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EXAMINATION OF CANADIAN PACIFIC COAST
INDIAN "COPPERS"

by
A. Couture* and J.0. Edwards**

SYNOPSIS

"Coppers" specimens selected from the
collection of the National Museum of Canada were
investigated in order to determine whether they
were of European or of American Indian origin,
The evidence presented in the following report
indicates that the '"coppers'" examined are of
European or white North American origin, Their
thickness evenness, their surface smoothness
and, in certain cases, their size suggest that
the original copper pieces were fabricated with
heavy equipment., Furthermore, the presence and
distribution of cuprous oxide in the microstructure
are strong indications that the metal had been
melted, and, since it-is generally accepted that
the North American Indian did not know how to
melt, this fact supports the conclusions derived
from visual examination, :

xSenior Scientific Officer and **Head, Non-Ferrous Metals
Section, Physical Metallurgy Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa, Canada,
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EKPhRTIuL SUR DES ARTICLBS EN CUIVRE PRDVENANT DU
' IITTORAL CANADIEN DU PACIFIQUE

par

v A. Couture* et Jde 0 Edwards**.

. -Ce -Tapport est consacré & l'étude
d'échantillons prélevés sur des objets en cuivre,
qui sont tirés de la collection du Musée national
canadien, . Le but de cette étude était de déterminer
8i les piéces représentées par ces ‘échantillons -
ont. été fabriquées par des Européens ou par les. .

' Indigénes vivant sur le littoral de l'océan .
- Pacifique., Les données recueillies au cours de ce-
travail permettent aux auteurs de conclure que les
‘objets de cuivre examinés ont dl 8tre fagonnés par
les Européens ou les Blancs de - ‘1'Amérique du Nord,

- & 1'alde de machines lourdes, Vu le peu de varia-
_tion dans l'épaisseur des pidces étudiées, leur -

" fini et, dans certains cas, leurs dimensions, il est
‘ peu probable -qu'elles alent été fabriquées & partir
de morceaux de .culvre natif avec les moyens ‘de - ..

- fortune dont ‘disposalent les Indigenes. De plus,
-la présence et la répartition de particules d'oxyde
de cuivre, révélées par. l'examen de la microstructure
'de ces échantillons,font croire & la fusion du cui-
vre qul a servi a fabriquer ces articles. Si nous

‘admettons, avec 1l'opinion générale, que les Indigenés

de 1'Amérique du Nord ignoraient les procédés de
fusion du cuivre, nous devons conclure, comme = .
1l'examen visuel 1'avait. daéja indiqué, que les pieoes
en question n'ont pas été. ouvrées a partir du métal
brut par les. Indigenes de. la cote du: Pacifique.‘

" ‘%Chargé de reohérches’principal, et chef, Section
des métaux non ferreux, Division de la metallurgie
" physique, Direction. des mines, ministére des Mines
et des RelGVes techniques, Ottawa (Canada). .
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INTRODUCTION

At the request of Dr. L.S. Russell, Director,

Natural History Branch, National Museum of Canada, Depart-
ment of Northern Affairs and National Resources, Ottawa,
Mr. J.0. Edwards and Dr. K. Winterton of this Division and
Dr, A.H. Gillieson and Mr. A.E. Larochélle of the Mineral
Sciences Division visited Dr. Russell on Maifch 28, 1961, to
study the possibility of carrying out testé*on the metallic
copper used by the Indians of the Canadian Pacific coast

in preparing peculiar ornamental plaques known as '"coppers'",

Help was therefore requested from the Mines Brancﬁ
by Dr. Russell, in his letter of April 12, 1961, to
Dr. John Convey, Director, Mines Branch, in the form of a
study and analysis of small samples tékén from six such
ornamental plaques selected as being representative of
several different types of plaques in the Museum's collec-
tion. These samples were received b& this Division on:

October 2, 1961.

As requested, a specimen of known native copper:
was sent to this Division on December 14, 1961, by Mr. H.S.
Stacey, Petrological Sciences Division, Geological Survey
of Canada Branch, Ottawa. This specimen had been collected
by Dr. E.D. Kindle on Beloud Creek in Dezadeash map-area,

Yukon Territory, and was to pe used for comparison purpoées.



Also included in this report for comparison
pnrposes is a brief account of an investigation carrigd
out at the samé'time on a specimeﬁ (C54a5193)‘0f copper
sent to this Division on December 13, 1961, by Mr. J.V.
Wright, archaeologist'with‘the Natidnal Mﬁééﬁm'of Canada.
This specimen had been submitted to Mr. Wright by Mr. E.R.
Channen, curator of thé‘Strathavén'Indiah Muéeum, Anten
Mills, Ontario, and had been’recovered from é.large Huron
site.near Barrie, Ontario. As mentioned ‘in Mr. Wrighf's
letter of December 13; ”afchéeologically,‘thé specimen
should be native coppér,althoﬁgh there is an outside
chance of it being a French trade piece", It was therefore
reguested that its origin be determined, The findings of -
that inﬁestigation’were;reported to,Messrs. Wrigﬁt and
Channen on March 26, 1962, fn Test Report PM~62e15,”Mihes

Branch, Department of Mines and Technical Surveys, Ottawa.
MATERIALS
The sources and dates of recovery of the six
plaques selected are shown in the first six lines of
Table 1, The last three specimeﬁs; éelécfed in April
1962, were added to the plaques previcusly studied,in

order to give a broader picture of the'Indian "coppers"

found on the Canadian'Pdéific>coast.




EXAMINATION

Visual Examination

The first six "coppers'" mentioned in Table 1 were
photographed; they are shown in Figures 1 to 6, inclusive,
with their weights and approximate dimensions., The collec~
tion of "coppers" from which these specimens &ere drawn
offers a large variety of sizes, their leﬁgth varying ffom
approkimately 1% inches to 4 feet., However, most of them
have a cﬁaracteristic shape of which specimen V11,D. 406
(Figure 1) is representative, Several plaques, especially
among the larger ones, had been cut before their discovery,
but the remaining sections, specimens V11.E,.430 (Figure 3)
and V11,E.436 (Figure 4), strongly suggest that. their

original shape was as prégénted in Figure 1,

Some of the "coppers" examined were made of more
than one piece, held together by means of solder oxr rivets;
specimens V11,.E,438 (Figure 5) and V11,E,603 (Figure 6)
are representative of this group. Specimen V11l,E, 425
(Figure 2) is in one piece,but two of its sides show a layer
of solder, indicating that this piece had been originally
joined to a larger piece. The rivets of specimens
V11,E,438 and V11.E.603 were closely examined and it was
found that their heads are circular, very regular, and

smooth where not damaged by corrosion.




One large shield, carrying number V11.C,361 and
being approximately 18 inches wide and 44 inchesﬁlong,
showed evidence of melting in one corner, It was suggested
by Mr, C.C. Perry,‘who‘cqllected this "copper" in 1911, that the
shield had been damaged in a fire at Metlakatla, British

Columbia.

Some of the specimens examined weré‘so severely
damagéd or corroded that they'hardlyhhéld together, whereas
others were in an excellent state of préservation. Most RN
of the sbecimens{Were coated with'résin, or other unidenti~ g

, fied substances.

"Parts of the larger shields'have a very smooth;
and even surface, whereas other portions of the same
specimens have been deformed by a heating operation - and,
in some'cases,damaged byAindentatiOn.‘ Examination of the
edges bf inCpmplete plaques,vparticularly the fhicker ones,
~suggests that the absent portioné were cut out with a

sharp tool like a chisel.

Thickness Measurementé

The thickness of the first six plaques, mentioned
in Table 1, was measured with a évinéh ball-end micrometer
where the surface did not seem to be too pough. However, '
it was not always possible to do these measurements in

smooth areas and, consequently, some of the variation in



the results presented below are due to surface irregularities.

All determinations were taken within 5/8 inch from the

edges of the plaques.

Thirty measurements were taken around plaque
number V11.D.406, and the thickness was found to vary between
0.017 and 0.025 inch. It was noticed that in certain
areas there was a thick coat of resin on the metal surface,
whereas in others it was difficult to determine whether resin
was present or not. Also, the surface bf the shield was
quite irregular. It is possible that these two factors
might account for some of the variation found in the

thickness,

As mentioned earlier, specimen V11.E, 425 had been |
soldered along two of its sides. Consequently, only
eight thickness determinations were made along the other
sides; results ranged from 0.037 to 0.048 inch. Again,
this variation may be partly due to the specimen coating,
which shows evidence of peeling in certain areas,and to

the specimen roughness,

The thickness of specimen V11.E.430 was determined
in thirty different locations., Results ranged from
0.063 to 0.068 inch, This "copper" showed the smallest
thickness variation of all the specimens measured,probably
because the surface condition is much better and smoother

than that of the other specimens., However, such a small.



thickness variation is remarkable in view of the relatively
large size of this pilece, whose overall'diménSions'éré

approximately 21 by 10} inches;

Thirty-nine thickness determinations were made
on specimen numbér V11.E.436, which is the largest of\all the
"copperé" examined (its dimensionS'being approXimately 47
by 20 inches). Thickness results varied.f;é¢'0.174 to 0,207
inch. _The'piece'is thickest near the midd;é and gradually
taperé down towards both ends. ItS’surfaceﬁaas relativel&

smooth,

5

The surface of specimen VI1.E.438 was so rough

'that'thickness results would be meaningless.i

Similarly, specimen V11.E.603, Wh;bh is made of
siX'separate pieceé, was in géneral tdo_rough to perﬁit of
thickness determinations, Hdwever, one of the pieces,which
is approximately 8 inchés long, had a thicknéss of 0,024

to 0.025 inch,.

Metallographic Examination

The spe01mens sent to this Division by Dr. Russell
were mounted in lucite and prepared for metallographic
examination, together with the native copper sSpecimen suppiiéd
by Mr. Stacey and the specimen sent by Mr. Channen. ' Three
of the specimens, V11.E.425, V1L.E.438 and V11;E.603, were

. sectioned in areas that contained solder.



(1) Copper Specimens

In the "as-polished" condition the specimen of
native copper supplied by Mr. Stacey shows a clean and
homogeneous structure in massive copper areas. In less
sound areas, however, the structure appears,as shown in
Figure 7, to bea network of copper bordered,in general, by
a fringeﬁwhich appears light blue under tﬁe microscope
using unfiltered incident light and which probably consists
of cuprous oxide. This network surrounds areas of gangue and
other unidentified material appearing black in the photo-

micrograph.

‘Ttching the specimen with dilute alcoholic
ferric chloride reveals a homogeneous microstructure
(Figures 8 and 9) which consists of very large grains
(average diameter 0.2 mm as.shown in Table.Z). However,
the grain size varies appreciably from one area to another.
going from 0.015 mm to 1.8 mm. In most cases the
grain boundaries are well defined, but some grains (Figﬁre 9)
show evidence of grain boundary migration, a phenomenon which
has been noticed by other investigators .in the microstructure
of nati?e copper, A few grains also show annealing twins,
which indicates that the specimen was annealed after being
strained, or strained at an elevated temperature., Since
this phenomenon is dependent on boph time and temperature,

it should be remembered that the time factor is that of



geological age, and hence i1s very long indeed, when compared
with technological processes. This grain boundary migration,
annealing twins, etc,, may occur at relatively low temperatures

in consideration of this very large time factor,

The specimen supplied by Mr E.R. Channen and
numbered C54-5193 appears very much llke the native copper
specimen in that, in the "as~polished” condition (Figure lO),
no compound or structure can be seen even at the ‘relatively
high magnification of 500 times. The specimen is coated
with a la&er of cuprous cxide seen on the upper surface

of the specimen in Figure 10.

In the etched condition (Figure 11) the micro-
structure appears as fully recrystallized with numerous
annealing twins Wthh have origlnated during the annealing
of the previously strained specimen or durlng straining at
an elevated temperature Grain_boundaries are sharp and
straight, which suggests that recrystallization took place
at a higher temperature than thelpreviously described
native copperispecimen.' The grain size'raries from about

0.050 to 0.12 mm.

All the'copper'"specimens.sent by the National
Museum of Canada have basically the same structure. In
the "as-polished" condition they all show abundant cuprous
oxide particles of different sizes and orientations in

different specimens (Figures. 12, 14, 16, 18, 20 and 22).




The oxide particles are randomly distributed and relatively
small in specimens #406 (Figure 12) and #438 (Figure 20),.
In specimens #425 (Figure 14), #430 (Figure 16) and #436
(Figure 18), the oxide pafticles are large and elongated;

in specimen #430 (Figure 16) the particles tend to be lined
up. Many oxide particles of specimen #436 (Figure 18) are

cracked in several places. Specimens #406 and #438 are

‘sound, whereas specimens #425, #430 and #436 contain

numerous voids, which may be pores or, less likely, holes
1eft by a compound that was removed during the polishing
operation., In specimen#603, oxide particles are small
(Figure 22) and concentrated in the middle part of the

copper section (Figures 24 and 25).

In the etched condition éll specimens show a fully
recrystallized ﬁicrostfucture‘—-— they are represented in
Figures 13, 15, 17, 19, 21 and 23. Grain size varies from
specimen to specimen,as shown in Table 2, Copper oxide
parficles ﬁave been removed by the etching solution tb,leave
holes. In specimen #425 (Figure 15), dark striations are
seen that run in the same direction as the long axis of the
elongated copper oxide particles. Several attempts to
remove these striations were unsuccessful, and it is pre-

sumed that they represent traces of segregation.

Figures 24 and 25 show not only that copper oxide

particles are concentrated in the middle of specimen #603,

" but also that those areas that are depleted in oxide

[}
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. particles_contain fine cracksj Some of these are full of
a compound. (Figure 26) which has the same appearance as
cuprous oxide.';It'was 2lso noticed (Figure 22) that the
areas that are low in oxide particles COntain;alsQ,numerous

holes, together with cracks,

The significance of these various observations,
as well as of those in the following sections,is_examined

in: detail in the Discussion.

- (2) © Solder Specimens

Figures 26 and 27 are from the same fleld taken
partly in the copper~base metal and partly in the solder '
of specimen Vll 5,603, These two photomicrographs were
given different printlng times to reveal .all the compounds
shown in this section Figure 26 was'undereprinted'to»show
the constituent seen in tne:cracks and also the dark, textired
particles in the solder: material that have the appearance |
of 1ead partlcles In Figure 27, ‘which was over—printed
the copper oxide and lead particles are black and a eutectic
(or eutectoid) compound is seen in the solder, Figure 27
shows that the solder and coppeér joined)exCellently'but that
there is no intermetallic layer betWeen them, Instead,

a narrow diffusion zone is apparent.

Addltional photomicrographs of the solder found
- in specimen V11, E.603 are presented in Figure 28(in the

‘M"ag- pollshcd” condition) “and. Figures 29 and 30 (in the




- 11 -~

etched condition). Figure 28, like Figure 26, indicates the
presence of a phase that is probably lead and occupies from
10 to 15% of the area studied. Etching in alcoholic FeCl3
pitted out the lead phase but revealed an intermetallic phase
(Figures29 and 30) which appears similar to the delta
eutectoid of bronzes. Strain lines seen.in certain grains

present evidence of cold working.

The solder found in specimen Vli.E.425 appears as
shown.in Figures 31, 32 and 33. Figure 31 shows that in
the coppef areas adjacent to the solder the oxide particles
were unaffected. Also, in contrast to specimen VI11.E.603, an
alloy layer is seen at the copper-solder interface. Figures~
32 and 33 show the general distribution and the detailé of'_.
the various phases present in the ﬁicrostructure. Figure 32
indicates that the alloy consists of two main phases (white
and grey, in the as—polished'condition)' which exist in
approximately equal amounts, and a véry fine and hard phase
which polished in_relief and is equally distributed in the
other phases, Figure 33 indicates that the white phase of
Figure 32 is a structureless grey constituent after etching,
whereas the other main phase varies from white to dark gréy,
depending on the orientation of the crystal to the surface[
. This latter phase has a téxtured surface similar to thét of
lead or a very fine eutectic. In other parts of this soldef
specimen,smail pieces of copper are completely surroundeq

by solder. The small hard crystals in this solder have a
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nabit similar to that of crystals ofiCOpperecontaining;tin—
antimony bearing alloys, and in general the structure is
more typical of common lead-tin solders than is the structure .

of specimen #603.

The microstructure of the solder found on Specimen
V11.E,.438 is shown 1n Flgures 34 and 35 Etching does .
not staln'the background as it did in specimen V11.E. 425,
The phase that-appeers White before etching remains white
after:etchinggﬂﬂuadark phase, which occupies approﬁimately
50 per cent‘of the-area‘studied,was pitted out, A third
phase is apparent, mainly in the white areas; and is harder than
‘the other phases as 1t has polished in relief; this phase msy

correspond to the hard phase in specimen V11,E.425,

(3) Additional Specimens

As mentioned earlier, three specimens were added
to the-previously studied ones in order to obtain a broader

picture of the ”ooppers" found on the West Coast.

‘A metaliographic ekemination of these specimens
revealed that their structure is. similar to those described
'earlier; The mlcrostructure consists of copper ox1de
particlesof different sizes and shapes in a copper matrlx
and consequently,lit was felt that a comprehensive study

}onvthese,additional specimens waS'not necessary.
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Hardness Measurements

(1) Copper Specimens

b

As the copper specimens supplied by the National

Museum were very small, their hardness was determined on a

Vickers diamond pyramid hardness tester. The results so
obtained were later converted into Rockwell F hardness values,
and the original and converted values are'reported in
Table ,2, Although the limitations of hardness conversions

from one scale to another are well known,it is thought that

" Rockwell F values would be more useful in establishing

comparisons with ASTM specifications. The last column of
Table 2 gives the equivalent temper conditions of each
specimen as determinéd from Standaid Specification for Copper
Sheet, Strip, Plate and Rolled Bar, ASTM Designation:
B152-55. This is used only to give an indication of the

amount of cold work in the various specimens.

It is seen that the native copper specimen and
the specimen sent by Mr. Channen are soft enough to be in
the soft-anneal or, less likely; in a condition equivalent
to a light cold-rolled temper. All the others have hardness
values corresponding to the light cold-rolled to the spring
temper conditions, This indicates that all the specimens

supplied by the National Museum were cold-worked to a certain

extent after being annealed (or that they contain relatively

large amounts of soluble impurities that would increase




their hardness in the fully annealed condition).

Since there appeared.to be a diffusion zonelat_the
copper-~solder interface of specimen Vll.E,GOB,a hardness
survey was carried out in the'copper specimen from approxi-
mately 3 mm from the interface towards the solder. Four
series of flfteen hardness determinations were made and
‘did not show any consistent var1at10n as the 1nterface was

approached.

(2) - Solder Specimens

A similar survey was attempted in the solder of
specimen Vll E.603 but results were too inconslstent to
reveal any ‘trend. However, the relatlve hardness of the'
various compounds can be appreciated from’the foliowing'
results.' The diamond pyramld hardness number of the phaSe‘
thought'to be lead in Figures 26 and 28 is approximately 30
that of the matrix is approximately 140,and‘that of the

eutectoid compound is approximately 350.

An attempt was made to measure the hardness of the
other two solder specimens: VL1.E.425 and V1L.E.438. Tt
was notApossible to determine;the hardness of the various
constituents as'the”impressions were too 1arge/even with a.
10-g load, the general hardhess being'in bothhcasesyiess

than 5 DPH.
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Spectrographic Analysis

@) Cbpper Speeimens

Pieces of tough pifch copper, oxygen-free high-
conductivity copper, the native copper specimen supplied by
Mr. Stacey, the specimen sent uy Mr, Channen, and the first
six National Museum "coppers'" listed in Table 2, were all
analysed by the Mines Branch Spectrographic Laboratory and the
results were reported to the Physical Metallurgy Division
in Report No. SL-62-106,* Unfortunately, it is not possible
to detect any systematic trends or differences befween the
samples so analysed. This may be due to the very small
samples used or to the absence of suitable metal standards.'
Two specimens,fV11.E, 425 and V11.E.603, show hiéher-lead and
tin contents than do the other specimens but this‘may
come from contamination -of the copper with solder that was
present on the copper surface. However, in spite of certain
incensistencies, these results show that all the specimens

investigatedlare reasonably pure copper,

(2)' Solder Specimens:

Specimens were taken from the solder found on
"coppers" V11.E.425, V11,E.438 and V11.E,603, for analysis by
the Mines Branch Spectrographic Laboratory. Results are

reported in SL-62-106,

*Issued May 14, 1962.
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!ﬁﬂﬁl'fh“*UH“SolderUspebimensufromhwcoppersmwvml.E 425 and

V11 E 438 are lead—tin solders containing around 60% lead,

sincee thare appoenrved bo o a diftusion vone s Hw

with copper and iron as impurities. It is then-possible

coppedoso bder bntertanec of spocimen VLR, G603, o hiraness

that the fine particles shown in Figures 32 to 35 are

strcvey was carvied out dn Ui coppor specimen D ron sppeons

particles of intermetallic compound involving these two
mu b by oo Prom Lie interf s rtowards Lhe soldes, s '

impurity elements. This alloy has a ligquidus temperature

vaerbes ol Db becn bogrdineess deCerminaLionsg were minde o
in the vicinity of 250°C (480°F) . ,
did ool chow any s Estond variabioncac e fueeraes: v
iwaﬂanuﬂhnﬁh The composition of solder from specimen V11.E,603
| is quitc difrerent from that of the’ other ones,as it '
consistsl of approxihately 70% copper, 15% lead, 10% tin,
and.5% zlncywd%hTsomeﬂironv*>Khthough1SOmeﬂcopperhcontamie
fwﬂnwbidn‘ﬁay‘boﬁeffrdmtthe”copperﬂspecimen*fromﬂwhrchhthe'
viigollder wag ‘récovered,’ it ﬂ5winﬁe%estingwmb%noté»ﬁhaﬁhthe
V.14 quidustof 'stichan -alloy ’Wodid.<be *'abouti-5-9759‘l0 i(L785°F) ,
- whilch 1€ lonly 100°C below 'the melting point ‘of ithe idopper,
“'Also,‘these results ‘help in interpreting the ‘microstructure
liof the'alloy;*since leéad wili come' ‘outiias iead globules, as
‘””shown*in“Figure‘28,-%The?fntermetallic phase of Figures 29"

and 30 is probably the ‘delta eutectoid of the copper ~tin

A0k Loy © R S N S U I S I TERS RS U IR AN TR FETIARY SRR VIR S SR B SRV
system, Thus, this ”solder" ig in fact a bronze.
al b bwa o bded” e e Vb, e, 420 aud Vb, o tae, 1y

Y “Sp'e'(fia'.l”T.e‘S)‘th‘f Lo de b oo e h:\-]"dm’.‘.‘);": i e Vo Porti

RO A I ST TES SR !.n RTIERE AR B A TR TR TR I R A VY PRI

A number of experiments were carried out in an

y o H
R fes i [ EEI AP

attempt to elucidate or synthesize observed structures.
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(1) Melting

A small specinen cut from the piece of native
copper supplied by Mr. Stacey, and containing both copper
oxide and gangue, was melted in a crucible under a borax
cover to exclude air from the operation, This was kept at
1200°C for 4 hour and furnace-cooled. In Figure 36 is shown
a section of the button so obtained, in which an excess
of oxygen presumably coming from the oxidized areas in the
native copper caused the presence of large cuprous oxide
particles. It is therefore conceivable that native copper
containing a smaller amount of oxide would yield, upon
melting and hammering, a structure that would be quite

close to those found in the Museum's specimens.
(2) Forging

Two other specimens from the same native copper
piece were covered with graphite to exclude or limit air
reaction and heated at 850°C for twenty-four hours. One
specimen was pulled out after this treatment and examined.
The other specimen was forged flat, being returned to
the furnace and repacked in graphité for reannealing when
it became too hard to forge easily, This specimen was also

examined metallographically,

These heated and heated-and-forged specimens were

found to have essentially the same microstructure. The
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bulk of the'specimens present no structure at all in the
"ag-polished" condition, whereas the oxide~containihg areas
show a fine precipitate associated with the large oxide
inclusions (Figure 37). These large copper oxide inclusions
came from the original native copper specimens from which
the rocky material or gangue broke anay during forging
Although in general the fine. precipitate is dispersed at
random in the zone adjacent to oxide pools, it is occasionally
' lined up in stringers that appear to correspond to grain -
boundaries, as shown in Figure 37. It is thought that the
heat treatment at 850°C for 24 hours'diSsolved‘somevoxide
‘ which later precipitated at a lower. temperature, and it is
apparent that this: type of oxide distribution is quite

different from that‘observed,inrthe Indian"coppers .

' Another_forginé test was carried out on a specimen

of oxygen-free~high;conductitity copper after heating for
1 hour at 850°C in air, Thetspecimen‘was hotéhammered flat
. and folded several times in an attempt to introduce oxide

articles into an originally oxide—free structure, the |
specimen being returned to the furnace and reheated when it
became too hard to deform easily Another specimen was kept
in the furnace during this forging operation,again for
comparison purposes. " When this latter specimen was examined
under the microscope, its structure did not contain any
oxide except‘forta}thin oxide layer formed on.the surface of

the specimen,. The_forged specimen contains layers of oxide,

Coe
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as shown in Figure 38, This oxide was formed during
heating at high temperature; when the flattened specimen
was folded and hammered, this oxide layer was trapped in

the otherwise oxide-free copper matrix. The copper oxidemay
appear, as shown in the bottom part of Figure 38,as a very
thick and continuous stringer or,as in the upper part of
the same figure,as separate but lined—hp small globules,
Generally speaking, however, where the oxide layer is so
broken it appears as only one line of globules instead of
several as in Figure 38, It is also noticed that in several
places the two surfaces are perfectly welded by the hot-
hammering operation, the only indication of a weld being

the presence of stringers of oxide globules which can only
come from the folded oxidized specimen, Again, this oxide
distribution is very different from that found in the

‘Indian '"coppers",
(3) Soldering

As the melting point of the so-called solder
found on specimen V11.E.603 is relatively close to that of
the base metal — an alloy of such composition would melt
around 975°C (1785°F), whereas the melting point of copper.
is 1083°C (1980°F) — it is unlikely that such a material
was used for joining copper. Consequently, solder tests
were carried out on copper,using tin and an alloy containing

70% tin and 30% lead as joining materials. After soldering

in the usual manner, the specimens were held for 24 hours
at 600°C (1110°F) in a reducing atmosphere.
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The ""as-soldered" specimens showed a thin iayer
- of delta phase at the copper-solder interface,‘withllead
in the tin-lead solder forming a eutectic phase with tin.
in the'specimens held for 24 hours at 600°C, homeVer, the
structure was quite different. The solder has been replaced
by a structure consisting of copper and large quantities
‘of the delta copper-tin eutectoid, with lead globules
distributed throughout. It is- apparent that solution or
diffusion of copper in the tin has occurred, to torm a
bronze, .These structures are sufficiently similar to,that
found in specimeniVII.E.603tto suggest that such results
might have heen obtained.with_similar methods.,

L DISCUSSION‘

The previous sections of the report have outlined
the various tests made on the Indian "coppers" that were-
supplied by the National Museum of Canada for a determina—g
tion of whether the material used was of native origin.
for comparison, a natiVe copper nugget along with an
.Indian piece thought to be of native copper, was included in
this examination. Metallographic examination showed that
both of these comparison pieces had a similar structure,
the copper matrix being substantially free of oxide.
However, all the West Coast Indian pieces,.irrespective of
original location, Werehessentialii'different from the
comparison pieces.in'that they contained substantial amounts
of copper. oxide distributed through their structure and

could thus be c1assified as tough pitch copper
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The presence and distribution of the copper oxide
particles suggest (in agreement with Hofman (1) and Kroll(z))
that the objects had been made from cast copper that had
subsequently been worked down into sheet form. While a few
authors (3, 4) claim that the North American Indian knew
how to melt and cast copper, the majority(5-14) have felt
that this was not one of his attainments., It is concluded,
therefore, that in this case the copper from which the West
Coast Indian made his pieces was manufactured by Europeans
or white. Americans, and was not hand-beaten from nuggets of
native copper. In support of this, the surfaces of many of’
the plaques are relatively smooth and free from the marks
of beating, and the thickness of many of the plaques is
remarkably uniform, the variation being less than 0.01 inch
over large areés. Both of these observations suggest that
the copper was rolled or stamped by machine rather than

hand-beaten,

The methods used to join the pieces to form
composite plaques are of interest. The rivets used in
specimen V11.E,603, for example, are remarkably uniform and
well-formed, and again indicate machine fabrication. |
Wilson(15) suggests that the Indian was unaware of soldering
methods, and that the joints on specimens V11.E.425 and
V11.E.438 therefore indicate white contact. The joint on
specimen V11,E.603 is most unusual, in that the joining material

is bronze; with such a material, in order to obtain a good
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bond, adequate fluxing or other measures would have to be
taken to prevent oxidation. In addition, ‘as the melting

point of the bronze is only 100 C below that of the copper

being joined, careful technique would be reQuired to prevent

overheating, resulting in the melting of the copper. The
presence of a deoxidized zone at the’ surface of this speci-
'men, and the ¢racks in this zone both suggest that it was
‘heated in a reducing ‘atmosphere containing substantial
quantities of'hydrogen.. All these factors indicate a
'sophistication of technique unlikely in the West Coast
Indian and,indeed, in all but highly skilled white craftsmen.
Additional‘soldering'tests carried out in this investigation
indicate'that a similar type of structure can be obtained
by overheating‘a'normai’soidering joint for an appreciable
time in a reducing atmOSphere From a consideration of all
the factors, it is believed that this was ‘the cause of the

observed structures

':Finally,7attenptsiwere made to duplicate the-
structures observed in the Indian "coppers", which are
essentially those of cast tough pitch copper subsequently |
broken down by hot working,or cold working and annealing,
followed in certain cases by- further small amounts of
cold work,’ Working on the assumption that the Indian did
not know how to melt and cast copper forging experiments
were carried out on both native and oxygen—free copper

While it was possible to introduce oxides into the copper
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matrix without melting (in contrast to McLeod(16)),the
distribution was such that they in no way duplicated the
structure of the Indian "coppers'", It was considered that
these structures could be duplicated, without melting, by
similar forging operations, but the treatments would be so
complex, and so far from the primary requirement of forming
a sheet from a lump,that they cannot be seriously con-
sidered as possible fabrication methods. A cast structure
containing well-formed oxide particles was obtained by
melting parts of the nugget of native copper, even under
reducing conditions such as may exist-at the heart of a
wood fire, However, as mentioned, the Indians were thought
to be unfamiliar with the art of melting and casting, whereas
the size and uniformity of some of the 'Copperd' suggest a

refined casting and fabrication technique.

Because of the nature of the samples, and the
lack of appropriate standards, spectrographic analysis could
givé no information as to the origin of the samples other
than to indicate that all were substantially pure copper

and that there was no deliberate alloying.

Thus, while it is not impossible that the West
Coast '"coppers" were made by the Indian from native copper,
the great weight of evidence suggests that all the material
examined was of white manufacture, and that it had sub-
sequently been fabricated by the Indian (possibly with

white assistance, in the case of the soldered joints) into

the final characteristic shapes.
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 CONCLUSIONS
It is believed that the specimens of "coppers"
that were supplied by the. National Museum of Canada are of

European or white American origin,for two main reasons:

1. The presence ahd,distribufibn,of copper oxide
particles foﬁhd'in the microstructure almost
certainiy.indicate that the copper was melted,
and it is generally believed that the North
American Indians,did not know how to melt

cepper.l

2. The surface and thickness of the largest plaques
are too even to have been produced With crude

tools.

It must be concluded, therefore, that the
copper plates from Which'these'"coppefs" were cﬁt were
originaliy'fabricated'by‘Eurbpeahs'or'white North
Americans, who had the equipment necessafy to ﬁroduce

such sheets.
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TABLE 1

Sources and Recovery Dates of Plaques Studied

Island, B.C.

Specimen Recovery
Identification Source Date
V11.D. 406 Bella Coola, B.C. 1923
V11.E.425 Alert Bay, B.C. 1922
V11.E.430 " " " "
V11.E, 436 " " " "
V11.E, 438 " " " "
V11.E.603 " " " "
V11.B.274 Graham Island, Queen Charlotte|{1895-1901
Islands, B.C.
V11.C.362 Metlakatla, B.C. 1911
V1l.E, 345 Blunden Harbour, Vanéouver 1885




TABLE 2

Grain Size and Hardness Results

Graln size,

Hardness

Converted to

Equivalent Temper

Specimen . (Average grain dlam ) Measured DPH | Rockwell "F" Condition in
Identification mm Number scale Bl152-55
Native copper 0.200 56 59 ( Soft anneal
’ : Light cold-rolled
C54-5193 0.050-0.120 51 53 - ( Soft anneal
Light cold-rolled
VII D - 406 0.035 82 80 ( Light cold-rolled
' , Half hard .
VIiI E - 425 0.050 83 81 ( Light cold-rolled
s Half hard
430 0.025 97 88 ( Half hard
Hard
436 0.025 88 83 Half hard
N 438 0.050 96 87 (Half hard
4 Hard
603 0.025 104 91 (Hard
' Spring

(x) The weakness of‘cohverting hardness results from one scale to. another is well known.
However, the converted values can be used to estimate the equivalent temper condltlons
of the spec1men
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Figure 34 X250
Solder from specimen V11.E.438.
Etched in dilute alcoholic FeCl3.
White and dark phases in equal amounts.
Also a very fine hard phase, mainly
obvious in the white constituent.

Figure 35 X750
Same specimen and condition as in
Figure 34. Dark phase is etched out.







