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Summary 
Recent scientific literature has come to the conclusion that the major source of the copper 
that swept through the European Bronze Age after 2500 BC is unknown. However, these 
studies claim that the 10 tons of copper oxhide ingots recovered from the late Bronze Age 
(1300 BC) Uluburun shipwreck off the coast ofTurkey was "extraordinarily pure" (more 
than 99.5% pure), and that it was not the product of smelting from ore. The oxhides are 
all brittle "blister copper" , with voids, slag bits, and oxides, created when the oxhides 
were made in multiple pourings outdoors over wood fires. Only Michigan Copper is of 
this purity, and it is known to have been mined in enormous quantities during the Bronze 
Age. 

The Geology of Copper 
Copper is said to be the most common metaion the face of the Earth with the exception 
of iron. However, most of it is in the form of low-grade ores that require a sequence of 
concentration mechanisms to upgrade it to exploitable ore through aseries of proto-ores. 
Copper ores of the "oxidized type", including the oxide cuprite, and carbonates 
(malachite) are generally green or blue, and reducible to copper metal by simple heating 
with charcoal. Ores of the "reduced type" are sulfides or sulfosalts (chalcocite, 
chalcopyrite, tetrahedrite), and are not readily identified in outcrops as ores; they require 
roasting to convert them to oxides, then reduction of the oxides to produce meta\. There 
are a number of places in the world where copper can be found in small deposits in the 
pure state, but it is usually embedded in a rock matrix, from which it must be freed by 
intensive labor, or, today, crushed in huge volumes, and treated to obtain the meta\. 

The Unique Geology of Michigan Copper 
Early in Earth 's history, there were huge volcanic outflows over the Great Lakes area. As 
new sediments overlaid these flows, copper solutions were crystallizing in the 
Precambrian flood basalts of the lava layers. The copper had been crystallized in nodules 
and irregular masses along fracture zones a few inches, to many feet wide. After a billion 
years, about a quarter of the age of the Earth, four major glaciations ground upon the 
edges of the old layered basalt lava beds, and exposed some of the embedded copper 
(Fig.2, top drawing). Isle Royale and the Keweenaw Peninsula remained high ridges of 
volcanic basalt. The scraping and digging by the glaciers, followed by surface exposure 
of the hardest material, the metal, was followed by sluicing of the land by glacial 
meltwaters. This left many mineral nodules of all sizes on ~e surface, in the huge pine 
forests. This was called "Ooat copper", as it appeared that it had "floated" to the surface. 
Nodules of copper were discovered shining in the surf along the shores of !sIe Royale. 
The prolonged crystallization, followed by glacial exposure, was a unique sequence of 
events. When exploited, it took man from the stone age to an industrial world. The half 
billion pounds mined in prehistory were followed by six and a half billion pounds mined 
in the "industrial age" in America, starting in the late 1800s 
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Upper photo: Sattelite photo o'rthe norlh end of tbe island of lsle R yale in ake 
Michigan. The ancient lava bed ~ are hown n edge, the s fier r ck c urcd oUl y 
repeated glaciation. now lak , valleys a:nd harb rs. 

Lower photo: Al x Fagotti shows me wha remain of 3,UOO year old miner's p it~ 
the \ oods behind bis rock shop. in the Keweena\>v. Stani n J inlhe 184 S lllines, eil t 
down as far as 9,000 feet in SQme fthes . pilS. 



" In thc old works on .he " Minnesotllh' location near tbe I"orks cf tbr Onron ngon Ri\lcr, lhere \\,;15 found, :\1 a 
dcpth of IR feet. :l m llss of eoppt r weighin )'! 11.588 pounds whleb had been taken OUI of the \'cin by tbe a ucieDt~, 
II had been nlised a fcl\' ffet nlong Ihc slolle of Ihe I'ein by means ('f wedges aud cnbwork made of logs .. ' 
ShDwing distinctly tbc marks of a na rrtm ax e, I V. inches wid e, ;lIlll ~' c ry sharp .. . Alrhough Ihr limber . . , lIas 
I'el') so rr and l(!IIder, by reawn ofll3 agl.'. if h~d not rolled fro m c:c posurc to Ihe lI tmosphcr e, hlll'inl( bec'n al\\' 3Y.' 
cOI'ered by wutcr. ,. (Ref.!, pg 50). 
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Fig.l The ancicnt mining region ofthe Keweenaw, from Whittlesey, 1862 (Ref. J8). 
The technique of mining with riresetting, and stone hammers was used during thc BrolYte 
Age, bolh in Michigan and Europe. The highl y recommended classic book by Drier and 
DlI T\;!nlpl e has becn rccently reprinlc d. so is 110 l onger a rare bonk (Rcf t). 
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Fig.2 A bo e, a drawin tr or the geo logy fM ichigan opper. Earl y in Ealth's history 

copper crystallized in the lava beet \ hich n lies mostl y deep under Lake S uperior, but 

i exp sed betwecn (he lava lay rs al lhe ends lhe bed. 

Belo w, lfft a 4.2 cm o re drilling show ing th e poro ity and voids of "b li . ter copper". 

fo und 10 be the lyp ie I slru tur allihe Ulubunm IngoLs studied y Hauplmann el.al. 

There arc a rew slag inr lusions, labeled SL (Ref.54). 

Below, rigbt, a copper nuggnt weighing 5,720 pounds, found at a eptb of 16 Yl feet in a 

pil dug b prehisloric miners al ilie s i! oftbe Minong M ine. The surface shows working 

10 remove _ome or tbc copper , probably made ewer by heat in lhe nugget iLh fires 

bel1CaUl it (Detroil Pubhc Library, Ref. 4). 




Old World Copper 
Most copper was smelted out copper ores 4460 
ores had only a concentration 15% copper in them, and had many trace 
contaminants, such as lead (Ref 19). hoards of are usually composed 
broken miscellaneous pieces, and lumps, the valuable 
Henderson' s book (Ref 19) reports a German study that did 12,000 [!] chemical 
of copper-containing artifacts, the alm of identifying "workshops". They were not 
able to this, but noted that "hoards which often contain low impurity metal in 

and may be linked to occurrence of copper 
had low . (Ref28) says (or 

are a common feature of of the and 
unalloyed copper. " in the 

(Great shows evidence Age. Burgess 16) 
British Isles is that metallurgy seems to 

have in the south-east, in Britain, [though] the 
has no Iocal 

of Micbigan Copper 
that pounds tens of 

1VU.:>,U1U;' of pits on and the by aneient 
mmers over aperiod of a UH.'U,",Q.l of wood timbers in has 
dated mining to start about at 1200 Be. Offieially, no one 
knows where the Michigan went. All the "ancient copper culture" tools that '"'V 1--'1-''-'1 

found could have manufactured just one of the boulders. A 
m London's British Bronze axe exhibit says: "from about 2500 BC, 

copper, to parts Europe, suddenly through 
Continenf' . one seems to know the copper in came from. 

Indian tell the mining was done by "marine men". 
too1s, and stone hammers, a walrus-skin bag 
boulder was found in the bottom of a deep pit 
nr",,,,,,r',,,,,,, in the anaerobie conditions for more 3,000 years, Some habitation sites 

beds have and studied (various ref.). It is thought that most ofthe 
retired to Aztalan (near Madison, Wiseonsin) and other locations to the south at 

onset of hard on Lake to have ended 
as though the day, of one 

sailing ships has found (Fig.7). 

this thousand-year of mining, some the miners must explored the 
to the west, as evidenced by strangely skeletons in a lot places, such as 

giants who came by boat to Cave on Lake Lahontan (Nevada), 
were found in 1 fishnets and (Ref77). is "biological 

back across the continent, more that three 
and Huber the 

Point, 
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Figs. 7 ,8,9 Copper Harbor (Keweenaw) Petroglyphs: Bronze-Age Bird Ship wr 
probably transported miners and copper. It was carved upon a glacier-smoothed sn 
island inthe eastern end of Copper Harbor \ hen the \vater level in Lake Superior \ 
higher. The carver was probably gu arding the ship, \ .... aiting for it to be loaded. On 
following page is the hand 01' a giant beside the hand of the author. Many giant skelet 
(7-8 feet) have been found in early mound burials in the Midwest. Above is a Tcuüt flg 
has a bird heael. The circ1e wiLh cross in it, some caH a "SunGod" symbol has been s 
on a copper Oxhide ingot. Note also the deeply carved eye, and tbe bear (white sand Lr 
The e,'Teenish-colored Bronze Age maze petroglyph, one of a pair behind an old mil 
Rocky Valley, in thc tin mlne cljffs berween Tinlagel anel Boscastle Ln Comwall, Engl 
is drawn \vith single lines, llke thc ship petroglyph and the bear. (Soskio R., Stand o 

with Stones, Thames & Hudson, New York 2009). 





Fig.3 Thi, an,ient ,hip 's pmw. made 0 fJ '0", of 'opp«, was photogcaphed by tbe 
autIJor in the French Maritime Museum, in Paris. We read that there were al least a 
lhollsand of these, one ofthe many military lIses ofcopper. 



Royale, and on Passage Island, offshore, and also on small islands around Roek Harbor, 
on Isle Royale. Its usual habitat is the rainforest gullies of the eonifer forests of the 
Paeifie Northwest. Huber claims it appears nowhere else east of the Roeky Mountains. 
This plant has giant leaves, with spines underneath, and frightfully spiny woody sterns. It 
has a history of traditional use as a medieine, to treat diabetes, tumors, and tubereulosis, 
with its effeetiveness eonfirmed by modern studies. It appears likely it was earried in a 
medieine bag to this remote island in Lake Superior in aneient times, and the plaees 
where the Devil's Club are found are showing us where the miners were using medieines. 

Silver in the Copper 
Pieees of the "native" Miehigan eopper sometimes have erystals of silver inclusions, 
meehanieally enclosed but not alloyed; this is ealled "halfbreed copper" . In the 
eommereial mines, the miners are said to have eut these silver nodules off with klllves, 
and take them home. The presenee of silver nodules in "Old Copper Culture" tools shows 
they were made by hammering, ealled "cold working". These hammered weapons and 
tools found in Hopewell mounds sometimes "show speeks of silver, found only in eopper 
ofLake Supenor" (Ref. 69). Apparently, one mstanee of identification by silver inclusion 
has oeeurred overseas: In this letter of Deeember 1 S\ 1995, Palden Jenkins, a historian 
from Glastonbury, writes, "I met the farmer who owns the land on whieh a megalithie 
stone eirele is, ealled Merry Maidens, in far west Cornwall. While clearing hedges, he 
diseovered an arrowhead, whieh was sent to the British Museum for identifieation. The 
answer retumed: '5,000 years old; souree, Miehigan, USA'." (Ref.76). 

Trace Element Analysis 
The temperature of a wood fire is 900°C, and with ehareoal above 1000°C, but foreed air 
fires are hotter, and met the need to obtain the 1084 °C melting point of eopper. The 
melting of erystallized eopper, and pouring it into oxhide molds (the shape ofthe skin of 
a flayed ox) for shipping, wherever it was done, is the first step in its eontamination. Re­
melting, for pouring into tool molds, ean involve the use of fluxes, fuel eontamination, 
the addition of used/broken tools, and the addition of arsenie or tin. 

Sinee metals always eontain small portions of trace elements, it was thought we eould 
follow the eopper, by looking at traee elements in eopper elsewhere, to see if it matehed. 
The six early studies reported by Griffin (Ref.25), all report native eopper at 99.92% 
eopper. Rapp and others (Ref.8,53) report that using traee element "fingerprints", using 
mostly Lake Superior eopper sampIes, probable geographie/geologie source identifieation 
ean be done. The work of Haneoek et al. (Ref.47) showed again that native copper, 
including Miehigan copper, showed lower levels of tin, arsenie, gold, and espeeially 
eobalt, than "European eopper" manufaetured artifaets. The British Museum reported 
"generally low traee element eontent [in] our Egyptian artifaets" (Ref.2). Years ago, the 
author eollected some European eopper and bronze axes, thinking that he might do so me 
sampling ofthem for some eommereially-available traee element analysis. Unfortunately, 
sampIe testing is only useful for hammered copper tools, not melted/cast ones. Looking at 
artifaets, full of mixed eontaminants in their manufaeturing, has for the most part, not 
been helpful. We need to look at the least-disturbed sampies, the ingot form in whieh 
eopper was shipped. 
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Uluburun Ingots 
the 30-page by et on the "Structure and 

Composition ofIngots Uluburun Wreck" (Ref54) authors say 
cargo represents 'world market' bulk metal the Mediterranean. The 

lLUll"....... 
354 oxhide-shaped ingots and 121 discoid, or bun . altogether 10 tons of 
copper (see Additionally a ton of tin ingots were in 120 . and 
fragments, a which corresponds to the ratio copper to tin in 'c1assical' 
bronzes." ce dar hull was badly darnaged by a collision with the shore, but some of 
the wood was preserved by the corrosion products of copper 
all now in the Museum Underwater Archaeology, Bodrum, 
also found in the later date Gelidonya shipwreck These are more ingots than the 

in all museums private collections put together. oxhide . have 
in the Minoan ruins of Triadha in (dated to 1 BC), 

have been found in Sardinia, the Bulgaria. 
Zena (Ref71 ), in the 

. "Metal c.1700 BC 

For many years, the archaeological that lead studies by an 
Oxford group, eta1.(Ref.23,35,44,56) have proved that the all came from 
Cyprus. Jn (Ref performing "approximately one 
thousand [I] isotope of ores ingots, incJuding about 60 Uluburun 
ingots". (They did not test a single sampie of Michigan copper.) The study reports that 
the "Uluburun ingots are greater than 99.5% pure copper". 

the Hauptmann study, a was to cut pieces sampling 151 
of the Uluburun ingots, and three oxhides and one bun were drill cored the way 
through Fig.2). Their states that sampIes showed porous volume typical of 
"blister copper", by our previous on their inner structure, with 
void volume 20% or higher, especially in upper portions of the ingots. 

cavltles these, called "spratzen", are by the 
such as carbon and by water from 
This is in contrast with and localities... All ingots 
contain angular-shaped incJusions of iron-silicate slags, compatible with natural 

affected by impact of tempe ratu res the solid state. These can 
by meIting, but, while these were regular ... at many 

m etallurgical all over the middle and southern part of Mrica, Uluburun . 
were not in this The angular of the inclusions, 
and the of' point to a pouring of copper into a mold when was 

solidified... crystalhne structure ofthe ingots points to different 
sampies contained cuprite (Cu20) distributed in 

chan ging amounts throughout the associated large voids. cuprite "",r...... "'." 

by corrosion the sea does not penetrate more than 5mm or so. An 
atmosphere to cuprite in an amount does not 
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Fig.4 Above, Lhe National Geographie sketch of the Ulubumn ship, a tradlng vess· 
1300 Be, discovered wrecked off the Turkey coast. ]11 its bald was found 10 lon .1 { oxhide-shaped copper ingots, witb balf a Ion ortio ingots, ,md üther trading goods. 

\ ,, -r .' ~ Below the ship, leH, one or tbe tngots from the wreck (Ref.65)~ in the midd1e, an ing' 
• ~,. . t . the British Museum (Ref.7) , aud to the fight same of tbe Ulubumn ingots in the ca 

~L Bottorn I"OW, right, an ingot from Hagia Trihadha; Crote (Ref.14). Taylar acids [h 
wen:.~ faund near Cagliari, Sardinia. inscribed wilh a trident, a double axe, and an ang 
P. The (rident was the symbol für Poseidon, god oftht: Allanteans, who Plato says ran 
meta! trade in the Ocean named for thclll. Tbe J supervised men are carrying an oxl 

;'~'~"'''''11\ and baskets of bun ingots. on the tomb walls or Rekh-Mi-Re at Thehes (Ref I 0). 
bearded Phoettician-Iooking man is carrying an ingot on thewaLl of the Tomb of Hu 
also at Thebes (Ref.3). Left and right 01' this note, two ingots found in Egypt (ReD) . 



the smelting of (roasted) ores. We therefore can eliminate the conc1usion the 
as-smelted raw copper from a smelting furnace. Most the ore available on 

Cyprus is of chalcopyritic composition, and rehes sulfides are difficult to 
eompletely remove, yet this sulfide does not oecur in copper ingots." 

Hauptman study concludes that a chemical of view, the purity the 
with other sorts of copper Wadi Arabah (high 

au\.,a..:>l~~ (high from Oman (high arsenie nickel). The 
are of pm'e copper, and showa composition. From our 
metallographie investigations, we are able to a purification or even a 

to produce the We see few indications that bronze scrap could 
have been added, due to the very low concentration, and would not inc1ude gas 
bubbles and inclusions. The ingots provide an explanation the previously vexing 
question of how an . of a metal as ductile as copper could have broken up into 
smaU pieces such as those excavated by the hundreds Sardinia. Two characteristics 
the Uluburun ingots stand out - the presence of a substantial degree of porosity, and a 

concentration copper oxide inclusions, which made it brittle. Simply dropping 
ingots onto a hard surface would easily shatter the ingots." 

A 32 1 study Budd et al reviewed a11 the work to and says 
are composed of essentially pure copper. .. meaningful conc1usions 

can currently be drawn from a of trace element 
ores, and artifacts on or Sardinia . ., It is no 

oxhide ingot mold ever at Ras Ibn Syria, 1 
droplets bearing the same isotope signature as 
1989 5) Gale concludes the on 

cop per" , and copper source could not be identified. 
"-==~~==-=---'-="" (Ref 1) "From outside the came ... oxhide 

have all, when tested, proved to be non-Aegean meta!." 

Where did the copper go? 
Enorrnous orders for bronze weapons are recorded on Age tab lets, 
for swords in the tens of thousands. The Roman soldier is said to have worn up to 
pounds of bronze his uniform. throughout the ancient world were eqUlpped 
with weapons. Statues and musical instruments, chariots, furniture and vases were 

eopper and bronze. rooms were lined with copper and bronze. the 
Colossus ofRhodes was destroyed in an earthquake in B.C., it was sold to a 

merchant, used almost 1,000 to the pieces to 13). only 
5% ofthe Kanesh tablets, we already 110 15 tons 
of tin Anatolia, to (at 
bronze. 

Minoan Traders 
A variety cultural groups were involved the mining, shipping, 

them the the the western coast of 
and controlling the copper 
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Fig.5 Grave Goods of a ri eh buriaJ at Lhe hi llsidc sile of discovery. near the sa lt mincs above Hallstatt, 
Auslria . TwcJve hundred rich gravt."s wer,;: ('xeava ted, bU I are lhoughl to be on /y half the neeropo/is. The 
sn /t was va luab le ns a foo d prcservati ve in prchislory. It could be tradcd 10 the copper mcrchants for 
cüpper cauldrons. roo ls. anu evcn cl Minoan red pot. Simi lar 4-siued circular POitcry pa tterns ~ rc 
comml'l1 among Amcrican Caddoan fl oHcry. The autho r bL'li l;! \'cs you are looking al M ichig.1n C'opr>c r, 
rcmnvC'd fronl Ihe- l~ r;IVC nf n fi.w l ('" ,, 'n ...,.. ,· (Ph.~t•• h v W ,l " .. -I<' ., nn ):J\ 

http:Michig.1n


Fig.6 Above leH, the Newbcrry Tablet, and stat.ues found wilh it in Newbeny, 
Michigml v.ras found by Barry F ell in \1)80 to be writlen i.n a "crolinized [onn of Minoa 
having a vocabulary similat to that 01' Hillile, but \acking in thc fom1al declension and 
conjugations of Hittite, a Cypro/Minoan scrip!, cornpri ing an omens text" (RefA) . 
Above right, Minoan pendant found iu Ollio riverbeu fill dirt by Daniel Byers in Oelot 
2006, dated by glyphs 10 1700 B (0 1550 Be. (From Aneient .A:merican, Vol.l3. -f/83) 
Below, Knossos , capital Oftllc Minoan copper traders (Ref. 80). 



trade in the Eastem Mediterranean. "It is in the New Palace period in Bronze Age 
Minoan Crete, that we find a large increase in population, particularly in settlements 
along the coasts, the growth of towns, which in so me cases surround mini-palaces, 
luxurious separate town houses at palatial and other sites, and fine country villas ... Villas 
and houses at Ayia Triadha and Tylissos contained not only weights and 100m weights, 
but also copper oxhide ingots and Linear A tablets, and both are rich in luxury products 
and bronze objects . Minoan prowess in metal weapon production was not limited to the 
long sword, but included the short sword, the solid long dagger and the shoe-socketed 
and tube-socketed spearhead and arrowhead, all of which may have made their first 
Aegean appearance in Crete" ... Neopalatial Crete is extremely rich in bronze, but very 
poor in sources of copper and of course totally lacking in sources of tin" (Ref.23). The 
Newberry Tablet ofNewberry, Michigan (Fig.6) is in a Cypriot/Cretan sylabary. Cretan 
script may have been the basis of the Cree sylabary (Ref. 7), and Mayan writing (Ref.3). 
The "Cavem of Glyphs" on the Ohio River had images of clothed figures that "singularly 
recall the dress of the Minoans, as seen on the frescoes at Knossos in Crete" (Ref. 79). A 
Minoan pot has been unearthed in Louisiana. The Olmecs laid mosaic tiles at La Venta, 
(Mexico) upon asphalt, the same technique used in Crete (Ref3). The excavation of the 
wealthy grave goods at Hallstatt (see Fig.5) show that traders brought Minoan pots as 
weil as copperlbronze pots to trade for salt. It appears that the ruling elite of Hallstatt 
were among the end customers ofMichigan copper, as weil as the Egyptians. 
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