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1 Si0; As, O, CuyFe; O,

Cu,0 PbSO, CaCuFe,Oq
(Cuprite) Cu, (AsO,), KAsO;
Cu,SO, (OH), (Lammerite) CaSiO,
(Brochantite) CaS0, PbFe,0,

2 Si0, Cu,0O Ti,0(AsQ,),
Cu,CH{OH), (Cuprite) K;AlO,
(Atacamite) As;Os Cu; (AsQ,) (OH),
Cu,Clys (OH) 4 (H, 0} 4 PbSO, (Clinoclase)
CulCl (NH,).CuCl,-2 H,O Cu; (AsO,), (OH),
Cu, SO, (OH) ¢ (Cornubite)
(Brochantite)

3 Cu,O CuCl,-3 Cu(OH), Fe, ;Si0,
(Cuprite) CuseClys (OH) 45+ (H, ), Si0,+2 H.O

Cu,CI(OH), Ca,5i0;
(Atacamite) Al (810,)0
Cu, S0, (OH), CuFe,0,
(Brochantite) PbFe,0,
CuO

(Tenorite)

4 Si0, CuZO As, 0
Cu,CI{OH), {Cuprite) KCaAsO,
{Atacamite) Cu,CI-2 H,O KAsQ,

Cu, (OH),Cl Cu, SO, (OH), FeQO(OH)
{Paratacamite) {Brochantite) CaCu,0,
CuCl CusAs,045°9 H,O

{Nantokite) {Lindackerite)

5 Si0, Cu,O CuCO;
Cu,CIH(OH), (Cuprite} Ca,FeAl, (Si0,)
(Atacamite) Cu, SO, (OH), (5i;0,) (OH)
CuCl (Brochantite) Fe, (S0,).(0OH),-3 H,0O
(Nantokite) Cu, (SO,) (OH}, PbSO,

(Antlerite) PbSO,

ASg 03 Cam (P04) 5003
Cus As, 05509 H,O

(Lindackerite)

6 Si0, Cu,0(S0,) CuCl;*2 H,O
Cu; (SO4) (OH), (Dolerophanite) (Eriochalcite)
(Antlerite) Cu, (SO,) (OH);+2 H,O CuCl
Cu, SO, (OH), (Posnjakite) (Nantokite)
(Brochantite) Cu,O PbSO,

(Cuprite) PbSO;

CuO Cus AsS,
(Tenorite) Ca,FeAl, (5i0,)
(Atdcamite) KAsO,

Cu, (OH),C1 Au
(Paratacamite)

As,0;
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(Antlerite) Cu,0 Cu; (AsQ,) , (OH),
Cu,S0, (OH), (Cuprite) (Cornubite)
(Brochantite) CuO ] PbFe,0,
Cu,C1{OH), (Tenorite) Ti,0(AsO,),
(Atacamite) ((:]::chﬁ }[IZ’.?) CaCu,0,
CuyeClyy (OH) 68 (H20)4 Culé?c alcite

(Nantokite)
As, O

8 Cu,O Cu, S0, (0OH) ZnCl,
(Cuprite) (Brochantite) Zn(Cl0,},
Sio, Cu; (S0,) (OH), SnS,

(Antlerite)

Cllz (OH) 3C1
(Paratacamite}
{NH,},CuCl,-2 H,0O
As, O,

KAsO,

Sn0O,

SiO,

9 Si0, CuSn(OH), Sn, 0,

Cu, (SO,) (OH) , (Mushistonite) FeFe,0,
(Antlerite) CuS0,-3 H,O CasAs,O;
Cu, SO, (OH), PbSO, FeSn{OH),
(Brochantite) PuCI{(OH)

CU2O

(Cuprite)

10 Au CU4SO4 (OH) & Cua (Pod) 2
Cu,O {Brochantite) CuAlO,
(Cuprite) CuClO, Fe,0,

Cu, (SO,) (OH), CuCO, Fe, (S0,),
(Antlerite) As,04
Si0O,

11 SiO, Cu(l PbSO,
Cu,0 (Nantokite) PbCO,
(Cuprite) Cu,0(ClO,) , As, O,
Cu, SO, (OH} FeOOH
{Brochantite) CaSiO,
Cu,CI{OH),
(Atacamite)

12 CLI3 (ASO4) 2 (SO,;) Cllzo CaZSEO«u

(OH) ;07 H,O (Cuprite) (CaFe)S0,+H.0

(Parnauite) CuO Cu(PO;),
Cu, (SO,) (OH) , (Tenorite) CuCO;,
{Antlerite) Cus (AsO,) (OH}, PbSO,
Cu, SO, (OH), Au
{Brochantite} Si0,

As,04
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13 Cu,0 As,O, Bi,O,
{Cuprite) Cu,C1(OH), Ca; (Si0,), (OH),
CuO CuFzhizCuéds Ca, (PO,
{Tenorite) Si0, FeCQ,
Cu, SO, (OH), Pb,Bi(PO.),
(Brochartite) FeFe,0,
Phs (AsO,);Cl1
14 Cua (804) (OH)4 Fe, (504)3
{Antlerite) Fe,0,
5102 KASO@,
CuAl, SO, (OH),,*3H,0
15 CU2O CUZO (804) CUZOCIZ
(Cuprite) (Dolerophanite) (Melanothallite)
Cu. SO, (OH), PhSO, Pb,Cull, (OH) .0,
(Brochantite) Cu,CI(OH) 4 {Chloroxiphite)
SiO, (Atacamite) CaSiO;
Cull,+3 Cu(OH). KAsO,
ASzog
16 Cu,0 Cu,OCl, (NH,).Cu(50,).-2 H,0
' {Cuprite) (Melanothallite) Cus (AsO,), (OH),
Cu,Cl(OH), Cu.S0O, (OH) (Cornwallite)
(Atacamite) (Brochantite) CaSiO,
CuCL+3 Cu(OH), Cu,0(50,) As,0,
CuCl (Dolerophanite) KAsG,
SiO, PbSO,
17 Cu,S0; (OH}G Cu, (Cos)z(OH)z (NH4)2CU(SO4)2'2 H,O
(Brochantite) (Azurite) Cu,0Cl, (Melanothallite)
CUZO Cu15(504)4(0H)22'6 Hzo Caz (003)804'4 Hzo
(Cuprite) {(Ramsbeckite) Ca,Si0,
Si0, Cu,C1(OH}, FeAsQ,
(Atacamite)
CuCl,-3 Cu(OH),
As,O,
Au
18 Clla (SO.:) (OH) 4 CU.; SO4 (OH) & CUZ (ASO4) (OH) .
{(Antlerite) (Brochantite) {Olivenite)
Cu,CI{OH), Cu,S0, PbSO,
(Atacamite) Cu,0 CaCO;,
Si0, (Cuprite) CaCu,0s
CuO KCaAsO,
{Tenorite) As,0,
CuCl
(Nantokite)
CuCl,-2 H,O
(Eriochalcite)
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19 Cu,CI(OH}, Cu, O PbSO,
{Atacamite) (Cuprite) Cu; (AsO,) (OH),
Cus6Clyy (OH) g5 (H,0) 4 CuO (Clinoclase)
CuCl,+3 Cu(OH), (Tenorite) Ca,FeAl, (Si0,)
Si0, Cu,SO,(OH), {5i,0,) (OH)

(Brochantite) CaCu,0;
Cu,; (SO,) (OH), FeSiO,
(Antlerite)

A5203

20 Cu,CI{OH), Cu, SO, (OH), Cug(S0,) . {CO;) (OH) 5
{Atacamite) (Brochantite) 48 H,O
CuCl,-2 H,O Cu, (SO,) (OH), {Nakauriite)
{Eriochalcite) (Antlerite) Ca,FeAl (Si0,)
CuCl Cu,O (Si,0;) (OH)
(Nantokite) (Cuprite) CaSiO,

Si0, CuO CaS0Q,-2 H,0
(Tenorite) CusAsiOy5+9 HLO
(NH,),Cu(SO,),+5 H,0 (Lindackerite)
As, O,

21 Cus {(SO,) (OH), Cu,O CaCu,0;
(Antlerite) (Cuprite) KCaAsQ,-7 H,O
Cu,S0, (OH), CuO Fe, (SO,),(OH), 3 H,O
(Brochantite) (Tenorite) Ca,FeAl, (5i0,)
Cu,CI(OH), As,0, Si,0, (OH)
(Atacamite) CusAs, 0509 H,O
CuCl,*2 H,0 (Lindackerite)

(Eriochalcite)
SiO,

22 SiO, Cu,0 Pb,Cl, (OH)
Cu,CI{OH); (Cuprite) Cu(OHCI),+2 H,O
(Atacamite) Cu; (S0,) (OH), KAsO,

CusClas (OH) 45+ (H,0), (Antlerite) CuzAs,0,:+9 H,O
Cu, S0, (0OH), Au (Lindackerite)
(Brochantite) As,O,

CuCl

(Nantokite)

23 Cu,O FeCl,-2 H,O 2 FeCl;+7 H,O
(Cuprite) Cu,S0,(0H), PbSO,

SiO, {Brochantite) FeCl;+2 H,O
Cu.CI{OH), Cu, (Co,) (OH) KAsO,
(Atacamite) (NH,),Cu(S0,).*2 H,0

As, 04

24 510, Cu, SO, (OH), Cu(PO,),
Cu,C1(OH); (Brochantite) Cas (As0O,),Cl
{Atacamite) CuCl,*3 Cu(OH}, KAsO,

(CuZn), (OH);Cl Bi,0;,
(Paratacamite)
Au

As,0s
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25 Si0, Cu,O Fe;O,{(OH) -4 H,O
Cu, (SO,) (OH), (Cuprite) CaSiO,
{Antlerite) CuO CaFe,0,
(Tenorite) KCaAsO,
CU4SO4 (OH)a FeOOH
{Brochantite)
Cu,CI{OH),
{Atacamite)
Cu(Cl
(Nantokite)
As,O,
26 Cu, (SO,) (OH), Cu,O FeOOH
(Antlerite) (Cuprite) FeS
Cu, S0, (OH) 6 CuO Fe, (804) 3
(Brochantite) (Tenorite) KAsQ,
Si0, CuCl
(Nantokite)
Cu,CI(OH),
(Atacamite)
Cu,0(80,)
(Dolerophanite)
As, O,
27 Cus (SO,;) (OH), Cu,S As,Oy
( Antlerite) Cu.CI(OH), KAsO,
Cu,O {Atacamite)
(Cuprite}
Si0,
28 Pb,BisS:;s Bi
Si0, CuSn(0OH),
Cu,O FeCl,-2 H,O
{Cuprite)
CU.; 504 (OH) 6
(Brochantite)
Au
As,04
29 CuzxzizCubt® Au Bi,0,
CuZO ASan Fesn (OH) [
(CupritE) Pb4 AlzsizOu
Si0, CaSiOs,
Cu,50,(0H) ¢ CaSi0O;
{Brochantite)
CU45C124 (OH) 68" (HZO) 4
CuCl,+3 Cu(OH), .
30 Pb; (AsO,)sCl Ni(NQO;),+6 H;O PbFe,0,
CuCl;+3 Cu(OH), CaCO, Bi;O4
Si0, As,0, Sn, S,
PbSO, SnO
Pb,CO;
Cu,0
(Cuprite)
CuO

(Tenorite)
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31 Cu,O Cu, {OH),Cl1 FeSn(OH),
(Cuprite) (Paratacamite) CaSiO,

CuO CuCl,+3 Cu(OH), Ca,5i0,
(Tenm‘ite) (NH4)2CUC14 '2 Hzo BizOs

Cu, SO, {OH), Au Pbs (AsO,),Cl
{Brochantite} As, 0,

Si0,

32 Si0, SnQ, CaS0,+2 H,O
CuSn{OH) Cu,O Ca,Al(OH)Cl-2 H,O
{Mushistonite) (Cuprite) PbsCa(Si,0;),
As, 0O CuCl
Cu,SO,(OH), Cu,CI{(OH),

(Brochantite) (Atacamite)
(NH,),CuCl,+2 H,O

33 Cu; (AsO,) . (S0,) Cu,0 AL TiO,

(OH) -7 H,O (CUprite) Fe 0,
{Parnauite) CuO ZnFeTi0O,
Cu, (S0O,) (OH), (Tenorite) Ca,Si0,*3 H,0
(Antlerite) Au Ca(OH),
Cu, SO, (OH), As,O,
{Brochantite) KAsO,
Si0,

34 Cu,CI{OH), Cu,0 Cayo (PO,)sCO4
{Atacamite) (Cuprite) Pb,CO;

CuCl,+3 Cu(OH), Si0, CaCuAsO, (OH)
CaS0,+2 H,0 Au

CaS0,+0.15 H,O As, 0,

CaS0,+0.5 H,0

35 Si0, AlAs MnS
Cu, 0O Bi,0; CuS0O,+3 H,0O
(Cuprite) 2 Fe(OH) SO, (NH,0)Cl0,+NH,OH

CuzCl (OH) 3 Pb4 03C]2
(Atacamite)

36 Si0, As, 0, CuCl
Cu,O PbSO, {(Nantokite)
(Cuprite) Cu,0Cl
Cu, S0, (OH) ¢ (NH,)},CuCl,+2 H,O
{(Brochantite) (CuZn), (OH)Cl
Cu,Cl (OH) 3 (Paratacamite)
(Atacamite)

CuCl,+3 Cu(OH),
Cudﬁc]24 {OH) 68 ° (Hzo) 4

37 Cu; (80,) (OH), Cu,S CaSiO,
{Antlerite) CuCl Fe, (S0,4) 5
Cu,C1(OH), {(Nantokite) Fe,0,
{Atacamite) As, 04 FeOOH
Cu, (OH):Cl Fe(OH},
(Paratacamite) KAsO,

Si0,
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38 CU3 (504) (OH) 4 CuzO Au

(Antlerite) (Cuprite) PLSO,
Cu,CI{OH), Cu(l PSSO,
(Atacamite) CuCl,-2 H,0 Pb,CO;
Si0, (Eriochalcite)

Cu,OCl,

(Melanothallite}

Cu,SO, (OH),

(Brochantite)

CaS0,-2 H,O

39 Si0, Cu; O PbFe,0,
Cu,C1(OH), (Cuprite) FeAl, O,
(Atacamite) Cu,0(ClO,), Fe, (PO,) .
Cu.u;C]z.i (OH) 68 "° (H20)4 Au CaAIQSi206‘4 Hgo
CU4504 (OH)G CU5A84OL5'9 HzO
(Brochantite) (Lindackerite)

40 Si0, Cu,0O Ca; Al (S8i0,), (OH),
Cu, SO, (OH), (Cuprite) Ca;Fe, (5i0,);
{Brochantite) As,0, Al,SO,(0H) 1,°7 H,O
Cus (S0O,) (OH), FeSO,-7H,0 Ti,0(AsO,),
(Antlerite) PbFe,0,
Cu.CH{OH), Cas (Si0,4) . (OH),
(Atacamite) .

41 Si0, CuO Cu{PQs),

Cu,O (Tenorite) CaSO0,

(Cuprite) As, 0, CaS0,+0.15 H,0
Cu,C1(OH), CusAs,0:°9 HO 2 Fe (OH) SO,
(Atacamite) (Lindackerite) Fe, (PO,) (OH)
Cu, (OH) ,Cl Ca,Si0,
(Paratacamite)

42 Cu,CI1{OH); CuCl; « 3Cu(OH), As,O;

(Atacamite) CuCl,-2 H;O Pb,CO;
CusClyy (OH) g5 (H2O0) 4 (Eriochalcite) FeO{OH)
Cu, O Cu,0Cl, Al,S0,(OH);,+7 H,O
(Cuprite) (Melanothallite) As
Sio,
Au
43 5i0, Cu0 PbFe,0,
Cu,O ‘(Tenorite) Fe,S,0:°xH,0
(Cuprite) Cu,CI(OH), Cu,OCl,
As,0; (Atacamite) (Melanothallite)
Cuys (804) 4 (OH) 22 2 Fe (OH) SO,
(NH,),CuCl,-2 H.O 2 FeCl,+5 H,O
Cu, SO, (OH)G Mn,O,
(Brochantite)
Cu;As, 0,59 H,O
{Lindackerite)
50,
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44 Si0, Cu0-3 H,O CaC0,;-5 H,0O
CUQO CUSO4 . HzO PbSOq
{Cuprite) Au As, O,

Cu, SO, (OH), KAsO,
(Brochantite) CaCu, (S0,), {(OH);
Cu,CI1(OH), *3H,0
(Atacamite)

CuCl;+3 Cu(OH),

45 5102 CU2O (504) CUC]O4
Cu, 0 {Dolerophanite) FeOOH
(Cuprite} Cu, (AsO,) (OH) Fe, TiO,

Cu, (SO,) (OH), {Olivenite) Ca,Si0,
(Antlerite) CuCl Fe 05 (SO 15
Cu,S0,(0H), (Nantokite)

{Brochantite) (NH,),CuCl,-H,0

Cu, (OH),Cl As 04 : 4

(Paratacamite) 2

CuCl,+3 Cu(OH).

Cu,Clye (OH) 58 ° (Hzo) 4

46 Cu, SO, (OH), Cu,CI{OH) ; K;AsQ,

(Brochantite) {Atacamite) AsCISO,

Phb; (AsO,)Cl (NH,).CuCl,-2 H,O FeCO,

CuO (CuZn) 2 (OH) 3C1 CaSig 04
(Tenorite) (Paratacamite) FeSO,+6 H,0O
Cu, O As,O4 Bi,0s
(Cuprite)

47 SiOz Cuzo Pb1305 (OH) 10" H20
Cu,SO, (OH), {Cuprite) Pb,CL(OOH),_,
(Brochantite) As, O, Pb,0,Cl,-H,0

Pby, (8104}, (S0,) :Cl, Ca, (Sis0y5) (CO,) -2 H,0
Pb,0,CO, CuFe(,

48 Cu, (SO,) (OH), Cu, SO, (OH), Fe, (S0},
(Antlerite) (Brochantite) CaSiO,

Si0,

49 SiO, Au Cu, (AsO,) (OH)
Cu, S0, (OH}, Cu,0(S0,) (Olivenite)
(Brochantite) (Dolerophanite) CuHAsO,H,0
Cus (50,) (OH), Cu,Cl(OH), CaSiO,
(Antlerite) (Atacamite) FeCl,+2 H,0
Cu, 0 As,O4
(Cuprite)

Cug (AsO,),(S0,)
(OH) 10" 7 HZO
(Parnauite)

50 PbCIOH Pb3 (Coa)z (OH)Z CuPb(SQ;) (OH)Z
PbSO, Pb1o (COy) s (OH) 6o (Linarite)

S]O2 Cuzo Zn803 *2.5 HzO
{Cuprite) CaS0,+5 H,0
CuO CaCQO;
{Tenorite) PbHASO,

K,PbO,
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51 SiOg Cam (PO4)5C03 CU (N03)2‘5 HZO
CaS0,-2 H,O Ca;Si0s (NH,),CuCl,-2 H,O
CaCO,+H,0 Cu,0 KAsO,

(Cuprite) NiAs,Oq
Cu(l SIlOg
Cu,Cl1(OH),

(Atacamite)

Cucig «2 Hzo

(Eriochalcite)

52 Si0, (NH,),CuClL,-2 H,O CaAl,Si,04+4 H,O
Cu,0 As, 0, FeSO,-7 H,O
{Cuprite) FeQ(OH)

Cu,S0, (OH),
(Brochantite)
CUz (OH) 3Cl
{Paratacamite)
CuCl;+3 Cu(OH),
CuCl

(Nantokite)

53 Cu, SO, (OH), Cu,O Si0O,

{Brochantite) {Cuprite) CaSi0,
Cu,CI{OH), CuCl0, Fe, (OOH);C11.6
(Atacamite) CuS0O,'H,0O As, 04
CuCl;+-3 Cu(OH}, Au PbFe,0,

FeA504

54 Si0, Cu,O (ZnCu) 2 (A504) (OH)
Cu,C1(OH}, (Cuprite) (Adamite)
(Atacamite) CuCl Zn{NQ;).*8 H,O
CuCl,+3 Cu(OH}, {Nantokite) PbFe,0,

CU3 (SO-(.) (OH) 4 Cllg (Cos) (OH) 2 F€C12 -2 Hzo
(Antlerite) (Malachite)

Cu, S0, (OH), (NH,},Cull,+2 H,O

(Brochantite) As,0,

55 Si0, CuCl;+2 H,O PbSO,
Cu,Cl(OH), (Eriochalcite) As,O;4
(Atacamite) (NH,),CuCl,-2 H,O Au
Cu, (OH),Cl ((3(1:120 o) CaS0,+0.15 H,0

i uprite ) 63504'{}.50 Hzo
((:iaérlatacamlte) Cru (S O?) (OH), P A0,
(NantOkitE) (Ant]erlte)

CU4 504 (OH) 8
(Brochantite)

56 Si0, Cu,SO, (OH), Pb;ClL, (OH),
Cu,Cl(OH), (Brochantite) CasMn(S0,).(OH);
{Atacamite) CuCl;-2 H,O «3H,0
Cus (SO,) (OH), (Eriochalcite) KFe,As,
(Antlerite) Cu,0 . Fe,0,

(Cuprite) FeSO,-7 H,0
CuO PbSO,
(Tenorite)

Pb3CUClz (OH) 202

(Chloroxiphite)

As;Of
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57 Si0, CuO As,O,
MnS (Tenorite) KAsO,

Cu, O Mn,AsO, (OH)
(Cuprite) FeCl,+2 H,0
NISO4 -4 HzO Fezog
5102 FePO.;'Z HzO

58 SiO, Cu,0Cl KCaAsO,
CU4SO4 (OH) 8 Cus (PO4) 2 Fe, (504} 3
(Brochantite) As, 0, Fe, O,

Cu, {S0,) (OH}, KAsO, PhSO,
(Antlerite) '

Cu,CI{OH),

(Atacamite)

59 Cus {S0O,) (OH), Cu,0(S0,) CuPb, (SO}, (OH),
(Antlerite) {Dolerophanite} (Chenite)
Cu,50,{0OH), (NH,),CuClL,-2 H,0 Cu,O
(Brochantite) Cu, (OH),;Cl (Cuprite)
SiO, {Paratacamite) Cu0

As, O, (Tenorite)
Fe,(50,);
Fe,O;
KAsQ,
KCaAsQ,

60 Cu;0 Cu ZnSiAs,
(Cuprite) Cu,S0,{OH), FeSn(OH),
CuO {Brochantite) FeCl,-2 H,O
(Tenorite) Cu,CI(OH), KAsQ,

Si0, {Atacamite)
(NH,),CuCl,-2 H,0O
As; Oy

61 CuO Cu, 0 Pb, (S0.)0O
(Tenorite) {Cuprite) Bi, (5i0,);
Cu, S0, (OH), CuCl,+3 Cu(OH), Bi,O,
(Brochantite) Cu,CI{OH), FeFe,O,

Pbﬁ (ASO4) 3CE
ASZO3

62 CuO Cu, O PbSO,

(Tenorite) (Cuprite) CaCoO;
Cu, SO, (OH), {NH,),CuCl;-2 H,O K,5n(,
{Brochantite) Cu,CI(OH) 4 SnO
(Atacamite)
As,04
Bi, 04

Pb; (As0,),Cl
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63 Cu; (SO,) (OH), Cu,0 CuFe(SO,);(0H) +4 H,0
(Antlerite) (Cuprite) CaCOs,

Cu,S0, (OH), CuCO; Ca,FeAl, (Si0,)
{Brochantite) CuAlo, (Si,0,) (OH)
Cus (AsQ,) » (SO,) Au FeSn(OH),

(OH) -7 H,0 Si0, CuCl
{Parnauite) As, 0,

64 Si0, CuO K,Ca(CO;),
Cu,C1(OH), {Tenorite) PbFe, 0,
{Atacamite) CuCl-2 H,0 NiFe,0,

CuCl,+3 Cu(OH), CaS0Q,+2 H,0 Fe,O,

Cu, 0 Ca; (CO;), (OH), FeCl,+2 H,O
(Cuprite) As,O; Pb; (ASOS) sCl
Cu, SO, (OH), Au

(Brochantite)

65 Na,Cu(C0s).+3 H,O Bis (As;0,) 05 (OH) 5 CaCuAsO, (OH)
{Chalconatronite) As,0, Cus As,0,5+9 H,O
Na, (Cu, (CO,) s (OH)) CaCO, (Lindackerite)

-4 H,O CaS0,+2 H,0 CuSn{OH),
Ni(OH),-0.75 H,O Cu, SO, (OH) (Mushistonite)
Sio, {Brochantite)} FeSiO,

CaTiO,

66 Si0, (NH,),Cu(S0,).*2H,0
CaC0;-H,0 Fe,As,O1,

CaCO; KAsQ,

Cu0 As; O,

(Cuprite) Pb,SiO,
K. PbO,
(ZnMn); (PO,)
FeAsQ,

67 CaCO; Cu CuClO,

Si0, Cu,0 CuCO,
(Cuprite) As,O,
CuO KAsO,
(Tenorite) FeFe, (PO,),(0OH),
Cu,S -2 H,0
Cu,C1(OH), Fe,0;
(Atacamite) FeQO(OH)

68 Cu, (SO,) (OH), Cu,S FeOOH
(Antlerite) PbSO, Ca, Al{OH),;Cl-2 H,0
Cu4SO4 (OH) Iy CuCl F€2 (804) 3
{Brochantite) Cu,C1{OH}), CaSiO;

(Atacamite) Fe,0s
Si0, '
ASzOg

69 CaS0,+3 H,0 Cu,O Cu(PO;),

(Bonattite) (Cuprite) ZnCl,

PhC1{OH) Cu, SO, (OH), CaS0,

Cus (SO,) (OH), (Brochantite) Pb, (CO,)Cl,
(Antlerite) Ca; (CO;)S0O,+4 H,O
Si0, Ca,Si0,3 H,0
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70

Cu:i (804) (OH) 4
{Antlerite)
Si0,

PbSO,

CuCl

Cu, S0, (OH),
(Brochantite)
Cu,0(S0,)
{Dolerophanite)

71

PbSO,
Cu,S50, (OH),
(Brochantite)
Si0,

Ph; (AsO,),Cl
Cu, O

(Cuprite)

CuO

(Tenorite)

Clls (804) (OH)4
(Antlerite)
As,0;

CaSiO,
Ca (OH) 2
Cu,yAsS,
PbFe,0,
Fe,O,
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Analysis of Corrosion Products Formed on the Bronze Garden Lantern
of Todaiji Temple in Nara

Shiro MATSUDA, Shigeo AOKI and Wataru KAWANOBE

Copper and copper alloy have been used to make buddha statues and ornaments of
historic buildings since the above mentioned metals have corrosion resistance enviroment to
some extent, and the patina formed on the surface of the metals has provided the people
aesthetic satisfaction with its beauty.

But in atmosphere polluted by SOx and NOx, the patina layer does not work as a
protective film, and it allows damages of the metal.

Since 1992, Tokyo National Research Insutitute of Cultural Properties has conducted
studies on the influence of atmospheric pollution on metal cultural property held under open
air. The Bronze Garden Lantern which is located in Nara, has been selected as one of the
objects to study because it is made by copper alloy and it has stood exposed in the air for
about 12 hundreds vears. Furthermore it is also the reason to study on it that there are
many cultural properties in the area of it.

We have analysed the components and the structure of the corrosion products formed
on the surface of the Lantern, have carried out exposure tests using the alloy samples which
have simulated the components of the Great Buddha Image (Kamakura Daibutsu), and have
observed climate and polluted air in order to discuss the relations hetween corrosion of
metals in open air and conditions of the atmosphere.

In this paper, the authors have described the components and the structure of the
corrosion products formed on the surface of the Lantern by means of X-ray fluorescence
spectroscopy and X-ray diffraction.

The conclusions are as follows. (1) Sulfate patinas composed mainly of brochantite
were detected on the all sides of the Lantern. (2) Antlerite was detected in about 50% of the
samples, and formation of it was considered to have close relation with malignant atmo-
sphere. (3) A big amount of chloride patina which composed mainly of atacamite were
observed on the all sides. (4) On the all sides of the Lantern , patinas were observed together
with copper oxides composed mainly of cuprous oxide. It showed that the surface layer of
the Lantern consists of two layers: inner layer of oxide and outer layer of patina.



