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Evidence for Textiles in Loma 

Copper Corrosion

Introduction

Art acquired nearly 400 metal artefacts said to come 

et 
al et al. 
Uricheck 1997; Perkins 1997; Schorsch 1998; Centeno 
and Schorsch 2000). Notable for the excellent quality 

were plated with extremely thin layers of silver and 

process found thus far only on artefacts from the 
et al. 1982; 

Schorsch 1998; Centeno and Schorsch 2000). The 

artefacts of unknown purpose. These objects include 

low relief; large plaques depicting the “decapitator” 

shaped objects decorated with depictions of animals 
and humans. Single objects of an iconographic type 
are rare: nearly the entire collection can be divided 
into groups of objects that seem to form pairs or sets. 
The shaft tombs at Loma Negra are assigned to the 

the site is geographically isolated from the main Moche 
centres to the south by the Sechura Desert. During the 

each remained stylistically distinctive. 
All of the Moche objects in the Metropolitan Museum 
associated with Loma Negra are thought to be from 

   
Pseudomorphic evidence for lost organic material
Evidence of organic objects deposited with metal 
objects in burials can be preserved within corrosion 
in a process similar to fossilisation commonly called 
pseudomorphism1. As the corrosion layers develop 

with the metal are surrounded by or impregnated 

negative “moulds” and three-dimensional replicas of 
the organic materials. The organics may subsequently 

material remains.

the Metropolitan Museum’s Loma Negra artefacts have 

textile fragments remain extant on the surfaces of the 

a large amount of mineralised organic material and 
pseudomorphic structures also remain intact within 
those layers.  The corrosion primarily documents 
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three-dimensional forms as the original organic 

it may not be obvious that some of these corrosion 

1); dots of corrosion in rows or grids indicating the 

dashes corresponding to threads or cords (Fig. 3); and 
additional elements preserving information about 
thread diameters and twist directions. The majority of 
the Loma Negra objects exhibit outstanding examples 

well as three-dimensional pseudomorphic structures 
and remains of actual textiles.
The textile corrosion structures on the Loma Negra 
metalwork have been previously examined by Anne-

reconstructing burial relationships between artefacts 

about ancient textiles has not yet been fully explored. 

remain an untapped archaeological resource.  
One reason for the under-utilization of corrosion data 
is that many questions remain about how to correctly 

corrosion structures in general. Textile-produced 

yarns cannot be separated. Even more basic issues 
include questions such as: does the pseudomorphic 
replacement process desiccate the yarns or cause 

by yarns provide an accurate estimation of yarn 

standard archaeological procedure.   

Articles

textile yarns in contact with the metal surface. Detail 

-
cating the position of yarns in a textile. Detail of ob-

Project goals

anticipated that the study would provide information 

and that guidelines for the interpretation of textile-

second goal was to recover a large body of information 
concerning objects made from organic materials 

anticipated that a database of the Loma Negra textile 
corrosion information could form the basis of a Loma 

a Moche textile typology. 



67Archaeological Textiles Review No. 56

clearly describes depositional relationships between 

facet of the study will not be described in this article.

Methodology
Each Loma Negra copper object was surveyed to assess 
the presence and location of corrosion structures that 
indicate lost organic material and the presence of 

a textile had been in contact with virtually every buried 

objects. Most of the objects lacking textile corrosion 

indicative of past cleaning.

for in-depth analysis. This group was selected based 

the information to be gained by comparing particular 

series. The textile analysis was a straightforward data-
collection process and an inquiry into how to accurately 

recoverable textile information. The methodology 

unambiguous textile corrosion structures existed side-

were analysed as if they were actual textiles. Weave 

Additional characteristics surveyed were thread 

number of single yarns in the plied yarn and ply 
direction. A decision not to record the angle of twist 
was made for two reasons: 1. it was anticipated that 
twist angles of corrosion structures could not be 
accurately measured; 2. hand-spun yarns often have 

of an angle on one yarn at one location is somewhat 

extant organic yarns from which it would have been 

might have been useful in indicating warp and weft 
directions. 
Measurements were made using electronic calipers 

polarised light microscopy (PLM).  Fourier transform 

additional samples.2

Interpreting textile corrosion structures
The investigation into accurately reading corrosion 
structures produced some answers about appropriate 

textile corrosion structures should be considered 
untrustworthy. The following tentative guidelines are 
proposed.

Articles

Fig. 3. Parallel striations created by thicker yarns in 
the warp of a faced textile. Detail of object 1980.563.3 
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Identi cation

it may be necessary to train the eye to recognise the 

impressions of yarns and unusually straight edges. The 

or texture. Unless the structure is a pseudomorphic 

accurate measurements taken by hand. Raking light 

cellular structure of some wood can mimic a textile 
grid.

Structure orientation
An initial question was whether dots of corrosion in 

result is physically straighter warps and wefts with 

it might be possible that only the wefts would contact 

textile grid would be diagonal to the grid of dots  
(Fig. 4c)

in which the dots are clearly vestiges of the yarns 

yarns (occasionally with visible twist directions). 
Where there was reasonable evidence that the dots 

measurements were usually found to be oriented 

were most accurately measured in a “w” or inverted 

Thread counts

strategy is to extrapolate thread counts in several 

Articles
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A test was performed to gauge the level of accuracy of 
thread count extrapolation using two modern basket 
weave textiles with known thread counts of 23 and 
20 threads/cm.  Nine measurements of each textile 

extrapolated thread counts had between 81 percent 

94 percent. This degree of accuracy was considered 
satisfactory.
  
Yarn diameters

textile remains with corrosion structures produced by 

as would be wished. Three-dimensional mineralised 
yarn structures were usually slightly larger in diameter 
than the corresponding organic yarns. “Tracks” left 

smaller in diameter than the corresponding organic 

degree of error for measured diameters of mineralised 
yarns and two-dimensional marks produced by yarns.
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Fig. 5. Measuring a thread 
count with corrosion dots 
representing spaces be-
tween yarns (Drawing: Julie 

Fig. 6. Measuring a thread 
count with corrosion dots 
representing threads in one 
system only, in a “w” pat-
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Twist direction

corrosion structure is an impression or only the lower 
section of a yarn. Sometimes this determination is 
possible; sometimes it is not.

Weave structure
All woven textiles are based on warp and weft systems 
at right angles to each other. Even complex weaves 

grid that is most apparent in the corrosion. The visual 

textile corrosion structures produced by twill weaves 
that might be expected to have a diagonal appearance. 

in question. The Loma Negra analyses were greatly 
assisted by the fact that many weave structures of 
surviving textiles remained intact.

Corrosion products 
An in-depth investigation into the process of 
pseudomorphism was beyond the scope of this study. 

of corrosion on Loma Negra artefacts to ascertain 
whether corrosion products associated with textile 
structures were random or systematic. 

by colour and type of textile corrosion structure 

copper corrosion products via colour is notoriously 

3 
and energy dispersive x-ray spectroscopy (EDS)4. A 

and Uricheck 1997).

indeed found. A turquoise colour was seen only in 
association with textile corrosion structures and never 
in the absence of textile. A corrosion product thought 

in association with 68 percent of textile corrosion 

second most common and probable cuprite (bright 
red) third. The majority of partially mineralised yarns 

mineralised yarns were tagged “malachite” or 
“cuprite”. The majority of the corrosion which had 

yarns also appeared to be malachite or cuprite.

and Hardman report that in experiments reproducing 
negative casting with a sodium chloride solution a 
“blue-green mineral layer is rapidly deposited on the 

mineralised yarns in the collection are either turquoise 

of them may be yarns at the initial botallackite stage. 
Another possibility is that the turquoise colour simply 
indicates copper-stained organic remains. “Turquoise” 

Articles

Fig. 7. Reversal of perceived twist direction in an im-
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turquoise occurs only in association with textiles 
structures is worth further investigation.

in association with the majority of textile corrosion 

spot test (Odegaard et al.
of what was categorised as “paratacamite” was not (an 

a high correlation of this compound in association 

worth further investigation.

for 12 textile corrosion and feather samples. A 

in this small sample. The preliminary evidence 
suggests that despite the availability of a variety 

that the few textile pseudomorph copper corrosion 

oxides or chlorides (Gillard and Hardman 1996; 
Gillard et al

1984; Sibley and Jakes 1982; Carroll 1973). Chen has 

that malachite and atacamite will be the end products. 
No published models explain why malachite and 
atacamite would be thermodynamically preferred 
products across dissimilar environments. Reasons for 
the mineralisation of yarns by certain products to the 
exclusion of others have not been suggested.

textile structure can be delineated by malachite dots 

spaces between yarns. This arrangement also appears 
in reverse: cuprite dots on malachite backgrounds. 

yarns. There is no obvious determining factor for the 
position of malachite formation. Nor is it obvious 

pseudomorphic silk textile composed of green and 

comparable situation exists in the Loma Negra 

promote preferential mineralisation has not been 
investigated.

5 Finer 
crystals appear lighter; larger crystals appear darker. 

partially mineralised yarns appears pale green.

mineralisation of textile yarns may involve only a small 

morphology of those products varies with location 

further study.
One additional question was whether camelid could 

Camelid is a keratin which contains the amino acid 

the sulphur present in cysteine might remain in the 

the same marker. 

pseudomorphs were analysed to determine whether 
the presence of sulphur can be used as a marker for 

samples. Gillard and Hardman propose a reason: 

is predominantly due to green carboxyl/copper 

Articles
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the oxidation of the disulphide bond but bind 

not believed to be any textile corrosion structures at 

even if sulphides were found in association with 

association with a feather source seems a good 

corrosion would have to be considered an unreliable 
marker for keratin.

Textile analysis results and discussion

clear association with textiles) and seven instances 

 
Basket weave: a possible diagnostic for Loma Negra 

construct a cultural and chronological sequence of 
textiles similar to the ceramic sequences used by 

developments and provide other information of use 
in interpreting the archaeological record. At least one 
textile sequence has been demonstrated to expand the 
ceramic sequence for coastal Peru (Wallace 1979).

some Moche sites have not yet published their textiles’ 

to the Moche culture have not yet been extensively 

Moche textiles is in its initial development.

and complementary yarns (Donnan and Donnan 

O’Neale 1947). Excavated Moche textiles do include 

undecorated textiles in depth (2008). The focus on 
decorated textiles to the exclusion of the others means 
that a broad concept of Moche weaving has yet to be 

diagnostic characteristics for both yarn make-up 
and woven structure for the Peruvian North Coast 

The principal Moche weave structure is a plain weave 
utilising single (rather than paired) yarns in both warp 
and weft. 
The Loma Negra objects are thought to have been 

do not necessarily typify Moche textiles in general use: 
they can only be said to represent a group of textiles 

can only record the portion of the textile in direct 
contact with the metal object’s surface: one layer of 
yarns and one side of the textile. Since Moche weavers 
created structures which incorporate more than 

that some of the data recorded in the corrosion is 

the Loma Negra textile corrosion structures present 

the usefulness of the data. Even if a complete weave 

typology of diagnostic weaving characteristics for 
Loma Negra tomb textiles can be generated. 
The textile corrosion data indicates that the 
Metropolitan Museum’s Loma Negra textile type 
is largely consistent with the proposed Moche type 

to a much lesser extent. 29 % of the Loma Negra 
textile corrosion weave structures analysed in detail 

normally requires single elements in the faced system 

 i.e. basket weave (or 2/2 plain 

Articles
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utilise combinations of singles and pairs (i.e. half 
basket weave).  

numbers remain similar. 29 % of the textile corrosion 

% are in plain weave; 13 % of the plain weave textiles 

use one thread in each system and 61 % are basket 
weave. 
Even allowing for a degree of error in the corrosion/

weave than has been reported elsewhere. Paired warps 

plain weave textiles (Dumais 2008); approximately 33 
% of the Pacatnamu plain weave textiles (Donnan and 

cases what appears to be the same textile can be 

that there were only a handful of textiles with paired 

multiple assemblages of artefacts  (Alva and Donnan 

the thread counts and yarn diameters of basket weave 

thread counts range from eight to 32 yarns/cm (four 
to 16 pairs/cm) with yarn diameters ranging from 0.16 
mm to 0.9 mm in both sets of yarns. Based on visual 

basket weave textile corrosion structures all represent 

on the inability of standard data points to fully describe 

in thread counts almost certainly describes more than 
one textile. But in light of expected variations in hand-

a few textiles in contact with multiple objects. As a 

backing on a mantle fragment in the collection of the 

diameters from 0.22 mm-1.2 mm.  

as a feature of Moche tomb textiles more often than 
previously acknowledged. Five out of the six Moche 

Articles

Fig. 8. The primary textile 
type in association with 

-
gles in a basket weave. 
Detail of object 1979.206.1275
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at Huaca del Sol have pairs in both warp and weft 

from Site F in the cemetery at the foot of Huaca de 
Luna include an unusual number of basket weave 
textiles (O’Neale 1947). Wallace observes that in 

110). An informal survey of textiles on view in the 

although the weave structures of the textiles from El 

tomb of “Señora de Cao” which are illustrated in detail 

possibility that a basket weave should be viewed as a 
diagnostic feature of Moche tomb textiles or perhaps 
even a widespread Moche type deserves further 

basket weave structure was developed as a basic weave 

are the diagnostic
a suggestion that is supported by the continuation of 
paired warps but not paired wefts into the later Chimu 
period (Rowe 1984).
Donnan and Donnan theorise that “weavers used 

include basket weaves that could be characterised as 

sole factor in the choice of weave structure. Many 
researchers have proposed a deeply embedded 
principle of dualism that pervades pre-Columbian 

and mythical arenas (Schorsch 1998; Quilter 1997; 
Burger and Salazar-Burger 1993; Lechtman 1984; 

in light of the symbolic meaning proposed for paired 
yarns in textile weave structures from elsewhere in 
pre-Columbian Peru. 

Camelid

assemblages of Moche textiles do contain camelid 
(Conklin 1979; Donnan and Donnan 1997; Dumais 2008; 

1979; O’Neale and Kroeber 1930; Kroeber 1944).  The 
Loma Negra collection exhibits an overwhelming 

additional samples which seemed likely to be camelid 

and the fourth was indeterminate. A near absence of 
camelid at Loma Negra is inconsistent and unlikely. 
One explanation is that the camelid has degraded to 

implying an alkaline environment (Sibley and Jakes 

associated with a brown or rust-coloured substance 
which is not obviously burial soil and that sometimes 

it may be the trace of degraded camelid yarns and 
seems worth more in-depth investigation.

Additional structures
The Metropolitan Museum corrosion/textile structures 

likely to be low estimates. Because only one side of 

it is very unlikely that all double cloths and textiles 

of plaiting cannot necessarily be distinguished 

The 4 % occurrence of twill weave is also lower than 
expected. Twill is reported in four out of six cases of 

% of textiles at Pacatnamu (Donnan and Donnan 1997) 

the Loma Negra textile corrosion structures analysed 

these are fragments of complex weaves for which a 

Articles
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of the “uncertain” group included structures that 

additional twill.

cords. Ninety-nine instances of cordage had been 

examined in detail. Of those cordages for which twists 

exist (3 %). The number of ply generally ranges from 

27 threads plied Z.
Feathers were found on 17 % of the 367 artefacts 

are believed to have been feathered textiles.

and it seems likely that more thorough inspection 
of those objects not examined in detail would reveal 
more instances of plant material.
 
Conclusion

of a group of textiles physically absent from the 

documenting information recorded in corrosion. The 
corrosion textile structures observed on the Museum’s 
Loma Negra collection also provide enough data 

and raise the possibility that basket weave may be 
a diagnostic feature of Loma Negra tomb textiles. 

structures analysed were not three-dimensional 
pseudomorphic replicas of textiles. The bulk of useful 
data was recovered from two-dimensional textile 

part of standard archaeological procedure.

Notes

replaced or partially mineral-replaced textile 
structures. The term “textile corrosion structures” 
refers to both mineral-replaced textiles and to the 

on the Loma Negra artefacts by contact with textiles 
during burial.

2. Fourier transform infrared spectroscopy was 

Metropolitan Museum of Art.

Metropolitan Museum of Art.
4. Energy dispersive x-ray spectroscopy was 

Metropolitan Museum of Art.
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