) + 0.241x S{ppm) + 0.887x Biippm) 

PCF2 =0.223x/As + 0.768x S(ppm) + 0.821x Ag{ppm) 

PCF3 =0.521x As+ 0.857 xNi(ppm) + 0.201xS{ppm) 

The first principal component function reflects the positive correlation between antimony 

and bismuth content with a low negative loading on nickel (-0.193), which is not included 

in the above equation. Samples with high scores for the second principal component 

function have high silver and/or sulfur concentrations. The third principal component 

function displays a high positive loading on nickel along with a moderate loading on 

arsenic. 

8.3.3.1. Classification ofpuntas based on composition using k-means 
cluster analysis 

In order to find groups of puntas with similar compositions I employed a k-means 

cluster analysis procedure similar to the one used to classify puntas into eight groups 

based on principal component scores that summarized their diagnostic dimensions. I 

identified five distinct groups of puntas, leaving five individuals unclassified. Figure 8.33 

(p. 351) and Figure 8.34 (p. 352) show the separation of the five clusters based on their 

principal component scores. 
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The 18 puntas in composition-based cluster A form a tight groups with arsenic 

contents ranging from 1.26% to 3.13% and mean of 2.60%. These puntas are almost 

entirely free of trace elements at levels detectable with the electron microprobe. The 

average arsenic content of the 26 puntas in cluster B, 2.56%, is very similar to those in 

cluster A, however, all of them contain some silver and almost half of them have 

detectable nickel levels. The 7 members of the third cluster, C, differ from the first two 

by virtue of their higher arsenic content, with a mean of 3.25%. Puntas of this type of 

composition also have detectable bismuth and antimony levels, but lack nickel, sulfur, 

and silver. This trace element pattem results in higher scores for the first principal 

component than for any other puntas. The fourth cluster, D, contains only four puntas 

with a 3.65% mean arsenic content, fairly high levels of silver and variable bismuth and 

silver. The combination of trace elements in puntas of type D result in high scores for the 

second principal component function, which serves to distinguish them from others. 

Finally, cluster E contains 24 puntas with a mean arsenic content of 3.43% and high 

scores for the third principal component that results from almost all of them having 

detectable nickel content. Table 8.20 (p. 353) summarizes the mean composition of the 

five punta groups established by the cluster analysis. 

8.3.3.2. Differences between composition- and dimension-based 
classification schemes 

I compared the diagnostic dimensions of the five composition-based punta 

clusters using nonparametric Kruskal-Wallis tests and found that equality of means could 

not be rejected. In other words, the five groups can be distinguished on the basis of their 

composition, but not their dimensions. In fact, the cross-tabulation of composition- and 
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dimension-based cluster memberships shows that—based on the Pearson chi-square 

test—^the independence of the two classification schemes cannot be rejected at the 0.05 

significance level. Hence there is no one-to-one correlation between the above two 

classification methods. Similarly, the cross-tabulation of punta bundle and 

composition-based cluster membership produced no significant evidence for the 

coincidence of the two grouping methods. 

When compared with bundles and dimension-based clusters, composition-based 

cluster analysis accounts for a much greater proportion of variance in the arsenic, nickel, 

bismuth, antimony, sulfur and silver content ofpuntas (Table 8.21, p. 354). I was not able 

to create a classification system based on a combination of dimensional and 

compositional variables that approached the effectiveness of the separate grouping 

schemes. It is important to emphasize that there are puntas that can be grouped together 

based on their dimensions and composition. However, there are also examples of puntas 

with very similar weight and shape that differ in arsenic and trace element content. 

8.4. Interpreting the patterning of morphological and compositional variability among 
puntas 

Before or during their deposition in the East Tomb at Huaca Loro puntas were 

organized in bundles. The similar organization of other types of funerary goods suggests 

that the behavioral significance of bundling Ukely combined the need to account for the 

quantities deposited, and to safely transport and deposit a large number of objects 

(Shimada, et al. 2000, p. 43). 

Punta bundles display a lower degree of morphological and compositional 

standardization than do bundles of rectangular sheets from dedicatory caches at Huaca 



Rodillona. This stems partly from the broader array of material and labor resources 

involved in the manufacture of the punta cache, as well as differences in the 

manufacturing processes. If we disregard the bundle-based classification of puntas then it 

is possible to locate groups of puntas that exhibit a greater degree of standardization in 

shape or elemental composition, but not both. In other words, dimension-based and 

composition-based classification systems crosscut bundle-based distinctions. 

Puntas at Huaca Loro cannot be sorted into discrete groups based on mass and 

shape unless the groups contain very few (less than five) members. This indicates a lack 

of "universal" standards to which manufacturers adhered and also relates to the 

difficulties involved in the metric standardization of hand-forged products. The 

variability of diagnostic punta dimensions is unequal with total punta length being the 

most standardized measurement. The same is the case for rectangular sheets from Huaca 

Rodillona. Coefficients of variation calculated for length values of discrete groups of 

rectangular sheets are half as much as the same statistic calculated for punta bundles or 

dimension-based clusters. This means that groups of rectangular sheets are much more 

homogeneous than those of puntas and supports the hypothesis that the general shape of 

puntas and/or their quantity was more important to those collecting and depositing them 

in the East Tomb than the adherence by manufacturers to strict standards. 

Dimension-based clusters potentially identify production units or producers with 

similar working methods, preferences, and skill levels, if coppersmiths maintained 

autonomy over the manufacturing process and if the variability exhibited by puntas was 

within acceptable limits. The cache of puntas in the East Tomb at Huaca Loro thus 



represents the pooled output of at least eight, but likely more, producers or groups. The 

involvement of multiple production units in the manufacture of the 489 puntas deposited 

at Huaca Loro is not surprising, especially if the artifacts were intended as grave goods 

and a limited time was available for their production. 

Based on the unfinished and unused nature of puntas we must consider the 

possibility that the actual utility of puntas as tools or weapons was not the most important 

design guideline. Arsenic content differences do not correlate significantly with design 

differences (see Section 8.3.1, p. 314), therefore variation in arsenic and trace element 

content may serve an indicator of material selection, processing and use patterns. The 

makers of the puntas deposited in the East Tomb at Huaca Loro relied on at least five, but 

likely more, distinct stock metal procurement paths (including recycling). Similar to the 

involvement of multiple smithing facilities, reliance on a number of different sources to 

supply raw materials is to be expected when the equivalent of the output of about 555 

smelting runs was needed within a limited period of time. 

The lack of one-to-one correlation between dimension- and composition-based 

clusters indicates the flow of stock metal from facilities engaging in distinct material 

procurement and/or processing activities to a single smithing unit. Also, stock metal 

produced in a particular fashion was used to fabricate puntas in several different 

dimension-based clusters. 

The patterning of morphological and compositional variation among puntas is 

more difficult to interpret than it is for rectangular sheets, because homogeneous clusters 

established using either morphological or compositional variables are higher in number 
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and they do not reproduce the grouping of puntas in the archaeological context. This 

suggests that the grouping of puntas into bundles was not based on the identity of the 

producer or production unit. Instead, the grouping of puntas may have been based on 

practical criteria that were unrelated to material flow and product distribution patterns. 

The removal of a given number of randomly selected puntas from a stockpile, followed 

by the assembly of bundles reflects a possible explanation for the patterned variability 

observed among puntas. The stockpile of puntas likely represented the output of multiple 

smelting and metalworking units regardless of the exact point at which the accumulation 

of puntas occurred along the material flow path between metalsmithing and burial, and 

regardless of whether puntas were stockpiled specifically for the East Tomb at Huaca 

Loro. 
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8.5. Figures and tables 

SAP field code for Puntas per Number of puntas Number of puntas 
analyzed using 

electron microprobe 
punta bundle bundle measured sampled 

Number of puntas 
analyzed using 

electron microprobe 

2385 36 26 26 23 

2386 30 30 30 20 

2388 30 30 30 14 

2389 28 28 28 0 

2391 28 28 28 0 

2392 29 29 29 0 

2405 29 29 29 0 

2407 31 31 31 0 

2408 28 28 28 27 

2535 30 30 30 0 

Totals: 299 289 289 84 

Table 8.1. Summary of the numbers of puntas examined in this dissertation (SAP = Sican Archaeological 
Project). 
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Figure 8.1. Diagnostic dimensions of puntas. 
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Mass LP LB WT WP 

Units g cm cm mm mm 

N 286 285 287 287 286 
Mean 404.1 36,3 26.5 24,3 10,1 
Range 450.5 13,2 13.3 15,6 9,8 

o  Minimum 160.0 30,4 20.4 14,8 6,0 
C O  
ro Maximum 610.5 43,6 33.7 30,4 15,8 

C O  Std. Deviation 96.1 2,34 2.26 2,52 2,01 
Si^ewness 0.174 0,334 0.185 0.058 0,647 
Kurtosis -0.757 0,381 0.066 0.249 0.279 

C.V. 0.238 0,085 0,064 0.104 0.199 

Mean 5.68 0,139 0,134 0.149 0.119 
- p  Sl<ewness 0.144 0.144 0,144 0.144 0.144 
CO LLI Kurtosis 0.287 0.288 0,287 0.287 0.287 

TT TM TP mean OD mean ID socket thickn. 

Units mm mm mm mm mm mm 

N 287 287 287 256 224 103 
Range 11.5 8.5 6,1 21.6 25.2 2,5 

Minimum 5.3 4.3 1,5 16,4 9.4 ,5 

Maximum 16.8 12.8 7,6 38,0 34.6 3,0 
.S2 
TO Mean 10.1 7.9 4.2 27,8 24.4 1.1 

C O  Std. Deviation 2.23 1.70 1,12 2,56 2.69 0,39 
Skewness 0.222 0.391 0,392 0,335 -0.107 1,962 
Kurtosis -0.225 -0.302 0,312 3,01 4,93 6,279 
C.V. 0.221 0.215 0,266 0,092 0,110 0,354 

Mean 0.132 0.100 6.64*10"^ 0,160 0.180 3,8*10"^ 
2 2  
CO iij 

Skewness 0.144 0.144 0,144 0,152 0,163 0,238 2 2  
CO iij 

Kurtosis 0,287 0.287 0,287 0,303 0.324 0,472 

Table 8.2. Descriptive statistics of diagnostic punta dimensions. 

N Kolmogorov-Smirnov Z Asymp. Sig. (2-taiIed) Conclusion 

Weight 286 1.314 .063 accept Ho at 0.05 level 

LP 285 .711 .693 accept Ho at 0.05 level 

LB 287 .608 .854 accept Ho at 0.05 level 

WT 287 .749 .629 accept Ho at 0.05 level 

WP 286 1.422 .035 reject Ho at 0.05 level 

TT 287 .888 .410 accept Ho at 0.05 level 

TIVI 287 1.085 .190 accept Ho at 0.05 level 

TP 287 1.184 .121 accept Ho at 0.05 level 

mean OD 256 .878 .424 accept Ho at 0.05 level 

mean ID 224 .828 .500 accept Ho at 0.05 level 

socket thickn. 103 1.578 .014 reject Ho at 0.05 level 
Ho=data follows normal distribution. Ha=data does not follow normal distribution. 

Table 8.3. Test of normality of distributions for diagnostic punta dimensions (one-sample test). 
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Figure 8.2. Histogram of punta weights. 
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Figure 8.3. Histograms of total punta lengths (LP) and blade lengths (LB). 
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Figure 8.4. Histograms of punta blade width below the socket (WT) and at the point (WP). 
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punta blade thickness below socket (mm) punta blade thickness at midpoint (mm) 

Figure 8.5. Histograms of punta blade thickness below the socket (TT) and at the midpoint (TM), 

punta blade thickness at point (mm) punta socltet mean outer diameter (mm) 

Figure 8.6. Histograms of punta blade thickness at the point (TP) and of the mean outer diameter of punta 
sockets. 
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punta socket mean inner diameter (mm) punta socket thickness (mm) 

Figure 8.7. Histograms of the mean inner diameter and thickness of punta sockets. 
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Mass LP LB WT WP TT TM TP mean OD 

Mass 1.000 .472* .448* .309* .228* .623* .792* .451* .358* 
-t—' c LP .472* 1.000 .849* .231* .251* .081 .192* .210* ,273* 

"o 

<D 
O 

LB .448* .849* 1.000 .125* .173* .108 .226* .246* .116 "o 

<D 
O WT .309* .231* .125* 1.000 .466* -.158* .084 .073 .373* 
O 
c WP .228* .251* .173* .466* 1.000 -.170* .027 .370* .161* 
o 
V-« 
CD TT .623* .081 .108 -.158* -.170* 1.000 .634* .218* .197* 
(D 

TM .792* .192* .226* .084 .027 .634* 1.000 .439* .205* 

O TP .451* .210* .246* .073 .370* .218* .439* 1.000 .063 

meand OD .358* .273* .116 .373* .161* .197* .205* .063 1.000 

Mass .000 .000 .000 .000 .000 .000 .000 .000 

LP .000 .000 .000 .000 .174 .001 .000 .000 
_Q) 

ro LB .000 .000 .034 .003 .067 .000 .000 ,065 
1 

WT .000 .000 .034 .000 .007 .155 .216 .000 
0) 
o WP .000 .000 .003 .000 .004 .645 .000 .010 
c 
CD 
O TT .000 .174 .067 .007 .004 .000 .000 .002 

'E 
D) 

CO 

TM .000 .001 .000 .155 .645 .000 .000 .001 'E 
D) 

CO TP .000 .000 .000 .216 .000 .000 .000 .315 

mean OD .000 .000 .065 .000 .010 .002 .001 .315 

Mass 286 282 284 284 284 284 284 284 254 

LP 282 285 285 285 285 285 285 285 256 

LB 284 285 287 287 287 287 287 287 256 

WT 284 285 287 287 287 287 287 287 256 

z WP 284 285 287 287 287 287 287 287 256 

TT 284 285 287 287 287 287 287 287 256 

TM 284 285 287 287 287 287 287 287 256 

TP 284 285 287 287 287 287 287 287 256 

mean OD 254 256 256 256 256 256 256 256 256 

Table 8.4. Spearman's rho correlation between diagnostic dimensions assessed for all puntas. (* correlation 
is significant at the 0.05 level, 2-tailed test) 

Variable pair Spearman ranit correlation coefficient 

1. LP-LB .849 

2. Mass-TM .792 

3. TT-TM .634 

4. Mass -TT .623 

5. Mass -LP .472 

6. WT-WP .466 
7. Mass -TP .451 

8. Mass-LB .448 

9. TM-TP .439 

Table 8.5. Pairs of variables (diagnostic dimensions) in order of decreasing Spearman rank correlation 
coefficient (minimum correlation coefficient=0.400). 
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Figure 8.8. Scatter plot of punta total length (LP) versus blade length (LB). Note the positive correlation of 
the two variables and the strong linear trend (Spearman rank correlation coefficient = .849). 
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Figure 8.9. Histogram of punta socket length. 
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Figure 8.10. Scatter plot matrix showing pair-wise correlation betweenpunta total length (LP) and blade 
length (LB), and socket length (LP-LB). 

Variables 

Principal component 

Variables 1 2 3 4 

LB .956 

LP .937 

TT .906 

TM .881 .232 

TP .281 .896 

WP .209 -.207 .663 .534 

WT .961 

Table 8.6. Rotated component matrix displaying the factor loadings on each variable. (Varimax rotation 
method with Kaiser normalization). 
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Figure 8.11. Scatter plot of scores for principal component functions 1 and 2 calculated for puntas with all 
variables present. Cases marked according to the identification code assigned to their bundle 
by the Sican Archaeological Project. 

Cluster number 

Total 1 2 3 4 5 6 7 8 Total 

2385 3 2 3 5 7 5 25 

2386 5 5 6 1 8 1 4 30 

2388 3 5 1 3 9 8 29 

2389 2 1 2 2 8 9 4 28 

^ 2391 1 2 2 4 4 5 5 3 26 
= 2392 5 5 3 1 7 2 1 5 29 

2405 4 4 1 1 3 5 10 1 29 

2407 5 5 4 15 1 1 31 

2408 2 4 1 7 2 2 3 7 28 
2535 1 3 11 7 2 1 1 26 

Total 26 36 33 21 55 50 38 22 281 

Table 8.7. Cross-tabulation of bundle and cluster membership of puntas (counts). 
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Figure 8.12. Graphic representation of average punta dimensions (LP, LB, WT, WP, TT, TM, TP, mean 
OD) in groups established by k-means cluster analysis®. 

Means 

Mass LP LB WT WP TT TM TP mean OD 
(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) (mm) 

1 529.4 37.3 27.7 24.0 8.80 13.2 10.3 4.1 29.5 

V 
2 333.5 37.6 27.6 24.5 9.27 8.6 6.3 3.0 27.7 

F 3 313.9 35.2 25.6 22.9 10.9 7.8 6.6 4.6 26.1 
3 
C 4 503.3 39.1 28.8 25.8 13.3 9.5 8.5 6.1 28.7 
1-
<0 5 421.2 36,3 26.9 22.1 9.1 11.5 8.5 4.5 27.0 
V) 
3 6 302.0 33.6 23.9 23.7 9.1 8.9 6.6 3.3 27.0 
o 7 479.3 35.1 25.1 26.7 10.9 11.3 9.2 4.5 28.5 

8 477.1 39.8 29.5 28.0 12.2 9.3 8.0 4.1 29.3 

Table 8.8. Mean values of diagnostic dimensions based onpuntas assigned to clusters. 

^ For each group the top diagram shows the punta's frontal view and the bottom diagram shows the 
lateral view of blade portion only. 



334 

. 2 SS(B) SS{B) 
Eta squared = r] - -

total sum of squares SS{B) + SS(^V) 

SS(ff) = between - groups sum of squares = ̂  /?/ x {x/ - Xq/^ 
/=1 

k n 2 
SS(14^ = within- group sum of squares = 

/=1 y=i 

k= number of categories 

n= number of cases in category 

Xjj = score on the dependent variable of individual case/that falls in category / 

Xj = mean value of the dependent variable for category / 

Xq/^- grand mean of the dependent variable 

Figure 8.13. Equation for calculating the eta squared statistic (based on SPSS Inc. 1999, p. 99 and 125). 

Bundle-based grouping Dimension-based clusters 

% of variance explained T1^ % of variance explained 

Weight (g) 0.094 9.4% 0.74 74.0% 

LP (cm) 0.211 21.1% 0.631 63.1% 

LB (cm) 0.247 24.7% 0.591 59.1% 

WT (mm) 0.097 9.7% 0.5 50.0% 

WP (mm) 0.115 11.5% 0.47 47.0% 

TT (mm) 0.105 10.5% 0.575 57.5% 

TM (mm) 0.062 6.2% 0.577 57.7% 

TP (mm) 0.085 8.5% 0.492 49.2% 

mean OD (mm) 0.104 10.4% 0.166 16.6% 

PCF1 score 0.228 22.8% 0.628 62.8% 

PCF2 score 0.108 10.8% 0.673 67.3% 

PCF3 score 0.108 10.8% 0.541 54.1% 

PCF4 score 0.082 8.2% 0.509 50.9% 

Table 8.9. Comparison of the percentage of variance explained by bundle and cluster assignments using the 
eta squared statistic. 
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Figure 8.14. Scatter plot of scores for principal component functions 1 and 2. 
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Figure 8.15. Scatter plot of scores for principal component functions 2 and 3. 
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closed socket 

open socket 

closed socket 

Figure 8.16. Puntas with "open" and "closed" socket shapes (Huaca Loro, East Tomb, Group 2389). 
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closed SQGket 

Figure 8.17. Close-up frontal view of differences between "open" and "closed" socket shapes. Note the gap 
in the zone between the bottom of the socket and the blade in the case of the open socket. 

closed socket 

Figure 8.18. Close-up side view of differences between "open" and "closed" socket shapes. Note the 
thicker blade of the punta with the closed socket. 
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Figure 8.19. Hypothetical method for shapingpunta blades resulting in the closure of socket and the 
simultaneous increase in blade thickness and decrease in blade width while the circumference 
stays constant. 
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Socket Number Mean Standard Standard error 
type of values (mm) deviation of the mean 

WP closed 96 9.266 1.765 .180 

open 95 10.920 2.311 .237 

WT dosed 96 23.142 2.065 .211 

open 95 25.026 2.572 .264 

TP closed 96 4.216 1.079 .110 

open 95 4.169 1.232 .126 

TM closed 96 8.378 1.830 .187 

open 95 7.542 1.527 .157 

TT closed 96 11.236 1.950 .199 

open 95 9.263 2.033 .209 

OD1 closed 77 28.499 2.732 .311 

open 84 28.699 3.259 .356 

OD2 closed 72 27.094 2.723 .321 
open 80 27.007 2.772 .310 

Table 8.10. Mean values of dimensions diagnostic of punta thickness (TP, TM, TT), width (WP, WT), and 
socket diameter (ODl, 0D2). 

T-test for equality of means 

Sig. (2-
tailed) 

Mean 
difference 

Std. error 
difference 

95% confidence 
Interval of the 

difference 

Variances t statistic df 
Sig. (2-
tailed) 

Mean 
difference 

Std. error 
difference Lower Upper 

WP non-pooled -5.556 175.9 0.000 -1.654 .298 -2.242 -1.067 

WT non-pooled -5.581 179.8 0.000 -1.885 .338 -2.551 -1.218 

TP pooled 0.275 189 0.783 4.615E-02 ,168 -.284 .377 

TM pooled 3.425 189 0.001 0.836 .244 .354 1.317 

TT pooled 6.846 189 0.000 1.973 .288 1.405 2.542 

0D1 pooled -0.420 159 0.675 -0.200 .476 -1.141 .740 

0D2 pooled 0.195 150 0.846 8.694E-02 .447 -.795 .969 
Equality of means can be rejected for 2-tailed significance values greater than 0.05 (df=degrees of 
freedom). 

Table 8.11. T-tests for equality of means between closed- and open-socketed puntas. 
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Figure 8.20. Histograms of the ratio of blade width (WT) and blade thickness (TT) measured below the 
socket of closed and open socketed puntas^. 

' The mean WT/TT ratio is lower for puntas with closed sockets than for ones with open sockets. This 
means that on average, closed socketed puntas are narrower but thicker. 
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O=closed socket. 1=open socket O=closed socket. 1=open socket 

Figure 8.21. Comparison of distributions for WT/TT (left) and blade circumference below the socket (right) 
between closed and open socketed puntas^. 

Channel in front 

Socket type absent present Total 

Closed Count 66 30 96 

Expected Count 75 21 96 

Open Count 84 12 96 

Expected Count 75 21 96 

Total Count 150 42 192 

Expected Count 150 42 192 

Value df Asymptotic Significance (2-sided) 

Pearson Chl-Square 9.674'' 1 ,002 

Continuity Correction'' 8.808 1 .003 

N of Valid Cases 192 
® Computed only for a 2x2 table 

0 cells (.0%) have expected count less than 5. The minimum expected count Is 21.00. 

Table 8.12. Cross-tabulation and chi-square test of association between socket types and presence of a 
channel running down the front ofpuntas. 

The circumference of the blade below the socket is estimated by multiplying the sum of the width and 
thickness of the blade by two. The latter estimate assumes that the cross section of the blade is 
approximately rectangular. 
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Socket type 

Cluster Closed Open Total 

1 12 5 17 

2 8 11 19 

3 11 13 24 

4 2 11 13 

5 35 8 43 

6 13 22 35 

7 10 13 23 

8 0 11 11 

Total 91 94 185 

Socket type 

Cluster Closed Open 

1 70.6% 29.4% 

2 42.1% 57.9% 

3 45.8% 54.2% 

4 15.4% 84.6% 

5 81.4% 18.6% 

6 37.1% 62.9% 

7 43.5% 56.5% 

8 100% 

Table 8.13. Cross-tabulation of socket types and punta groups established by cluster analysis. 

Mean WT/TT Ho : mean WT/TT ratio is the same for 

All puntas in Puntas with Puntas with puntas with open and closed sockets® 

cluster closed socket open socket Ha: mean WT/TT ratios are different 

1 1.87 1.86 1.89 cannot reject Ho 

2 2.85 2.36 3.20 reject Ho, means significantly different 

3 3.08 2.68 3.42 reject Ho, means significantly different 

4 2.84 2.40 2.92 cannot reject Hp 

5 1.92 1.91 1.98 cannot reject Ho 

6 2.73 2.40 2.93 reject Ho, means significantly different 

7 2.36 2.14 2.52 reject Ho, means significantly different 

8 2.96 2.96 

^ Null hypothesis evaluated for each cluster using the two-tailed nonparametric Mann-Whitney test at 0.05 
significance level. 

Table 8.14. Mean WT/TT ratio for punta groups established by cluster analysis (only puntas for which 
socket type was recorded are included). 
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Cluster number 

Figure 8.22. The distribution of WT/TT ratio for groups of puntas established by cluster analysis (only 
puntas for which socket type was recorded are included). 

Socket type 

• closed 

N= 12 5 8 11 11 13 2 11 35 6 13 22 10 13 

Cluster number 

Figure 8.23. The distribution of WT/TT ratio for puntas with open and closed sockets within the various 
clusters established by cluster analysis. 
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1.24. Comparison of degrees of morphological standardization of puntas in bundles and 
dimension-based clusters using coefficients of variation for variables describing the mass 
shape. 



345 

Puntas 

>, u c <D 
=3 

C7 

As (weight percent) 

Figure 8.25. Histogram of arsenic content of all 85 puntas analyzed using an electron microprobe. 

Bundles 

2385 2386 2388 2408 

N 23 20 14 27 

Mean As (%) 2,94 2.69 2.83 3.46 

Median 2.93 2.82 2.78 3.57 

Std. Deviation 0.711 0.776 0.395 0.790 
Minimum 1.26 1.06 2.29 1.72 

Maximum 4.33 4.16 3.51 5.23 
Slowness -0.237 0.055 0.329 -0.07 

Kurtosis 0.127 0.064 -1.061 -0.008 

C.V. 0.242 0.288 0.140 0.228 

Table 8.15. Mean arsenic content of puntas organized into bundles. 
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Figure 8.26. Histogram of arsenic content of puntas in bundle 2385. 
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Figure 8.27. Histogram of arsenic content of puntas in bundle 2386. 
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Figure 8.28. Histogram of arsenic content of puntas in bundle 2388. 
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Figure 8.29. Histogram of arsenic content of puntas in bundle 2408. 



348 

Bundle 2386 

Ol 

to 
< 

4,5 

4,0 

3.5 

3,0 

2.5 

2,0 

1.5 

1.0 

.5 

0,0 

o 

0 

1 

o 
o 

o 

o 
<> <> 

Ag (ppm) 

Figure 8.30. Scatter plot of the arsenic versus the silver content of puntas in bundle 2386 
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Figure 8.31. Box plot comparing the distributions of arsenic content of puntas in bundles. 

' Note that puntas with lower than 2.5% arsenic tend to have non-zero values for silver, while only three 
puntas with higher arsenic content have non-zero values for silver. 
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Dimension-based punta clusters 

1 2 3 4 

N 5 11 7 11 

Mean 3.48 2.93 2.83 3.05 

Median 3.54 2.93 2.90 3.03 

Std. Deviation 0.469 0.738 0.865 0.495 

Minimum 2.75 1.72 1.26 2.51 

Maximum 4.01 4.16 4.19 4.08 

Skewness -0.905 0.2 -0.467 0.923 

Kurtosis 1.338 -0.097 2.446 0.377 

C.V. 0.135 0.252 0.306 0.162 

Dimension-based punta clusters 

5 6 7 8 

N 7 19 12 10 

Mean 3.36 2.69 3.22 3.23 

Median 3.48 2.47 3,34 3.44 

Std. Deviation 1.321 0.658 0.871 0.619 

Minimum 1.06 1.79 1.87 2.17 

Maximum 5.23 4.6 4.33 3.99 

Sl<ewness -0.528 1.352 -0.231 -0.885 

Kurtosis 0.907 2.722 -1.41 -0.303 

C.V. 0.393 0.245 0.270 0.191 

Table 8.16. Mean arsenic content of puntas in dimension-based clusters. 
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Figure 8.32. Box plot comparing the arsenic content distribution of puntas in dimension-based clusters. 
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All cases Non-zero cases 

N Mean Std. Dev. Min. Max. N Mean Std. Dev. Min. Max. 

Ni (ppm) 84 201 479 0 4060 34 497 653 220 4060 

Pb (ppm) 84 7.98 59.6 0 530 2 335 276 140 530 

Bi (ppm) 84 278 756 0 4530 16 1458 1154 300 4530 

Sb (ppm) 84 153 272 0 1440 26 494 266 260 1440 

Sn (ppm) 84 2.62 24.0 0 220 1 n/a n/a n/a 220 

Fe (ppm) 84 2.38 21.8 0 200 1 n/a n/a n/a 200 

S (ppm) 84 66.8 218 0 1700 17 330 393 120 1700 

Zn (ppm) 84 3.69 33.8 0 310 1 n/a n/a n/a 310 

Co (ppm) 84 0.00 0.00 0 0 0 

Ag (ppm) 84 286 307 0 1150 43 558 176 370 1150 

Au (ppm) 84 0.00 0.00 0 0 0 

Table 8.17. Mean trace element content of puntas based on all cases (left) and on non-zero cases only 
(right). 

Bundle-based grouping Dimension-based clusters 

11̂  % of variance explained Tl^ % of variance explained 

As (%) 0.164 16.4% 0.109 10.9% 

Ni (ppm) 0.03 3.0% 0.082 8.2% 

Bi (ppm) 0.001 0.1% 0.077 7,7% 
Sb (ppm) 0.07 7.0% 0.087 8.7% 

S (ppm) 0.024 2.4% 0.106 10.6% 

Ag (ppm) 0.036 3.6% 0,041 4,1% 

Table 8.18. Comparison of the percentage of compositional variance explained by bundle and cluster 
assignments using the eta squared statistic. 

Principal component 

Variables 1 2 3 

As 0.484 0.223 0.521 

Ni (ppm) -0.193 -0.102 0.857 

Sb (ppm) 0.864 8.96*10'^ -1.38*10'^ 

8 (ppm) 0.241 0.768 0.201 

Ag (ppm) -0,128 0.821 -0.197 

Bi (ppm) 0.887 -4.09*10"^ -9.81*10'^ 

Table 8.19. Rotated component matrix displaying the factor loadings on each variable. (Varimax rotation 

method with Kaiser normalization). 
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Figure 8.33. Scatter plot of puntas grouped into clusters based on their similar compositional principal 
component function scores. 
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Figure 8.34. Scatter plot of puntas grouped into clusters based on their similar compositional principal 
component function scores. 
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Mean Median Std. Deviation Minimum Maximum c.v. 
A As (%) 2.60 2.65 0.49 1.26 3,13 0.188 

N=18 Ni (ppm) 16 0 68 0 290 

Sb (ppm) 52 0 119 0 330 

S (ppm) 19 0 57 0 210 

B As (%) 2.56 2.49 0.68 1.06 4.03 0.267 

N=26 Ni (ppm) 125 0 164 0 420 

Bi (ppm) 25 0 126 0 640 

Sb (ppm) 54 0 130 0 410 

S (ppm) 14 0 54 0 250 

Ag (ppm) 520 510 106 370 780 

C As (%) 3.25 3.44 0.51 2.57 3.91 0.156 

N=7 Bi (ppm) 1834 1660 870 660 3030 

Sb (ppm) 564 530 195 350 960 

S (ppm) 37 0 98 0 260 

Ag (ppm) 221 0 296 0 730 

D As (%) 3.65 3.84 0.68 2.75 4.19 0.185 

N=4 Ni (ppm) 150 145 173 0 310 

Bi (ppm) 425 240 576 0 1220 

Sb (ppm) 88 0 175 0 350 

8 (ppm) 328 320 311 0 670 

Ag (ppm) 940 935 201 740 1150 

E As (%) 3.44 3.41 0.47 2.34 4.29 0.136 

N=24 Ni (ppm) 300 315 223 0 710 

Bi (ppm) 99 0 252 0 900 

Sb (ppm) 135 0 213 0 750 

S (ppm) 43 0 72 0 230 

Ag (ppm) 156 0 230 0 670 

unassigned As (%) 4.26 4.33 0.83 2.97 5.23 0.194 
N=5 Ni (ppm) 1110 400 1708 0 4060 

Bi (ppm) 1152 0 1962 0 4530 

Sb (ppm) 598 720 611 0 1440 

S (ppm) 458 0 740 0 1700 

Ag (ppm) 284 0 403 0 860 

Table 8.20. Elemental composition of puntas in composition-based clusters. 
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Bundle assignment Dimension-based cluster Composition-based cluster 

% variance 
explained Tl^ 

% variance 
explained Tl^ 

% variance 
explained 

Mass (g) 0.131 13.1% 0.774 77.4% 0.07 7.0% 

LP (cm) 0.323 32.3% 0.73 73.0% 0.051 5.1% 

LB (cm) 0.339 33.9% 0.831 83.1% 0.041 4.1% 

WT (mm) 0.033 3.3% 0.495 49.5% 0.053 5.3% 

WP (mm) 0.192 19.2% 0.627 62.7% 0.058 5.8% 

IT (mm) 0.155 15.5% 0.531 53.1% 0.034 3.4% 

TM (mm) 0.052 5.2% 0.595 59.5% 0.031 3.1% 

TP (mm) 0.064 6.4% 0.676 67.6% 0.092 9.2% 

As (%) 0.164 16.4% 0.109 10.9% 0.378 37.8% 

Ni (ppm) 0.03 3.0% 0.082 8.2% 0.344 34.4% 

Bi (ppm) 0.001 0.1% 0.077 7.7% 0.736 73.6% 

Sb (ppm) 0.07 7.0% 0.087 8.7% 0.439 43.9% 

S (ppm) 0.024 2.4% 0.106 10.6% 0.376 37.6% 

Ag (ppm) 0.036 3,6% 0.041 4.1% 0.701 70.1% 

Table 8.21. Comparison of the percentage of compositional variance explained by bundle and cluster 
assignments using the eta squared statistic. 

Composition-based clusters 

Total A B C D E unassigned Total 

2385 3 6 3 1 9 1 23 

S 2386 4 9 1 1 5 20 
= 2388 7 2 2 1 1 1 14 

2408 4 9 1 1 9 3 27 

Total 18 26 7 4 24 5 84 

Composition-based clusters 

Total A B C D E unassigned Total 

1 1 1 1 n 2 5 
•o 1 0) 2 4 5 1 1 11 

5 . 3 1 2 2 1 1 7 

5 2 1 3 11 

5 1 2 1 2 1 7 

1 6 3 8 2 5 1 19 

Q 7 2 2 1 4 3 12 
8 2 3 5 10 

Total 18 25 7 4 23 5 82 

Table 8.22. Cross tabulation of composition-based punta classification with bundle membership and 
dimension-based grouping. 
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CHAPTER 9: SHEET PUNTAS 

9.1. Introduction 

Bundled sheet puntas accompanied deceased members of Middle Sican elite 

whose burials lacked the range, quantity and quality of goods characteristic of tombs in 

which higher-tier elite were interred (see Table 2.3, p. 71). Sheet puntas likely 

functioned as less resource-intensive two-dimensional analogues to cast puntas (see 

Section 3.3.3, p. 92). The amount of copper-arsenic alloy necessary to produce an 

average punta (-404 g) would have been sufficient to produce about two bundles of sheet 

puntas, each containing 35-40 pieces weighing 4-5 grams each. Thus the labor and 

material resources involved in producing stock metal for a bundle of sheet puntas was 

significantly lower than what was necessary for a bundle of regular puntas. Given that 

many sheet puntas could have been fashioned from the consolidated output of a single 

smelting run (~ 300-600 g), I anticipate that the composition of sheet puntas within a 

burial cache was more homogeneous than that of puntas. Additionally, since multiple 

sheet puntas could have been manufactured simultaneously from a single hammered 

sheet, morphological standardization may also be higher for sheet puntas within a given 

bundle or assemblage. 

9.1.1. Limitations of studying sheet puntas from the site of Sican 

Because sheet puntas collected from the site of Sic^ in the Poma districts are 

surface finds we do not know the total number within a grave nor can we tell whether 

they were grouped together spatially, i.e., bundled. I must also point out that spatial 

proximity of these objects on the surface is only a potential indicator of their association 
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with the same burial. The above factors limit what we can learn from looking at sheet 

punta variability within a particular surface assemblage and between assemblages found 

at different adobe mounds. The completely mineralized state of sheet puntas from the 

tomb at Illimo prevents their dimensional and compositional analysis and the systematic 

sampling and study of pieces excavated at Pampa de Burros is yet to take place. 

Based on the elemental composition of sheet puntas from Huacas Menor, El 

Corte, La Merced and De Las Ventanas I can establish the minimum number of distinct 

copper-alloy stock metal sources used to produce the particular artifacts found at a site. 

Inter-site comparison may also reveal similar metal procurement patterns. Within- and 

between-assemblage comparison of dimensions and shapes has the potential of locating 

subgroups with similar designs. The fragmentary nature of most sheet puntas weakens 

the conclusions I may draw in regard to the latter. 

9.2. Morphological variability among sheet puntas 

9.2.1. Huaca Menor 

The Sican Archaeological Project collected 35 sheet punta fragments at Huaca 

Menor. Field inventories indicate that the finds date to the later portion of the Middle 

Sican period. Other copper-alloy artifacts associated with the find (inventory code; 

Huaca Menor M-1) include a fragment of what I infer to have been the blade portion of a 

punta-, three sheet fragments belonging to the same object with circles embossed along 

one edge; and the fragment of a naipe. Related groups of objects from the site (inventory 

codes: Huaca Menor M-3 and M-4) contain 31 complete and over thirty fragmentary 

naipes of four different sizes and shapes, one of which is the same as that of the naipe 



with inventory code M-1. Interestingly, Pedersen's inventory of a looted tomb below the 

center of Huaca Menor includes a similar array of goods, with the exception of sheet 

puntas: "agricultural" implements, arrowheads, naipes, and a "plirnia de casco o 

diadema"(1976, p. 63-64). 

The most complete sheet punta fragment is 22.5 cm long, but the complete object 

was probably longer because the top of the socket appears to be Jfragmentary (see Figure 

3.8, p. 109). Figure 9.1 (p. 367) illustrates the changes in the cross section of sheet puntas 

along their length. The curvature imparted to the blade about the longitudinal axis stiffens 

the thin (0.4-0.7 mm) copper-alloy sheet. The upper portion, including the socket, of 

almost all sheet puntas from Huaca Menor is missing. Only six objects retain some 

fraction of the socket. The only subtle difference I was able to note between these highly 

fragmented sheet puntas was the extent to which the blade portion was curved (see Figure 

9.1, p. 367). The greater curvature in the case of some of the pieces gave the impression 

of a narrower blade (7-9 mm vs. 10-12 mm when measured 1 cm above the tip) though 

widths measured along the circumference of the curve were fairly close. 

9.2.2. Huaca El Corte 

Surface collections at Huaca El Corte contain a sheet punta fragment with 

inventory code M-7 and a total of 16 fragments labeled M-9 (see Figure 3.9, p. 109). Ten 

fragments from the latter group are quite large and clearly belong to discrete sheet puntas 

(i.e., one large fragment per object) while the rest are smaller and not diagnostic of 

general shape or size. A small shaft fragment with a flattened end (length: 20.5, diameter: 



1.2 mm) as well as a ceramic sherd with some adhering slag was associated with the 

latter group. 

The diagram in Figure 9.1 (p. 367), based on the most complete sheet punta, 

illustrates that these objects were much smaller than the ones collected from Huaca 

Menor. The biggest difference in shape is in the articulation of the socket: sheet puntas 

from Huaca El Corte have a much more rounded socket that is fairly open and 

consequently would allow the nesting of pieces in one another. Despite the above 

differences, the blades of Huaca Menor sheet puntas undergo similar changes in 

curvature to improve the stiffness of the thin (0.1-0.3 mm) copper-alloy sheets. As I 

mentioned in Section 3.3.1 (p. 86) the sheet puntas excavated from Tomb 1 at Illimo are 

very similar in shape to those from Huaca El Corte (see Figure 3.10, p. 110). 

9.2.3. Huaca La Merced 

The five sheet punta fragments collected on the surface in the northern half of the 

principal mound of Huaca La Merced are badly fragmented with no remaining sockets 

(for a description of the context see Section 3.3.1, p. 86). It is therefore not possible to 

reconstruct the length and shape of the pieces in order to compare them to ones from 

other contexts. The width of the remaining blades varies between 8 and 10 mm with a 

thickness of 0.5-0.8 mm. These measurements suggest that sheet puntas from Huaca La 

Merced may have looked more similar to the ones found at Huaca Menor rather than 

those from Huaca El Corte. 
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9.2.4. Huaca Las Ventanas 

Surface collections from the western portion of the southern section of Huaca Las 

Ventanas yielded a single sheet punta fragment as well as a mineralized 2 mm diameter 

shaft fragment, two small sheet fragments, and two pieces of copper slag. Based on the 

length and socket placement of the remaining fragment of the sheet punta, I think that it 

was intermediate in size compared to the ones from Huaca Menor and Huaca El Corte 

(Figure 9.1, p. 367). It is important to note, that unlike sheet puntas from the other sites, 

the blade of this one is not curved about the longitudinal axis and it is considerably 

thicker (1.0-1.3 mm) than others I examined. The folded fragment of the socket is only 

0.5 mm thick, suggesting that the strip of metal was hammered in order to increase its 

width and form a socket by folding. 

9.2.5. Summary 

Sheet puntas collected from Huaca Menor, Huaca El Corte and Huaca Las 

Ventanas are clearly distinguishable from each other based on the thickness and curvature 

of the blade and the articulation of the socket. Based on similar bade width and thickness 

it is possible that the sheet puntas from Huaca La Merced resembled those from Huaca 

Menor. The strength of my argument is limited by my lack of information on overall size 

and socket shape. Within-assemblage variation is difficult to assess due to the 

fragmentary nature of the sheet puntas, which made it difficult to take comparable 

measurements. There is some indication that pieces recovered from Huaca Menor belong 

to two subgroups, which are distinguishable based on the curvature of the blade about the 

longitudinal axis. 
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9.3. Compositional variability among sheet puntas 

Table 9.1 (p. 368) displays the mean elemental composition of sheet puntas 

collected from Huaca Menor, Huaca La Merced, Huaca El Corte, and the composition of 

the single fragment found at Huaca Las Ventanas. Exploration of the compositional data 

for individual objects from each site revealed a bimodal distribution of arsenic content 

within the assemblage from Huaca Menor. The scatter plot of arsenic and nickel contents 

(Figure 9.2, p. 368) clearly shows that there is a subpopulation of objects from Huaca 

Menor that have arsenic and nickel levels below the detection limit of the 

instrumentation. However, the nickel and arsenic content of other sheet puntas found at 

Huaca Menor do not appear to be clearly differentiate them from sheet puntas associated 

with Huacas El Corte, La Merced, and De Las Ventanas. 

1 carried out principal component analysis to find linear combinations of 

compositional variables that would help group objects with similar compositions. In 

addition to arsenic content I selected nickel, antimony, silver and sulfur as relevant 

variables because these trace elements were most frequently present above the level 

detectable to by the electron microprobe. The following equations were used to calculate 

scores for the first three factors (for the component matrix, see Table 9.2, p. 369): 

PCFS\ = 0.922X Ni{ppm) + 0.683x As{%) 

PCFS2 = 0.965X Sbippm) - 0.511x As(%) 

PCFS3 = 0.98x Agippm) + 0255x As(%) 

PCFS = Principal Component Function Score 

Artifacts with high scores on the first principal component function have relatively high 

arsenic and nickel contents. Arsenic has a negative loading on the second principal 

component function, while antimony has a large positive loading on the same. Hence 
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sheet puntas with high arsenic content and high scores for the first factor will have low 

score for the second. Plotting scores for the first two principal component functions 

produces some separation between sheet puntas (see Figure 9.3, p. 369). In order to better 

define these groups and to consider the effect of other elements on compositional 

classification I turned to cluster analysis, using principal component function scores as 

variables. 

K-means cluster analysis distinguished four composition-based groups among 

the sheet puntas I analyzed, leaving a total of five objects unassigned. While all members 

of the fourth cluster are objects from Huaca Menor, there is no one-to-one correlation 

between site- and composition-based cluster associations (see Table 9.3, p. 369). Table 

9.4 (p. 370) details the average composition of the four clusters and Figure 9.4 (p. 370) 

shows the scatter plot of the scores for the first and second principal component functions 

for members of these clusters. Sheet puntas in the first and third cluster contain relatively 

high amounts of arsenic (4.32% and 3.88% on average, respectively) and nickel (432ppm 

and 448ppm on average, respectively). However, their higher sulfur and antimony 

content distinguishes objects belonging to the third cluster from those in the first. Similar 

to the first and third clusters, the second is populated by sheet puntas with relatively high 

arsenic levels (3.86% on average), but the nickel content of these objects is below the 

detection level of the instrument. Finally, the fourth cluster only contains sheet puntas 

firom Huaca Menor with both arsenic and nickel levels below the detection level of the 

instrument. At the same time the majority of artifacts have detectable levels of antimony. 



Table 9.5 (p. 371) compares of the percentage of variance explained by site- and 

composition-based grouping. The low values for the rf (eta squared) statistic for the 

site-based classification scheme indicate a high level of compositional heterogeneity for 

sheet puntas from the same archaeological context. The high eta squared values for 

composition-based groups suggest that the k-means cluster analysis procedure was 

highly successful in finding more homogeneous subgroups of objects within and across 

different loci. It is important to reiterate that though the fourth composition-based cluster 

contains sheet puntas only from Huaca Menor the remaining three contain objects from 

multiple sites. 

Compositional analyses of sheet puntas from Huaca Menor revealed that Middle 

Sican metalworkers were able to successfully produce very thin artifacts, which are 

almost identical in shape, from copper-arsenic alloys containing 1-6% arsenic as well as 

using copper with less than 0.5% arsenic. This finding brings into question the exclusive 

use of copper-arsenic alloys for thin hoarded artifacts, which is what Hosier et al. 

suggested as one of the core features of Middle Sican metallurgy (1990, p. 70). 

9.4. Relation morphological and compositional variation between sheet puntas 

Immediately visible dimensional differences allow one to easily distinguish sheet 

puntas collected from Huaca El Corte, Huaca Menor and Huaca Las Ventanas. The width 

and shape of fragmentary remains from Huaca La Merced suggests that these sheet 

puntas may have resembled ones from Huaca Menor. The latter group of artifacts can be 

subdivided into two groups on the basis of the blade width measured about 1 cm above 

the tip (narrow: 7-9 mm; wide: 10-12 mm). Since the tip of some sheet puntas from 
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Huaca Menor are missing, not all samples with elemental analysis data could be assigned 

"narrow" or "wide" designations. Similar intra-site differentiation of objects was not 

possible for other archaeological contexts. 

In the above section I discussed the lack of one-to-one correspondence between 

site-based and composition-based groups or clusters (see Table 9.3, p. 369). Since 

association with a particular huaca broadly relates to dimensional differences, simple 

correlation between morphology and composition is also absent. The examination of 

compositional variables for "narrow" versus "wide" sheet puntas from Huaca Menor, 

however, raises the possibility of intra-site grouping based on shape (see Section 9.2.1, p. 

356). As the scatter plot in Figure 9.5 (p. 371) shows, wide sheet puntas tend to have 

consistently lower scores for the first and higher scores for the second principal 

component function, which describe the covariance of elemental variables. With the 

exception of one, k-means cluster analysis assigned all of the wide sheet puntas to the 

fourth composition-based group (see Figure 9.7, p. 372). Three of the narrower pieces 

from Huaca Menor belong to the fourth cluster while the rest is split between the second 

and first clusters (see Figure 9.6, p. 372). 

9.5. Interpreting the patterning of morphological and compositional variability among 
sheet puntas 

Unlike rectangular sheets at Huaca Rodillona and puntas at Huaca Loro, the sheet 

puntas collected at various monumental mounds at site of Sican in the Poma district were 

deposited on the occasion of separate elite burials, which occurred at different times. This 

implies that if sheet puntas were made specifically for inclusion in tombs, then the 
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manufacture of the four groups of objects was not contemporaneous^ I have discussed 

other limitations of studying sheet puntas in Section 9.1.1 (p. 355). 

As in the case of rectangular sheets and puntas, 1 take the number of different 

composition-based groups established by k-means cluster analysis to indicate the 

minimum number of different metal procurement patterns (Budd, et al. 1996, p. 169). In 

the case of Middle Sican copper-alloy technology, the procurement pattern represents a 

combination of raw and processed material sources and their flow between various, and 

discrete, production units involved in mining, smelting and metal working. The sheet 

puntas collected from the site of Sican were produced from copper-arsenic alloy stock 

representing at least four different such procurement patterns, three of which were not 

unique to the producer(s) of artifacts deposited at Huaca Menor, Huaca La Merced, 

Huaca El Corte and Huaca Las Ventanas. However, a fourth composition-based cluster 

contained sheet puntas only from Huaca Menor. This raises the possibility that certain 

channels of metal procurement were unique to the production of artifacts deposited there. 

It is important to note that k-means cluster analysis resulted in several 

composition-based groups containing a single artifact, which could not be grouped 

together with those in the four larger clusters. Given that sheet puntas recovered from 

various mounds at the site of Sican represent only a portion of what was deposited in the 

looted tombs, it is highly probable that some of missing pieces had compositions similar 

to those which could not be assigned to the four larger clusters. Therefore, the complete 

assemblages could have represented more than fovu* metal procurement patterns. 

' This statement also assumes that sheet puntas collected at the various sites were associated with a 



365 

Though the composition of sheet puntas from different tombs may reflect shared 

or similar stock metal procurement patterns, this does not necessarily mean that the same 

craftsmen were responsible for producing the assemblages (see Figure 9.8, p. 373). 

Significant differences in the shape of sheet puntas from Huaca El Corte and Huaca 

Menor may indicate that distinct smithing facilities manufactured them. On the other 

hand, the subtlety of variation between wide and narrow sheet puntas from Huaca Menor 

suggests that the same craftsman or closely associated persons were responsible for 

producing them. 

Excavations at Pampa de Burros furnish us with evidence pointing to the 

manufacture of morphologically distinct sheet puntas by craftsmen who worked in 

distinct, yet related workshops. The inventory of metallurgical remains from the SI65 

room complex (A 5.1, p. 412) records several groups of sheet puntas (for example 527-1 

through 521-9, 429-1 and 429-2) that are characterized by low within-group but high 

between-group variation in morphology and mass (also compare Figure 3.12 and Figure 

3.13, p. 111). The groups were recovered from distinct clusters of rooms within complex 

S165, which contained evidence of metalworking activities (e.g. Curay 2000; Tschauner 

2001, p. 325-328). Therefore a strong argument can be made in favor of the groups of 

sheet puntas having been manufactured by different craftsmen. Moreover, it is probable 

that these independent specialists relied on similar metal procurement patterns if copper 

smelting did in fact take place at complex SI66, merely 200 meters from compound SI65 

(e.g. Tschauner 2001, p. 319-322). Plans for collaborative technical studies of sheet 

single elite burial per site. 
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puntas from Pampa de Burros promise to greatly enhance our understanding of material 

flow patterns within a community involved in metallurgical activities. 

The situation at Pampa de Burros presents a plausible explanation for how sheet 

puntas with distinct shapes recovered from different burials could represent similar stock 

metal procurement patterns. Given the incomplete nature of sheet punta assemblages 

from Huaca Menor, Huaca El Corte, Huaca La Merced, and Huaca Las Ventanas, it is not 

possible for me to assess the total number of items that would have been deposited in the 

burials. Tomb 1 at Illimo contained eight bundles of 39-40 sheet puntas, which are almost 

identical in size and shape. Unfortunately, the complete mineralization of these artifacts, 

as well as the consolidation treatment they received during excavation, prevented me 

from weighing them or removing samples for compositional analysis. Based on their 

similarity in size to sheet puntas 527-1 through 527-9 from Pampa de Burros (see A 5.1, 

p. 412) I estimate that each item weighed around 3 grams. Hence the eight bundles of 

sheet puntas from Tomb 1 at Illimo totaled about 960 grams of metal, the output of 2-4 

smelting runs. If sheet punta burial caches at other huacas represented similar quantities 

of metal, then intra-assemblage compositional variation may have resulted from the need 

to use the output of more than one smelting run or piece of stock metal. 
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9.6. Figures and tables 

Huaca Menor 
M-1 

front 

back 

- folded "socket' 

shape of socket 
if it were unfolded 

Huaca El Corte 
M-9 

Huaca De Las Ventanas 
M-IO 

u 

'blade' 

or 

Figure 9.1. Comparison of the shapes of sheet puntas\ 

^ The fragmentary nature of the object from Huaca Las Ventanas did not permit the reconstruction of the 
socket shape. 
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Site Mean Std. Deviation Minimum Maximum c.v. 
Huaca Menor As (%) 2.30 2.0 0 5.53 0.870 

N=38 Ni (ppm) 148' 257.5 0 1200 

Bi (ppm) 3* 17.8 0 110 

Sb (ppm) 256* 327.5 0 1240 

Sn (ppm) 23* 105,7 0 600 

S (ppm) 67* 211.9 0 1200 

Ag (ppm) 175 358.2 0 1740 

Huaca El Corte As (%) 4.36 0.9 2.65 6.19 0.206 

N=11 Ni (ppm) 340 270.2 0 870 

Pb (ppm) 219* 726.6 0 2410 

Sb (ppm) 358 711.7 0 2430 

S (ppm) 129* 136.6 0 340 

Ag (ppm) 242* 318.7 0 970 

Huaca La Merced As (%) 4.53 0.8 3.78 5.57 0.177 

N=5 Ni (ppm) 206* 302.6 0 670 

Ag (ppm) 376 605.3 0 1390 

Huaca Las 
Ventanas 
N=1 

As (%) 

Bi (ppm) 

S (ppm) 

4.69 

1740 

160 

Table 9.1 Mean composition of sheet puntas from various sites (* denotes mean values below the detection 
limit). 
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Figure 9.2. Scatter plot of arsenic and nickel content of sheet puntas. 
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Rotated principal components 

1 2 3 4 

Ni (ppm) 0.922 

As (%) 0.683 -0.511 0.255 

Sb (ppm) 0.965 

Ag (ppm) 0.98 

S (ppm) 0.997 

Table 9.2. Component matrix for factors extracted using principal component analysis followed by 
Varimax rotation with Kaiser Normalization (minimum eigenvalue for components: 0.7). 
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Huaca El Corte 
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Figure 9.3. Scatter plot of scores for the first two principal component ftmctions for sheet puntas. 

Cluster assignment 

1 2 3 4 unassigned Total 

Huaca Las Ventanas 1 1 

Huaca El Corte 4 3 3 1 11 

Huaca La Merced 2 2 1 5 

Huaca IVlenor 7 13 2 13 3 38 

Total; 13 19 5 13 5 55 

Table 9.3. Cross-tabulation of site origin with composition-based cluster assignments. 
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Cluster Mean Std. Deviation Minimum Maximum c.v. 
1 As (%) 4.32 0.8 3.09 5.57 0.185 

N=13 Ni (ppm) 432 108.8 300 670 

Sb (ppm) 26* 94.3 0 340 

Ag (ppm) 29* 105.4 0 380 

2 As (%) 3.86 1.2 0.9 6.19 0.311 

N=19 Ni (ppm) 54* 129.4 0 390 

Pb (ppm) 127* 552.9 0 2410 

Bi (ppm) 92* 399.2 0 1740 

Sb (ppm) 42* 124.6 0 400 

S (ppm) 63* 101.2 0 330 

Ag (ppm) 358* 318.0 0 970 

3 As (%) 3.88 0.7 3.12 4.81 0.180 

N=5 Ni (ppm) 448 317.1 0 870 

Sb (ppm) 330 201.5 0 550 

S (ppm) 292 90.9 190 390 

Ag (ppm) 82* 183.4 0 410 

4 As (%) 0.07* 0.3 0 0.92 

N=13 Bi (ppm) 8* 30.5 0 110 

Sb (ppm) 542 332.4 0 1240 

Sn (ppm) 21* 74.9 0 270 

S (ppm) 20* 72.1 0 260 

Table 9.4. Mean composition of composition-based groups of sheet puntas (* denotes mean values below 
the detection limit). 
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Figure 9.4. Scatter plot of scores for the first two principal component functions for composition-based 
groups of sheet puntas. 



371 

Site-based grouping Composition-based grouping 

Tt^ % of variance explained % of variance explained 

As (%) 0.258 25.8% 0.804 80.4% 

Ni (ppm) 0.09 9.0% 0.693 69.3% 

Sb (ppm) 0.053 5.3% 0.569 56.9% 

S (ppm) 0.037 3.7% 0.546 54.6% 

Ag (ppm) 0.032 3.2% 0.388 38.8% 

Table 9.5. Comparison of the percentage of variance explained by site- and composition-based cluster 
assignments using the eta statistic. 

Sheet puntas from Huaca Menor 
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Figure 9.5. Narrow and wide sheet puntas from Huaca Menor: a scatter plot of scores for the first two 
principal component functions. 
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Narrow sheet puntas from Huaca Menor 
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Figure 9.6. Narrow sheet puntas from Huaca Menor and their membership in composition-based clusters. 

Wide sheet puntas from Huaca Menor 
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Figure 9.7. Wide sheet puntas from Huaca Menor and their membership in composition-based clusters. 
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C ^ = metal procurement 
pattern 

Huaca La Merced 
n(total)=5 
n(l)=2 
n(ll)=2 = smithing 

Huaca Menor, narrow 
n(total)=17 
n(l)=5 
n(ll)= 

n(iV)=3 
n(unassigned)=1 

aTfveP Huaca De 
Las Ventanas 
n(l)-1 n 

Huaca Menor, wide 
n{total)=12 
n(IV)=9 
n(ll)=1 

n(unassigned)=2 

n Huaca El Corte 
n(total)=11 
n(l)=4 

II I 1 n(ll)=3 
n(lll)=3 
n(unassigned)=1 

i R 
1 
1 
1 
f J 

Figure 9.8. Material flow scheme for sheet puntas recovered from the Sican capital^. 

^ Note that the width of 9 sheet puntas from Huaca Menor could not be determined. 
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CHAPTER 10: DISCUSSION AND CONCLUSIONS 

Relatively few discarded or lost copper artifacts have been recovered from Middle 

Sican period contexts other than burials and dedicatory offerings. Graves of individuals 

of non-elite status contain a single, or only a few copper objects, such as needles, spindle 

whorls, or elongated implements called puntas. Because graves of non-elite persons are 

relatively shallow, their contents are especially vulnerable to environmental and cultural 

processes (i.e., looting) and relatively few copper artifacts have survived without 

undergoing complete mineralization and/or serious fragmentation. Persons of elite status 

were often buried with multiple examples of a single type of copper object (grouped 

artifacts) in addition to unique artifacts made of copper, precious metals and ceramics. 

Grouped artifacts have also been recovered from dedicatory caches associated with 

monumental architecture. In this dissertation I focused on three types of grouped copper 

artifacts: rectangular sheets,and sheet puntas (see Chapter 3, p. 73). 

Burial goods have been used to understand differences in social status as related 

to people's access to materials of non-local origin and to the products of specialists 

during the Middle Sican period (see Section 2.4.2, p. 64). Grouped artifacts from 

dedicatory and burial caches represent the accumulation of goods produced by specialists 

in the hands of non-producers who intentionally taken out of circulation these items as 

part of culturally significant activities. This dissertation considered whether technical 

studies of grouped copper artifacts from burial and dedicatory caches might enhance our 

understanding of relations between consumers and producers. The potential for this 

research to achieve the above is based on the following premises: 
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• The production of copper artifacts during the Middle Sican period involved a 

multi-step process consisting of activity sequences that may have been carried 

out by separate groups of people (see Chapter 4, p. 116). Activities that 

transform materials (such as smelting and smithing) may leave identifiable 

traces on artifacts and multiple such traces will be present concurrently . 

• Technical choices made by distinct producers regarding material procurement 

and processing may leave different traces on artifacts. Looking for 

consistencies in traces left by activities may allow us to track how material 

flowed between different production units and from production units to 

consumers (e.g. Schiffer and Skibo 1997; Skibo and Schiffer 2001). 

• Copper-arsenic alloy artifacts containing similar levels of arsenic and trace 

elements were made of stock metal that was procured in a similar manner 

(either by smelting or through recycling), but not necessarily from the same 

production unit (e.g. Budd, et al. 1996). 

10.1. Relevant approaches to variability and production organization for studying 
grouped copper artifacts 

To begin, this dissertation considered how other researchers have inferred shared 

cultural values and technological solutions based on similarities among several types of 

grouped copper artifacts from pre-colonial Peru, Ecuador and West Mexico (see Section 

1.1.1, p. 25). The applicability of such approaches to the goals of this study proved to be 

limited because researchers lacked the kind of direct evidence on production and its 

organization that has become available regarding copper-alloy technology in the Middle 

Sican period (see Section 1.2, p. 30). This, in addition to their lack of access to complete 
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assemblages of grouped objects, prevented authors from assessing how material flows 

between activities and groups of people and thus speaks to the relations between 

producers and consumers. 

Since grouped objects represent an opportunity to study within-type variability I 

studied the ways in which within-type variability of ceramics has been used to learn 

about the organization of production and distribution and the limitations involved in 

doing so (Section 1.2.1, p. 34 and Section 5.4, p. 172). Archaeological and 

ethnoarchaeological research on ceramics has been at the forefront in seeking to infer 

aspects of the organization of production and distribution from morphological and 

compositional variability of objects within a single type. Fewer studies have considered 

what within-type variability can tell us when studied at the level of an assemblage, such 

as a burial (e.g. Costin 1999). Similarly, few studies of hoards consisting of metal 

artifacts have explicitly discussed how morphological and compositional variability can 

serve as a source of information about the organization of production (e.g. Ehrenberg 

1989) (also see Section 1.1, p. 19). 

The long-term research of Sican Archaeological Project (SAP) concerning 

production organization provided culture-specific perspectives on artifact variability 

during the Middle Sican period (see Chapter 6, p. 189). These included the sponsor 

model for the construction of monumental mounds based on research that analyzed the 

patterned variation among adobe bricks (see Section 6.2.3, p. 202). I examined whether 

the sponsor model could be adapted to explain the flow and distribution of goods to be 

deposited as dedicatory caches during the construction of monumental architecture. 
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including grouped copper-alloy artifacts (see Section 6.2.4, p. 206). Prior research on 

goldsmithing by the SAP (see Section 6.3.2, p. 228) and newly emerging ideas on the 

production of mold-made ceramic vessels (see Section 6.4, p. 235) highlight connections 

between artifact variability and the relative autonomy of specialists. 

Critical evaluation of diverse literature on artifact variability emphasized the 

importance of gathering as much information as possible regarding the production 

technology itself as well as the organization of production from direct, production-related 

evidence. I presented and reevaluated all such information available in connection with 

Middle Sican copper metallurgy and pyrotechnology in Chapter 4 (p. 116). Hypotheses 

regarding sources of variability in grouped copper-alloy artifacts were developed based 

on this information. 

10.2. Hypotheses related to variability in grouped artifacts and their production 

During the Middle Sican period both independent and attached specialists 

produced copper-arsenic alloy artifacts. Based on archaeological evidence in the 

Lambayeque region and analogous archaeological and ethnographic data from other 

cultures we cannot exclude the possibility that the Middle Sican elite relied on output, 

including grouped copper artifacts, by both independent and attached specialists (Section 

4.3.3, p. 131). 

A group of copper-alloy artifacts that display relative morphological 

homogeneity was likely manufactured by the same production unit, regardless of the 

context of production (attached versus independent). Conversely, significant 
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morphological variation within and assemblage may indicate the involvement of more 

than one smithing facility. The following evidence supports this hypothesis: 

• Variability among the products of attached specialists, both goldsmiths and 

producers of mold-made pottery, suggests that even attached craftsmen 

maintained control over some technical choices (Section 6.3.2, p. 228, and 

Section 6.4.1, p. 236). 

• Moreover, attached producers of mold-made vessels at Huaca Sialupe had 

some measure of autonomy not only over the manufacturing process, but even 

the design of the products. The same was the case for adoberos, who 

contributed marked adobe bricks to large-scale construction projects (Section 

6.2.3, p. 202). 

• Independent craftsmen working in different workshops at Pampa de Burros 

made the same type of grouped artifact (sheet puntas). Multiple sheet puntas 

recovered from the same location (workshop) display low within-assemblage 

variability, however, they are distinguishable from sheet puntas made in 

different workshops based on morphology (see A 5.1, p. 412). 

Outputs of different production units are often discernable based on higher 

between-producer variability due to differences in skill, measurement systems, and 

perceived customer expectations (e.g. Arnold and Nieves 1992; Arnold III 1991; 

Longacre 1999) (see Section 5.4, p. 172). Repeated production of the same type of 

artifact tends to lead to increased morphological standardization within the output of a 

single production unit due to task routinization (e.g. Costin 1991; Rice 1991) and a 
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number of other economic strategies (e.g. Blackman, et al. 1993). However, the 

achievable extent of morphological standardization by a single production unit is affected 

by the particular method of manufacture involved in the production of particular types of 

grouped artifacts. 

Middle Sican craftsmen used significantly different methods to manufacture the 

three types of grouped copper-alloy artifacts I studied. Rectangular sheets were most 

likely produced in batches by cutting multiple rectangles from a single piece of 

hammered copper-arsenic alloy sheet (see Sections 7.2.1 and 7.3.2). This method would 

have promoted the ability of craftsmen to produce items close to identical in size. The 

manufacture of sheet puntas likely involved a similar, but somewhat more involved 

process given the more complex shape of these pieces and the need to generate the 

appearance of a socket by bending portions of the hammered sheet metal. On the other 

hand, puntas were probably made individually by mechanically shaping cast billets or 

preforms (Section 3.2.2, p. 80). Even if billets were cast in reusable open molds, the finite 

lifetime of the mold and the individual forging of the preforms would have lowered the 

degree to which puntas could be standardized in comparison to rectangular sheets. 

Allowing for some degree of variability stemming from the process used to shape 

grouped artifacts, the presence of morphologically distinct subpopulations within an 

assemblage may indicate the pooling of outputs by a number of different smithing 

workshops. Evidence supporting such combination of products has been established for 

other Middle Sican technologies. The sponsor model suggests that social entities were 

able to contribute many adobe bricks to large-scale mound construction projects by 
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relying on the pooled output of several different adoberias (Cavallaro and Shimada 1988; 

Shimada and Cavallaro 1985). The proximity of highly variable bricks in the monumental 

constructions could be related to the stockpiling of marked adobe bricks at a building site 

prior to use and their subsequent incorporation into the structure without regard to their 

origins or the identity of the sponsor (Cavallaro and Shimada 1988). Limited clustering of 

identically marked adobe bricks may "simply reflect the manner in which bricks were 

carried to the constriction site from the brick stockpile" (Shimada 1997a, p. 79). 

Alternatively, such clustering around the columnar boxes of Huaca Rodillona may point 

toward an association between a sponsor donating building materials as well as offerings 

to be placed in the boxes (see Section 6.2.4, p. 206). 

Costin's (1999) research on hundreds of crudely-made crisoles deposited into an 

elite grave correlated intra-assemblage variability and the number of distinct production 

units whose output constituted the assemblage. Costin (1999, p. 100-102) suggested that 

the social entity or entities that organized or sponsored the burial may have chosen to call 

on the output of multiple producers in order to emphasize the diversity of social relations 

maintained by them or the deceased. 

The simultaneous manufacture of grouped copper artifact by distinct production 

facilities likely affected compositional variability among grouped artifacts. The spatial 

differentiation of Middle Sican copper smelting and smithing facilities means that smiths 

acted as "consumers" of smelted metal. The presence of multiple smelting and smithing 

workshops in the Lambayeque region means that a single smelting workshop may have 

supplied stock metal to a number of different smithing facilities. Additionally, some 
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smithing facilities may have relied on a number of different sources of raw metal (Section 

5.3, p. 171). Finding morphologically distinct groups of artifacts with similar elemental 

composition may provide evidence for the reliance of multiple production units on shared 

metal procurement patterns. 

As in the case of morphological standardization, parameters of the manufacturing 

process of grouped artifacts impacted on the extent of achievable compositional 

homogeneity. I argue that the degree of compositional standardization among grouped 

copper artifacts manufactured by a single production unit is inversely related to the mass 

of an individual item and directly related to the number of items that were made from a 

single ingot or piece of stock metal. I developed this hypothesis based on research on the 

compositional variability of gold-alloy artifacts (Section 6.3.1.2, p. 220). 

The three types of grouped artifacts I studied have significantly different mass. 

Rectangular sheets weigh around 1 gram or less, the estimated mass of sheet puntas is 

around 3-6 grams, and the mass of puntas ranges from 160 grams to above 600 grams. 

The mass of the individual object is inversely related to the number of artifacts that can 

be fashioned from a single ingot, which presumably may have been related to the metal 

output of a single smelting run (300-600 g) (see Epstein 1993, p. 149-151 and 161; 

Shimada and Merkel 1991, p. 85). The nature of the Middle Sican copper smelting 

process and the need to consolidate the primary smelting products into ingots of usable 

size introduced a number of sources of compositional variation between the products of 

different smelting runs (see Section 5.2, p. 159). The need to use the output of more 
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smelting runs in order to produce a given number of grouped artifacts would increase 

compositional variability among the artifacts. 

10.3. Findings in relation to hypotheses 

10.3.1. Reliance of elite consumers on output by both independent and attached 
copper producers 

Based on architectural evidence, regional settlement patterns, and the inferred 

nature of products, Tschauner argued that copper smelting and smithing at Pampa da 

Burros was carried out by independent specialists who acted in "the general economy in 

which the elite did not interfere" (Tschauner 2001, p. 335). Close examination of the 

inventory of goods recovered from workshop and domestic contexts at Pampa de Burros 

(see Appendix 5, p. 412) and inspection of the photographic documentation carried out 

by Victor Curay allowed me to note that sheet punt as were among the range of goods 

produced. 

Since sheet puntas have been recovered mostly from lower-tier elite burials (see 

Section 9.1, p. 355), I argue that the potential consumers included both elite and non-elite 

individuals. Based on this, I suspect that the situation at Pampa de Burros was more 

complex that the picture Tschauner (2001, p. 343) paints in his conclusions: "At least 

non-prestige items circulated directly from independent, specialized producers to 

consumers, themselves presumably specialists in some trade." 

Instead, I suggest that independent producers engaged in a variety of exchanges, 

akin to the situation articulated by White and Pigott (1996) for prehistoric (2000-300 BC) 

copper smelting and processing in the Khao Wong Prachan Valley in Thailand. Based on 
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archaeological and regional ethnographic evidence, they argue that "specialized 

independent communities could provide prestige goods for elite in the form of tribute, 

even while producing for unrestricted regional consumption" (White and Pigott 1996, p. 

169). Members of the elite also relied on "court artisans," i.e., attached specialists who 

produced "the most prestigious religious and secular goods" (White and Pigott 1996, p. 

169), the distribution of which was limited to the elite. 

10.3.2. The effect of manufacturing methods on achievable morphological 
standardization 

The dimension-based clusters among puntas, which potentially correlate with 

distinct production units, are not as discrete as those established for rectangular sheets 

and the coefficients of variation for diagnostic dimensions within these clusters are 

considerably higher for puntas than for rectangular sheets' (compare A 4.2, p. 409, and A 

3.1, p. 405). These findings corroborate the hypothesis that relates achievable 

dimensional standardization to the manufacturing method of grouped artifacts. The 

greater morphological variability of puntas stems from the forging of individual preforms 

or billets (Section 3.2.2, p. 80), whereas hundreds of rectangular sheets could have been 

cut rather precisely from hammered sheets weighing the same or slightly less than the 

average punt a. 

Arnold and Nieves (1992) found that potters used different measurement methods 

in producing different types of ceramic vessels and this affccted within—type variability. 

If product variability is dependent on type and manufacturing method then it becomes 

' Morphological variability could not be quantified for sheet puntas due to the fragmentary nature of so 
many of them. 
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more difficult to distinguish homogeneous subpopulations and relate the number of such 

subpopulations to the number of production units whose output was pooled in order to 

generate the assemblage of goods. Another important factor in the above involves 

differing consumer expectations regarding product standardization. It is plausible that 

morphological standardization was more relevant for certain grouped artifact types than 

others, depending on the various functions they played as part of ritual caches. 

10.3.3. Morphological standardization within assemblages and the number of 
production units involved in their manufacture 

10.3.3.1. Rectangular sheets 

Of the three types of grouped artifacts I studied, individual rectangular sheets 

weighed the least and had the simplest morphology. Plotting width versus length 

produced four discrete dimension-based groups with closely clustered cases. 

Interestingly, dimension-based distinction did not reproduce the grouping of rectangular 

sheets in different columnar boxes atop Huaca Rodillona. Instead, the presence of two 

distinct dimension-based groups at Column 13 indicates that the assemblage in this 

location may have resulted from pooling the output of (at least) two different production 

units. Conversely, the presence of morphologically indistinguishable rectangular sheets at 

two different columns (2 and 13) suggests that the output of a single smithing unit was 

shared by social entities organizing dedicatory deposits at these locations. 

Given that only a fraction of extant rectangular sheets from Huaca Rodillona has 

been studied and analyzed, I expect that more complex patterns related to the pooling of 

and shared reliance on craftsmen's outputs will emerge with further research. The 



concentration of consistently marked, yet morphologically distinct, adobe bricks around 

columnar boxes and the connection of brick markings with a particular social entity that 

sponsored the contribution of construction materials may support the idea that sponsors 

were also involved in assembling the dedicatory caches within the columnar boxes (see 

6.2.4, p. 206). My results thus suggest that sponsoring entities possibly negotiated access 

to the output of a variety of specialists, which may have included craftsmen working in 

attached and/or independent workshops. 

10.3.3.2. Puntas 

The complex shape of puntas made it difficult to analyze and interpret 

morphological variation. Using a combination of principal component and cluster 

analysis I identified eight relatively homogeneous groups among the 289 items (out of 

489) I measured. As in the case of rectangular sheets, I employed dimension-based 

classification crosscut location-based grouping. In other words distinct punta bundles 

contain members of more than one dimension-based cluster and, conversely, the 

members of a dimension-based cluster are distributed among several different bundles. 

If punta membership in a dimension-based cluster is indeed related to 

manufacture by a particular production unit, then the assemblage in the East Tomb at 

Huaca Loro represents the pooled output of at least eight different facilities. The 

incomplete state of information from columnar boxes at Huaca Rodillona weakens my 

ability to compare the East Tomb assemblage of puntas to the population of rectangular 

sheets from a single column. However, my results indicate that the puntas in the East 

Tomb represent the pooled output of significantly more metalworking units. Moreover, if 
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the bundhng of puntas signified the contribution of distinct social entities to the burial 

cache, then each such entity commanded the output of more diverse metalworking 

resources than sponsors of dedicatory caches at Huaca Rodillona. It is important to note 

that the marshalling of lesser resources at Huaca Rodillona may not have necessarily 

been associated with a lower level of access of sponsors to specialist-produced goods. 

Instead it may have been related to what was considered appropriate for a dedicatory 

cache as opposed to the burial of a person of high-status. 

10.3.3.3. Sheet 

Sheet puntas recovered from different huacas at the site of Sican exhibit greater 

between-site that within-site morphological variation. Unfortunately the fragmentary 

nature of these artifacts makes it difficult to sensitively assess whether subtle patterns of 

variation can distinguish more homogeneous subgroups at each site. However, width 

differences between sheet puntas at Huaca Menor hint at the presence of at least two 

subpopulations there. Given their deposition in different burials, the sheet puntas were 

likely manufactured during separate production episodes, probably by distinct groups of 

craftsmen. This is supported by evidence from Pampa de Burros, where craftsmen 

working in distinct workshops within the same compound produced morphologically 

distinct sheet puntas. The incomplete nature of the sheet punta assemblages from the site 

of Sican, however, does not permit further speculations regarding the number of different 

production units whose output may have been pooled within each elite burial. 
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10.3.4. Inverse relation between compositional standardization and the mass of an 
individual artifact 

An individual rectangular sheet is lighter than any other type of grouped artifact 

examined so far (~1 gram). Arsenic contents of rectangular sheets within 

morphologically distinct groups, which I associate with the output of distinct production 

units, exhibited very narrow distributions and very low coefficients of variation (see 

Table 7.2, p. 275). Puntas from the East Tomb at Huaca Loro weigh the most of the three 

types of grouped artifacts and were comparable in mass to the entire output of a smelting 

run (see Section 8.1.1, p. 279). The distribution of arsenic (and trace element) content 

among puntas in dimension-based clusters (which may be associated with the output of a 

single production unit, see above) is broader and has a much higher coefficient of 

variation (see Table 8.16, p. 349) than the arsenic content of morphologically distinct 

groups of rectangular sheets. 

The size of individual rectangular sheets and their proposed method of 

manufacture makes it possible to fabricate a large number of items from a single ingot or 

piece of stock metal. Compositional variation among such items would reflect the 

heterogeneity of arsenic and trace element distribution in the ingot as well as variability 

introduced by sample removal, the analytical technique, and data processing. Given that 

the manufacture of a single punta may have required an amount of metal equivalent to 

the consolidated output of a single smelting run, the distribution of arsenic and trace 

element content of puntas in general will be representative of: 
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• the variabihty between the products of different smelting runs, which in turn 

is related to the composition of the smelting charge as well as furnace 

conditions (see Section 5.2.1, p. 162); 

• the variability of raw material sources; 

• the ability/interest of craftsmen to produce ingots or billets with desired 

properties by sorting and pooling prills (see Section 5.2.3, p. 170) or by 

recycling select pieces of production scrap or other metal; 

• the ability of craftsmen to perceive and/or accommodate differences in the 

performance characteristics that resulted from differences in composition (see 

Section 5.1.3, p. 155). 

10.3.5. Relating morphological and compositional patterning 

In the case of all three types of grouped artifacts I identified morphologically 

distinct groups that contained items with elemental compositions indicative of shared 

metal procurement and use patterns. Moreover, my results suggest that if 

dimension-based clusters identify distinct production units, then a single production unit 

relied on multiple or changing metal procurement patterns. There are a number of 

plausible explanations for the diversity of metal procurement patterns involved in making 

a given number of grouped artifacts by a production unit; 

• The heterogeneity of natural resources or changing ore source and processing 

patterns by a single smelting workshop may introduce raw metal of 

significantly different composition to smithing facilities without a change in 

the material flow pattern between smelting and smithing workshops. 
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• The pace and nature of work in a smithing workshop could have required the 

procurement of greater amounts of stock metal compared to the daily output 

of a single smelting workshop or compared to the amount of stock metal they 

could produce by recycling accumulated production scrap. 

• The procurement of stock metal may have been "indirecf if elite consumers 

of grouped artifacts supplied the necessary raw materials, as suggested by 

ethnohistorical research on metal smiths working for local lords (e.g. Ramirez 

1994, p. 100). If some or all copper smelting was centrally supervised (e.g. 

Cleland and Shimada 1998, p. 139) (and also see Section 4.3.3, p. 131), then 

the number of distinct metal procurement patterns reflected by compositional 

patterning relates to how the Middle Sican polity managed the distribution of 

raw metal and the level of access to state managed materials resources by the 

social entities organizing the deposition of grouped artifacts. 

10.4. Other major findings 

• The elemental analysis of sheet puntas from Huaca Menor revealed that, 

contrary to earlier statements (e.g. Hosier, et al. 1990, p. 70), copper-arsenic 

alloys were not used "exclusively" to manufacture such thin grouped artifacts. 

Middle Sican metalworkers produced sheet puntas using copper containing 

less than 0.5% arsenic, which were virtually identical to those containing 

about 4% arsenic. The producers of rectangular sheets and puntas were also 

capable of carrying out the same design from stock metal that contained about 

0.5% arsenic to as much as 6% arsenic without particular bias toward 
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narrower composition ranges. While metalworkers routinely used 

copper-arsenic alloys for the production of a variety of artifacts, they were 

clearly able to execute the same designs from a wide range of alloy 

compositions. 

• My analyses of rectangular sheets are the first to indicate that a single 

production episode was responsible for simultaneously producing a number of 

items, some of which remained associated with each other throughout their 

(the artifacts') lifetime. 

• I have proposed to treat sheetpuntas as sheet metal analogues of larger, '3-D' 

puntas as opposed to "feathers" (e.g. Hosier, et al. 1990). My interpretation is 

based on significant morphological differences between sheet puntas and 

feathers used to decorate ornamentation worn around the head. Strong 

similarities between the puntas and sheet puntas are not restricted to shape, 

but also extend to the way in which assemblages containing such objects were 

structured by grouping and bundling within funerary caches. 

10.5. Future work 

10.5.1. Technical studies of grouped artifacts 

Continued analysis of samples from grouped artifacts is necessary to be able to 

more fully assess patterning of morphological and compositional variables within 

assemblages. Many more rectangular sheets are available for study from Huaca Rodillona 

and almost 100 puntas from the East Tomb at Huaca Loro await measurement and 

compositional analysis. 
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I would like to proceed with the examination and analysis of production—related 

remains from Huaca Sialupe and Pampa de Burros to enhance our understanding of the 

Middle Sican smithing process. In particular, I hope to collaborate with Hartmut 

Tschauner and Victor Curay on a technical study of grouped artifact remains from 

workshop contexts at Pampa de Burros. These artifacts present a unique opportunity to 

examine morphological and compositional variability among objects that were produced 

within the same workshop. 

So far, I have not had the opportunity to conduct a systematic study of naipes 

recovered from different locations. Unlike puntas from the East Tomb at Huaca Loro, 

bundles of naipes are morphologically homogeneous, although between—bundle 

differences in size and shape do occur (see Section 3.4, p. 94). I am interested in 

investigating the within-bundle morphological standardization with respect to elemental 

composition. The large variety of naipe sizes would make it possible for me to test the 

hypothesis that relates compositional homogeneity with the mass of an individual artifact. 

Moreover, I would like to document the distribution of various naipe forms in the 

Lambayeque region to learn whether standardization of naipe form cuts across different 

depositional contexts. 

10.5.2. Replication experiments 

The kind of holistic understanding of Middle Sican precious-metal technology 

that the Sican Archaeological Project has achieved would have been difficult to do 

without the contributions of the late Jo Ann Griffin, a highly skilled goldsmith (see 

Griffin and Shimada 1997; Shimada, et al. 1999; Shimada and Griffin 1994; Shimada, et 
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al. 2000). This dissertation is an important step toward developing a similar holistic 

approach toward copper-arsenic alloy technology by establishing the range of alloy 

compositions Middle Sican metalworkers negotiated while producing very similar 

artifacts. Unfortunately there are not any experts in the smithing of copper-arsenic alloys 

who could help us understand how variations in the arsenic content of copper may have 

affected metal working practice. 

For example, significant work has been done to quantify the effect of arsenic on 

the hardness of copper (e.g. Budd 1991a, b; Budd and Ottaway 1991; Lechtman 1996; 

Northover 1989). However, the usefulness of this information for assessing the 

significance of compositional variability among grouped objects has been limited. This is 

due in part to our lack of understanding regarding the impact of arsenic on the working 

properties of copper from a behavioral perspective. In other words, we need to develop a 

good sense for how the arsenic content differences I observed would have impacted the 

manufacture of grouped artifacts, for example, in terms of the number of 

working-annealing cycles necessary to produce equivalent reduction of thickness. This 

line of work is key if we are to get at a behavior-based understanding of compositional 

variability in copper-arsenic alloy artifacts. 



393 

APPENDIX 1: GLOSSARY OF NON-ENGLISH AND TECHNICAL TERMS 

Adoberia 

Adobero 

Algarrobo 

Batdn 

Adobe brick making facility or workshop. 

Adobe brick maker (Shimada and Cavallaro 1985, p. 66). 

A commonly occurring tree (Prosopis pallida) in the Lambayeque area. An important source of 
charcoal used in ceramic and metal production (Shimada 1994b, p. 58). 

Large basalt or diorite slabs used as a mortar-like base or anvil for crushing ores and slag with 
the help of a chungo (Shimada, et al. 1983, p. 40). 

Chdine operatoire 

Chungo 

Crisol(e) 

Depletion gilding 

Huaca 

Huaquero 

Naipe 

The sequence of activities involved in the transformation of raw materials into products (e.g. 
Sellet 1993). 

A rounded stone that was rocked back-and-forth on a batan in order to crush ores and slag 
(Shimada, et al. 1983, p. 40). 

Small, relatively crudely hand-shaped vessel form recovered often in large numbers from North 
Coast burial contexts, ritual caches, and fills dating between A.D. 400 and 1532 (Costin 1999, p. 
88). When fired at all, crisoles were generally fired at low temperatures (Costin 1999, p. 90). 

The process that preferentially removes copper and sometimes some silver as well from the 
surface of ternary alloys containing gold, silver, and copper. The resulting surface is "enriched" 
in gold relative to the bulk alloy composition. Correspondingly, the color of depletion gilded 
surfaces is different from that of the inside of the artifact (Lechtman 1973, 1979b). 

A broadly used term for natural and manmade "sacred" places. Used specifically to refer to 
large-scale constructions, as in "Huaca Rodillona." 

Looter. 

I-shaped sheet made of copper or copper-arsenic alloy: 

Palateada A "domestic pottery formed and decorated principally by use of paddle-and-anvil techniques" 
(Cleland and Shimada 1998, p. 112). The shaping of the vessel, including the consolidation of 
the clay-containing paste, involves the use of a smooth and rounded stone anvil on one side of 
the vessel wall while the other side is struck repeatedly with a ceramic paddle. Decoration is 
applied to the finished vessels in a similar manner, using paddles with carved decorative motifs 
(Cleland and Shimada 1998, p. 114-115). 

Parcialidad Socio-economic organizational unit of North Coast Peruvian societies shortly before the Spanish 
conquest. Parcialidades "consisted of occupational specialists" who were headed by a lord 
(Netherly 1977, p. 156-157). 
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Porron 

Punta 

Quincha 

Tumbaga 

Tumi 

Tuyere 

Viruta 

Large, thick-walled, course textured, um-shaped pot. Inverted porrones (with their bottoms 
removed) are thought to have been used as metalworking furnaces (e.g. Epstein and Shimada 
1983; Shimada and Wagner 2001). 

Often referred to as "implements," these tool-like objects have been found in several Middle 
Sican burials along the north coast of Peru. Puntas consist of two parts fashioned from the same 
piece of metal: (1) a rounded socket, and (2) a long, narrow "blade" portion with a rectangular 
cross section that tapers to a point. 

Wall construction consisting of mud covered cane. 

Ternary alloy composed of copper, gold and silver. The term tumbaga may describe 10-12 karat 
gold alloys (containing 41.7% to 50% gold) (Shimada 1994c: 94; Shimada and Griffin 1994: 61) 
but sometimes artifacts with lower gold content, between 30% and 40% (i.e., 7-10 karat), are 
also described as tumbaga (Merkel, et al. 1995). 

A type of knife with a semicircular edge integrated with a rectangular or trapezoidal handle: 

Refractory tips used at the end of blow tubes/pipes that delivered air to smelting furnaces using 
human lung power. 

A piece of very thin hammered copper or gold alloy sheet, often inferred to represent scrap or 
production waste. Vast amounts of virutas have been recovered from an elite tomb at Huaca 
Loro (e.g. Shimada and Merkel 1993). 
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APPENDIX 2: SAMPLE PREPARATION AND ANALYSIS 

A 2.1. Sampling of archaeological material 

The decision to remove samples from archaeological material recovered by the 

Sican Archaeological Project involved consulting with Izumi Shimada in order to assess 

the relative benefits of gaining information versus the mechanical and aesthetic damage 

due to sample removal. In the case of grouped artifacts, the availability of multiple 

examples of the artifacts for the purposes of museum display facilitated the removal of 

samples from grouped artifacts in most cases. The manner in which I removed samples 

depended on the nature of the artifact and the location of sampling. 

When I began examining puntas in 1997, each group was housed in a sack resting 

in an open wooden box, both of which were labeled with an inventory code assigned 

shortly after excavation by the Sican Archaeological Project. To prepare puntas for 

examination, I removed lightly adhering soil using a 2" bristle brush and loosened 

heavier encrustations with a dissecting needle before brush cleaning. Each punta was 

assigned a serial number to distinguish it from other puntas within the same group. To 

record this number on the object I first cleaned a small area (about 1cm by 1cm square) 

by mechanically removing loose corrosion products with a scalpel and reducing surface 

dust with a cotton swab dipped in acetone. I applied a thin coating of acryloid B-72 (a 

copolymer of methyl acrylate and ethyl methacrylate) in acetone to the cleaned area as a 

transparent isolating layer and once this dried I used a black permanent marker to record 

the punta'?, serial number. 
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The most robust portion of puntas is the thickest portion of the blade under the 

socket portion (A 2.5, p. 404). I removed a small wedge-shaped sample from puntas that 

were not excessively encrusted with corrosion products. In order to yield a wedge-shaped 

section I made two intersecting cuts using either a fine jeweler's saw or a small rotary 

tool equipped with a thin silicon carbide disk. No lubrication or coolant could be used 

and therefore care was taken to minimize heating up the sample. Samples from sheet 

puntas were also removed using a jeweler's saw, but rectangular sheets were sufficiently 

thin and flexible to allow the use of a pair of sharp scissors to remove small rectangular 

samples. 

Immediately following sample removal I used a cotton swab moistened with 

absolute ethanol to clear the freshly exposed metal of powder residue. As a temporary 

measure the exposed metal was coated with acryloid B-72 in acetone (between 15-40 

w/w percent solution). The purpose of the coating was to provide a barrier that would 

slow down, if not entirely prevent, corrosion of the metal before suitable fills could be 

prepared and applied. 

A 2.1.1. Filling of losses due to sample removal' 

Fill material recipe (from Jane Bassett^) 

Amount Ingredient Vendor (catalog number) 

60 g Acryioid B-72 pellets Conservation Support Systems (CM-20030-002) 

200 ml Acetone 

180 ml Whatman ashless cellulose powder Fisher Scientific (09-906-6) 
240 mL Cab-o-sil, hydrophobic fumed silica Conservation Support Systems (AD-72105-008) 

I prepared the fill material in the Materials Science and Engineering Department at the University of 
Arizona. Filling of losses due to sampling was carried out in Peru. 

^ Jane Bassett, is a conservator in the Getty Museum's Department of Decorative Arts and Sculpture 
Conservation 
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I placed the Paraloid B-72 beads in a nylon tulle bag suspended in a glass beaker 

containing 200 mL acetone and a magnetic stir bar. The glass beaker was then covered 

with aluminum foil and set on a stir-plate in a chemical fume hood. Stirring continued 

until all B-72 dissolved, meanwhile I measured the cellulose powder and fumed silica 

into a separate glass beaker. I added the mixed powders in small batches to the acetone 

solution of B-72 while stirring until the consistency of the fill material was similar to that 

of refrigerated peanut butter. The fill material was subdivided into 125 mL straight-side 

wide-mouth polymethylpentene jars with polypropylene screw closures (Nalgene ® 

2117-0125). 

To fill lacunae left by sampling I firsts scraped the cut surfaces of the metal clean 

of dust and corrosion products and swabbed the surfaces with acetone (acryloid B-72 

films applied after sample removal were left in place). Then I removed a small amount of 

fill material from the jar onto a flat, glazed, white ceramic tile and mixed it with dry 

powder pigments in order to achieve a base color similar to the corroded exterior of the 

artifact. The pigments I used included bone black, ultramarine blue, raw umber, burnt 

umber medium, titanium white, yellow ochre, and chromium green oxide (supplied by 

Conservation Support Systems). Using a micro-spatula or a #9 minarette I troweled the 

colored fill material into the lacuna. Once the fill solidified I shaped it to produce 

surfaces level with those of the artifact using surgical scalpels. To adjust the color of the 

fill to better match that of the object, I applied thin layers of fill material tinted with dry 

powder pigments. The fills were allowed to set for 24 hours before the artifacts were 

returned to their storage containers. 
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A 2.2. Sample mounting and polishing^ 

Based on Scott's (1991, p. 63-66) recommendations and consultations with Dr. 

David Killick (Dept. of Anthropology, University of Arizona) I mounted samples in a 

transparent epoxy resin (Buehler® Epoxicure™). I cast the epoxy into phenolic ring 

forms (1" OD), which I first pressed into a thin layer of vacuum grease on top of a paper 

board (A 2.5, p. 404). Since I included more than one sample in each epoxy cylinder, I 

also embedded a plastic specimen support clip to indicate the 12 o'clock position and to 

help identify samples during examination. Also, each epoxy specimen cylinder was given 

an identifying code and the layout of samples was recorded before polishing. The cast 

epoxy cured at room temperature overnight. 

To grind and polish the sample surfaces exposed by grinding I followed the 

sequence recommended by Vander Voort (2000, p. 38) with some modifications (using 

Buehler® consumables): 

Step 
Surface/Abrasive 

(lubricant) 
RPWI 

Relative rotation 
of head and 

platen 

Load 
(lb/specimen) 

Time 
(min) 

1 240-grit SiC paper (water) 240 complementary 5 until 
plane 

2 600 or 800-grit SiC paper (water) 

or 
9 |jm diamond paste (Metadi Fluid) or 
water-based suspension, Ultra-Pol cloth 

120 

120 

complementary 

complementary 

5 

5 

3-5 

3 

3 3 pm diamond paste (Metadi Fluid) or 
water-based suspension, Trident Cloth 

120 complementary 5 3-6 

4 1 pm diamond paste (Metadi Fluid) or 
water-based suspension, Trident Cloth 

120 complementary 5 3 

The above activities were carried out using a Buehler® Ecomet 4 semiautomatic variable 

speed grinder/polisher. I performed ultrasonic cleaning of the specimens using a 

^ I carried out the embedding, grinding and polishing of samples at the Buehler Sample Preparation 
Laboratory in the Materials Science and Engineering Department at the University of Arizona. 
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Buehler® Ultramet V ultrasonic bath between each step and after the final step of the 

procedure. I monitored the progress during grinding and polishing with an inverted 

metallographic microscope. To minimize the corrosion of the polished cross sections the 

mounted specimens were placed in a desiccator containing indicating silica gel desiccant. 

A 2.3. Electron microprobe examination and analysis 

I examined backscattered electron images of polished cross sections and carried 

out quantitative elemental analysis using a Cameca SX50 electron microprobe in the 

Department of Planetary Sciences at the University of Arizona. Prior to examination, 

polished cross sections received an approximately 150-200 A thick carbon coating. In 

order to perform quantitative elemental analysis using a wavelength-dispersive x-ray 

spectrometers (WDS or WDX), the four spectrometers of the Cameca SX50 were 

calibrated using a 25.0 kV accelerating voltage, 30.0 nA beam current with a 20 )im 

beam diameter. 

I set up two spectrometers to use lithium fluoride (LiF) x-ray analyzing crystals 

in order to quantify copper, zinc, arsenic, iron, cobalt and nickel. The other two 

spectrometers used pentaerythritol (PET) crystals to quantify gold, sulfur, silver, bismuth, 

tin, antimony and lead. Ken Domanik (Dept. of Planetary Sciences) was instrumental in 

developing the set of parameters I used for calibrating the spectrometers: 
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Element 

Spectrome 

Cu 

Peak 

5ter1: L 

Ka 

Energy 

F 

8.048 keV 

sin 6 

.38253 

Standard 

Chalcopyrite (CuFeS2) 

Time 

40 s 

Backg 

600 

round 

-600 

PHA" 

Y 

Zn Ka 8.639 keV .35631 Zn 40 s 500 -500 Y 

As Kp 11.726 keV .26213 Nickel arsenide (NiAs) 6 0 s  500 -500 Y 

Spectrome 

Fe 

5ter 2: L 

Ka 

F 

6,404 keV .48076 Chalcopyrite (CuFeS2) 40 s 500 -500 N 

Co Ka 6.930 keV .44424 Co 40 s 500 -500 Y 

Ni Ka 7.478 keV .41164 Nickel arsenide (NiAs) 40 s 500 -500 Y 

Spectrome 

Au 

iter 3: P 

Ma 

ET 

.66757 Au 30s 500 -500 Y 

3 Ka 2.308 keV .61410 Galena (PbS) 30s 500 -500 Y 

Ag La 2.984 keV .47479 Ag 30s 500 -500 Y 

Bi Ma .58486 Bi 30s 500 NONE Y 

Spectrome 

Sn 

ster 4: P 

La 

ET 

3,444 keV .41132 Cassiterite (SnOa) 40 s 500 -500 Y 

Sb La 3.605 keV .39298 Stibnite (Sb2S3) 40 s 500 -500 Y 

Pb Ma .60385 Galena (PbS) 40 s 500 -500 Y 

Once the calibration was complete, I examined each sample in backscattered 

electron imaging mode to identify heterogeneous features: arsenic segregation, 

inclusions, etc. In order to qualitatively identify the elements present in such features I 

used energy dispersive x-ray spectroscopy (EDS or EDX). 

Electron probe micro-analysis (EPMA) is not well suited for determining the 

average composition of heterogeneous samples. Most copper-arsenic alloy artifacts can 

be considered somewhat heterogeneous, even if they have a single-phase microstructure, 

due to the presence of microsegregation. Therefore, one approach is to infer "bulk" 

elemental composition of a sample using EPMA by quantifying the composition of 

distinct phases as well as the fraction of the sample surface area occupied by each phase. 

The relative amount of surface area occupied by a phase may be assumed to be 

PHA = Pulse Height Analysis (differential mode). 
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proportional to the volume fraction of that phase. Bulk composition can then be 

calculated by summing the weighted composition of each phase: 

Ap̂  = surface area of phase n 
n 

A - A p i  + . . .  +  A p „  =  y ^ j A p /  

/=1 

ap\ = ^ = surface area fraction of phase volume fraction of phase 

/=1 

n 

/=1 

n 

^bu/k ~ ^P\^P\ ^Pl^Pl + • • • + ̂Pn^Pn ^ / ̂ Pî Pi 
i=\ 

E = weight percent of element E 

Ep̂  = weight percent of element E in phase n 

In the case of the grouped artifacts I studied, the proportion of surface area occupied by 

discrete inclusions was so small that the impact of their composition on the bulk 

elemental composition was negligible. Therefore, I inferred the bulk elemental 

composition of grouped artifacts by calculating the mean value for each element based on 

7 to 10 measurements I took using a 20 )am beam from areas free of inclusions. 

The 1 inch outer diameter of the phenolic ring forms into which I cast the epoxy 

resin allowed me to introduce six specimen cylinders simultaneously into the sample 

chamber of the Cameca SX50 electron microprobe. After I fitted the specimen cylinders 

into an aluminum holder I mapped and recorded the coordinates of each sample using a 

transparent overlay (see A 2.5, p. 404). The coordinates allowed me to move from sample 

to sample with ease with the help of motorized stage controls. I took advantage of the 

automated point analysis feature of the Cameca SX50 electron microprobe and set up the 



402 

7-10 locations of analysis for all samples after inspecting them for the presence of 

inclusions/phases. The analysis of each point location lasted about 5 minutes and an 

overnight, automated run could accomplish the analysis of about 15-18 samples in 12 

hours. 

A 2.4. Management of elemental composition data 

I chose the have the results of quantitative analyses for each point location 

reported in the form of weight percent detected and the detection limit for each element. 

Ken Domanik programmed the software of the Cameca SX50 electron microprobe to 

produce a report format that summarized compositional information in an exportable 

table format. This information, along with the identifying code for the sample on which 

the point was located, constituted a single record in a searchable database I constructed 

using the FileMaker Pro software. A second, related, database was designed to bring 

together and manipulate the point-by-point compositional information in order to 

determine the weight percent reported for each element analyzed in each sample: 

Records in composition database Record In sample database 

Point 1 

Date of analysis 

Sample ID; AA001 

Element(1) weight % 

Element(1) detection limit 

Element(n) weight % 

Element(n) detection limit J 

Point 2 

Date of analysis 

Sample ID; AA001 

Element(l) weight % 

Element(1) detection limit 

Element(n) weight % 

Element(n) detection limit 

Point 1 

Point 2 

Point 3 

Point 4 

Point 5 

Point 6 

Point 7 

Sample ID: AA001 

Element 

Element{1) weight % Element(1) detection limit 

Element(1) weight % Element(1) detection limit 

Element(1) weight % Element(l) detection limit 

Element{1) weight % Element(l) detection limit 

Element(1) weight % Element(1) detection limit 

Element(l) weight % Element(1) detection limit 

Element(l) weight % Element(1) detection limit 

1) average Element(l) average detection limit 

Element{1) reported weight % 
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Based on the 7-10 point analyses I determined the mean values for each element's 

detected weight percent and detection limit and compared these values. If the mean 

weight percent detected was equal to or greater than the mean detection limit, then the 

database reported the mean weight percent detected as the value for the element in that 

particular sample. If the mean weight percent detected was smaller than the mean 

detection limit, then the database reported the value for that element as 'bdl," i.e., below 

detection limit. For the purposes of data exploration using the SPSS statistical software 

package 'bdl' values were interpreted to mean zero weight percent. 
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A 2.5. Figures and tables 

socket (open side) 

blade 

sampling location 

Location for removing wedge-shaped samples from puntas. 

plastic specimen 
support clip 
(Buehler 20-4001-000) 

Epoxicure™ system (5:1 epoxy resin:hardener) 
(Buehler 20-8130-032, 20-8132-008) 

phenolic ring form (1 inch OD) 
(Buehler 20-8151-100) 

paper label 
(laser printed) \ sample 

paper board 
(Vg inch thick) 

SAMPL-KLIP® I 
(Buehler 20-4100-1OOS) 

vacuum grease 

samples 

Left: Side view of setup for embedding samples. Right: Bottom view of embedded samples in the specimen 
cylinder. 

-30 -20 -10 0 10 20 30 

r 

w 

epoxy cylinder 

sample 

plastic specimen 
support clip 
(serves as reference point) 

Layout of specimen holder for the Cameca SX50 electron microprobe. 
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APPENDIX 3: DESCRIPTIVES OF RECTANGULAR SHEETS 

A 3.1. Rectangular sheet morphology 
Column 2 Column 3 

Width (mm) Length (mm) Width (mm) Length (mm) 

N 7 7 N 26 26 
Mean 21.0 90.0 Mean 20.7 73.3 

Median 21.0 89.0 Median 21.0 73.0 

Std. Dev. 1.0 2.5 Std. Dev. 1.113 1.225 
Minimum 20 87 Minimum 18 70 

Maximum 22 95 Maximum 22.5 75 

Skewness 0 1.405 Skev\/ness -1.087 -0.787 

Kurtosis -2.6 2.86 Kurtosis 1.154 0.925 
C.V. 0.048 0.028 C.V. 0.054 0.017 

Column 10 Column 13 (all Items) 

Width (mm) Length (mm) Width (mm) Length (mm) 

N 26 26 N 29 29 

Mean 24.4 97.9 Mean 19.9 84.5 

Median 25.0 98.0 Median 20.0 82.0 

Std. Dev. 1.0 1.4 Std. Dev. 2.12 4.298 
Minimum 22 95 Minimum 15 78 

Maximum 26 100 Maximum 25 92 
Sl<ewness -0.716 -0.639 Skewness -0.024 0.351 

Kurtosis 0.083 0.017 Kurtosis 0.252 -1.597 
C.V. 0.040 0.015 C.V. 0.106 0.051 

Column 13, Type A Column 13, Type B 
Width (mm) Length (mm) Width (mm) Length (mm) 

N 12 12 N 17 17 

Mean 21.8 89.3 Mean 18.6 81.1 

Median 21.5 89.0 Median 19,0 81.0 
Std. Dev. 1.288 1.231 Std. Dev. 1.579 1.088 
Minimum 20 88 Minimum 15 78 

Maximum 25 92 Maximum 21 82 
Sl<ewness 1.474 0.988 Skewness -0.306 -1.449 

Kurtosis 3.122 0.649 Kurtosis 0.563 2.634 

C.V. 0.059 0.014 C.V. 0.085 0.013 
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APPENDIX 4: DESCRIPTIVES OF PUNTAS 

A 4.1. Bundle-based classification (mass and morphology) 

Bundle 2385 
N=25 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 375.9 34,6 24,7 24,3 9.5 10.7 7.7 3,9 
Median 355.6 35.1 25,3 24,4 9.5 10.8 7.2 4,0 
Stand. Dev. 80.7 1.68 2,01 2.22 2,22 1.87 1,72 1,16 
Minimum 246.6 31.2 20,4 20.0 6,0 6,5 4,7 1,5 
Maximum 592.8 37.8 29,5 29.0 15,4 13.9 11,8 6,2 
Sl<ewness 0.608 -0.428 -0,255 0,291 0,621 -0.39 0,684 -0,187 
Kurtosis 0.432 -0.49 0,821 -0,523 0,616 -0.245 0,244 -0,222 
C.V. 0.215 0.049 0,081 0,091 0,234 0.175 0,225 0,293 

Bundle 2386 
N=30 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 373.3 36.6 27,5 24,8 10,3 8.6 7,2 4,3 
Median 328.4 35.9 26,9 25,0 10,2 8.5 7,1 4.3 
Stand. Dev. 109.5 3.22 2,57 2,64 2,17 1.48 1,37 1,22 
Minimum 235.2 31.5 23,7 19,8 6,6 5.7 4,6 2.5 
Maximum 546.0 40.9 31,7 29,7 15,3 12,0 10,6 7,1 
Sl<ewness 0.353 0.09 0,079 0,015 0,231 0,487 0,383 0,811 
Kurtosis -1.538 -1,661 -1,384 -0,447 -0,418 0,206 0,138 0.184 
C.V. 0.293 0.088 0,093 0.106 0,210 0,172 0,192 0.282 

Bundle 2388 
N=29 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 399.9 35,1 25,0 24,0 9,1 10,1 7,8 3.5 
Median 381.1 34.7 24,8 24,0 8,8 10,2 7,6 3.7 
Stand. Dev. 98.9 1,64 1,72 2.04 1,55 2,09 2.00 1.02 
Minimum 260.4 33,1 22,4 20.8 6,5 6,2 4.3 1.9 
Maximum 576.9 39,4 28,8 28.6 11,9 13,4 12.1 5.3 
Sl<ewness 0.347 0,874 0,575 0.383 0,298 -0,247 0.519 -0.169 
Kurtosis -1.202 0,03 -0,236 -0.718 -1,043 -0.707 -0,627 -1,028 
C.V. 0.247 0,047 0,068 0.085 0,171 0.207 0,255 0,290 



Bundle 2389 
N=28 MASS LP LB WT WP TT TM TP 

(9) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 398.6 35.8 25.6 23.8 10.3 10.1 7.6 4.2 
Median 407.7 35.4 25.4 23.6 10.0 10.6 7.3 4.3 
Stand. Dev. 92.7 1.43 1.82 2.34 2.03 2.06 1.54 0.85 
Minimum 231.0 33.2 21.6 20.6 7.5 5.3 5.3 2.8 
Maximum 600.0 37.7 29.0 29.5 14.6 13.6 12.6 5.6 
Skewness 0.27 -0.211 -0.187 0.925 0.8 -0.597 1.403 -0.05 
Kurtosis -0.567 -1.237 -0.345 0.464 -0.223 -0.358 3.094 -1.076 
C.V. 0.233 0.040 0.071 0.099 0.197 0.203 0.203 0.204 

Bundle 2391 
N=26 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 421.7 36.1 25.9 25.3 10.6 11.0 8.3 4.7 
Median 408.5 36.6 25.0 25.0 10.5 11.0 8.2 4.6 
Stand. Dev. 91.6 2.32 2.15 2.09 1.86 2.03 1.76 1.33 
Minimum 251.8 30.5 21.7 21.5 8.1 6.6 5.1 2.8 
Maximum 608.8 40.3 30.2 28.9 15.6 16.8 12.8 7.6 
Skewness 0.236 -0.487 0.265 -0.026 0.98 0.436 0.3 0.689 
Kurtosis -0.27 0.183 -0.841 -0.991 1.111 1.789 0.703 -0.304 
C.V. 0.217 0.064 0.083 0.083 0.175 0.185 0.212 0.282 

Bundle 2392 
N=29 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 405.0 37.1 27.8 24.5 9.7 10.2 8.0 4.0 
Median 395.5 37.8 28.1 24.3 9.8 9.9 8.0 3.9 
Stand. Dev. 83.4 1.92 1.83 2.39 1.75 2.35 1.61 0.93 
Minimum 267.6 31.2 24.6 20.1 7.0 6.4 4.3 2.0 
Maximum 542.5 40.2 31.2 29.5 13.8 15.1 11.9 6.0 
Skewness 0.198 -0.943 -0.361 0.368 0.453 0.426 0.267 0.248 
Kurtosis -1.043 1.745 -0.774 -0.489 -0.223 -0.706 0.367 -0.109 
C.V, 0.206 0.052 0.066 0.098 0.180 0.229 0.202 0.233 

Bundle 2405 
N=29 MASS LP LB WT WP TT TM TP 

(9) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 448.4 35.8 26.0 25.1 9.6 10.3 8.5 4.0 
Median 458.5 35.9 25.8 24.5 9.6 10.0 8.3 4.0 
Stand. Dev. 111.9 1.71 1.54 2.66 1.37 2.53 1.76 0.96 
Minimum 271.7 31.1 22.7 19.8 6.3 6.7 5.2 2.5 
Maximum 604.7 39.1 28.9 30.4 11.8 16.0 11.5 6.2 
Skewness -0.123 -0.574 -0.19 0.442 -0.401 0.643 0.099 0.444 
Kurtosis -1.537 0.75 0.094 0.074 -0.139 -0.377 -0.832 -0.107 
C.V. 0.250 0.048 0.059 0.106 0.143 0.245 0.208 0.241 
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Bundle 2407 
N=31 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 403.3 36.2 27.5 23.2 9.7 10.6 8.2 4.1 
Median 424.0 36.0 27.4 23.0 9.6 11.1 8.5 4.0 
Stand. Dev. 69.7 1.34 1.35 2.14 1.29 2.05 1.48 0.78 
Minimunn 272.4 33.8 24.6 17.6 7.1 6.4 5.6 3.1 
Maximum 517,3 39.6 30.7 27.7 12.8 13.9 10.8 6.1 
Skewness -0.221 0.732 0.513 0.072 0.454 -0.61 -0.185 0.999 
Kurtosis -0.939 0.932 0.627 0.891 0.235 -0.622 -0.868 0.426 
C.V. 0.173 0.037 0.049 0.092 0.133 0.194 0.180 0.191 

Bundle 2408 
N=28 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 456.3 38.9 28.2 25.4 11.7 9.7 8.2 4.6 
Median 467.1 38.8 28.2 25.9 11.5 9.6 8.2 4,5 
Stand. Dev. 89.9 2.87 2.61 2.88 2.59 1.61 1.66 1,39 
Minimum 263.6 33.5 23.5 17.7 6.2 6.6 5.2 2,0 
Maximum 610.5 43.6 33.7 30.0 15.8 12.9 11.4 7,3 
Skewness -0.307 -0.09 0.319 -0.592 -0.015 -0.131 0.035 0,222 
Kurtosis -0.671 -0.722 -0.177 0.37 -0.817 -0.547 -0.427 -0.278 
C.V. 0.197 0.074 0.093 0.113 0.222 0.166 0.202 0.304 

Bundle 2535 
N=26 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 358.9 36.3 26.2 22.9 10.5 9.2 7.4 4.3 
Median 350.9 36.5 26.3 23.6 9.9 8.7 7.0 4,5 
Stand. Dev. 97.6 2.25 1.96 2.96 2.04 2.79 1.68 1,19 
Minimum 160.0 30.4 21.7 14.8 6.9 5.3 5.0 1,5 
Maximum 600.0 39.5 29.9 29.6 15.0 16.2 11.4 6,3 
Skewness 0.316 -1.099 -0.709 -0.436 0.586 0.693 0.727 -0.468 
Kurtosis 1.332 1.231 0.682 1.6 -0,211 0.051 0.031 -0.011 
C.V. 0.272 0.062 0.075 0.129 0,194 0.305 0.227 0.275 
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A 4.2. Dimension-based clusters (mass and morphology) 

Cluster 1 
N=26 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 529.4 37.3 27.7 24.0 8.8 13.2 10.3 4.1 
Median 539.1 37.3 27.4 23.9 8.8 13.2 10.3 4.1 
Stand. Dev. 54.03 0.97 1.42 1.18 1.27 1.56 1.19 0.96 
Minimum 435.2 35.1 25.5 21.3 6.2 9.8 7.7 1.9 
Maximum 606.5 39.2 31.2 26.0 11.7 16.8 12.6 7.5 
Skewness -0.406 -0.195 0.521 -0.337 0.087 0.226 -0.02 1.456 
Kurtosis -1.171 -0.22 0.2 -0.3 -0.175 0.666 -0.327 6.423 
C.V. 0.102 0.026 0.051 0.049 0.144 0.118 0.116 0.237 

Cluster 2 
N=36 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 333.5 37.6 27.6 24.5 9.3 8.6 6.3 3.0 
Median 330.8 37.7 27.6 24.5 9.3 8.5 6.5 3.2 

Stand. Dev. 45.67 1.46 1.69 2.04 1.64 1.55 0.90 0.83 

Minimum 235.2 34.6 24.9 20.6 6.0 6.1 4.3 1.5 

Maximum 404.0 40.0 30.7 28.6 11.9 11.5 8.2 4.6 
Skewness -0.436 -0.167 0.131 -0.135 -0.191 0.062 -0.535 -0.044 

Kurtosis -0.49 -0.649 -0.925 -0.627 -0.741 -1.042 0.245 -0.812 
C.V. 0.137 0.039 0.061 0.083 0.176 0.181 0.143 0.274 

Cluster 3 
N=33 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 313.9 35.2 25.6 22.9 10.9 7.8 6.6 4.6 
Median 316.6 35.0 25.8 23.4 11.0 7.8 6.5 4.5 
Stand. Dev. 34.64 1.50 1.31 2.30 1.67 1.36 0.99 0.71 
Minimum 231.0 31.2 22.2 14.8 6.5 5.3 5.2 3.2 
Maximum 370.0 38.4 28.1 25.9 14.2 10.2 8.9 6.3 
Skewness -0.421 -0.467 -0.796 -1.803 -0.297 -0.04 0.592 0.61 
Kurtosis -0.191 0.838 0.754 4.197 0.658 -0.778 -0.128 0.095 
C.V. 0.110 0.043 0.051 0.100 0.154 0.175 0.148 0.156 



Cluster 4 
N=21 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 503.3 39.1 28.8 25.8 13.3 9,5 8,5 6.1 

Median 510.6 40.2 28.6 25.7 12.7 9.2 8,2 5.8 
Stand. Dev. 50.88 2.04 1.45 1.61 1.51 1.65 1,41 0.85 

Minimum 408.7 35.7 26.6 23.2 10.6 6.7 6.5 4.8 

Maximum 608.8 43.3 31.7 29.3 15.6 12.8 12.8 7.6 

Skewness -0.113 -0.041 0.51 0.373 0.043 0.338 1.255 0.37 

Kurtosis -0.358 -0.862 -0.556 -0.307 -1.16 -0.493 3.051 -1.216 

C.V. 0.101 0.052 0.050 0.062 0.114 0.173 0.165 0.141 

Cluster 5 
N=55 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 421.2 36.3 26.9 22.1 9.1 11.5 8.5 4.5 
Median 425.5 36.3 27.1 22.2 9.0 11.5 8.5 4.4 
Stand. Dev. 46.28 1.29 1.54 1.40 0.99 1.11 1.32 0.79 
Minimum 310.2 33.5 23.9 17.7 7.1 8.8 5.3 2.9 
Maximum 523.7 38.7 29.7 25.0 11.5 13.9 11.4 6.1 
Skewness -0.303 -0.161 -0.167 -0.383 0.201 -0.002 -0.046 0.338 
Kurtosis 0.114 -0.787 -0.551 0.908 0.191 0.122 -0.065 -0.494 
C.V. 0.110 0,036 0.057 0.063 0.109 0.096 0.155 0.176 

Cluster 6 
N=50 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 302.0 33.6 23.9 23.7 9.1 8.9 6.6 3.3 
Median 305.2 33.8 24.1 23.9 9.0 8.6 6.7 3.3 
Stand. Dev. 43.54 1.40 1.31 2.00 1.48 1.57 0.89 0.61 
Minimum 160.0 30.4 20.4 19.4 6.2 5.3 4.7 2.0 
Maximum 369.0 35.5 26.2 27.9 13.2 12.4 8.3 4.5 
Skewness -1.25 -0.701 -0.782 0.021 0.453 0.32 -0.023 0.028 
Kurtosis 2.83 -0.295 0.385 -0.253 0.315 -0.296 -0.546 -0.427 
C.V. 0.144 0.042 0.055 0.084 0.163 0.177 0.134 0.183 

Cluster 7 
N=38 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 479.3 35.1 25.1 26.7 10.9 11.3 9.2 4.5 
Median 475.0 34.9 25.2 26.6 10.8 11.2 8.9 4.5 
Stand. Dev. 64.44 1.21 1.22 2.06 1.52 1.52 1.21 1.00 
Minimum 354.8 33.3 22.4 22.5 8.2 7.8 7.4 2.5 
Maximum 604.7 37.7 27.6 30.4 15.4 16.2 11.8 6.6 
Skewness 0.24 0.523 -0.132 -0.065 0.887 0.671 0.455 0.218 
Kurtosis -0.531 -0.563 -0.352 -0.735 1.591 2.156 -0.771 -0.255 
C.V. 0.134 0.035 0.049 0.077 0.139 0.134 0,132 0.221 
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Cluster 8 
N=22 MASS LP LB WT WP TT TM TP 

(g) (cm) (cm) (mm) (mm) (mm) (mm) (mm) 

Mean 477.1 39.8 29.5 28.0 12.2 9.3 8.0 4.1 
Median 485.7 39.9 29.4 28.2 11.9 9.3 8.1 4.3 
Stand. Dev. 61.85 1.97 1.91 1.48 2.02 1.39 0.88 0.80 
Minimum 362.5 36.6 26.9 25.0 8.9 6.6 5.9 2.7 
Maximum 610.5 43.6 33.7 30.0 15.8 12.6 9.5 5.2 
Skewness -0.02 0.336 0.715 -0.519 0.288 0.249 -0.223 -0.357 
Kurtosis -0.063 -0.429 0.02 -0.765 -1.08 0.748 0.126 -1.223 
C.V. 0.130 0.049 0.065 0.053 0.165 0.150 0.110 0.196 
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APPENDIX 5: INVENTORY OF METALLURGICAL REMAINS FROM THE 
MIDDLE SICAN COMPOUND OF S165 AT PAMPA DE BURROS 

A 5.1. Inventory 

The following inventory was assembled by Victor Curay Rufasto, working under 

the direction of Hartmut Tschauner (Tschauner 2001). Translation by Aniko Bezur. 

Bag no.- Context Category Length Max. Min. Thicltness Weight Description 
Item no. (mm) width width (mm) (g) 

(mm) (mm) 

Room 25: 

146-1 SWT Bell 44.6 16.9 X 23.6 4 Quadrangular bell, crushed. 

146-2 SWT Bell 30.3 21 X 18.2 4.5 Quadrangular bell, crushed. 

Room 28: 

968-1 Capa 1 Metal 30.2 7 4.5 6 3.6 Almost clean piece of 
copper, though bits of slag 
are present. 

971-1 Capa 1 Modified 
waste 

22.5 5.9 3.9 1.7 0.2 Fragments of 4 sheet 
puntas, folded to form a unit 
(i.e., packet). 

971-2 Capa 1 Production 
waste 

42 4.5 X 0.1 <0.1 Fragment of thin/small sheet 
punta 

971-3 Capa 1 Production 
waste 

11.3 6.2 5.7 0.1 <0.1 Sheet fragment, broken into 
three pieces 

1399-1 Rasgo 
111 

Production 
waste 

94.5 13.2 6.6 0.1 1 Sheet cut partway down the 
middle and folded 

Room 29: 

1003-1 Capa 1 Sheet 57.6 25.5 15.1 0.3 3.2 Rectangular sheet folded in 
twelve 

1003-2 Capa 1 Production 
waste 

44.1 8.4 X 0.1 0.1 Rectangular sheet w/ one 
folded corner 

1003-3 Capa 1 Production 
waste 

10.9 3.6 X 0.1 <0.1 Three fragments of a sheet 

1004-1 Capa 1 Needle 74.8 1.5 X 1.5 1.1 Needle, eye formed by 
folding 

1004-2 Capa 1 Production 
waste 

29.7 5.9 X 0.1 <0.1 Fragment of sheet, broken 
or crease 

1410-1 Capa 1 Modified 
waste 

51.5 6.1 1.8 0.2 0.1 Fragment of sheet, 
lengthened and folded in 
three 

1410-2 Capa 1 Modified 
waste 

9.7 1.9 X 0.2 <0.1 Fragment of sheet, folded in 
three 
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Bag no.-
Item no. 

Context Category Length 
(mm) 

Max. 
width 
(mm) 

Min. 
width 
(mm) 

Thickness 
(mm) 

Weight 
(g) 

Description 

Room 32b: 

1027-1 Capa 1 Chisel 54.4 7.5 6.3 3.7 8.9 Chisel with one sharp 
wedge-shaped cutting end 

1028-1 Capa 1 Tweezers, 
ciircular 

30.5 27.3 X 0.3 4.8 Circle shaped tweezers 

1200-1 Capa 1 Needle 50.2 1.4 X 1.4 0.6 Needle, eye formed by 
folding 

1201-1 Capa 1 Modified 
waste 

8.1 10.6 x 0.1 <0.1 Sheet fragment folded in 
three, then five 

1201-2 Capa 1 Production 
waste 

8.3 5.5 x 0.1 <0.1 Sheet fragment 

1248-1 Capa 1 Metal 34.5 5.4 2.1 3.8 1.6 Piece of refined copper. 
Does not contain slag or 
impurities. 

1248-2 Capa 1 Tweezers, 
rectangular 

28.7 11.5 8.5 0.4 1.6 Rectangular shaped 
tweezers, with ends folded 

1248-3 Capa 1 Modified 
waste 

45 6.6 x 1 0.7 Three sheets, stacked and 
folded about their middle 

1248-4 Capa 1 Modified 
waste 

11.7 13.7 x 0.1 <0.1 Fragment of sheet "wrinkled" 
and folded in six 

1248-5 Capa 1 Production 
waste 

11.1 4.2 X 0.1 <0.1 Eight fragments of a sheet 

Room 34a: 

1199-1 Capa 1 Production 
waste 

48.8 9.4 7.2 0.2 0.1 Fragment of a thin/small 
sheet punta, one edge 
folded 

1199-2 Capa 1 Production 
waste 

34.1 9.6 X 0.1 0.1 Sheet fragment, on edge 
lightly folded 

1199-3 Capa 1 Production 
waste 

20.6 9,4 X 0.3 <0.1 Sheet fragment 

1199-4 Capa 1 Modified 
waste 

24.5 4.1 X 0.1 <0.1 Sheet fragment, folded in 
two 

1199-5 Capa 1 Production 
waste 

25.5 5.5 X 0.1 <0.1 Sheet fragment 

1199-6 Capa 1 Production 
waste 

3.8 4.8 X 0.1 <0.1 Sheet fragment 

1199-7 Capa 1 Production 
waste 

42.3 3 X 0.1 <0.1 Sheet fragment 

1199-8 Capa 1 Production 
waste 

12.5 3.8 X 0.1 <0.1 Unit/packet formed by 19 
fragments of thin/small sheet 
puntas 

1430-1 Rasgo 
117 

Production 
waste 

36.3 7.8 X 0.1 0.1 Sheet fragment 
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Bag no.-
Item no. 

Context Category Length 
(mm) 

Max. 
width 
(mm) 

Min. 
width 
(mm) 

Thickness 
(mm) 

Weight 
(g) 

Description 

Room 34b: 

919-1 Capa 1 Modified 
waste 

15.3 5.2 x 0.2 <0.1 Three fragments of a sheet, 
folded in five 

919-2 Capa 1 Modified 
waste 

20.9 6.8 3 0.2 0.1 Unit/packet formed from 3 
sheet fragments, folded in 
six 

1413-1 Rasgo 94 Slag 19.6 12.6 x 5 1.9 Irregular shaped slag 
fragment with little droplets 
of metal 

Room 35a: 

1215-1 Capa 1 Modified 
waste 

18,4 9.6 x 0.1 0.1 Sheet fragment folded in 
three 

1215-2 Capa 1 Modified 
waste 

13.4 7.4 x 0.1 0.1 Sheet fragment folded in 
four 

1216-1 Capa 1 Metallurgical 
remain 

20.8 10.2 X 16 1.6 Charcoal fragment with 
mineral adhering to a side 

1217-1 Capa 1 Metallurgical 
remain 

29.4 12.5 3.2 3.4 2.1 Copper piece in the process 
of refinement; has slag 

1441-1 Rasgo 96 Tweezers, 
circular 

19.1 14.6 X 0.5 0.6 Half of circular tweezers 
(production waste?) 

1441-2 Rasgo 96 Needle 79 1.6 X 1.6 1.2 Needle with folded eye 

1447-1 Rasgo 96 Modified 
waste 

32.1 12.4 X 0.2 0.1 Sheet fragment "wrinkled" 
and folded in three 

Room 35b: 

1203-1 Capa 1 Modified 
waste 

12.2 4.5 X 3.8 0.1 Sheet fragment folded in 
three 

Room 36: 

1049-1 Capa 1 Sherd w/ 
slag 

X X X X X 13 sherds with slag wetted 
concave sides 

1252-1 Capa 1 Tweezers, 
circular 

18.6 16.9 X 0.3 0.8 Circular pair of tweezers 

1252-2 Capa 1 Production 
waste 

66 9.5 8.1 0.1 0.2 Sheet fragment with one torn 
edge 

1252-3 Capa 1 Production 
waste 

38 13.5 X 0.1 0.1 Sheet fragment with a 
groove (sheet punta7) 

Room 37: 

1250-1 Capa 1 Production 
waste 

13.5 14.3 X 0.2 0.1 Quadrangular sheet 
fragment 

Room 42: 

267-1 SWT Sheet, 
rectangular 

26.8 25.3 X 0.3 0.7 Quadrangular tablet 
decorated with 19 embossed 
circles 

Room 53: 

525-1 SWT Sheet punta X 0.1 15 Unit/packet formed by 23 
sheet puntas folded in four 



415 

Bag no.-
Item no. 

Context Category Length 
(mm) 

Max. 
width 
(mm) 

IVIin. 
width 
(mm) 

Thickness 
(mm) 

Weight 
(g) 

Description 

Room 57: 

232-1 SWT Sheet punta 57.7 6.7 X 0.1 1.3 Unit/packed formed by 39 
thin/small sheet puntas 

Room 62a: 

1284-1 Capa 1 Metal lump 48.5 36.3 15.4 13 38.1 Combination of mineral, rock 
and solidified slag 

Room 64: 

526-1 SWT Sheet 89 32 X 0.3 6 Sheet folded in two, with 
reddish coloration 

526-2 SWT Sheet 89.3 31.8 x 0.3 4.9 Sheet folded in two, with 
reddish coloration 

526-3 SWT Sheet 52 24.7 X 0.3 1.2 Sheet fragment, with reddish 
coloration 

Room 65a: 

1431-1 Rasgo 
118 

Production 
waste 

24.4 7 X 0.1 <0.1 Sheet fragment, 
chipped/broken edges 

1431-2 Rasgo 
118 

Production 
waste 

28.8 2.9 X 0.1 <0.1 Sheet fragment 

Room 65b: 

1278-1 Capa 1 Production 
waste 

24 4,3 X 0.1 <0.1 Sheet fragment, divided in 
six 

1278-2 Capa 1 Production 
waste 

25.6 7,7 X 0.1 <0.1 Sheet fragment, divided in 
eleven 

Room 72: 

690-1 Capa 1 Production 
waste 

15.6 9.6 X 0.2 <0.1 Rectangular sheet fragment 

690-2 Capa 1 Modified 
waste 

10.7 9.9 X 0.5 <0.1 Sheet fragment, folded in 
two 

690-3 Capa 1 Modified 
waste 

10 6.5 X 0.2 <0.1 Sheet fragment, folded in 
two 

690-4 Capa 1 Production 
waste 

10.4 7.7 X 0.2 <0.1 Sheet fragment, corner 
folded 

690-5 Capa 1 Production 
waste 

6.3 4.9 X 0.2 <0.1 Irregular sheet fragment 

Room 76b: 

713-1 Piso 1 Modified 
waste 

14 17.9 X 0.7 0.2 Sheet fragment folded in six 

713-2 Piso 1 Production 
waste 

21,4 7.2 X 0.2 0.1 Sheet fragment 

Room 81: 

790-1 Limpieza Modified 
waste 

27.9 6.4 X 0.2 0.1 Sheet fragment folded in 
three 

790-2 Limpieza Modified 
waste 

31.8 5.3 X 0.3 <0.1 Sheet fragment folded in two 

790-3 Limpieza Production 
waste 

13.1 4 X 0.3 <0.1 Elongated sheet fragment 
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Bag no.-
Item no. 

Context Category Length 
(mm) 

Max. 
width 
(mm) 

Min. 
width 
(mm) 

Thickness 
(mm) 

Weight 
(g) 

Description 

Room 81 (continued): 

790-4 Limpieza Production 
waste 

10.4 7.5 X 0.1 <0.1 Sheet fragment, torn ends 

790-5 Limpieza Modified 
waste 

4.6 3.2 X 0.6 <0.1 Sheet fragment with all 
edges folded 

Room 81 d: 

812-1 Capa 1 Modified 
waste 

18.7 3.5 X 0.1 <0.1 Sheet fragment folded in two 

812-2 Capa 1 Production 
waste 

17 6.2 X 0.1 <0.1 Sheet fragment. 

865-1 Capa 1 Sheet, 
zoomorphic 

90.4 21 16.4 0.8 7.3 Sheet representing a 
zoomorphic being with 
serpent-like characteristics 

866-1 Capa 1 Sheet punta 50.3 5.7 X 0.1 0.2 Unit/package formed by 10 
fragments of sheet puntas 

866-2 Capa 1 Modified 
waste 

12.4 14.6 X 0.3 1.1 Sheet folded in three 

866-3 Capa 1 Modified 
waste 

8.3 11.9 X 0.5 0.1 Sheet fragment folded in 
three 

866-4 Capa 1 Production 
waste 

11.1 11.5 X 0.2 <0.1 Sheet fragment 

866-5 Capa 1 Production 
waste 

17.2 8.8 X 0,1 <0.1 Sheet fragment 

876-1 Capa 1 Hook 36.2 5.9 X 1.6 0.6 Hook in the shape of an "S" 

Room 82a: 

527-1 SWT Sheet punta 201,7 29.2 16.9 0,5 4 Sheet punta with a groove in 
central portion 

527-2 SWT Sheet punta 186.7 31.7 15.1 0,4 3.6 Sheet punta with a groove in 
central portion 

527-3 SWT Sheet punta 195.5 26.1 13.6 0.4 3.1 Sheet punta with a groove in 
central portion 

527-4 SWT Sheet punta 208.3 30.7 16.1 0.4 4.2 Sheet punta with a groove in 
central portion 

527-5 SWT Sheet punta 201.4 28.9 15 0.3 3.5 Sheet punta with a groove in 
central portion 

527-6 SWT Sheet punta 204.1 28.2 17.4 0.5 4.1 Sheet punta with a groove in 
central portion 

527-7 SWT Sheet punta 205 28.4 16.9 0.3 3,2 Sheet punta with a groove in 
central portion 

527-8 SWT Sheet punta 208.5 30.9 15.6 0.3 4.9 Sheet punta with a groove in 
central portion 

527-9 SWT Sheet punta 210.6 29.1 15.3 0.3 4.5 Sheet punta with a groove in 
central portion 

527-10 SWT Needle 117.1 2.6 X 2.6 4.5 Needle with folded eye 

823-1 Capa 1 Modified 
waste 

27.4 11.2 X 0.1 0.3 Rectangular sheet folded in 
five 
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Bag no.-
Item no. 

Context Category Length 
(mm) 

Max. 
width 
(mm) 

Min. 
width 
(mm) 

Thicl^ness 
(mm) 

Weight 
(9) 

Description 

Room 82a (continued): 

823-2 Capa 1 Production 
waste 

15.1 8.7 X 0.2 -0.1 Sheet fragment 

Room 82c: 

867-1 Capa 1 Production 
waste 

17.6 16.1 x 0.2 0.1 Quadrangular sheet 
fragment 

867-2 Capa 1 Modified 
waste 

19 7.1 X 0.2 0.1 Sheet fragment folded in two 

867-3 Capa 1 Modified 
waste 

15.6 7.5 x 0.1 -0.1 Unit/package formed from 3 
sheet fragments folded in 
four 

Room 86: 

428-1 SWT Tweezers, 
rectangular 

45.1 22.5 X 0.5 2.8 Rectangular tweezers with 
rounded ends 

428-2 SWT Production 
waste 

44.6 15.2 X 0.2 0.1 Sheet fragment 

Room 87: 

429-1 SWT Sheet punta 167.7 22.2 8.3 0.2 1.5 Sheet punta with a groove in 
central portion 

429-2 SWT Sheet punta 166.4 22.9 10.9 0.3 1.5 Sheet punta torn and bent at 
socket portion 

Room 88: 

492-1 SWT Production 
waste 

31.5 16.4 X 0.1 0.2 Sheet fragment with folded 
corner 

492-2 SWT Production 
waste 

45.7 14 X 0.1 0.1 Sheet fragment 
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A 5.2. Explanation of terms used in the Pampa de Burros inventory of metallurgical remains 

The following explanations are based on personal communication with Victor Curay 

Rufasto; 

Categoi7 Description 

Production waste Production waste includes certain pieces of copper alloy that have clearly 
experienced some change In shape as a result of manufacturing activities. Such 
pieces may have been generated when excess sheet metal was removed while 
forming the shape of an object using a chisel. Alternatively, a partly finished artifact 
could have become production waste if it suffered a change preventing its 
completion. 

Modified waste Modified waste refers to production waste that has been modified, generally by 
bending, to achieve a shape different from its original configuration. Specific 
examples in clued hammered copper sheet fragments that have been stacked and 
bent several times to form a unit or packet. 

Needle with eye For the possible fabrication sequence of some loop eye needles see Hosier (1994, 
formed by folding p. 164; Fig. 5.24) 
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APPENDIX 6: ELEMENTAL COMPOSITION OF ARTIFACTS 

A 6.1. Approximate detection limits for elements of interest 

bdl = below detection limit 
Detection limit (weight percent) 

Cu As Ni Pb Bj Sb Sn Fe S Zn Ag 

0.05 0.4 0.026 0.04 0.06 0.028 0.016 0.012 0,014 0.01 0.037 

A 6.2. Rectangular sheets from Huaca Rodillona 

A 6.2.1. Column 2 
Sample SAP Weight percent elemental composition 

code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

RS98 HR-M-67 96.1 2.0 0.5 0.1 0.07 0.03 bdl bdl bdl bdl bdl 

RS99 HR-M-67 96.1 2.4 0.43 0.1 0,1 bdl bdl bdl bdl bdl bdl 

RS100 HR-M-67 96.9 1.6 0.6 bdl bdl bdl bdl bdl bdl bdl bdl 

RS101 HR-M-67 96.6 2.0 0.6 0.07 0.07 bdl bdl bdl bdl bdl bdl 

RSI 02 HR-M-67 96.5 2.1 0.6 0,2 0.08 0,02 bdl bdl bdl bdl bdl 

RSI 03 HR-M-67 96.4 2.1 0,5 0.4 0,1 bdl bdl bdl bdl bdl bdl 

RSI 04 HR-M-67 96.7 1.9 0,5 0,1 0,08 bdl bdl bdl bdl bdl bdl 

RS105 HR-M-67 96.9 1.9 0.5 bdl bdl bdl bdl bdl bdl bdl bdl 

RSI 06 HR-M-67 96.6 1.9 0.5 0.1 0,1 0.02 bdl bdl bdl bdl bdl 



A 6.2.2. Column 3 

Sample 
code 

SAP 
code Cu As Ni 

Weight percent elemental composition 

Pb Bi Sb Sn Fe S Zn Ag 

RS30 HR-M-68 94.6 4.4 0.10 bdl 0.07 bdl bdl bdl 0.04 bdl bdl 

RS31 HR-M-68 94.6 4.6 0.09 bdl bdl 0.02 bdl bdl 0.03 bdl bdl 

RS32 HR-M-68 94.5 4.7 0.10 0.06 0.07 0.03 bdl bdl 0.04 bdl bdl 

RS33 HR-M-68 94.9 4.5 0.08 bdl bdl bdl bdl bdl 0.02 bdl bdl 

RS34 HR-M-68 94.8 4.0 0.10 0.1 bdl 0.02 bdl bdl 0.04 bdl bdl 

RS35 HR-M-68 94.4 4.6 0.10 bdl 0.06 bdl bdl bdl 0.02 bdl 0.04 

RS36 HR-M-68 95.0 4.1 0.10 0.1 0.1 0.02 bdl bdl 0.04 bdl bdl 

RS42 HR-M-68 94.4 4.4 0.11 bdl bdl bdl bdl bdl 0.04 bdl bdl 

RS43 HR-M-68 94.4 4.4 0.12 0.05 0.06 0.03 bdl bdl 0.03 bdl 0.033 

RS44 HR-M-68 94.3 4.6 0.11 0.06 0.07 bdl bdl bdl 0.04 bdl bdl 

RS45 HR-M-68 94.8 4.2 0.10 bdl bdl bdl bdl bdl 0.03 bdl 0.04 

RS46 HR-M-68 94.6 4.8 0.09 bdl bdl bdl bdl bdl 0.04 bdl 0.03 

RS47 HR-M-68 94.5 4.8 0.10 0.07 bdl 0.03 bdl 0.02 0.03 bdl bdl 

RS48 HR-M-68 94.8 4.3 0.13 0.08 bdl bdl bdl bdl 0.03 bdl 0.034 

RS49 HR-M-68 95.3 4.3 0.08 bdl bdl bdl bdl bdl 0.03 bdl bdl 

RS86 HR-M-68 95.6 4.1 0.11 0.1 0.1 0.02 bdl bdl 0.02 bdl 0.04 

RS87 HR-M-68 95.2 4.6 0.10 0.1 bdl bdl bdl bdl 0.03 bdl bdl 

RS88 HR-M-68 95.8 4.0 0.08 bdl bdl bdl bdl bdl 0.02 bdl 0.04 

RS89 HR-M-68 95.2 4.8 0.10 0.07 0.08 0.03 bdl bdl 0.04 bdl bdl 

RS90 HR-M-68 95.6 4.6 0.10 bdl bdl 0.02 bdl bdl 0.03 bdl 0.036 

RS91 HR-M-68 96.0 4.0 0.08 bdl 0.04 bdl bdl bdl 0.03 bdl 0.04 

RS92 HR-M-68 95.4 4.5 0.07 bdl bdl bdl bdl bdl 0.03 bdl bdl 

RS93 HR-M-68 95.4 4.3 0.11 0.08 0.08 0.03 bdl bdl 0.04 bdl bdl 

RS94 HR-M-68 95.9 4.4 0.07 bdl bdl bdl bdl bdl 0.02 bdl 0.04 

RS95 HR-M-68 95.7 4.5 0.12 0.07 0.08 0.04 bdl bdl 0.03 bdl 0.033 

RS96 HR-M-68 95.1 4.8 0.12 0.1 0.1 0.04 bdl bdl 0.03 bdl 0.036 

RS97 HR-M-68 96.3 4.3 0.08 bdl bdl bdl bdl bdl 0.02 bdl bdl 



A 6.2.3. Column 10 

Sample 
code 

SAP 
code Cu As Ni 

Weight percent elemental composition 

Pb Bi Sb Sn Fe 3 Zn Ag 

RS107 HR-M-69 97.3 2.4 bdl bdl bdl 0.06 bdl bdl 0.03 bdl bdl 

RS108 HR-M-69 97.9 1.4 bdl bdl bdl bdl 0,03 bdl 0.02 bdl bdl 

RSI 09 HR-M-69 98.2 1.6 bdl bdl bdl bdl bdl bdl 0.02 bdl bdl 

RS110 HR-M-69 97.6 1.9 0.03 0.1 0.06 0.06 bdl bdl 0.02 bdl bdl 

RS111 HR-M-69 98.2 1.5 bdl bdl bdl bdl bdl bdl 0.01 bdl bdl 

RS112 HR-M-69 97.4 2.2 0.03 bdl bdl 0.05 bdl bdl 0.02 bdl bdl 

RS113 HR-M-69 97.7 1.9 bdl bdl bdl bdl bdl bdl 0.02 bdl bdl 

RS114 HR-M-69 97.8 2.2 bdl bdl bdl 0.05 0.01 bdl 0.03 bdl bdl 

RS115 HR-M-69 98.4 1.4 bdl bdl 0.04 bdl bdl bdl 0.02 bdl bdl 

RS116 HR-M-69 97.3 1.8 bdl bdl bdl 0.05 bdl bdl 0.03 bdl bdl 

RS117 HR-M-69 97.9 1.6 0.02 0.04 bdl 0.02 bdl 0.02 0.02 bdl bdl 

RS118 HR-M-69 97.8 1.7 bdl 0.04 bdl bdl bdl bdl 0.03 bdl bdl 

RS119 HR-M-69 98.4 1.6 0.03 bdl bdl bdl bdl bdl bdl bdl bdl 

RSI 20 HR-M-69 97.8 1.8 bdl bdl 0.05 0.02 bdl bdl 0.02 bdl bdl 

RS121 HR-M-69 98.3 1.4 bdl bdl bdl 0.02 bdl bdl 0.02 bdl bdl 

RSI 22 HR-M-69 98.1 2.0 bdl bdl bdl 0.03 bdl bdl 0.02 bdl bdl 

RS123 HR-M-69 98.5 1.8 bdl 0.05 bdl 0.02 bdl bdl 0.03 bdl bdl 

RSI 24 HR-M-69 98.0 1.9 bdl bdl 0.07 0.05 bdl bdl 0.03 bdl 0.03 

RSI 25 HR-M-69 98.5 1.6 bdl bdl bdl 0.03 bdl bdl 0.03 bdl bdl 

RSI 26 HR-M-69 99.5 1.4 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

RS127 HR-M-69 98.8 1.9 bdl bdl bdl 0.03 0.2 bdl 0.03 bdl bdl 

RS128 HR-M-69 99.7 1.4 bdl bdl bdl bdl bdl bdl 0.015 bdl bdl 

RSI 29 HR-M-70 99.1 1.8 bdl bdl bdl bdl bdl 0.02 0.01 bdl bdl 

RSI 30 HR-M-70 98.9 2.0 0.03 bdl 0.08 0.06 bdl bdl 0.03 bdl bdl 

RS131 HR-M-ZO 99.7 1.2 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

RS132 HR-M-70 99.1 1.8 bdl bdl bdl bdl bdl bdl 0.02 bdl bdl 
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A 6.2.4. Column 13, Type A 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

RS1 HR-M-74 96.3 2.2 0.4 bdl bdl 0.03 bdl bdl bdl bdl bdl 

RS2 HR-IVI-74 95.8 2.4 0.4 0.2 0.08 0.04 bdl bdl bdl bdl bdl 

RS5 HR-M-74 94.6 1.9 0.32 0.10 bdl bdl bdl bdl bdl bdl bdl 

RS6 HR-M-74 96.1 2.6 0,4 0.1 0.08 bdl bdl bdl 0.02 bdl bdl 

RS7 HR-M-74 96.0 2.4 0,4 0.1 bdl 0.02 bdl bdl 0.01 bdl bdl 

RS8 HR-M-74 96.5 2.5 0.4 0.1 0.07 0.03 bdl bdl 0.012 bdl bdl 

RS9 HR-M-74 95.3 2.5 0.4 0.2 0.08 bdl bdl bdl bdl bdl bdl 

RS11 HR-M-74 96.3 2.3 0.28 0,09 0.06 bdl bdl bdl bdl bdl bdl 

RS16 HR-M-74 95.3 2.4 0.26 bdl bdl bdl bdl bdl bdl bdl bdl 

RS20 HR-M-74 96.1 2.5 0.4 0,1 0.06 bdl bdl bdl bdl bdl bdl 

RS25 HR-M-74 94.9 4.3 0.10 bdl bdl bdl bdl bdl 0.03 bdl bdl 

RS26 HR-M-74 96,1 2.3 0.34 0,1 0.06 0.02 0.01 bdl bdl bdl bdl 

RS27 HR-M-74 96.3 2.3 0.33 0.1 0.06 bdl bdl bdl bdl bdl bdl 

A 6.2.5. Column 13, Type B 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

RS3 HR-M-74 94.0 4.5 0.10 bdl bdl bdl bdl bdl 0.03 bdl 0.04 

RS4 HR-M-74 94.3 4.2 0.11 0.08 0.07 bdl bdl bdl 0.03 bdl 0.04 

RS10 HR-M-74 94.7 4.2 0.08 bdl bdl 0.02 bdl bdl 0.03 bdl bdl 

RSI 2 HR-M-74 94.4 4.5 0.10 0.06 0.07 bdl bdl bdl 0.04 bdl 0.04 

RS13 HR-M-74 94.2 4,4 0.08 bdl bdl bdl bdl 0.02 0.03 bdl 0.04 

RSI 4 HR-M-74 93.9 4.9 0.11 0.09 0.07 0,02 bdl bdl 0.03 bdl 0.043 

RSI 5 HR-M-74 94.5 4.4 0.10 bdl 0.06 bdl bdl bdl 0.04 bdl bdl 

RSI 7 HR-M-74 94.5 4.4 0.08 bdl bdl bdl bdl bdl 0.03 bdl 0.03 

RS18 HR-M-74 95.0 4.1 0.09 bdl bdl bdl bdl bdl 0.021 bdl bdl 

RS19 HR-M-74 93.7 4.7 0.09 bdl bdl bdl bdl bdl 0.04 bdl bdl 

RS21 HR-M-74 94.8 4,3 0,10 bdl 0.05 bdl bdl bdl 0,03 bdl 0.04 

RS22 HR-M-74 94.7 4,4 0,10 0,1 0.06 0.02 bdl bdl 0.04 bdl bdl 

RS23 HR-M-74 94.4 4,7 0,10 0,06 bdl bdl bdl bdl 0.04 bdl bdl 

RS24 HR-M-74 94.3 4.6 0.10 0.1 0.1 0.04 bdl bdl 0.03 bdl 0.04 

RS28 HR-M-74 94.5 4,3 0.09 bdl bdl bdl bdl bdl 0.04 bdl bdl 

RS29 HR-M-74 94.2 4.7 0.09 bdl 0.06 bdl bdl bdl 0.03 bdl 0.04 
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A 6.3. Puntas from Huaca Loro, East Tomb (HL-Tl) 

Sample 
code 

A6.3.L 

SAP 
code 

Bundle 2385 

Cu As Ni 

Weight 

Pb 

percent 

Bi 

elemental 

Sb 

composition 

Sn Fe Zn Ag 

PUN29 2385-1 96.7 2.3 0.052 bdl bdl 0.05 bdl bdl bdl bdl 0.05 

PUN30 2385-2 96.4 2.3 0.03 bdl bdl 0.03 bdl bdl bdl bdl 0.04 

PUN31 2385-3 97.7 1.3 bdl bdl bdl 0.029 bdl bdl bdl bdl bdl 

PUN32 2385-4 96.1 2.8 0.05 bdl bdl bdl bdl bdl bdl bdl bdl 

PUN33 2385-5 95.7 3.0 0.07 bdl bdl 0.08 bdl bdl bdl bdl 0.07 

PUN34 2385-6 96.0 3.0 bdl bdl bdl bdl bdl bdl bdl bdl 0.04 

PUN35 2385-7 96.0 3.3 0.03 bdl bdl bdl bdl bdl bdl bdl 0,04 

PUN36 2365-8 97.1 2.3 0.025 bdl bdl bdl bdl bdl bdl bdl 0.04 

PUN37 2385-9 95.1 4.3 0.04 bdl bdl 0.1 bdl bdl 0.1 bdl 0.06 

PUN38 2385-10 96.3 3.7 0.03 bdl bdl bdl bdl bdl bdl bdl bdl 

PUN39 2385-11 95.4 3.7 0.025 bdl 0.1 0.04 bdl bdl bdl bdl bdl 

PUN40 2385-12 96.8 2.7 0.03 bdl bdl bdl bdl bdl bdl bdl 0,05 

PUN41 2385-13 93.0 3.5 bdl bdl 0.2 0.1 bdl bdl bdl bdl bdl 

PUN42 2385-14 95.1 2.9 bdl bdl 0.3 0.06 bdl bdl bdl bdl 0.07 

PUN43 2385-15 97.1 2,1 bdl bdl bdl 0.04 bdl bdl bdl bdl 0.06 

PUN45 2385-17 94.8 3,9 bdl bdl 0.2 0.05 bdl bdl 0.03 bdl 0.04 

PUN46 2385-18 94.2 3.5 bdl bdl 0.03 bdl bdl bdl 0.02 bdl bdl 

PUN47 2385-20 94.1 2.8 0.03 bdl bdl 0.04 bdl bdl 0.1 bdl 0.07 

PUN48 2385-21 94.8 2.5 0.038 bdl bdl bdl bdl bdl bdl bdl 0.05 

PUN49 2385-22 95.6 2.1 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN50 2385-23 95.5 3.4 0,07 bdl bdl bdl bdl bdl 0.01 bdl bdl 

PUN51 2385-25 96.4 2.9 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN52 2385-26 96.1 3.3 0.032 bdl bdl bdl bdl bdl bdl bdl 0.04 
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A 6.3.2. Bundle 2386 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

PUN53 2386-1 . 97.2 2.1 bdl bdl bdl bdl bdl bdl bdl bdl 0.05 

PUN54 2386-2 96.6 2.1 0.03 bdl bdl bdl bdl bdl bdl 0.03 0.05 

PUN55 2386-3 96.7 2.4 bdl bdl bdl bdl bdl bdl bdl bdl 0.05 

PUN56 2386-4 95.3 3.1 0.031 bdl bdl 0.03 bdl bdl bdl bdl bdl 

PUN58 2386-6 92.6 1.8 bdl bdl bdl bdl bdl bdl bdl bdl 0.04 

PUN59 2386-7 96.5 1.9 0.03 bdl bdl 0.04 bdl bdl bdl bdl 0.04 

PUN61 2386-10 96.6 2.0 0.029 bdl bdl bdl bdl bdl bdl bdl bdl 

PUN62 2386-11 98.4 1.1 bdl 0.01 bdl bdl bdl bdl bdl bdl 0.05 

PUN63 2386-12 96.2 2.7 bdl bdl 0.3 0.04 bdl bdl bdl bdl bdl 

PUN64 2386-13 96.0 2.9 bdl bdl 0.06 bdl bdl bdl 0.01 bdl 0.07 

PUN65 2386-17 96.6 4.2 bdl bdl bdl bdl bdl bdl bdl bdl 0.11 

PUN66 2386-19 97,9 2.9 0.04 bdl bdl bdl bdl bdl bdl bdl bdl 

PUN67 2386-23 98.3 2,7 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN68 2386-24 96.7 3.6 bdl bdl 0.1 0.03 bdl bdl bdl bdl bdl 

PUN69 2386-25 97.7 3.0 bdl bdl bdl 0.03 bdl bdl bdl bdl bdl 

PUN70 2386-26 97.9 3.0 0.032 bdl bdl bdl bdl bdl bdl bdl bdl 

PUN71 2386-27 96.9 4.1 0.03 bdl 0.04 bdl bdl bdl 0.01 bdl bdl 

PUN72 2386-28 97.7 3.1 bdl bdl bdl bdl bdl bdl bdl bdl 0.08 

PUN73 2386-29 97.9 3.0 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN74 2386-30 98.7 2.2 bdl bdl bdl bdl bdl bdl bdl bdl 0.06 

A 6.3.3. Bundle 2388 

Sample SAP Weight percent elemental composition 
code code Cu As NI Pb Bi Sb Sn Fe S Zn Ag 

PUN75 2388-1 96.2 3.5 bdl bdl 0.1 bdl bdl bdl 0.01 bdl 0.12 

PUN76 2388-2 98.4 2.5 bdl bdl bdl bdl bdl bdl bdl bdl 0.05 

PUN77 2388-3 96.2 3.4 bdl bdl 0.2 0.05 0.02 bdl bdl bdl bdl 

PUN78 2388-5 98.2 2.3 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN79 2388-6 97.3 3.2 0.04 bdl bdl bdl bdl bdl 0.02 bdl bdl 

PUN80 2388-9 98.3 2.3 bdl bdl bdl bdl bdl bdl 0.02 bdl bdl 

PUN81 2388-10 97.5 3.0 0.4 bdl bdl bdl bdl bdl bdl bdl bdl 

PUN82 2388-11 98.0 2.6 bdl bdl 0.1 0.06 bdl bdl bdl bdl bdl 

PUN83 2388-12 98.1 2.9 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN84 2388-14 97.6 2.7 0.04 bdl bdl bdl bdl bdl 0.03 bdl 0.06 

PUN85 2388-18 98.3 3.1 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN86 2388-21 98.6 2,6 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN87 2388-26 99.0 2.5 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN88 2388-27 98.2 3.1 bdl bdl bdl bdl bdl bdl bdl bdl bdl 
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A 6.3.4. Bundle 2408 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

PUN1 2408-1 96.8 2.8 0.04 bdl bdl bdl bdl bdl bdl bdl 0,05 

PUN2 2408-2 97.3 3.2 0.041 0.1 bdl 0.03 bdl bdl bdl bdl 0.05 

PUNS 2408-3 96.4 4.3 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN4 2408-4 95.1 4.6 bdl bdl 0.5 0.1 bdl bdl bdl bdl bdl 

PUN5 2408-5 97.9 3.3 bdl bdl bdl bdl bdl bdl bdl bdl 0.07 

PUN6 2408-6 95.1 5.2 0.11 bdl bdl bdl bdl bdl bdl bdl bdl 

PUN7 2408-7 97.1 3.7 bdl bdl bdl 0.03 bdl bdl 0.013 bdl bdl 

PUNS 2408-8 96.0 3.3 0.07 bdl bdl bdl bdl bdl 0.01 bdl 0.05 

PUN9 2408-9 94.7 4.2 0.03 bdl 0.05 bdl bdl bdl 0.05 bdl 0.08 

PUN10 2408-10 96.7 4.0 bdl bdl bdl 0.03 bdl bdl bdl bdl 0.06 

PUN11 2408-11 96.3 4.2 bdl bdl bdl bdl bdl bdl bdl bdl 0.04 

PUN12 2408-12 98.1 2.8 0.03 bdl bdl bdl bdl bdl bdl bdl 0.05 

PUN13 2408-13 96.1 4.1 bdl bdl 0.1 0.07 bdl 0.02 0.2 bdl 0.09 

PUN14 2408-14 97.2 4.0 bdl bdl bdl bdl bdl bdl bdl bdl 0.07 

PUN16 2408-16 98.9 1.7 bdl bdl bdl bdl bdl bdl bdl bdl 0.05 

PUN17 2408-17 96.6 3.6 bdl bdl bdl bdl bdl bdl bdl bdl 0.05 

PUN18 2408-18 97.9 3.0 bdl bdl bdl bdl bdl bdl 0.01 bdl bdl 

PUN19 2408-19 97.2 4.0 bdl bdl bdl bdl bdl bdl 0.01 bdl bdl 

PUN20 2408-20 98.8 2.7 bdl bdl bdl 0.03 bdl bdl bdl bdl bdl 

PUN21 2408-21 95.4 3.4 0.033 bdl bdl bdl bdl bdl bdl bdl 0.04 

PUN22 2408-22 96.7 2.5 0.034 bdl bdl bdl bdl bdl bdl bdl 0.04 

PUN23 2408-23 95.6 3.6 bdl bdl 0.09 0.05 bdl bdl bdl bdl 0.04 

PUN24 2408-24 95.9 3.7 0.02 bdl bdl 0.04 bdl bdl bdl bdl bdl 

PUN25 2408-25 96.9 3.0 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN26 2408-26 96.9 2.2 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

PUN27 2408-27 96.8 2.5 bdl bdl bdl bdl bdl bdl bdl bdl 0.04 

PUN28 2408-28 95.8 3.7 0.03 bdl bdl bdl bdl bdl bdl bdl bdl 
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Sheet puntas 

A 6.4.1. Huaca Menor, narrow blade 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

FP1 HM-M-I 97.0 3.9 bdl bdl bdl bdl bdl bdl bdl bdl 0.06 

FP2 HM-M-1 97.0 4.0 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

FP3 HM-M-1 96.2 4.7 bdl bdl bdl bdl bdl bdl 0.03 bdl 0.1 

FP4 HM-M-1 101.1 bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 

FP5 HM-M-1 96.0 4.7 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

FP6 HM-M-1 97.0 3.7 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

FP7 HM-M-1 100.0 bdl bdl bdl 0.01 0.1 bdl bdl bdl bdl bdl 

FP8 HM-M-1 95.5 4.1 0.05 bdl bdl 0.03 bdl bdl bdl bdl bdl 

FP9 HM-M-1 98.2 1.7 bdl bdl bdl bdl bdl bdl bdl bdl 0.05 

FP10 HM-M-1 96.7 3.1 0.034 bdl bdl bdl bdl bdl bdl bdl bdl 

FP11 HM-M-1 95.8 4.3 0.06 bdl bdl bdl bdl bdl bdl bdl bdl 

FP12 HM-M-1 94.6 5.5 bdl bdl bdl bdl bdl bdl bdl bdl 0.06 

FP13 HM-M-1 96.3 3.5 0.03 bdl bdl bdl bdl bdl bdl bdl bdl 

FP14 HM-M-1 95.7 4.4 0.04 bdl bdl bdl bdl bdl bdl bdl bdl 

FP16 HM-M-1 95.8 4.2 0.12 bdl bdl 0.03 bdl bdl bdl bdl bdl 

FP23 HM-M~1 98.1 0.9 bdl bdl bdl 0.04 bdl bdl 0.03 bdl bdl 

A 6.4.2. Huaca Menor, wide blade 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

FP17 HM-M-1 99.9 bdl bdl bdl bdl 0.03 bdl bdl bdl bdl bdl 

FP18 HM-M-1 99.0 bdl bdl bdl bdl 0.03 bdl bdl bdl bdl bdl 

FP19 HM-M-1 98.3 0.6 bdl bdl bdl 0.04 bdl bdl bdl bdl 0.17 

FP20 HM-M-1 95.7 3.2 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

FP21 HM-M-1 84.6 bdl bdl bdl bdl 0.07 0.1 bdl 0.1 bdl bdl 

FP22 HM-M-1 99.6 bdl bdl bdl bdl 0.03 bdl bdl bdl bdl bdl 

FP24 HM-M-1 99.9 bdl bdl bdl bdl 0.04 bdl bdl bdl bdl bdl 

FP25 HM-M-1 99.5 bdl bdl bdl bdl 0.05 bdl bdl bdl bdl bdl 

FP26 HM-M-1 99.3 bdl bdl bdl bdl 0.07 0.03 bdl bdl bdl bdl 

FP27 HM-M-1 99.5 bdl bdl bdl bdl 0.07 bdl bdl bdl bdl bdl 

FP28 HM-M-1 99.9 bdl bdl bdl bdl 0.03 bdl bdl bdl bdl bdl 
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A 6.4.3. Huaca Menor, unknown blade width 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

FP15 HM-M-I 96.9 3.1 bdl bdl bdl bdl bdl bdl bdl bdl 0.04 

FP29 HM-M-I 99.3 bdl bdl bdl bdl 0.12 bdl bdl bdl bdl bdl 

FP30 HM-M-I 96.0 3.8 0.04 bdl bdl bdl bdl bdl 0.02 bdl 0.05 

FP31 HM-M-1 96.0 3.3 0.05 bdl bdl bdl bdl bdl bdl bdl bdl 

FP32 HM-M-1 93.3 5.5 0.036 bdl bdl bdl bdl bdl bdl bdl bdl 

FP33 HM-M-1 95.4 3.6 0,031 bdl bdl bdl bdl bdl bdl bdl 0.05 

FP34 HM-M-1 95.4 3.8 bdl bdl bdl bdl bdl bdl bdl bdl 0.05 

FP35 HM-M-1 97.6 0,9 0,033 bdl bdl bdl bdl bdl bdl bdl 0.05 

FP36 HM-M-1 96.2 3.1 0,04 bdl bdl 0.04 bdl bdl 0.02 bdl bdl 

FP37 HM-M-1 99.1 bdl bd! bdl bdl 0.08 bdl bdl bdl bdl bdl 

FP38 HM-M-1 95.5 3.5 bdl bdl bdl 0.06 bdl bdl 0.04 bdl bdl 

A 6.4.4. Huaca El Corte 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

FP39 HEC-IVI-7 95.2 3.7 0,03 bdl bdl 0.2 bdl bdl bdl bdl 0,05 

FP40 HEC-M-9 94.4 4.7 0,03 bdl bdl bdl bdl bdl bdl bdl bdl 

FP41 HEC-M-9 95.0 4.2 0,06 bdl bdl bdl bdl bdl 0.03 bdl 0,04 

FP42 HEC-M-9 95.3 4,1 0.048 bdl bdl bdl bdl bdl bdl bdl 0,04 

FP43 HEC-M-9 94.1 4.5 0,05 bdl bdl bdl bdl bdl bdl bdl bdl 

FP44 HEC-M-9 93.8 4,8 0,04 bdl bdl 0.04 bdl bdl 0.020 bdl bdl 

FP45 HEC-M-9 94.7 4,2 bdl bdl bdl 0.04 bdl bdl 0.02 bdl bdl 

FP46 HEC-M-9 93.7 5,0 0,03 bdl bdl bdl bdl bdl bdl bdl bdl 

FP47 HEC-M-9 94.5 3,8 0,09 bdl bdl 0.03 bdl bdl 0,03 bdl bdl 

FP48 HEC-M-9 91.9 6,2 bdl bdl bdl bdl bdl bdl 0.021 bdl 0,10 

FP49 HEC-M-9 94.7 2,7 bdl 0,2 bdl 0.04 bdl bdl 0.02 bdl 0,044 

FP50 HLV-M-10 94.1 4,7 bdl bdl 0.2 bdl bdl bdl 0.016 bdl bdl 

A 6.4.5. Huaca La Merced 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

FP51A HLM-M-8 94.8 4,1 bdl bdl bdl bdl bdl bdl bdl bdl 0,1 

FP51B HLM-M-8 93.3 5,6 0,07 bdl bdl bdl bdl bdl bdl bdl bdl 

FP52 HLM-M-8 95.8 3,8 bdl bdl bdl bdl bdl bdl bdl bdl 0,05 

FP53 HLM-M-8 94.5 5,1 bdl bdl bdl bdl bdl bdl bdl bdl bdl 

FP54 HLM-M-8 95.5 4.1 0,04 bdl bdl bdl bdl bdl bdl bdl bdl 

A 6.4.6. Huaca Las Ventanas 

Sample SAP Weight percent elemental composition 
code code Cu As Ni Pb Bi Sb Sn Fe S Zn Ag 

FP50 HLV-M-IO 94.1 4.7 bdl bdl 0.2 bdl bdl bdl 0.016 bdl bdl 
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