
canics comprising the Andean highlands. 
As a consequence, a wide variety of ore 
and lithic materials was available to the 
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There is widespread interest in the 
technological and cultural dimensions of 
central Andean metallurgy, which, as 
Lechtman (1) has forcefully argued, con- 
stituted one of the major independent 
metallurgical traditions of the world. 
This interest is an extension of our gen- 
eral concern with the interplay between 

mense quantity, variety, and beauty of 
their metal funerary objects (3, 6,10,13). 
In fact, most of the spectacular prehis- 
toric gold objects attributed to Peruvian 
sources and now in museums around the 
world were most likely looted from 
tombs there. We had thus suspected a 
long metallurgical tradition in the Batan 

Summary. Recent archeological fieldwork on the north coast of Peru permits a 
preliminary reconstruction of a prill-extraction copper and copper alloy smelting 
process heretofore undocumented in the New World. The process was applied on a 
large scale during the late pre-Hispanic period. This study provides strong support for 
the claim that central Andean metallurgy constituted one of the major independent 
metallurgical traditions of the world. 

technological innovations and culture 
and society as a whole. Our current 
understanding of prehistoric central An- 
dean metallurgy relies heavily on ethno- 
historical descriptions of Inca techniques 
(2) and inferences drawn from laboratory 
analyses (3-7). The metallurgical activi- 
ties that have thus far been documented 
through excavation have been confined 
primarily to those carried out in limited 
workshop settings within large settle- 
ments whose primary functions were not 
metallurgical (8, 9). These studies have 
given us a rather fragmented and limited 
understanding of central Andean metal- 
lurgy. Lechtman (1) has pointed to the 
urgency of in-depth archeological studies 
of mining-metallurgical complexes, par- 
ticularly on the north coast of Peru and 
in the altiplano (high plateau) of the 
Peru-Bolivia-Chile border region, the 
two suspected metallurgical centers of 
the central Andes. 

Since 1978, as part of a long-term 
investigation into the unique Batan 
Grande Archeological Complex, situated 
in the small La Leche Valley on the 
north coast of Peru (10-12) (Fig. I), a 
team of researchers has been studying a 
major interlinked prehistoric mining and 
metallurgical complex at Cerro Blanco 
and Cerro de 10s Cementerios (Fig. 2). 
The numerous elaborate tombs in Batan 
Grande are widely known for the im- 

Grande region. On the basis of data 
accumulated since 1978 from the Cerro 
Blanco-Cerro de 10s Cementerios com- 
plex, we examine here the technological 
and the broader cultural dimensions of 
the northern component of central Ande- 
an metallurgy. These data make possible 
a preliminary reconstruction of an indus- 
trial-scale, prill-extraction copper smelt- 
ing process heretofore undocumented in 
the New World. 

Geology-Mineralization and the 

Cerro Blanco Mine 

The Leche and Lambayeque rivers 
flow through a region of unusual geologic 
complexity. Outcrops within a 50-kilo- 
meter radius of Batan Grande vary from 
Precambrian metamorphics to Tertiary 
volcanics (14). Quaternary alluvium has 
been deposited at the base of the Andes 
Mountains, creating a broad coastal 
plain that obscures structural relation- 
ships between the relatively wide conti- 
nental shelf and Paleozoic sediments of 
the foothills sector. Multiple Mesozoic- 
Cenozoic intrusives associated with the 
emplacement of coastal batholiths have 
invaded these sediments. Toward the 
headwaters of these rivers, major thrust 
faults separate the sedimentary sequence 
from a great thickness of Tertiary vol- 
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prehistoric inhabitants from their imme- 
diate surroundings. 

Batan Grande is located at the north- 
ern extremity of the Peruvian metallo- 
genic province in a little-studied area 
(15). Copper mineralization throughout 
the Lambayeque region is not conspicu- 
ous but is now known to be rather exten- 
sive (16). There is a rich prehistoric 
copper mine (16) near the eastern flank 
of Cerro Blanco, within sight of the 
modern settlement of Batan Grande (Fig. 
2). Indications of a Colonial smelter be- 
neath a modern crushing mill and con- 
centration plant at Cerro de 10s Cemen- 
terios attest to the long-term productivi- 
ty of this mine. 

Ore at Cerro Blanco is a complex of 
copper-lead-zinc oxides and sulfides as- 
sociated with a small Tertiary granodio- 
rite intrusion. This eroded igneous dome 
produces great sheets of exfoliating rock 
that spa11 off on all sides to form an apron 
of large boulders and talus. The main ore 
bodies occur in gouge zones of a concen- 
tric fault network radiating outward from 
the pluton. Discoloration along the con- 
tact zone suggests that a gossan cap may 
have developed; but, if so, it has not 
survived weathering during the Pleisto- 
cene. 

Although the overall characteristics of 
the Cerro Blanco ore are similar to the 
Lowell-Guilbert model (13,  the metalli- 
zation episode did not produce a typical 
copper porphyry. Instead, we find well- 
defined veins and shoots cutting through 
gangue rock consisting of brecciated and 
marbleized cherty limestone and shale, 
believed to be equivalent to the Permo- 
Carboniferous Copacabana formation 
(18). Veins tend to be strata-bound and 
well defined in the limestones. Other 
veins consist of mineralized breccia and 
fault gouge and are probably penecon- 
temporaneous. 

Prehistoric miners followed the dis- 
covery vein (3 by 17 meters) ore down- 
ward a short distance until it soon 
pinched out. Eventually, they pried out 
all the ore along the strike of this vein, 
working several meters inward into the 
hillsides where they encountered a much 
larger transverse vein. This steeply 
plunging (41") ore body was worked at its 
highest level by the prehistoric miners, 
who left a narrow trench with near 
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vertical sides where the discovery vein 
was removed. Elsewhere on the sur- 
rounding hillsides are numerous small 
prospecting pits where the Indians care- 
fully broke out copper ore by using 
methods similar to those documented in 
northern Chile (19). We can still see 
where they squirmed into narrow crev- 
ices and left behind large triangular ham- 
merstones (about 20 centimeters long 
and 10 to 12 centimeters at the widest 
point) with battered ends that were prob- 
ably held with two hands and used in 
conjunction with wooden wedges. Fire 
quenching (20), if known, was not used, 
probably because of the porous fabric of 
the ore and country rock. 

Colonial and modern owners made ir- 
regular excavations at three deeper lev- 
els, removing so much ore that it is 
difficult to establish zonation on the ba- 
sis of the mineral suites. However, thin- 
section analysis of tailings indicates that 
a complex differentiate was present with 
the common oxides and sulfides of cop- 
per predominating (21). Secondary en- 
richment occurs in the form of thin coat- 
ings of azurite and malachite on breccia. 

The Metallurgical Center of 

Cerro de 10s Cementerios 

The site (Fig. 2) is located southeast of 
the modern village of Batan Grande and 
roughly 3 kilometers north of the Cerro 
Blanco mine. The fact that a relatively 
straight, ancient road 2 to 2.5 meters 
wide links these places suggests their 
contemporaneity and functional interde- 
pendence. Near the mine, the road is 
partially dug into the hillside, and the 
outer edge is built up with fieldstones 
used to maintain a level surface. Prehis- 
toric ceramics with paddle-stamped de- 
signs were found embedded in the road 
surface and downslope. Prehistoric oc- 
cupation of Cerro de 10s Cementerios 
was limited to its north and west slopes, 
although several stone structures were 
built along the mountain ridge. A dry 
riverbed and parallel ancient canal skirt 
the northern base of the Cerro. 

Another conspicuous, raised, banked 
road, 2 to 2.5 meters wide and over 1 
kilometer long, dominates the north 
slope of Cerro de 10s Cementerios. It 
originates at the eastern edge of sector I 
(22), traverses sector 11, and passes the 
base of a major T-shaped stone platform 
with a commanding view of the north- 
western sector of the Cerro (sector 111). 
This physical linkage of the sectors im- 
plies a synchronous, functional relation. 
The road would have been more than 
adequate to have supported caravans of 
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llamas for the transport of ore, fuel, or and stone compounds of varying size and 
metal products (23). internal organization. There is definite 

In sector I, north of the road, lies a architectural unity with respect to their 
gently sloping alluvial surface. Near the placement, configuration, and construc- 
center of the fan are a cluster of adobe tion format that contrasts with the dis- 

Fig. 1. Map of Peru showing 
the geographic-cultural sub- 
divisions of the coast and the 
location of the Lambayeque 
Valley complex and B a t h  
Graride. 

Fig. 2. Topographic map of the area surrounding the present-day community of B a t h  Grande, 
showing the location of Cerro de 10s Cementerios and Cerro Blanco. The contours are in 
meters. The two ancient roads discussed in the text are not shown on this map. 
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persed, irregular masonry structures in 
sectors I1 and 111. We suspect that a 
block of rooms on the western edge of 
the sector may have housed the metallur- 
gists who worked in sector 111. 

On the terraced slope of sector I1 
above and below the road are numerous 
structures of unmodified fieldstones ar- 
ranged in complexes, each with access to 
the road through its curb wall. These 
may have been additional residential 
structures. 

The most important area of the site is 
the northwestern base of the Cerro (sec- 
tor 111), where three parallel, north-south 
platform mounds are situated. These 
platforms are on natural promontories 
built up further with rubble and refuse 
fill, often three or more meters tall, in- 
cluding thick lenses of llama dung within 
rectangular chambers. All the platforms 
were apparently used intensively as cem- 

eteries and have been badly looted in 
recent years. Sherds recovered from the 
fill and backdirt from looting show a 
wide range of ceramic styles, including 
Wan Norteiio, late Classic Lambayeque, 
Coastal Cajamarca, Chimu, and Chimu- 
Inca. A time range of about A.D. 700 to 
1532 is suggested. 

The ceramics associated with the 
smelting areas in sector I11 investigated 
thus far are predominantly Chimu-Inca 
and, to a lesser degree, Chimu and Pro- 
vincial Inca. The presence of intrusive 
burials with Chimu pottery in groups of 
interlinked, well-built rectangular rooms 
buried within platform mounds and in 
their immediate vicinity attests to pre- 
Chimu occupation in sector 111. The 
overall organization and construction 
style of these rooms are clearly different 
from those associated with metallurgy 
during Inca times. Although the fill that 

buried these rooms contains metallurgi- 
cal debris, particularly crushed slag, thus 
far no definite evidence of in situ metal- 
lurgical activities within these pre-Chimu 
rooms exists. 

Other lines of evidence are indicative 
of pre-Chimu metallurgical production at 
Cerro de 10s Cementerios. The site of 
Huaca del Pueblo Batan Grande, 1.75 
kilometers northwest of sector 111, yield- 
ed evidence of small-scale copper smelt- 
ing-a small amount of scoria, a tuyere 
(the ceramic tip of a blowtube) fragment, 
and a piece of hematite-on a floor, 
dated to about A.D. 800 to 850 [based on 
an A.D. 870 + 65 date (SMU-899) for 
the immediately overlying floor]. 

To obtain a picture of the depositional 
and occupational history of sector 111, 
we excavated a trench 7 meters long and 
2 meters deep, down to bedrock. The 
trench showed that this was a locus of 
intense metallurgical activity for many 
years. Thick lenses of crushed slag alter- 
nate with numerous plastered floors as- 
sociated with charcoal, slag, troughs, 
and walls. A radiocarbon sample from 
the very bottom of the stratigraphy yield- 
ed a date of A.D. 1010 +- 40 (P-3121). 
Another sample from the middle of the 
stratigraphy was dated to A.D. 1140 * 
40 (P-3119). A third sample was de- 
rived from a furnace cut by a later 
terrace wall and subsequently covered 
by a floor. This dated to A.D. 1170 +- 50 
(P-3120). One of the most recent fur- 
naces yielded a date of A.D. 1500 ? 60 
(Beta-2591), in perfect agreement with 
the Chimu-Inca ceramics. Overall, met- 
allurgical activity in sector I11 spanned at 
least 500 years from about A.D. 1000. 

The gentle slope surrounding these 
platforms in sector 111, an area measur- 
ing about 200 by 150 meters, was the 
focus of large-scale smelting and related 
activities. The concentration of metallur- 
gical evidence is overwhelming here, al- 
though ore fragments, slag, and butanes 
(large, tabular mortar-like stones used in 
conjunction with chungas or rocking 
stones) also occur, dispersed in small 
concentrations in sector I. Additional 
remains are also visible in various loot- 
ers' pits in sector 111. For example, the 
fill of the westernmost platform contains 
vitrified sherds and tuyere fragments, 
and at least six smelting furnaces were 
noted in profiles of looters' pits dug into 
the central platform-cemetery. There is 
no definite evidence of metallurgical ac- 
tivities in the eastern platform-cemetery; 
however, crushed slag in the construc- 
tion fill indicates that abundant slag 
drifts had accumulated before the plat- 
form was constructed. 

Slightly south and east of the central 
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platform are numerous low mounds de- 
fined by low adobe and stone walls. 
Varying densities of metallurgical debris 
cover much of this area. The area also 
contains the heaviest concentration of 
batanes at the site. Within an area with a 
radius of 25 meters, 12 batanes are visi- 
ble on the surface, most measuring about 
a meter in diameter and deeply worn and 
polished from use. Numerous batanes 
have been removed from the site within 
the past 50 years. Those that are now 
present at the site probably represent 
only a small portion of the original num- 
ber (24). 

Sector I11 is ideallv suited for smelt- 
ing; the wind direction is constant, and 
the wind blows predictably every after- 
noon. It would have dispersed noxious 
smelting fumes and increased draft for 
the furnaces. Based on her extensive 
survey in the central Andes, Lechtman 
(16, p. 41) concluded that the "critical 
element in the location of such [smelting] 
installations was not the proximity of ore 
or fuel, but the strength and direction of 
the wind." Fuel, ore, and workers can 
be transported, whereas wind remains an 
uncontrollable variable. The selection of 
Cerro de 10s Cementerios as the locus 
of large-scale metallurgical production, 
however, appears to have been influ- 
enced by a number of factors. The Cerro 
occupies a "central place" among the 
various communication routes, fuel 
sources, and prehistoric mines thus far 
identified within the valley. Within 10 
kilometers from the Cerro, there are five 
mines, four on the northern margin and 
one (Cerro Blanco) on the southern mar- 
gin. All the mines yielded copper ore, 
although the Cerro Blanco mine is dis- 
proportionately larger than the others. 
The contemporaneity of these mines has 
not yet been established, but the inferred 
longevity of the Cerro de 10s Cementer- 
ios occupation allows for some temporal 
overlap. The Cerro also has direct access 
to all areas of the valley as well as two 
major side valleys that lead to the adjoin- 
ing Lambayeque Valley to the south. The 
major north-south road that Pizarro and 
his men followed on their way to Cajamar- 
ca passes slightly west of the Cerro. 

Experiments have shown that the 
amount of fuel consumed in primitive 
copper smelting is several times greater 
than the amount of ore consumed (25). 
This suggests that proximity to fuel may 
have taken precedence over proximity to 
ore in determining the location of a 
smelting operation. The dense and ex- 
tensive (some 70 square kilometers) sub- 
tropical thorn forest just north and west 
of the site may well have supplied much 
of the charcoal fuel (26). 

Industrial-Scale Smelting 

The limited excavation at Batan Gran- 
de in 1980 and more extensive excava- 
tion in 1981 focused on sector 111, the 
suspected center of industrial-scalr 
smelting. Thus far we have excavated, 
partially or in entirety, 24 smelting fur- 
naces in sector 111. Most furnaces were 
located on the basis of surface indica- 
tions, including slag and heat-discolored 
mud used for the construction of the 
smelter, and examination of looters' pits, 
which often cut through furnaces and 
their associated features. On the basis of 
the first ten or so furnaces discovered, 
we established a set of criteria for pre- 
dicting the Location of furnaces. For ex- 
ample, with a few exceptions, furnaces 
are organized in rows of three or four, 
which are aligned north-south. Typical- 
ly, adjacent furnaces are separated by 
about 1 meter. With several exceptions, 
individual furnaces are oriented east- 
west, perhaps to take advantage of the 
strong, predictable east-west afternoon 
winds (27). Furthermore, they are invari- 
ably associated with ground slag and 
tuyere fragments. Most of the excavated 
furnaces are situated on the eastern side 
of the crest of a U-shaped basin, the 
slope of which is largely covered by a 
series of low, narrow terraces built on 
and retaining up to 2 meters of metallur- 
gical debris and earth intercalated with 
floors. 

The application of these criteria and 
the recognition of a furnace wall exposed 
in a small looter's pit led to an excava- 
tion of a row of four well-preserved 
furnaces in excavation area 5 of sector 
I11 (Fig. 3). Extending the excavation to 
elucidate the broader association of this 
furnace set led to the discovery of a 
stratigraphically more recent row of four 
furnaces. 

We estimate that there are upwards of 
100 furnaces remaining within this sec- 
tor, despite the heavy toll taken by mod- 
ern looting. Air photos taken in 1949, 
before the onset of modern looting, 
showed various rectangular compounds 
with regular divisions that are now diffi- 
cult to discern. In light of this evidence, 
we can speak confidently of an indus- 
trial-scale smelting operation in sector 
111. 

Smelting furnaces: construction and 
organization. The 24 excavated furnaces 
show definite morphological unity de- 
spite varying stratigraphic levels (about 
A.D. 1200 to 1532). A typical example 
mav be described as follows. Seen from 
above, the furnace is pear-shaped (Fig. 
4). The narrow end is built up to form a 
primitive chimney and lies deeper than 

the wide end, which forms a shallow, 
flaring apron. The chimney is formed by 
setting the narrow end into a low terrace 
step, the riser of which is steeply angled, 
running from the widest part of the fur- 
nace's wide end up to the point of inflec- 
tion at the pear's waist. The chamber 
inside the chimney narrows to a slot at 
the apex of the furnace. Typical dimen- 
sions are 30 to 35 centimeters from the 
tip of the narrow end to the outer edge of 
the apron, 25 centimeters from the deep- 
est part of the furnace to the top of the 
chimney, 10 centimeters across the wid- 
est part of the chimney slot, and 25 to 30 
centimeters across the widest part of the 
furnace, which is at the bottom of the 
terrace step. 

The relatively small size and peculiar 
shape of the furnace appear to have been 
based on the constraints of Lung-powered 
draft, the necessity for a reducing atmo- 
sphere for smelting, efficient ventilation 
(including perhaps amplification of wind 
draft), and heat retention. The physical 
strain of an individual's having to blow 
air continuously and forcefully without 
the benefit of bellows underlies the diffi- 
culties associated with attaining and sus- 
taining sufficiently high temperatures for 
efficient smelting (typically 1100" to 
1200°C). 

The interior surfaces of the furnaces 
were lined with highly refractory gritty 
mud with a melting point of over 1300°C 
(28). Some furnaces had been relined up 
to three times, a strong testimony to 
their prolonged and intense use. Al- 
though most furnaces show only slight 
blackening of their interior surfaces, 
some show more serious damage-a 
crusted "waterline" 8 to 10 centimeters 
above the lowest point of the furnace 
with disintegration of the lining above 
that line. The linings of all furnaces were 
heat-reddened to a depth of 5 to 10 
centimeters. Some furnaces, after their 
use was discontinued, were intentionally 
filled with stones and earth. One had 
been cut in half by a later furnace. Pieces 
of furnace lining were used in the con- 
struction of basins associated with later 
furnaces. 

The furnaces in rows are linked by 
troughs, roughly 40 centimeters wide 
and 20 to 30 centimeters deep, lined on 
the bottom and sides with tabular stones 
and plastered with clay (Fig. 3). These 
troughs are subdivided at regular inter- 
vals (100 to 140 centimeters) by narrow, 
mortared stone partitions. Each furnace 
is situated in the middle of a subdivided 
trough. The resultant basins (about 40 by 
40 by 20 to 25 centimeters) on both sides 
(north and south) of the furnace appear 
to have held charges, or materials raked 
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droplets, called prills, formed in the un- 

',Furnace 
,H wall 

Fig. 4. Plane and sectional views of furnaces 9 (-) and 11 (- - -), respectively, in excavation 
area 5, sector 111, Cerro de 10s Cementerios. 

out of the furnace, or both. Some of 
these basins were still filled with char- 
coal and ash with bits of flux and slag. 

It is apparent that smelting generated 
considerable debris. For example, close 
to furnace 1 we found a deposit best 
described as an industrial midden, which 
contained numerous 1-centimeter pieces 
of hematite and various sized limonitic 
concretions (a dense, iron-rich ore, par- 
tially heat-altered with adhering flecks of 
charcoal, slag, and powdery yellow limo- 
nite). These iron compounds are com- 
monly found associated with furnaces 
and are clear evidence of fluxing (to 
facilitate the separation of metal and 
slag). A body of the iron ore needed as 
flux occurs on the western slope of Cerro 
Cabeza de Leon, 4 kilometers west of 
Cerro Blanco. This ore body was recent- 
ly mined commercially and may well 
have been exploited prehistorically. 

The midden also contained tuyere 
fragments, slag, and "thumbprint sco- 
ria." The latter number upwards of two 
dozen and are the most common item in 
the midden. They are of particular inter- 
est as we believe they are rare "fossil- 
ized" evidence of air blasts into the 
furnace from blowtubes. These masses 
of incompletely smelted ore, charcoal, 
and flux, fused together by slag, are 
formed around a void shaped like a 
thumbprint. The depression in the mate- 
rial is covered at one end and open at the 
other. Whole samples vary in size but 
are typically 4 centimeters in length. The 
jet of air from the tuyere would blow a 
depression in the semifused charge, 
chilling and solidifying it. 

Three whole tuyeres and numerous 
broken fragments (Fig. 5) were recov- 
ered from the surface and excavation in 
sectors I and 111. Our study of some 100 
tuyere fragments indicates that the diam- 
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eter of the hole through which air was 
blown is highly consistent, about 
0.8 t 0.1 centimeter at the distal end. 
All but one, which is squarish, are cylin- 
drical with the proximal half tapered, 
presumably for easy insertion into a cane 
or other perishable shaft. Although such 
shafts may have burned during use, the 
tuyeres could simply have been reinsert- 
ed further into the shaft. Many show 
noticeable heat discoloration and cracks 
near the distal end. One fragment recov- 
ered from the industrial midden de- 
scribed above was plugged with slag; 
evidently, tuyeres were not meant to 
touch the fused charge. 

The architecture associated with the 
furnaces is typically impermanent. The 
scarcity and nature of the rubble as well 
as the construction of the wall founda- 
tions indicate that most walls were nar- 
row and weak. In fact, the paucity of 
postholes and roofing materials indicates 
that smelting occurred within a simple, 
partially roofed veranda-like construc- 
tion. Much of the associated construc- 
tion was probably of wattle-and-daub or 
similarly perishable partitions, serving 
not as structural supports but as room 
dividers or shields that protected work- 
ers from furnace heat and fumes. The 
need to vent noxious fumes from smelt- 
ing and the importance of maximizing 
afternoon winds called for partial enclo- 
sures with good ventilation. Several 
thick, solid masonry walls may have de- 
marcated the boundaries of individual 
work units. 

Prill-extraction smelting technique: 
tentative reconstruction. In sector 111, a 
battery of furnaces set into hillside ter- 
races was fanned by wind and lung pow- 
er. The flaring apron and pear shape of 
the furnaces facilitated the use of blow- 
tubes. As the ore was reduced, copper 

wanted slag residue. Apparently the slag 
remained so thick and viscous through- 
out the smelting operation that the cop- 
per prills remained trapped in its matrix, 
unable to sink to the bottom of the 
furnace and coalesce into ingots. It is 
possible that, occasionally under ideal 
conditions, ingots may have formed at 
the bottom of the furnace, but the quanti- 
ty of ground slag accumulated in sector 
I11 suggests that the ideal conditions 
were rarely met. When the furnace 
cooled, the slag was apparently cracked 
and the b a t h  and chunga were used to 
extract the prills. The rocking action of a 
heavy chunga would easily shatter the 
brittle, vitrified slag (as a quick field 
experiment showed) to the consistency 
of coarse sand, leaving the pinhead to 
pea-sized malleable prills rolling free in 
the depression of the batan, ready to be 
collected. 

Ground slag is ubiquitous in our sector 
I11 excavations. In situ butanes are in- 
variably associated with considerable 
amounts of ground slag, in some cases 
enough to create small but noticeable 
mounds. A trench in excavation area 1, 
sector 111, revealed in situ evidence for 
slag grinding, a mud plaster construction 
that appears to be a work pedestal for a 
b a t h .  The pedestal with a cavity (40 
centimeters in diameter and 20 to 30 
centimeters deep) where a b a t h  once 
sat and the associated crushed slag make 
up a low mound some 7 meters in diame- 
ter and 1.5 meters high on the slope of 
the U-shaped metal production area 
mentioned earlier. The pedestal was 
built atop a hard, concreted layer of 
crushed slag that gradually tapered off 
toward the base of the mound. The pres- 
ence of 1 meter of laminated crushed slag 
beneath the hardened slag layer argues 
that there was formerly a batan in the 
same location. This accumulation of slag 
and the extensive use of slag in architec- 
tural fill attest to the intensity and conti- 
nuity of prill-extraction activity in sector 
111. 

Prills thus recovered are too small to 
be made into anything larger than beads; 
the next step in the metal industry of 
Cerro de 10s Cementerios must have 
been the remelting of the prills to con- 
solidate them into ingots or castings. 
This remelting process at the Cerro is not 
yet well documented. One logical proce- 
dure would be to set a ceramic or clay 
crucible containing prills in charcoal fuel 
within a furnace capable of reaching 
1083"C, the melting point of copper. 
When the fuel was consumed, one would 
be left with an ingot (29). However, we 
have not found associated with the fur- 
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naces or on the surface any clay or 
ceramic vessels that could have served 
as crucibles. The vitrified or slag-coated 
sherds, commonly found in the smelting 
areas, show forms and surface modifica- 
tions not typical of crucibles. These 
sherds, typically of thick (1.0 + 0.3 cen- 
timeters) utilitarian redware, are quite 
flat and large (as wide as 22 centimeters) 
and usually show slag adhering to their 
margins and edges. We suggest that 
these sherds were used as readily avail- 
able, removable covers for the furnace 
openings. Such covers would allow more 
effective retention of the necessary re- 
ducing atmosphere and would yet readily 
accommodate blowtubes and recharging 
for the furnace. The slag adhering to the 
sherds may have resulted from uninten- 
tional contact with the slag inside the 
furnace. 

The nearly pure charcoal content of 
some of the excavated furnaces may 
represent fuel for ingot formation. On 
the other hand, a more plausible expla- 
nation would be that the charcoal revre- 
sents the initial charge of fuel for pre- 
heating the furnace prior to the addition 
of a smelting charge of mixed ore, flux, 
and fuel. In addition to the furnaces 
containing pure charcoal, in excavation 
area 4, sector 111, we unearthed a cluster 
of three large (40 to 50 centimeters in 
diameter) inverted ceramic urns partially 
filled with a layer of pea-sized charcoal 
10 to 15 centimeters thick (Fig. 6). Loose 
ashy soil surrounded the urns, which 
were partially buried below the associat- 
ed floor. The inverted mouths of these 
vessels were incompletely sealed with 
adobe bricks, perhaps intentionally to 
allow for limited air circulation. Al- 
though the poorly preserved floor sur- 
face does not permit a definite interprk- 
tation, the three inverted vessels appear 
intrusive. The proximity of the furnaces 
to the urns makes it difficult to use the 
furnaces. One explanation may be that 
the urns were used for roasting sulfide 
ore in preparation for subsequent smelt- 
ing (30). Four additional inverted urns 
containing charcoal have been located, 
one in excavation area 5, sector 111, and 
the others in sector I. 

Nine prills (six found loose and three 
embedded in slag) surface-collected from 
sector I11 are being studied by proton- 
induced x-ray emission (PIXE). Prelimi- 
nary results show that all the prills con- 
tain arsenic in quantities between 0.5 and 
6.4 percent. The two ingots from sector I 
were found to contain 2.0 and 2.8 per- 
cent arsenic. This range is similar to that 
noted by Lechtman (1, 16) for Peruvian 
north coast arsenical copper artifacts. 
The presence of arsenic in prills, which 

Fig. 5. Variation among tuyeres recovered in 
sector 111, Cerro de 10s Cementerios. 

are primary smelting products, indicates 
that arsenic-bearing compounds must 
have been included in the initial smelt 
rather than added at some later stage. 

Behavioral and Cultural 

Considerations 

Metallurgical production is a complex, 
hierarchically structured activity sys- 
temically related to various other aspects 
of a culture. Thus we must also consider 
the cultural contexts in which metallurgy 
functioned. 

The existence of limited scale metal 
workshops within large multifunctional 
settlements away from mines or smelting 
sites raises the possibility that the smelt- 
ing and ingot production occurred at 
sites that were separated from those pro- 
ducing finished metal artifacts made by 
techniques such as cold-hammering, an- 
nealing, gilding, fusion-welding, and 
plating. Although separate areas (for ex- 
ample, sectors I and 111) of Cerro de 10s 
Cementerios may have been differentiat- 
ed to deal with these phases of produc- 
tion, we hypothesize,that the site was a 
major regional supplier of copper and 
copper alloy ingots and possibly cast 
implements. Interesting in this regard are 
data from the principal Moche V site of 
Pampa Grande (about A.D. 600 to 700) in 
the neighboring Lambayeque Valley. 
There, Shimada (8) excavated a metal 
workshop consisting of an interlinked set 
of three small rooms with a well-built 
stone, mud-lined hearth, a strip of cop- 
per, a trough-shaped ceramic mold with 
a copper oxide "waterline" on its interi- 

or, and two sets of faceted stones. One 
set of highly polished stones was appar- 
ently used in conjunction with a flat, 
polished anvil placed atop a low bench. 
Hammering may have been done here. 
The second set of stones consists of 
rectangular blocks with perpendicular 
corners and perfectly flat faces covered 
by fine striations; perhaps they were 
used for cutting and shaping. Despite 
intensive surveying and excavation at 
the site, no smelting or ore-processing 
areas were found. This finding suggests 
that metal was imported to the site either 
as ingots, roughly cast blanks, or other 
stock forms. 

A number of preliminary observations 
can be made pertaining to the labor force 
involved in the metallurgical activities in 
sector 111. The smelting operation was a 
multifaceted activity that entailed carry- 
ing ore, fuel, and flux; keeping furnaces 
going; preparing charges; raking out the 
resultant products and cleaning the fur- 
naces; transporting slag to grinding areas 
to be crushed; and extracting copper 
prills. Rows of three or four furnaces 
could have been tended by individual 
work units consisting of perhaps six to 
eight persons; this arrangement would 
allow two persons to provide air blasts 
with blowtubes at each furnace, if we 
assume the simultaneous use of all fur- 
naces. The flaring apron of each furnace 
would allow two or possibly three blow- 
tubes to be used simultaneously. We 
must also consider the possibility of se- 
quential or staggered use of the furnaces. 
Although continuously supplying air 
with only human lung power is taxing 
and may have required a rotation of 
laborers, we may be underestimating the 
capacity of ancient metalworkers. A 
modeled Moche vessel (31) shows four 
men blowing air into a circular furnace 
using long blowtubes. Each worker 
holds the blowtube to one side of his 
mouth as if he were inhaling air from the 
other side. 

The grinding of slag and the recovery 
of copper prills may have been done by 
other labor units distinct from those in 
charge of the furnaces. Slag .grinding 
with bat& and chunga is not a particu- 
larly physically taxing or time-consum- 
ing task! The recovery of prills is a 
tedious task that requires time and pa- 
tience but no special skills or strength. 
This task could have been performed by 
women, elders, or children. The Inca 
state allocated work quotas to heads of 
households who were assisted in fulfill- 
ing these obligations by any able-bodied 
members of the household. 

The proximity of grinding areas to the 
furnaces suggests that these activities 
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were closely coordinated. In excavation 
area 1, two in situ batanes (each about 80 
centimeters in diameter) surrounded by 
ground slag occur in an area adjacent to 
the furnaces (Fig. 7). This proximity of 
batanes and furnaces was repeatedly ob- 
served in sector 111. All phases of the 

metallurgical activities, charging of the 
furnace, grinding of slag, extraction of 
prills, and production of ingots, seem to 
have occurred in a set of interlinked 
rooms manned by the same labor unit. 

Significant to the question of adminis- 
trating metallurgical production in sector 

Fig. 6. Distribution of furnaces and inverted urns with charcoal contents in excavation area 4, 
sector 111. Cerro de 10s Cementerios. 

area - 

W Stone wall 
F Smelting furnace 

Intrusive pit 
0 Damaged floor 
S Heat-discolored area 
::'2: Charcoallash 

Fig. 7. Distribution of metallurgical artifacts, floor features, and architecture in excavation area 
1 (1980), sector 111, Cerro de 10s Cementerios, 

I11 are our excavations in a small, square 
masonry compound at the center of the 
U-shaped area with furnaces and on a 
major T-shaped, masonry, two-level 
platform with a commanding view of the 
entire sector. The compound is a solid 
and well-built construction, unlike the 
architecture in the metallurgical areas. 
The formal internal division, the central 
placement in relation to the metallurgical 
areas, and the absence of metallurgical 
debris, domestic refuse, and artifacts on 
the floors lead us to infer an administra- 
tive function. The small number of ce- 
ramics found are largely Provincial Inca. 
No high-status Cuzco-Inca style ceram- 
ics were found, an indication that admin- 
istration at this level may have been 
entrusted to local leaders with sworn 
loyalty to the Inca. Location and size 
support the idea that the area was used 
by a small number of low-ranking offi- 
cials engaged in the day-to-day supervi- 
sion of metallurgical production in the 
sector, coordinating procurement and 
the transportation of ore, flux, and fuel. 
The architecture and artifacts suggest 
that neither the metalworkers nor the 
administrators enjoyed high status or 
material privilege. This interpretation is 
in accord with the documented Inca prin- 
ciple of indirect administration that as- 
sured continuity of local pre-Inca admin- 
istrative infrastructures (32). 

The T-shaped platform in sector I11 
provides a glimpse of a Chimu (pre-Inca) 
administrative unit. This structure con- 
sists of a stone platform built atop a 
larger one with a long, steep masonry 
ramp. A row of four 1-meter-square 
stone cubicles is situated at the center of 
the upper platform. The cubicles were 
empty. Small quantities of valued goods, 
such as copper and copper alloy ingots, 
may have been stored in these cubicles. 
A low U-shaped construction facing the 
cubicles corresponds to the Chimu "au- 
diencia," a structure that was frequently 
used to control strategic points such as 
access to storage areas and that has been 
interpreted as the physical representa- 
tion of the Chimu state administration 
(33). Several other aspects of the plat- 
form argue that its occupants performed 
an important administrative function: its 
high visibility, its direct access to the 
raised masonry road that linked all three 
sectors of the site, and the impressive 
masonry platform set high above the rest 
of sector 111. 

We have the impression that what 
mattered most was the production of 
specific quantities of specific metal prod- 
ucts. Variation in attendant behavior, 
artifacts, and architecture was of sec- 
ondary importance. For example, de- 
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spite a basic similarity in the overall 
shape of tuyeres, there is considerable 
morphological variation without appar- 
ent functional correlation. We suggest 
that the tuyeres had to be replaced fre- 
quently and that they were produced 
locally by the individual work units in- 
volved in smelting. Furnaces, troughs, 
and associated architecture also show no 
rigid standardization. 

Conclusions 

We have made good progress toward 
defining the technological and cultural 
dimensions of prehistoric metallurgy at 
Cerro de 10s Cementerios in Batfin Gran- 
de. Data from our fieldwork have made 
possible a preliminary reconstruction of 
a prill-extraction copper and copper al- 
loy smelting technique heretofore un- 
documented in the New World (34) and 
its large-scale application during the late 
pre-Hispanic occupation of Cerro de 10s 
Cementerios. The pear shape of the fur- 
nace, with its primitive chimney, the 
refractory mud that lined the furnace and 
allowed for its repeated use, the thor- 
ough grinding of slag by butanes, and the 
efficient recovery of prills represent a 
unique set of solutions to the physical 
and behavioral constraints that all cop- 
per industries must contend with. Vari- 
ous lines of evidence indicate that this 
newly documented technology evolved 
locally from at least A.D. 800 to 900 (35). 
The organization of the furnaces and 
associated features, including their ar- 
chitectural setting, argues for production 
by the masses, with a battery of smelt- 
ers, each producing small quantities of 
copper and copper alloy products at a 
time. The great number of furnaces, 
however, suggests that the total produc- 
tion was quite large. 

Future research objectives at the site 
include the study of ore sources, smelt- 
ing charges, and the ingot and artifact 
distribution through trace element analy- 
sis. The evolution of the Batfin Grande 
smelting technology remains to be clari- 
fied by further excavation. The adminis- 
tration of the Cerro de 10s Cementarios 
metallurgical production must also be 
placed in its regional context. 
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