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At.tEn,CAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

February 29, i972 

Memorandum: 

TO: W . L .  Kurtz 

FROM: J. D. Sell 

Acid Consuming Copper Deposits 
Arizona (with short notes on 
New Mexico, California and Nevada) 

Compilatron of acid consuming copaer deposits and general areas has been 
made for Arizona with short notes on occurrences in ~ew ~exlco, California 
and Nevada. The work was based on company files, literature search, re- 
ferences submrtted by the staff, and conversations with the U.S. Bureau 
of Mines. The references are included in the Tucson file. 

Arizona has some twenty-five areas commercTally producing leach copper 
and New Mexico has three. They are mainly located with or near a pro- 
ducing porphyry copper sulfide deposit. Tabulation of published reserves 
(both oxide and sulfide) of the major deposits in Arizona was submitted 
in a memo dated January 6, 1972. 

The operating and potential leaching area tabulation is established on a 
radiatrng distance from the ASARCO acid producing plant at Hayden. All 
areas are potentFal acid sales areas. Large tonnage acid consumption 
areas in which ASARCO could partFcipate directly by mining, joFnt ven- 
ture, acid sales, include: 

I) Miami district, especially Van Dyke (Occidental) and Cactus- 
Carlota (Miami-Homestake Prod.). 

2) All of Florence dEstrict. 
3) All of Casa Grande district. 
4) All of Silver Bell district. 
5) A]i of the Slate-VekoT district. 
6) AIl of the Pima district. 
7) All of the Johnson Camp district. 
8) All of Kirkland district. 
9) All of Cerbat district. 

The most favorable areas are those in which ASARCO presently has a strong 
~and position, namely in the Florence, Casa Grande, Silver Bell (and hence, 
Slate-Vekol), and Pima districts, j 

James O. Sell 
JDS:sg 
attach. 
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State 
D~strict 
I~ame 

AR I ZO~A 
Ray District 

Ray 

Copper Butte 

Chillito 

Christmas 

Rattler 
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*Leach 
Operations 

-~  Only 

O,.in e r 

KCC 

KCC 

KCC 

ICC 

Jcc 
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O 
O. 

X 
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X 

Product Ion 
T970 Tons of 
Leach Cu 

36,726 

I19 (Year 
1969) 

Oxide Reserves Grade 

Apparently large silicate 
reserves. 

15(?) million"-@ 0.4~; 

tactite type 

2.5 miITion tons @ I-1.5~, ~ 
mostly copper oxides, 
reported. 
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0 - Past o Anticipated lea~h production 
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State 
D i s t r i c t  
Name 

%1 ARIZO:,A 
Hiam[ D i s t r i c  

Inspiration 

Hiami* 

Ox Hide* 

Blue Bird* 

Copper Cities 

Castle Dome 

Gibson Mine* 

.Barney* 

Miami East 

Van Dyke 

Cactus ~ 

Carlota* 

Copper 
Springs 

Diamond H 

~Leach 
Operations 
Only 

Own e r 

ICC 

Cities Service 

ICC 

Ranchers 

Cities Service 

Cities Service 

Private 

ICC 

Cities Service 

Occidental 

Cities Service 

Homestake 
Production 

Humble 

Cities Service 

f: 
Q ~  

4 J  

t -  

O 
L~ 

O 

X 

X 

X 

X 

0 

4 ~  

, I J  
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4 , J  

0 
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X 

X 

X 

X 

X 

X 

J 

Production 
I970 Tons of 
L~ach Cu 

I0,038 

7,483 

6,720 

5,930 

2,246 

467 

3 (year 
1969): 

Oxide Reserves Grade 

Expansion 

Expansion potential 

20-40(?) million @ , 0.5%, 
a l l  oxide 

75 m i l l i o n  @ 0.52% 

\ 

L 

Operations ceased at end of  ]97Q 

Oxidized sulfides in shear zone 
pods; probabTe ]imited 

Reported equivalent to Ox Hide 

}00-140(?) million tons @ ± I% 
Probab]y mixed oxide 

80-I00(?) million tons @ , ]%; 
Half oxide (?) 

~0(?) million tons @ *0.7%; 
Mostly oxide 

4-5 million tons @ ± I~.%; 
All oxide. 

6 m i l l i o n  @ 0.55% 
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" 0 - Past or Anticipated leach production 
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State 
District 
Name 

AR I ZONA 
Florence DTs 

P o s t o n  B u t t e  
V e s t  

Pos t on  B u t t e  
Wes t 

P o s t o n  B u t t e  
East 

Red Hil l* 

Mineral Butte 

*Leach 
Operations 
Only 

Own e r 

t ict 

ASARCO 

Conoco 

Conoco 

Private 

Duval 

r 

L 

~J 

o 

X 

X 

X 

X X 

X 

t[ 

4- 

C 
(L 

Production 
1970 Tons of 
Leach Cu Oxide Reserves Grade 

I00-175 m i l l i on  tons @ ± 0.6~; 
P a r t i a l l y  d rT l led  

75-100 miTl ion tons @ ~ 0.5%; 
Par tTa l l y  d r i l l e d  

200-250 ,nE1]ion tons @ + 0.4~ 
D r i l l ed  oxTde; Su}fTdes not 
included 

LTmited; ExpansTon drTl lTng Tn 
progress 

40 mitlion tons @ O.4~(?): 
DrT11ed 

0 - Past or anticipated leach production 
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S~ate  
iDis t rTc t  
~ame 

AR I ZOIIA 
San t~anuel D 

San  Manuel 

OId Rel iable* 

Go~d } l i l t  

North Star 

Control 

Corncob 

North Owl 
Heads 

Ferguson 
Copper 

~Leach 
Operations 
Only 

O " I n  e r 

i t r l c t  

tte~,m~nt 

Ranchers 

ittle llills 
Hines 

Private 

Continental Nat. 

Essex 

Conoco 

Private 

0 

X 

~ m  

tO 
e ~  

4J 
C 

. e J  

0 

X 

X 

X 

X 

× 

X 

X 

Production 
1570 Tons of 
Leach Cu Oxide Reserves Grade 

Leachable ]30 milTion tons @ 
0.77% of w~ich 0.47% is 
o x i d e  

4 million tons @ O.74~ sulfide;; 
Under development 

Flux for San Manuel 
.w 

Apparent!y very limited 

Tactite in limestone; being 
drilled; 4 million tons @ 
2.3% (open), sulfides. 

Being investigated 

Scattered occurrences in range 

Reported I million tons 
@ 2.5% 

0 - Past or an t i c ipa ted  leach production 
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S,tate 
District 
Name 

ARIZONA 
Casa Grande 

Sacaton 

*Leach 
Operat ions 
Only 

Owne r 

D strict 

ASARCO 

Product ion 
1~70 Tons o f  
Leach Cu Oxide Reserves Grade 

6+ million tons with more 
probable. Drilled. 
Large potentTal @ ~ O.8% 
oxide. Partially drTl]ed 

0 - Past or  a n t { c i p a t e d  leach productTon 



S'tate 
Distr ic t  
Name 

AR I Z OI~'A 
Silver Bell D 

Silver Bell 
Mines 

Silver Bell 
West 

*Leach 
Opera t ions 
Only 

Os-'ne r 

s t r i c t  

ASARCO 

Private 

C 

C 

X X 

X 

,w 

~J 

C 

O 

Production 
1970 Tons of 
Leach Cu 

2,807 

Oxide Reserves Grade 

L 

16 milTion proven and probable, 
additional reserves possible. 

Minor deve|opment; good 
expansFon possibilities. 

0 - Past or  a n t i c i p a t e d  leach p roduc t i on  



S'tate 
D i s t r i c t  
Name 

ARIZONA 
Slate-Veko] D 

Lakeshore 

Veko] H i l l s  

Copper Top 

*Leach 
Operations 
Only 

Own e r 

r trict 

IEI Pa so-Hecl a 

;$ewmon t -  
Superior Oil 

Pri vate 

C 
OI  

0 

0 

o~  

C 
0 
4 -J  

0 
O_ 

X 

X 

Production 
1970 Tons of 
Leach Cu Oxide Reserves Grade 

Plus 209 mil)~on tons @ 
0.71% oxide. Drilled. 

103 million tons @ 0.56% 
mixed. Drilled. 

Very limited tonnage in shear 
pods. 

0 - Past or anticipated leach productTon 
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State 
I ) i s t r i c t  
~amc O,.me r 

AR I ZONA 
Saf ford District 

Sa ffo rd ~KCC 

Sanchez IICC 

Peacock* 'roducers 
Chem, 

4 
° 

~Leach 
Operations 
Only 

E 
e u  

I 

e ~  

( :  

¢ )  

0 
o.  

X 

X 

X 

Production 
i970 Tons of 
Leach Cu 

]0 (year 1963 

Oxide Reserves Grade 

fSO0 million tons @ 0.4~ 
mixed 

Being drilled. 40(?) mill~on 
tons ~0.4% (?) 

) 20(?) million tons @ 0.6%(?) 
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0 - Past or anticipated leach production 
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SLate 
D i s t r i c t  
Name 

ARIZONA" 
P~ma Dis t r ic  

Esperanza 

Pima 

Mission 

Eisenhower 

Twin Buttes 

San Xavier* 

Sierrita 

|{e|vitTa 

Rosemont 

~Leach 
Operations 
Only 

Ov.~n e r 

Dural 

Pima 

ASARC0 

Anaconda 

Anaconda 

ASARC0 

Duval 

Anaconda 

Anaconda 

Og 

v| 
r- 

~J 

C 

~J 

o 
Ii. 

x l  x 
[ 

X X 

X X 

X 

X X 

X X 

X X 

X 

X 

Production 
1970 Tons of 
Leach Cu 

2,214 

starting up 

startTng up 

Oxide Reserves Grade 

Oxide stock p i le  of 20 m i l l i on  
tons @ 0.8% 

o 

Ik 

a 

0 - Past or anticipated leach productTon 



State 
D,rstr ict  
Name 

AR I ZOHA 
Ar ivaca Oistr 

Silver Ray 

Horth San 
Luis 

Arivaca Dist. 

*Leach 
Operat¿ons 
Only 

Owne r 

ct 

Private 

Private 

Private 

c 

4.1 

c) 

r0 

4J 

~J 

O 

X 

X 

X 

Product ion 
1970 Tons of 
Leach Cu 0xide Reserves Grade 

Minor attempt. 

Minor attempt in apparent 
small deposit 

Numerous smalT areas 

s - % .  

° 

0 - Past or an t i c ipa ted  ]each product ion 
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S'ta te 
D i s t r i c t  
Name 

AR I ZOt, IA 
Morenci Distr 

Morenci 

~Leach 
Operations 
Onty 

Owr~e r 

ct 

Phelps Dodge 

E r~ 
Ju O~ 

~U 4J 
E 

L 
4J 

~L O 
O Q- 

X × 

Production 
1970 Tons of 
Lench Cu 

8,450 

Oxide REserves Grade 

Large 

0 - Past or an t ic ipa ted leach product ior  



State 
District 
Name 

ARIZONA 
Johnson Camp 

Johnson C. 
East 

Johnson C. 
North 

Dragoon 

Burro 

*Leach 
Operations 
Only 

Owne r 

istrTct 

Superior 0i1 

Cont, Minerals 

Superior 0 i i  

Cyprus Mines 

r 

C 

4 J  

0 
O_ 

Production 
1970 Tons of  
Leach Cu 

flux Douglas 
196 (year ]968) 

Oxide Reserves Grade 

Tact i tes(?)  Po ten t ia l } y  
large, Being d r i l l e d .  
Mainly suTfides. 

Tac t i tes ,  Very spotty 
Partrally drilled. 
Marnly sul fides. 

Tactites +80 million(?). 
Being drilled. MaTn]y 
su] fides. 

Lesse operations for silica 
flux. 

0 - Past or an t i c lpa ted  leach productron 
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S'tate 
D i s t r i c t  
llaale 

AR I Z O;~'A 
Court rand-Gl 

Courttand- 
Gleeson 

Courtland- 
Gleeson 

Middle March 

Aztec Mining* 

. 
. . 

~Leach 
Operations 
Only 

O~-m e r 

e, son District 

~1ain]y KCC 

Pr ivate 

Pr ivate 

Pr ivate 

° 

C 

t ~  

°i 

0 

0 

0 

tD 
J m  

C 

O 
n 

X 

X 

Production 
1970 Tons of 
L e a c h  Cu 

18 (year 1969 

Oxide 

No major 

Hinor pr, 

Minor pr, 

) Leaching 
minor 

Reserves Grade 

deposit known. 
S 

roduct4on 

roduction 

old f looded 
product ion 

%-. 

° 

work1 ngs ; 

° 

R 

4 

o • 

0 - Past or anticipated leach production 



7 

State 
D i s t r i c t  
Name 

ARIZONA 
Bisbee Dis t r i ,  

Lavender Pit, 
etc. 

~Leach 
Operations 
Only 

Owne r 

t 

Phelps Dodge 

4J a-; 

4J 

0 
0 O_ 

ProductFon 
1970 Tons of 
Leach Cu 

3,704 

Oxide Reserves Grade 

Preparing to close operations 

0 - Past or antTcipated leach production 



S tat e 
D i s t r i c t  
Name 

AR I ZO~'A 
A iQ DistrFct 

Ajo 

Copper Giant 

~Leach 
Operations 
Only 

Ownc r 

Phelps Dodge 

Private 

~lJ 
E 

L 

0 

0 X 

X 

Product ion 
1~70 Tons of 
Leach Cu 

Previous prod. 

Oxide Reserves Grade 

No known oxide left.? 
Under conglomerate? 

Limited tonnage 

| 
,I 

i " 

L" 

7. 

I~o ; 

O - Past or anticTpated leach production 
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State 
Distr ict  
l~ame O'..'n e r 

AR IZONA ! 
Kirkland D[st ict 

Zon i a:': HcAlester Fue l  

Copper BasTn IPD & Others 

L i t t le  BasinCu IPrivate 

Porphyry Mtn. Private 

~Leach 
Operat ions 
Only 

X 

0 

m,.-, 

I N  

4 J  

4~ 

0 
O_ 

X 

Production 
1970 Tons of 
L e a c h  Cu 

1,743 (year 
1969) 

74 (year 
1969) 

Oxide Reserves Grade 

5(7) million tons @ 0.6%(?) 

Partially drilled. Minor 
past production. 

Partially drilled. 17 million (?) 
tons @ 0.37%,chalcocite 

0 

Est. 1 million tons @ 0.5~ 

• m 

.. 

o 

# 

0 - Past or anticipated leach production 



Sta te  
D i s t r i c t  
Name 

AR I Z or~'A 
Jerome D [ s t r  

Je rome 

Jerome Open 
P:i t 

~Leach . - -  
Operat  ions 

.~  Only  

Owne r 

t 

Verde Expl. 

Big Hole M in ing  X 

n E 

{ 0 
C ~L 

X 

X 

Production 
]370 Tons of 
Leach Cu 

31 (year 
~965) 

675 (year 
1569) 

Oxide Reserves Grade 

L 

Under exploratTon by Anaconda, 
2 million ~ons @ 0.5% 

O - Past or anticipated leach production 



State 
D i s t r i c t  
Hame 

ARI ZOIIA 
Cerbat D is t r i ,  

:Mineral Park 

Emerald Isle* 

*Leach 
Operations 
Only 

O,.me r 

t 

Dural 

El Paso Nat. Gas 

r" 
jD  

r~ 

o 

¢ )  

X 

X 

m 
~N 

, IS  
r 
CJ 
~,.,r 

0 
C~ 

X 

Product ion 
1970 Tons of  
Leach Cu 

3,855 

2,043 (year 
1969) 

Oxide Reserves Grade 

s-.. 

0 

0 - Past or anticipated leach production 



State 
District 
Name 

ARIZOrJA 
Wickieup Dis 

~Leach 
Operations 
Only 

Owne r 

t Various 

f" 

em 

4J 

O 

4-I 

f~ 
O 
~J 

O 

Product ion 
1970 Tons of 
Leach Cu Oxide Reserves Grade 

Various smal~ potentTa] 
producers 

°. 

0 - Past or antrcrpated leach production 
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State 
District ,! 
Name 

AR I ZOt4A 
Bagdad b i s t r i c  L 

Bagdad Bagdad 

.,! 
*Leach 
Operat ions 
On I y 

O w n e  r 

E fl,1 

°I ° r0 E 
L 0 
,QI. 
0.. 0 

0 

X I X 

Production 
1970 Tons of 
Leach Cu 

6,220 

Oxide Reserves Grade 

Large potential. 
4 

0 - Past or anticTpated leach production 
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State 
D i s t r i c t  
~ame 

ARIZO~A 
Planet-S~-:anse 

Planet 

Swansea 

Noore 
(Solome) 

Copper Hii]s 
(Bouse) 

Ohio Giant 
(Swansea?~ 

*Leach 
Operations 
On|y 

Owne r 

District 

~Private 

Private 

Private 

Private 

Private 

C~ 

0 

0 

0 

0 

0 

0~  

4J 
{Z 
(U 
~J 

0 cL 

X 

X 

X 

X 

X 

Product ion 
1970 Tons of 
Leach Cu 

1400 (year 
1969) 

Oxide Reserves Grade 

Potential in entire district 
and down river. 

Minor Operations 

Minor Operations. ], l (?) 
rail]ion tons @ 1.8%(?) 

Minor Operations 

Minor operations 

Minor operations 

. 

t . .  r 

m~ 

O -  Past or anticTnated lp~rh nrnHl,rflnn 



S t a t e  

D i s t r i c t  

~; ~ m e O',Ine r 

ARIZOtJA 
W h i t e  t lesa Di 

White Hesa 

~-Leach 
Operat i ons 
On: i y 

r- tU 
J~  o~  

I_ 0 

X X 

trict 

Private 

Product ion 
1970 Tons of 
Leach Cu 

355 (year 
~967) 

Oxide Reserves Grade 

).5 million tons. Numerous 
attempts in sandstone 
coppers. 

Also several more in simiTar 
environment. 

O 

.. 

0 - Past or anticipated leach production 



O:.zn O r 

ARIZOr~A 
Pata,~,o,nia Disl 

3 R )',The 

4 Metals 

*Leach 
Operations 
Only 

C fO 
l ~  m ~  

4 J  . I J  

I.- ~) 

0 CL_ 

rict 

~naconda 

Horandex 

Production 
1970 Tons of 
Leach Cu Oxide Reserves Grade 

State 
District 
Name 

O - Past or anticrpated leach production 
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State 
District 
~ame 

NE~,! HEX I CO 

Santa Rita 

Tyrone 

Trigg 

Cuba 

West Tyrone 
Area 

Oro Grande 

*Leach 
Operations 
Only 

O;.:ne r 

KCC 

Phelps Dodge 

Private 

Earth Resources 

C 

4~ 

I_ 
¢J 
r~ 

0 

X 

Q-- 

r 

(0 

0 
(3_ 

X 

X 

Production 
1370 Tons of 
Leech Cu 

Starting up 

Oxide Reserves Grade 

425 million tons of 
leach material in dumps. 

250 £housand tons 

Stockpiling oxides; sulfide 
reserves 10 million tons 

0.7~ 
Large area of scattered 

occurrences 
5-]O(?) million tons ~J 

0.2%. Partially dri 11ed. 

0 - Past or anticipated T~h nrn~,~rtlnn 
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S t a te  
D i s t r i c t  
Name 

CALIFORH IA 

Eureka Distri 

*Leach 
Ope ra t ions 
Only 

O~./ne r 

Var ious 

C: 

4J 

L. 

ID_ 
O 

fD 
. m  
aa 

C: 

.IJ 

O 
Ci. 

ProductFon 
1970 Tons of 
Leach Cu Oxide Reserves Grade 

Picacho Mtns. ( C a l i f . )  and 
Tr igo Mtns. (A r i z . )  con- 
ta in  numerous showings 
of  oxide copper. 

0 - Past or an t i c ipa ted  leach productTon 
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State 
D i s t r i c t  
~Jame 

REVADA 

Yerlngton 

Oattle Htn, 

Ely 

Big Mike 

-~Leach 
Operations 
Oni: y 

Owne r 

Anaconda 

Duva I 

KCC 

Ranchers 

, , --  i °~  

1,._ C1 

O 
L"> O.. 

X X 

X X 

X X 

X X 

ProductFon 
1970 Tons o f  
Leach Cu . Oxide Reserves Grade 

28 million tons-@ 0.57% 
oxide 

300,000 tons of oxide-sul- 
fide in stockpile to be 
l e a c h e d ,  

,q% 

• " 2 



AS/U¢  Southwestern Exploration Division 

December 12, 1985 

To: J.D. Sell 

From: H.G. Kreis 

Copper Oxide Reserves 

During this period of depressed copper prices, heap leaching coupled 
with SX-EW copper processing is becoming the only way to produce 

copper with a respectable profit. 

Phelps Dodge's new $35 million SX-EW plant at Tyrone has resulted in 
substantial production cost reductions, and a $90 million SX-EW plant 
proposal at Morenci is under consideration. The real eye opener is 
Newmont's $71 million investment at San Manuel. 

At San Manuel, Newmont is starting an open pit mine based solely on 
heap leaching and SX-EW (memo 12/12/85). There is nothing novel 
about the operation~ the encouraging fact is that it is being done 
during modern history's most severely depressed copper prices. 

These few examples are part of an accelerating trend toward solution 
copper mining. Coup|ed with the trend is the USBM's tentative proposal 
to invest $15 to $20 million in the research and development of in-place 
leaching of undisturbed, soluble copper reserves. 

Considering these events, there is ample reason to believe we should 
maintain our inventory of soluble copper reserves (namely, Santa Cruz, 
Sacaton, and Poston Butte) and find or acquire new reserves, such as 
Hanna-Getty~s Casa Grand-West Deposit. 

The best open pit-heap leach potential reserve that I know of is the 
Parks-Salyer target on Asarco's Sacaton Mine land. As you will recall, 
the Parks-Salyer target is a potential for I0 to 30 million tons of 
open pitable ore at I% to 1.5% Cu (Kreis, 11/29/84). The dominant 
copper mineralogy is expected to be chalcocite, but there is a reason- 
able potential for 10 million tons at I% to 1.5% Cu as atacamite and 
chrysocolla close to the surface of the ground. This potential could 

be drill tested for $11,000. 

Conoco's (Dupont) Florence Deposit had an open pit plan that included 
mining 248 million tons of oxide ore (chrysocolla) at 0.45% Cu (0.23% 
cutoff grade). Conoco's data should be reviewed to check for an 
open pitable copper oxide reserve of, say, I00 million tons at 0.55% 
Cu with a 1.5:1 strip ratio. 

HGK:mek H. G. Kreis 

cc: W. L. Kurtz 



slgnmcant cost oT ao,ng ihe 70$we had antic:i-pai;~ 
btLslness and, as of July 31, in our budget plan, b'ut 
we had Incurred $11.5 somewhat-more than the 
re!Ilion in interest expense 65.96¢ We received during 
sd far this year, compared the same period Ifi !98.5.~- 

Pinto Valley tO study leaching: • _ ~ . ~ . .  

of  old Miami tailings 
Pinto Valley has received 

approval for a $200,000 
study of the feasibility of 

ieaching talllngs tocated a t ,  
the old Miami open pit and 

• undergroun d mines, 

Previous work has in- 
dicated a potential 

pounds of ~opper over an 
efght year period, 

Most of the taltings were 
deposited between i1911 
and 1934 when m i l l  
recoveries were lower/! ~-- 

Some of the old tallings 
contain hfgher grades of 
copper than the present 

recovery-of  115,000,000.. Pinto Valley mlne, -:;,~ 

Pinto Valley has two SX-EWplants  > 
' The two plants have Pinto Valley has two SX- . 

EW plants. The older plant produced more than 105 
at Miami was built in 1976 m|lllon pounds of copper 
to re place a copper over the past decade. 
precipitation ptant which One hundred mi l l ion 
had been in operation since , gallons of ai:ldlttonal In-sltu 
1941. leaching solut ion have 

This unit processes in- been injected in a new area 
sltu leach " solutions from this year to increase the 
the caved area of the old flow rate to the SX-EW 

"Miami underground mine. plant. ln-sttu feed grade has in- 
The newer plant near the creased 40% since May 

Pinto ValLey open pit went with a goal of another 10% 
into ol~eratlon in 1981 and increase which should 
processes copper from substantially lower .unit 
!each dumps, costs, 

• • , .  . . . > >  : :>  
. . . - -  - 
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Southwestern Exploration Division 

December 12, 1985 

To: J.D. Sell 

From: H.G. Kreis 

Copper Leaching a t  
San Manuel Mrne 
Pinal County, AZ 

As most everyone knows by now, Newmont has initiated a two phase 
program to profitably recover copper from the copper oxide minerali- 
zation at San Manuel. The first phase is an open pit-heap leach 
operation, and this was initiated in 1985 with the first production 
expected in July 1986. The second phase will be an in-place leach of 
copper oxide mineralization broken by block-cavemining of underlying 
sulfide ore. The block-cave in-place leach operation will start on 
a pTlot scale basis within a year or two. 

The open pit-heap leach operation is described in the attached text 
of a talk and is summarized in the following table. The speaker who 
gave this talk was asked to state the production cost of the open 
pit-heap leach operation. He referred the audience to an article Tn 
Pay Dirt (March 1985) which states "anticipated production costs of 
about 30¢ a pound." The speaker said he did not know the source of 
this information, but would like to know. The implication was that 
the 30¢ per pound cost figure was leaked from the company. This 
production cost figure seems reasonable, particularly if one assumes 
the production costs are probably half, or less, of the price of 
copper, say 65¢ per pound. 

HGK:mek 
Attachment 

H. G . ' K r e i s  

cc: W.L. Kur tz  
J.R. Str ingham 



TABLE 

OPEN PIT OPERATION 

$71 million investment 
56 million tons oxide ore at 0.47% acid sol. Cu (0.72% total Cu): 
0.2% acid soluble Cu cutoff grade 
2 million tons sulfide ore at 1.27% Cu (0.16% acid sol. Cu) 
2.2:1 stripping ratio (minimal vertical lift) 
11 year mine ITfe 
~85% Cu recovery of acid sol. Cu is predicted 
Annual production of 20,000 tons of 99.9% pure Cu 

BLOCK CAVE - IN-PLACE LEACH 

175 mm tons at 0.43% acid soluble Cu 
Apparently will Tnvolve doubling capacity of 

SX-EW plant to 50,000 tons Cu per year 
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Magma Copper Company, the largest underground copper mining 

company in the U.S., is joining the ranks of open pit copper 

producers. Magma has been producing copper since 1910 from 

undergFound mines at Superior and San Manuel, Arizona. In 

February 1985 Magma's parent company, Newmont Mining Corporation, 

granted full funding approval of $71 million to develop an open 

pit and construct a solvent extraction-electrowinning plant at 

the San Manuel mine site. The operation will utilize a carefully 

planned dump leaching program to recover copper from oxide copper 

ore by producing a pregnant leach solution suitable for 

process£ng in the SX-EW facility currently under construction. 

The San Manuel Oxide Open Pit Project will produce more than 450 

million pounds of copper cathode from an estimated 56 million 

tons of oxide ore and approximately 50 million pounds of copper 

from sulfide ore over an eleven-year period. Full-scale mining 

is scheduled to begin January 1986 and cathode production will 

commence in July. 

The oxide open pit is the first phase of a total program to 

recover copper from oxide ore. The oxide reserve has been 

divided into two categories: surface minable ore and in-situ 

leachable reserves. The second phase of the Oxide Project will 

utilize in-situ leaching to extract copper from proven reserves 

estimated at 175 million tons of oxide ore. The in-situ 

leachable reserve is deeper than the open pit minable portion of 
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the ore body and lies directly above depleted sulfide block 

caving panels. Underground openings in these areas are still 

intact and will serve as an excellent collection system for in- 

situ leach solutions. Block caving has extensively displaced and 

rubblized the oxide ore available to in-situ leaching, which 

should allow very good permeability, optimal solution-mineral 

contact, and maximum copper extraction. Large-scale testing of 

in-situ leaching is planned for 1987. 

GEOLOGY AND MINERALIZATION 

The first exploration drilling on the San Manuel property 

was conducted in 1916 and consisted of two churn drill holes 

drilled in the vicinity of an outcrop of oxidized copper ore. 

Exploration was halted when drilling indicated low grade oxide 

copper mineralization. The San Manuel group of claims was 

subsequently staked in 1925 by another party. In 1943, the U.S. 

Bureau of Mines began an exploratory drilling program that 

ultimately resulted in a total of 15,839 ft. drilled in 17 churn 

drill holes and indicated that sulfide copper mineralization was 

quite extensive. Magma Copper Company obtained options on the 

San Manuel claims and adjacent property in 1944. Extensive 

drilling of the deposit from both the surface and underground has 

been conducted by Magma, and has fully delineated the deposit and 

the surrounding area. The most recent exploration drilling was 

conducted in early 1984 and included a total of 16,240 ft. in 34 
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holes drilled 

techniques. 

with down-the-hole hammer reverse circulation 

The geologic history of the deposit is similar to other 

porphyry deposits in Arizona. Precambrian quartz monzonite was 

intruded by monzonite porphyry of Laramide Age. Hydrothermal 

alteration and sulfide mineralization closely followed the 

intrusion of the monzonite porphyry. The ore body, which was 

then cylindrical in shape with a poorly mineralized monzonite 

porphyry core, was tilted to the northeast and buried beneath at 

least two sedimentary conglomerate units. The sedimentary units 

are locally referred to as Gila (?) Conglomerate and are believed 

to be of Oligocene or early Pliocene Age and vary in thickness 

from a feather edge to over 1,000 ft. above the ore body. The 

deposit was then bisected by the San Manuel Fault, a low dipping 

normal fault and a major structural feature in the area. The 

upper portion of the ore body was displaced approximately 8,000 

ft. down dip to the southwest and is referred to as the Kalamazoo 

Ore Body. Oxidation of the Kalamazoo is insignificant. The 

portion of the deposit in the footwall of the fault zone and much 

nearer to the surface is the San Manuel Ore Body, which has been 

the target of sulfide mining for the past 28 years. 

The San Manuel Ore Body is typical of most porphyry copper 

deposits in that the near surface portion of the sulfide ore body 

has been extensively oxidized. A period of erosion exposed the 

north limb of the deposit and oxidation of the sulfide ore 
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through normal weathering processes occurred as well as a 

comparatively minor amount of supergene enrichment° The ore body 

outcrop consists of approximately 80,000 sq.ft, of exposed oxide 

ore and has provided almost 20,000 tons of oxide ore for 

metallurgical testing. The mineral of major economic importance 

is chrysocolla, with cuprite probably contributing a minor amount 

to the soluble copper assay. Chrysocolla occurs principally as 

coatings and fillings of fracture surfaces and vugs. 

also occurs with quartz stringers as small 

disseminations distributed throughout the rock. 

Chrysocolla 

veins and 

i 

The original grade and mineral lensing patterns of the 

deposit have been displaced by a series of normal faults and 

radically disturbed by subsidence from block caving. The segment 

of the ore body that lies outside the vertical limits of block 

caving has retained recognizable grade lenses although displaced 

by varying amounts from the original position. The portion of 

the deposit within the vertical limits of block caving has been 

rubblized and the original grade and mineral patterns disturbed 

to the extent that a homogenous oxide ore zone now exists. These 

factors have also greatly diminished the competency of the 

mineralized zone which makes profitable exploitation of the 

deposit by leaching methods highly feasible. 

The open pit minable reserve is estimated at over 56 million 

tons of oxide ore at 0.72% total copper and 0.47% acid soluble 

copper at a 0.20% soluble copper cutoff. Within the ultimate pit 
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limit as it is now planned are more than two million tons of 

sulfide ore with an average grade of 1.27% total copper and 0.16% 

soluble copper. The stripping ratio of the pit in tons of waste 

to total tons of copper ore is 2.20:1. 

MINING 

Mining of the oxide ore body using open pit, block caving, 

and in-situ leaching methods has been evaluated in the past but 

rejected basically because of interference with sulfide ore block 

caving. Underground mining has now advanced away from the oxide 

ore target, which allows for the timely recovery of copper from 

the oxide reserve utilizing open pit mining and in-situ leaching 

methods. The evaluation that led to the decision to develop the 

open pit was initiated in September 1982. 

The oxide open pit as currently planned has been designed 

with the surface boundary constraints necessary to protect the 

existing facilities of the underground operation, minimize 

adverse effects of subsidence on the open pit walls, and limit 

pit encroachment on in-situ ore reserves. With these parameters 

limiting pit expansion, the dimensions of the ultimate pit will 

be 4,300 ft. long by 2,200 ft. wide and will reach 800 ft. below 

the oxide ore outcrop. 
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The pit design utilizes a bench height of 30 ft. and mining 

will incorporate a minimum mining bench width of 120 ft. An 

overall pit slope of 38 ° has been used in all mine plans to date 

and for initial mining. Several factors indicated that the slope 

angle selected is suitable for the operating conditions at San 

Manuel and could possibly be conservative. Underground mine 

pumping systems have created a depression cone in the water table 

which now intersects the underground mine on the deepest 

production level at an approximate elevation of 665 ft. The 

material within the pit boundary, therefore, has been effectively 

dewatered, which will enhance slope stability by the reduced pore 

pressure. Additionally, predominant geologic structures such as 

faults and bedding planes in the conglomerate, which would 

ordinarily adversely affect slope stability in a few locations, 

have been for the most part destroyed by subsidence. Also, the 

final pit slope on the north side of the pit will be located in 

competent, crystalline rock which has been affected only to a 

minor degree by subsidence-induced tension. Ultimately, pit 

slopes greater than the planned 38 ° may be utilized once 

practical experience is gained concerning mining in an active 

subsidence zone. A comprehensive slope monitoring program is 

being designed and will be implemented to insure safe and 

efficient mining throughout the project life. 

The initial mining rate will average 11,700 stpd of ore and 

2'4,000 stpd of waste for the first mining year. Mining rates in 

subsequent years will gradually increase due to slightly 
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declining ore grades, coupled with the requirement to maximize 

plant capacity over the life of the project. Operations will be 

scheduled on a 20-shift per week basis with the down-shift 

utilized for equipment maintenance. 

Fragmentation of material will be accomplished by a well 

planned drilling and blasting program. The condition of the two 

types of waste material present within the pit boundaries varies 

from very competent virgin ground to highly fractured broken 

rock, depending on the proximity to block caving and the amount 

of displacement from the original position. Blastholes will be 

carefully logged and tension crack locations noted. The drilling 

and blasting foreman will adjust the pattern, spacing, and 

loading of the holes accordingly to insure that the material is 

adequately fragmented for loading and that the efficient use of 

explosives becomes routine. Blastholes will be loaded with ANFO 

and rounds will be delayed. Secondary blasting of waste material 

may be common, but hopefully not excessive. 

[ 

I_ 

I_ 

The oxide ore exposed at the outcrop exists in a condition 

that resembles a shot bank. The method and type of 

mineralization, amount of faulting, and subsidence induced 

tension have combined to decrease the competency of the ore, both 

near the surface and at depth. Surface ore has been easily 

excavated directly from the bank or dozed with little effort. 

Tough, competent zones are anticipated, but should be the 

exception. 81asthole spacing in the ore will be determined by 
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ore control requirements, but blastholes will be lightly loaded 

and shot to enhance loading equipment productivity. 

Multiple row shots of 9-7/8-in. blastholes will be used. 

Pattern type and spacing will be determined and modified as 

blasting experience is gained in the different material types and 

various ground conditions. Blastholes will be a nominal 35 ft. 

dnep. Two truck-mounted Ingersoll-Rand T5BH rotary drills will 

be used for primary blasthole drilling and will also provide 

ore/waste boundary definition drilling depths up to 120 ft. 

Initially, ore will be loaded by a Caterpillar 992C wheel 

Loader with high lift arms and a 12-cu.yd. bucket. Waste loading 

will be handled by one P&H 1200 hydraulic mining excavator 

eq,~ipped with a 13-cu.yd. dipper. The hydraulic excavator, which 

wes manufactdred in Milwaukee, was selected for the high crowd 

and breakout forces, which allows excavation from a lightly shot 

or unshot face with a minimal reduction in productivity. The 

excavator is powered by two Cummins KT1150 diesel engines. The 

increased mobility provided by the elimination of trailing cables 

an~] associated towers, bridges, equipment, and problems was also 

of primary concern in excavator selection. A third loading unit 

is scheduled to be added to the fleet in mid 1986. 

Truck haulage will be utilized at San Manuel. Material 

will be ~oaded into five Unit Rig MI00 Lectra Hauls. The trucks 

pu~chased have been factory remanufactured with design 
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improvements installed by Unit Rig. Each haul unit is powered by 

a new Cummins KTA 2300-C engine with a rated 1,050 horsepower. A 

sixth unit will be added to the fleet in May 1986 with other 

additions scheduled in subsequent years. 

Haul roads are 60 ft. wide with a maximum grade of 8%, with 

some temporary access ramps at 10%. A major factor contributing 

to the low cost of mining the oxide pit is the location of the 

waste dumps. Waste dumps are located in the large depression 

caused by subsidence. Waste hauls will be very short With 

minimal lift due to the daylighting of the southern benches, 

which allows favorable haul grades to be utilized in many 

instances. These combined factors will yield high haul unit 

productivity, which reduces the capital requirement for hauiage 

trucks as well as minimizing operating costs. Oxide ore will be 

hauled to the leach dump located north of the pit. Sulfide ore 

will be hauled to a railroad siding near the mine production 

shafts where it will be loaded into 100-ton rail cars and hauled 

to the San ManueI mill and smelter for processing. 

Additional mine equipment includes one Caterpillar 16G motor 

grader for road maintenance, one Cat 777 truck equipped with an 

18,000 gallon tank for dust control, and a Clark 175C loader with 

a 5-cu.yd. bucket for rock chasing and other utility work. The 

dozer fleet includes one Cat 824C wheel dozer for loading area 

c1.~anup and minor dozing, one Cat D9L dozer for in-pit dozing, 

and two Cat D8L tractors equipped with U-dozers and radial 
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rippers for deep ripping on the leach dump. A D8L will also be 

assigned to waste dump dozing. The haulage trucks and the P&H 

1200 excavator are equipped with automatic lubrication systems. 

Manually activated fire suppression systems have been installed 

on all the major mine equipment and all equipment used in the pit 

is radio equipped. 

Equipment maintenance will play a major role in minimizing 

operating costs and providing optimum fleet availabilities to 

achieve operating goals. Magma will utilize maintenance programs 

developed by the experienced staff as well as those recommended 

by the original equipment manufacturers (OEMs). The programs are 

tailored specifically for the operation at San Manuel, which uses 

hydraulic systems extensively. Maintenance scheduling and 

history will be tracked by an information management computer 

program. In addition, the experience of the underground 

maintenance staff is available. Efficient preventive and repair 

maintenance will be performed in the new truck shop/office 

complex. The shop will have 7,500 sq.ft, of shop area under roof 

with three maintenance service bays, one grease bay, and one 

light truck bay. A parts warehouse is an integral part of the 

shop. The building will also include office space for the 

assistant superintendent of the operation, pit engineering, and 

operations staff. 

The opt, rat ion utilizes a simple line organization which 

permits excellent cooperation and coordination between pit 
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operations, engineering and maintenance. The Mine Manager 

directs both the underground operation at San Manuel as well as 

the open pit. The Mine Superintendent also has responsibilities 

in both the underground and open pit. Open pit operations, 

engineering, and maintenance are directed by the Assistant Mine 

Superintendent devoted exclusively to the open pit. The pit 

operating staff includes one general foreman, four shift foremen, 

two pit foremen, and a drilling and blasting foreman. The pit 

engineering department employs a chief engineer, two planning 

engineers, a geological engineer, one systems engineer, an ore 

control technician, and a draftsman. Two survey crews will be 

utilized. The pit maintenance staff consists of one general 

foreman and one craft foreman, and also relies on the direction 

of the General Mechanical Foreman, who has responsibilities in 

the surface, underground, and open pit. 

At startup, approximately 35 hourly personnel will be 

employed by operations and are assigned to equipment as required 

due to a direct line of flow. The two job classifications in the 

pit are operators and truck drivers, with truck drivers to be 

utilized as operators when necessary and qualified. The 

maintenance department will have approximately 15 hourly 

employees assigned which may be utilized in underground or other 

surface assignments as well as the open pit. The flexibility in 

operations and maintenance will allow maximum utilization of the 

hourly work force. 
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The dump leaching process phase is a carefully planned 

program that will yield high copper recovery and is another major 

factor in achieving low cost production of copper cathode at San 

Manuel. Dump leaching will utilize a completely closed circuit. 

The flexibility of the dump leach environment will readily allow 

modifications to the leaching procedure when required and as 

operating experience is gained. 

Leach testing of oxide ore has been conducted by both 

Newmont Research (beginning in 1970) and the Magma Metallurgical 

Department. Vat leaching of crushed ore and copper precipitation 

techniques were evaluated but were not considered to be cost 

effective. Other leach tests included bottle tests, 14-in. 

diameter by 5-ft. high column and 2-ft. diameter by 20-ft. high 

column tests~ and large-scale dump tests of 2,000-ton and 8,000- 

ton samples. The testing provided information regarding dump 

construction techniques and dump lift height as well as 

establishing the metallurgical parameters of dump leaching. The 

leach testing program provided results that indicate recovery of 

at least 85% of the acid soluble copper in a 60-day dump leach 

cycle ts acllievable. Due to the friable condition of the ore, 

for reasons previously discussed, crushing prior to leaching is 

not required. 
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The area selected for the leach dump site covers 

approximately 83 acres. Preparation of the area to maximize 

solution recovery and protect the environment is necessary. The 

site has been completely grubbed and brought to grade to utilize 

the natural drainage pattern of the area for channeling of the 

pregnant leach solution (PLS) to the collection pond. A 60 mil 

high density polyethylene (HDPE) liner will be installed on the 

carefully prepared surface and will be an impermeable membrane 

which will confine leach solutions on the leach pad and channel 

the PLS to the collection pond. A cushion of 18 in. of select 

fill will protect the liner system from initial loading stresses. 

The dump will be constructed in 20-ft. high lifts and 

individual increments of approximately 850,000 tons. This will 

provide about 750,000 sq.ft, of dump surface under various stages 

of leach at any given time. Each dump will be constructed by 

dumping ore from the haul trucks in the designated areas along an 

established haulage corridor in order to minimize compaction from 

the trucks on the dump. Ore will be dozed from the dumping site 

to the dump limit with a Caterpillar DSL tractor equipped with a 

universal dozer and radial attachment. After dozing, the entire 

surface of the dump, including the haulage corridor, will be 

e×tensively cross ripped by the D8L to a maximum depth of seven 

ft. to enhance permeability. The entire surface of each dump 

will be cross ripped again at the completion of the leach cycle 

to destroy impermeable formations or channels that may have 

formed during leaching. Eventually, subsequent 20-ft. lifts will 
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be constructed on previously leached areas which should provide 

additional copper recovery from secondary leaching of lower level 

1~fts. 

The typical 60-day leach cycle will consist of contacting 

the ore with a preconditioning solution of 100 to 150 gpl H2SO 4 

until the ore is saturated and allowing a seven-day curing period 

before applying the raffinate. Preconditioning the ore in this 

fashion will result in higher initial PLS heads and greater 

initial recovery during the leach cycle. Raffinate, with an 

input acid strength between 5 and 10 gpl H2S04 will be 

distributed on top of the dump with a pipe and wobbler sprinkler 

system at a flow rate in the range of 1.0 to 1.5 gpm per 100 

sq.ft. Maximum application rate will be 9,200 gpm. The 

flexibility of dump leaching allows modifying the application 

rate, acid concentration, or even ore production rate to 

compensate for age and grade variations in individual dumps or 

higher than projected recovery. Maximum tankhouse capacity can 

be utilized in this manner. 

[ 

[ 

The PLS will be collected in a surge pond at the eastern toe 

of the dump with a surge capacity of 5,000,000 gallons. From the 

collection pond the PLS will be pumped to a plant feed pond with 

a capacity of 10,000,000 gallons located near the solvent 

extraction (SX) facility. Raffinate will be stored in a 

10,O00,000-galLon pond and pumped to the leach dump. 
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SOLVENT EXTrACTION-ELECTROWINNING 

Solvent extraction-electrowinning is a two-stage process 

where the PLS from the leach dump is upgraded to a copper-loaded 

electrolyte and the copper ions won from the solution by applying 

an electric current. There are two phases of solvent extraction: 

extraction and stripping. In the extraction phase, the PLS is 

mixed with an organic media which consists of kerosene and a 

reagent that is highly selective of copper ions in weak acid. 

Copper ions are transferred to the organic and hydrogen ions to 

the aqueous. The copper carrying organic floats on top of the 

barren aqueous solution (raffinate) which allows separation of 

the two solutions. In the stripping stage the loaded organic is 

contacted by copper sulfate in a strong acid solution 

(electrolyte) and the copper ions are "stripped" from the organic 

to the electrolyte. The loaded electrolyte is pumped to the 

electrowinning cells where a DC circuit has been established. An 

electric current is conducted through the electrolyte, which 

causes positively charged copper ions to be plated on the surface 

of the negatively charged cathode. In all phases of SX-EW 

processing, the barren or stripped solutions are recycled in a 

closed circuit, resulting in zero discharge and maximum solution 

utilization. 

Solvent extraction at San Manuel will utilize two 

conventional mixer-settler SX trains with two stages of 
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extraction and one stage of stripping in each train. The nominal 

rated flow through each train is 4,000 gpm of PLS and the maximum 

rating through the SX plant is 9,200 gpm. 

The electrowinning tankhouse will have a rated capacity of 

25,000 tons per year of high grade copper cathode. There are 94 

cells in the tankhouse. Permanent anodes are of typical lead- 

calcium-tin composition. Copper cathodes are to be plated on 

reusable stainless steel mother blanks of Copper Refineries Ltd. 

patented design. Two c~thodes weighing up to 100 ibs. each will 

be plated on one stainless steel blank every seven days and 

mechanically stripped. Use of the stainless steel blanks 

eliminates the need for copper starter sheets and will result in 

a substantial reduction in operating costs. Cathodes will be 

shipped from the San Manuel minesite to market or to the Magma 

Copper Company rod plant nine miles to the south in San Manuel. 

Both the solvent extraction trains and electrowinning 

tankhouse have been designed and constructed to allow future 

e×pansion to produce 50,000 tons per year of 99.9% copper 

cathode. 

I 

k 
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SUMMARY 

Magma Copper Company is developing an open pit mine and 

constructing a solvent extraction-electrowinning plant at the San 

Manuel minesite. The San Manuel Oxide Open Pit Project is the 

first phase of a total program to recover copper from oxide ore 

at San Manuel. Open pit reserves are estimated at 56 million 

tons of oxide ore at 0.72% total copper and 0.47% acid soluble 

copper grade and over two million tons of sulfide ore at an 

average grade of 1.27% total copper. 

There are several factors that will contribute to the low 

cost production of copper over the life of the project. The ore 

has been extensively rubblized by subsidence from block caving, 

which will result in reduced drilling and blasting costs for ore 

fragmentation. Waste will be disposed of in the subsidence area, 

which will result in short hauls and the capability of using 

favorable haulage grades to reduce operating costs. The 

mineralogy and physical characteristics of the oxide ore are 

ideally suited to dump leaching. Crushing of the ore is not 

required and recovery of greater than 85% of the acid soluble 

copper is attainable in 60 days. Low cost solvent extraction- 

electrowinning will be used to produce LME grade one copper 

cathodes. The electrowinning process will utilize stainless 

steel cathode blanks to reduce operating costs. 

-17- 



[ 

[ 

I- 

L 

The operation will produce more than 500 million pounds of 

copper over an eleven-year period, which will strengthen Newmont 

Mining Corporation's position as a major domestic copper producer 

and leader in the mining industry. 

SFW:db710 
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Exploration Department 

June 7th,1977. 

F I LE MEMO 
COPPER LEACHING, IN SITU 

In the past few years with the advent of sharply increased capital and mine 
operating costs, along with evermore severe environmental restrictions, in 
sTtu leaching has received considerable attention. In an attempt to assess 
actual progress, I have made a review of literature at hand. 

Leaching in place was conducted in Hungary during the 15th century. Some 
400 years later, copper was extracted by this method from the Eureka mine 
at Ducktown, Tennessee, and in 1923 at the Ohio mine in Bingham, Utah. Later, 
it was used in worked out portions of the Ray mine in Arizona, the Rio Tinto 
mine in Nevada, and in Butte, Montana(1). 

In 19%1 leaching in the Miami block-cave mine was started and this highly 
successful operation continues today (mining ceased in 1959). Other more 
recent operations include: The Emerald Is|e, the Old Reliable, Zonia, and 
the Big Mike which reportedly is back in operation after a brief shutdown. 
Kennecott's Safford project is still active and Oxymin has started a 2 hole 
test on the Van Dyke property in I~iami(2). 

In place leaching operations were undertaken in Japan(3) during the last few 
years. Reportedly, substantial amounts of copper have been recovered there 
from low grade (.397./o Cu) mineralization (chalcopyrite, chalcocite and pyrite) 
around mined-out Kuroko-type deposits. 

Fn summary, most in situ leach projects have involved deposits that had been 
mined to some extent, either by open pit or underground methods. 1!ith the 
exception of a few case history type articles published, the literature 
reviewed is in general long on theory and short on supporting data. 

No bore hole type leach process data appears to have been published on 
deposits comparable to Poston Butte or Santa Cruz. Thus, appraisal of the 
financial risk that would be incurred in test work on either deposit must 
be largely conjectural. However, considering the magnitude of the potential 
return in the event of success, as well as the Company's position in H2SO 4, 
an expenditure of say, $500,000 for a pilot test project is warranted, in 
my opinion. The gambling odds here are, I believe, equivaIent to, or better, 
than those riding on our average exploration project. 

SOUTHWEST USA PROJECTS 

Miami Block Cave Leach 

Jim Sell has provided a sun,mary of this operation, with published data attach- 
ed(a), which produced IC.S,9OO tons of copper during the period 1941 through 
1975. From 1970 throush 1975, the average yearly rate was 6,410 tons. Cement 
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copper was produced until 1976, when a solvent extraction-electrowinning 
plant was put on stream. 

The copper occurs principally as secondary chalcocite (with very little pyrite) 
plus minor silicates and oxides in altered schist and porphyry. The average 
depth of overburden (Gila conglomerate in part) is 450 feet. The "ore" 
blanket averages 150 feet thick. 

The acid-water solution is applied by surface spray; however, experimental 
work with drilling indicated that a 50 foot diameter zone could be leached 
through one vertical hole (diameter not given). No iron salt precipitation 
plugging problems have reportedly been encountered in the leach columns. 

Cost data history were not provided, but an estimate was given of production 
costs for 2,000 tons/year projected to the year 1980, as follows: 

Assumptions: Acid (H2S04) 1.25¢/Ib. 
Iron 3.20¢/lb. 

Cost: Acid 
Iron 
Fr. ,  Smlt. ,  Ref. 
Labor, Power, Taxes, etc 

TOTAL COST - 

2.875¢/Ib. Cu 
6,400¢/Ib. Cu 
7.000¢/]b.  Cu 

27.375¢/ lb.  Cu 

43.650¢/Ib.Cu 

Current prices of iron are considerably higher and acid somewhat lower than 
used in the above estimate, but this vtould result in only a minor upward 
adjustment totalling well under 50¢ per pound of copper. 

Old Reliable, Copper Creek, Arizona. Ranchers Exploration (b) 

Ore body: A near vertical pipe in altered volcanics and granodiorite, con- 
taining 4 million tons of .8~ Cu (chalcocite, chalcopyrite, 
malachite, chalcanthite, and chrysocoIla). Acid soluble copper 
in samples tested range from 15% to 6~ of total copper. 

Fragmentation: 4 million pounds ammonium nitrate detonated in 6,000 feet 
of coyote tunnel. 

Leach solution: ~#ater, sulphuric acid, ferric iron. 

Production: (Start December r72) First 10 months ceil operation: 4 mi|lion 
pounds Cu. In August '73 plant design of 20,000 pounds Cu/day 
reached. Plant operated to July '75 7,300,000 pounds cement 
Cu, or 5~800,000 Ib. Cu tota__!l. (Production dropped between June '74 
and July '75 when operation stopped ..... only 466,000 lb. cement 
produced during this period). Reportedly, plugging up by iron 
salts and clay was the main problem; however, Geo. Van Etten, 
Manager, stated (via phone) that more fragmentation (by drilling 
and blasting) was the principal requirement, and that they may 
resume operations this summer. He also stated that operations 
at ~!ke, Nevada were re-started in January '77. 
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Big Mike, Pershing County, Nevada. Ranchers Exploration (c) 

After open pit mining of 100,000 tons of high-grade sulphide ore (I~ Cu), 
|ow grade (~2.~ Cu) mixed oxide and sulphide in pit walls and bottom 
(475,000 tons) were drilled and blasted. Acid solution was applied to the 
broken ore by sprinklers and production started at the rate of 250 gpm 
(2 gms. Cu/litre) from one 180 ft. 12" ~ell in the pit bottom. Pad leach 
of mixed ore sorted out during mining (300,000 tons crushed to minus 2 z') 
started in late 1971. 

No data was found on recovery or on the profitability of these operations, 
but as noted above, they are currently in production. 

Emerald Isle Mine, near Kingman, Arizona (d) 

0 re body : Chrysocolla in flat-lying, 70' thick bed of Gila conglomerate 
(copper, probably derived through weathering and leaching of the 
Mineral Park porphyry deposit (in mountains to the east). 

History: El Paso Mining and Mil|ing Company mined open pit 1.4 million 
tons of I.~ Cu ore, treated by vat leach and in a ]each-precip- 
itate-float plant. Open pit mining ceased in 1973. 

In Situ leach: Ore remaining in pit bottom was drilled, blasted and sub- 
jected to acid solution leaching with one 9 I' diameter recovery 
well. The pregnant solution contained around 0.5 gm/litre. Also, 
seven 12" diameter holes ~Jere drilled on 50 ft. spacing in the 
pit bottom and acid solutions circulated without blasting. Sol- 
utions recovered contained 0.6 gm/litre. 

Ore under 200 ft. of overburden was drilled on 20 ft. centers (Phase I[) and 
biasted, but no solution circulation was implemented. The entire operation 
was abandoned in November 1975. 

Zonia Mine, Yavapai County, Arizona (McAlester Fuel Company) (4) 

Ore body: Copper carbonates and silicates occur in schist as a zone 300 ft. 
wide and 1,500 ft. long. 

Operated as an open pit with heap leaching from 1966 to 1973. In place leach- 
ing was initiated in '73 after drilling and blasting over 1,700 surface drill 
holes. Production from '66 to March '75 (at shut down) amounted to 17.000 
tons of copper contained in the cement product. This represents 6 pounds of 
copper recovered per ton of rock leached. Separate data for the in situ leach 
were not provided; however, operating costs, including amortization, to 
leach in place the 20 million ton reserve of 0.30?~ Cu (oxide) were estimated 
at around $.33 per pound of copper contained in cement. Adding freight, 
smelting and refining, would bring the total to about $.42/Tb. This calcu- 
lation assumes a 3~ recovery of the copper over a 10 year period 
presumably based on results of the '73-'75 in place leaching operation. 
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Van Dyke Property~ Miami, Arizona, Occidental Minerals(5) 

Plus I00 H tons 0.55% (80% oxide, 20% chalcocite). Occurs as 100 ft. to 
600 ft. thick blanket in schist and porphyry at depths of I~00 ft. to 1,600 
ft. Bench scale leach test recovered 72% of total copper. 

Oxymin has recently undertaken a test leach program with two holes, 70 ft. 
apart, which had been blasted by slurry injection after hydraulic fracturing. 
Using 600 psi pressure, acid-water circulation has been established between 
the two holes. The test area is near the Miami fault, on the edge of the 
driTled orebody, and contains only minor non-oxidized copper minerals. 

Safford, Arizona, Kennecott. 

An(~o.6~experimentaIcu) was announced program involving in 1975 (~'place. leaching of a chalcopyrite deposit 

Recently it was reported(7) that Kennecott had completed five, I0" diameter 
holes (in 1975 or ~76) to depths of over 4,000 ft. Solutions of unknown 
character, but including liquid oxygen, were injected at 400 to 600 psi 
though one hole and recovered by pumping from the other 4 holes. 

A new pilot plant with 20 tons/day copper capacity is being, or has been 
constructed. Approximately half of the $30 million budgeted has been expended. 

DISCUSSION 

Leaching the copper remaining in chalcocite enriched deposits afteF cave 
type miniq9 operations has been perhaps the most successful, due to (I) the 
abundance of readily acid soluble minerals, (2) permeability of the rock 
mass, and (3) an effective solution collection system provided by mine 
workings, 

The deep Sacaton East ore body should be considered a logical candidate for 
leaching after cave mine operations are completed. 

Limited success has been achieved in drilling, blasting (including 'rCoyote") 
and leaching of some very shallow, or outcropping oxide copper deposits. 
Existing reserves of this type are relatively small; however, considerable 
useful data on fragmentation and solution technology has been accumulated. 

Very few leaching tests on moderate to deeply buried deposits ..... which 
constitute by far the largest reserves ..... have been undertaken, and none 
of these have progressed beyond the "embryo" stage, except perhaps Kennecott~s 
Safford project, on which no information has been released. Assuming a de- 
posit is composed of readily acid soluble minerals, the critical question to 
be answered first obviously is: can sufficient solution permeation of the 
rock be achieved to profitably extract copper? The general attitude of 
people in the industry is one of skepticism, the concept being that solutions 
will "channel" through existing fractures and that the required permeability 
cannot be obtained even by hydraulic fracturing and/or blasting. Also, the 
generally slow rate of copper recovery in dump leaching tends to influence 
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thinking. However, the average leach dump which contains around 0.3~ Cu 
wTth 5~(~ or less acid soluble (in contrast to deposits available for in place 
leaching, ranging from O.45~, to 1.5% copper with 75% to 1007o acid soluble) 
produces low-cost copper($.204 reported operating cost per pound of copper 
Tn cement at Silver Pell in 1976). But dump (or heap) leaching as an inde- 
pendent operation would be non-economic in most cases due to the low rate 
of return on capital. An exception is the Bluebird Mine (heap leach) which 
has operated profitably for the past 9 years on 0.5~ Cu heads with 9~, or 
more, acid soluble, 

Theoretically, less recovery of~e copper in a deposit than generally assumed 
is suffTcient for a profitable in situ operation. Preliminary economic 
studies of Asarcors Poston Butte property in 1973 indicate that 33.5% recov- 
ery of the copper in a 175 million ton body of 0.46% Cu over a 15 year period 
would provide a DFC-ROR of 22% after taxes (50¢ Cu price). This calculation 
was based on equidistant well spacing (120 ft.), solvent extraction-electro- 
winning and production of 17,5OO tons of cathode copper and consumption of 
91,OOO tons of acid per year. ~hile the capital cost of this process is 
much higher than iron-precipitation-cement copper, the cost per pound of 
cathode copper produced is much lower, and iron salts the principal 
cause of "plugging"(~) are eliminated rather than added to the stripped 
solution ~hich is recycled(9). 

i n  respect to the question posed in the foregoing, the chances for success 
appear reasonably good in enriched porphyry-type deposits that have under- 
gone cave [nining. Otherwise, in "virgin" deposits beneath several hundred 
feet of overburden, the answer can be obtained only by conducting e×tensive 
tests by means of injection and recovery wells, using various methods of 
increasing permeability, such as "sand cracking" and/or blasting. The cost 
of carrying out an experimental in situ leach test at Poston Butte v~as 
estimated to range between $400,000 and $700,000 by Dowell in 1973(10! 

In Mr. Graybeal's recent memo( e ) on Poston Butte, the cost of a two-well 
test was estimated at $250,000 by George Laflin (Technical Service Dept• of 
Dowell). Reportedly, Conoco's solvent extraction-electrowinning pilot plant 
should be available for use in such a test program. 

The partially explored Santa Cruz oxide copper deposit (roughly estimated at 
60 to 150 million tons of O.8~ ..... essentially IO~ acid soluble) repre- 
sents a possible alternative for an in place |each test. Using the economic 
criteria developed on Poston Butte, extraction of 22% of the Santa Cruz copper 
would be required over a 15 year period for an equivalent outcome (22% ROt) on 
the larger tonnage, or 55% on the smaller. 

• . C o u r  r i g  t .  

JHC:j lh 
c,c. T.C.Osborne, (2) 

%.l.L.Kurtz, F.T.Graybeal 
C.W.CampbeII, S.A.Anzalone 
D . E .  C r o w e t  ] 
f i l e  
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ATTACHMENT A . .  

Southwestern Exploration Division 

January 13, 1977 

TO: W.L. Kurtz 

FROM: J. D. Se l l  

Block Cave Leaching 
Miami Copper Company 
(Cities Service Company) 
Miami, Arizona 

Leaching of copper values from the block caving operations at Miami 
Copper was initiated in December 1941 and carried on concurrently with 
cave mining until June 1959 when underground mining was terminated. 
Since June 1959 increased leaching solutions have been maintained over 
and adjacent to the block cave area and leaching continued. In 1969 a 
portion of the Miami ore body that was too low grade to mine by caving 
was mined by open pit and dumped into the caved area adjacent to the 
mining area. 

Based on available figures, 337,924,007 pounds of copper have been 
produced by leaching the Miami ore body from 1941 through December 1975. 
The breakdown for the three periods of operation is shown in Table I. 

Table 1 - Leach Production and Averages Per Year 
During Operation Periods 

Period 
1941-Dec. 1959 
1960-Dec. 1969 
1970-Dec. 1975 

1941-Dec. 1975 

Pounds of Coppe,r. 
100,203,817 
160,796,183 
76,924,007 

337,924,007 

Copper Per Year 
Average (lbs.) 

5,566,879 
16,079,618 
12,~,8,20,668 
9,93~,941 

Yearly production figures are partially available from 1954 through 
1975. The figures are recorded in Table 2 and during the block cave 
mining period also show the tons of ore mined, the pounds of mined 
copper recovered (or the total), the pounds of leach copper recovered, 
and the apparent grade of the tons mined. 

The production figures are primarily from the reports of the Arizona 
Department of Mineral Resources. The total production to 1970 is from 
a paper by J. B. Fletcher (In-Place Leaching at Miami Mine, Miami, 
Arizona: AIME Tran. vol. 250, p. 310-314, 1971). In a paper by J. W. 
Still (Block Caving at Miami: Mining Congress Journal, v. 41, no. 4, 
p. 89-92, 1955), where the block caving is described prior to shut down, 
he reports the pillars which were left on the 720 level averaged 0.859% 
copper. None of these pillars were recovered during mining on the level. 
The 1000 level pillarsaveraged 0.747% copper and only a minor amount of 
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them were recovered during mining. However, stope production was higher 
than expected and part of the pillars were undoubtedly drawn with the 
stope. Still also states that of a ten-year average the total tonnage 
grade was 0.687~ with a net sulfide content of 0.601%. Fletcher notes 
that the plus I million tons of ore mined in ]969 and dumped into the 
caved area and subsequently leached assayed 0.78~ total copper, of which 
0.59~ was oxide copper and 0.19% sulfide ~ copper. The apparent grade as 
shown in Table 2 for the last six years of block caving operations 
suggests a grade range of 0.5-0.6% recovered copper. 

Table 2 - Production Figures - Miami Block Caving and Leaching 

Tons Mined Pounds Pounds 
Year Ore Mined Copper Leach Copper Apparent Grade 

1954 3,413,914 44,940,161 (Includes M 0.66% 
& CD Leach)* 

1955 3~721,675 33,690,037 5,476,284 0.53 
1956 3,821,165 38,564,000 (includes M 0.50 

Leach) 
1957 3,455,120 40,896,046 (Includes M 0.59 

Leach) 
t958 1,870,865 I7,919,616 7,481 ,126 0.68 
1959 998,659 21,229,033 (Includes M 1.06 

Leach) 
Underground block cave terminated 6/26/59 
*M - Miami, CD - Castle Dome 
Underground leaching continued in the block caye and adjacent areas. 
1960 18,930,454 
1961 19,102,143 
1.962 18,077,492 
1963 18,195,285 
1964 17,757,353 
1965 17,905,982 
1966 17,168,489 
1967 8,726,235 
1968 II ,076,950 
1969 13,755,800 
1970 14,965,326 
1971 I2,806,085 
I972 t2,170,335 
1973 t I ,987,674 
1974 t I ,968,789 
1975 13,075,798 

It is of interest to note that single level pulls rarely exceed the expected 
pull whereas multiple level pulls generally have an overdraw on tonnage 
and tile amount of copper produced, as shown in Still's figure (p. 91) on 
the mining results of a 97 million ton draw. 
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Miami has p r e c i p T t a t e d  the copper on shredded t i n  cans from the i n c e p t i o n  
to  the  p r e s e n t .  During 1976 Miami converted  to  a s o l v e n t  e x t r a c t i o n  system 
which was p laced  on stream in May t~76 producing cathode copper .  

The two papers by Ji W. Still and J. B. Fletcher are attached and provide 
details into the block caving and in-place leaching. The paper by F. W. 
MacLennan referred to by Still and covering the earlier development of the 
block caving system is available in the Asarco library as Technical 
PublicatTon No. 314 of the AIME. 

r ,  

James D. Sell 

A t t s .  

cc: FTGraybeal 
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In-Place Leaching at Miami Mine, Miami, Arizona 

by James B. Fletcher 

Leaching of the block caved m i ,  e /TOm I94l through t970 is described, and the i m -  
prot, emctltS made arc [isled. Detailed is the i~creased k-now[edge o] /eachi~zg gai~ted 
thro~tgh this operation, i~ctuding methods  ~ised in forecastblg prod~ctio~*, predic-  
tion o~ the ecotromicat end pob, t. rate of recocery ,  and ultb~,ate recoverv.  

The Miami mine is located near the town of Miami, 
Gila County. Ariz. The Miami mine star ted mining in 
I910 and finished in Ju ly  I959. The ore body was divided 
and mined as follows: 

T o n s  

High  Grade  24.400.000 Top slicing, sublevel  caving', etc. 
Low Grade  105.100,0¢]o Block cav ing  
Mixed ore 9.go0.oO0 Block cav ing  
Low G r a d e  ¢$2 13.100.000 Block cav ing  
T a r a |  M i n i n g  I52.400.000 

Geology: Ore minerals  are largely in P recambr ian  Pinal  
schist in t ruded by te r t ia ry  Schultz grani te  porphyry  and 
covered to some exLent by Quar te rnary  Gila conglom- 
erate. The s t ructures  are highly faulted and shattered.  
The h~[iami fault  on the east cuts off the ore and the 
Pinto fault  on the southwest  caused reoxidat ion of en-  
r iched sulfides producing mixed ore. 

Mineralogy:  The chief mineral  is chalcocite, wi th  chal-  
copyrite,  bornite,  covetlite, malachite,  azurite, chryso-  
cola, cuprite,  nat ive copper, and rnolybdenitc as minor  
minerals.  The ore minerals  occur in seams, veinlets,  and 
disseminated particles. 

In block caving there  is always some dilutiou, and 
drawing  of ore stops when the grade drops past an eco- 
nornical point. This results in a small amount  of copper 
lef t  in the stapes below the capping. There  is some cop- 
per in the capping, probably below 0.03G or less than 
0.6 ]l~ per ton. Over  the low grade No. 2 ore body and 
portions of the high grade, there  was an oxide capping 
which was  not mined. The crushed pil lars are another  
source of copper. The leaching at Miami is an a t tempt  
to recover  this last remaining copper of  a worked-ou t  
mine. 

The e m-ic_hment at the Miami mine  had gone more  
nearl3__~,.t_o com p[e_tion than most ore bodies in the south-  
west. There  is pract ical ly no pyr i te  in the capping and 
v e r y  l i t t le in the ore. 

Leaching 
Leaching started on a small  scale in December  1941. 

Some of the ear ly  problems that were  met  are as follows: 
The first leaching was tr ied through the conglomerate  

over  the high grade mining. No solution came through 
the fault. There  had been mining below the high grade 
since the first leaching, which had broken the conglom- 
era te  for the second time. but this problem has not been 
complete ly  solved to date. 

The  next  lcachin~ was tried over  the mixed ore body 
with water .  The solution came through with verb- l i t t le  

J. B. FLETCHER, Member AIME, is Leachln 9 Supednlendcnt, Miami 
Copper Operahans,.Cilles Service Ca., Miami, Ariz. SME Preprlnt 
71AS40, A]ME Centea.~ial Annum Mectiacj, New York, March 1971. 
M~nuscript, NeY. 6, 1970. Discussion of tb,s ptzper, submhted in 
duplicate prior to Mar. 15, 197Z, will appear in SME Transaclions, 
June 1972, and in AIME Tramactions, 1972, Vol. 252. 

11fl ~ IIFCEMBE~: 1911 

copper. Water  was tr ied over  the sulfide stopes with no 
recovery  of copper. Then acid was added to the water  
over  the mixed ore. The first leaching was started with 
a 3% H.~SO, solution which was immedia te ly  dropped to 
a 0.6% solution. At the present  t ime we try to control 
the H=SQ, feed by the amount  of free acid in the preg- 
nant solution. If the acid in the pregnant  solution drops 
much below 0.5 tb H:SO, per ton of solution, the pumps, 
pipe lines, sumps, etc.. are clogged wi th  iron salts. 

The  early thinking was that  the reuse of the ferrous 
solution from the precipitat ion plant would clog the 
caved area and stop the leaching. 

In order  to leach sulfides it was realized that F e "  
would be necessary, and sex'oral a t tempts  were made to 
manufac tu re  a high F e "  solution. It was discovered that 
by adding acid to the off-solution from the precipitating 
plant, Fe" was converted to Fe ' "  as the solution went 
through the caved ground. The equation for this reac- 
tion is: 

4FeSO, + 2H.SO, --' O.~ Bacter ia  2Feb(SO,)= + 2H:O. 

The ferric sulfate reacts with the copper  sulfide min- 
eral. chalcocite, to form copper sulfate, ferrous sulfate. 
and e lemental  sulfur as shown in the fol lowing equa- 
tion: 

Cu=S -4- 2Fe~(SO,)~ Bacteria  2CuSO, + 4FeSO, + S. 

The ferrous sulfate is then reoxidized by the iron- 
oxidizing bacteria  to farina more  ferr ic sulfate, and the 
cycle is repeated. The elemental  sulfur  set free in the 
dissolution of the copper minera l  is oxidized by the 
sul fur-oxidiz ing bacteria, Thiobacil lus Concretivoues. in 
the presence of oxygen and water ,  to form sulfuric acid 
as shown in the following equation:  

2S + 3 O~ -- 2H~O Bacteria 2H..SO, 

The i ron-oxidizing bacteria, Thiobacil lus Ferrooxidan. 
and the sulfur-oxidizing bacteria,  Thiobacillus Con- 
cretivoues,  are present in the Miami solutions. 

Miami reports  assay values in te rms  of pounds per ton 
of solution. Practically.  it is a s imple term, because all 
pumps are rated in gallons per minute  and we tatk in 
gallons per  minute  and days. 1 gal : 8-1/3 lb; therefore 
1 gpm for 24 hr --- (8-1/3 X 1440/2000 : 6 tons. 

Requi rements :  The Miami plant was designed to treat 
2000 gpm and to produce 1,500.000 lb Cu per month or 

50.000 lb Cu per day. There fore  

2000 gpm × 6 : 12,000 tons of solution per day 

50,00/) 4.I7 Ib Cu per ton of so lut ion  7~ i~ 
12,000 

+0.04 Tai l  

4.21 
4-0.07 Smel te r  Loss 

4.28 Required Assay 
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T h e  first two dimensions are  the surface to b e  covered.  
V/~e'have approximate ly  5.0U(L000 sq ft to cover. One- 
half  of the area was covered in the first 20 years  of 
leaching. The  entire area had been covered in the next  
lour  years.  Since 1963, the  ent i re  area has been under  
leach. 

Tail ing wate r  from the precipi ta t ing plant constitutes 
t h e  most impor tant  source of leach solution. Water  losses 
occur pr incipal ly  from evapora t ion  and at Miami they  
approximate  10%. Fresh wa te r  is used as wash wate r  in 
the  precipi ta t ing plant and usually supplies the makeup  
wate r  to mainta in  the 2000 gpm from undcr~round.  Acid 
is immedia te ly  added to the  off-solution at the sump to 
bring the solution to 0.5 Ib H..SO, per ton of the solution. 
This keeps the  iron from precipi ta t ing out, which gives 
us a clean sump, pump, and pipelines to the caved 
ground. This s t rength acid does not deter iorate  the ce- 
ment  asbestos pipeline. When the solution reaches the  
caved ground it is measured in we i r  boxes and addi-  
tional acid is added to br ing the s t rength  up to the acid 
required at each area• F rom this point  on, the solution 
is carr ied in polyethylene plastic pipe to the point of ap-  
plication. We have used ponds, sprays and drill holes to 
introduce the solution to the  caved ground. Due to the 
uneven surface slope encountered in the caved area. 
sprays are the most satisfactory. Sprays also allow the 
solution to be introduced s lower  than by pending. Drill 
holes w e r e  used in an a t tempt  to introduce the solution 
below the conglomerate  cover  east of the Miami fault.  

The solution descends vert;.cally from the point of 
application except  where  sealed off by the heavy gouge 
of the Miami fault. Holes that  were  dri l led through this 
gouge leached an area approx imate ly  50 ft in diam di- 
rect ly below the hole. To leach this area would required 
dri l l ing on 50-ft spacing. 

The third dimension is the amount  of ore and waste  
to be penetrated.  This averages  about 600 ft. Of this 600 
ft, the bot tom 150 ft contains the mix tu re  of ore and 
waste  we are leaching. We try to mainta in  the under -  
ground collect ing system so that we have a free flow of 
water  in the main haulage ways and we have a few 
Key sampling points. 

The  fourth dimension is the t ime factor. It takes from 
3 to 4 weeks  af ter  a spray is turned on to the surface 
for it  to come through on the  I000 level. The same spray 
will  drop off in about 2 weeks  af ter  it is turned off. 

The next  point is how long can the spray remain  at 
one place before the grade drops. This depends on the 
amount  of  ore in the area being leached. It is praci tcal ly 
impossibIe to correlate  the mining extract ion records 
wi th  the mater ia l  to be leached. So when a new area is 
to be  leached, the spray is turned on and there  is 
a wai t ing period of 3 to 4 weeks before a sample can be 
taken underground.  

The sprays are left in one place unti l  the grade from 
that  area drop s below 2 Ib Cu per ton. The spray is then 
turned off and the area a l lowed to lie idle for a period 
of time. The rest and leach periods are  a l ternated over  
and over. The second l ime over  an area we can remain  
aboui one-hal f  the t ime used or iginal ly  and recover  
about one-hal f  the amount  of copper. The third t ime 
over  it is one-ha l f  the secured, the fourth is one-hal f  the 
third, etc. 

There  are several explanat ions for this. During the 
rest period oxidation oi the sulfides ]nay take place. 
but  since we are leaching with an acid ferric sulfate  
solution and from ob.~crved :,orion on t i m  surface it 
appears that a reverse capilla~3" action is the best ex-  
p]anaiion. A copper-bear in~ boulder  can be put in a 
flow of a leaching solulion, t h e n  the solution removed.  

forms o n  its surface. When a copper-bearing rock is 
broken, it usuz, Iiy cracks on the mineralized seams and 
shows that  the solution is actual ly penetra t ing the rock. 

The sulfide areas do not ~ive as high grade a pregnant  
solution as the oxide areas. The leaching of ehalcocite, 
the predomina te  ore at Miami, seems to take two steps, 
which are expressed in the fol lowing reactions: 

(i) Cu..~ + Fe:(SO,).~- CuSO, + 2FeSO, +CuS 

(2~ CuS+ Fe:(SO,):~ = CuSO, + 2FeSO, + S. " 

The first reaction takes place fair ly rapidly. The  
second reaction is much slower. Chalcopyrite,  a minor  
ore mineral  at Miami, does leach b u t  at a much s lower  
rate. , .  

The t ime to allow for an area to rest is difficult to de- 
t e rmine  due to the varying depth of the column being 
leached, and the type and amount  of  mineral izat ion.  
With a depth of 600 ft. the min imum rest period seems 
to be one month. 

To Jan. 1, .1970, the Miami mine has produced by ]each- 
ing 261,000,0C0 lb of copper. The iron to copper ratio is 1.3 
and the acid to copper ratio is 2.4, both figures based on 
net smel ter  returns. It is apparent  that  the largest  fac- 
tors affecting the cost per pound of copper  are the iron 
and acid consumption. If the acid in the pregnant  solu- 
tion becomes too high, the iron consumption pet" pound 
of copper will  go up. {The ferric iron in the pregnant  
solution also affects the iron consumption.)  If the acid 
strength is too high. the gangue consumption of acid w,.'~l 
go up. The acid strength is kept below 15 lb even in the 
high grade oxide areas unless the ore is ve ry  close to the 
surface. The t ime lag between the solution enter ing the 
caved ground and the same solution appear ing under -  
ground where  it can be sampled and assayed makes  this 
problem of control difficult. The best way we have found 
is to keep graphs of the assays of the underground 
sample points. From these graphs we can check the 
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Hg. 2--Ass y and copper production by months 
f r o m  start ( 1 9 6 9 )  !o November 19"20 with a pro- 
iectian Zo 1972, M~ami mine. 
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t r e n d  a n d  a n t i c i p a t e  a d r o p  in g r a d e  or  a d e c r e a s e  in 
ac id  c o n s u m p t i o n .  

T h e  o p e r a t i o n  s ince  1963. t h e  t i m e  w h e n  no  n e w  
a r e a s  to l e a c h  w e r e  added ,  s h o w s  a g r a d u a l  d r o p  in 
g r a d e  of t h e  p r e g n a n t  so lu t i on  f r o m  4.03 lb  p e r  t on  in 
1963 to 3.10 lb  p e r  t on  in 1968. 

I r o n  s a l t s  do  p r e c i p i t a t e  as t h e  s o l u t i o n  goes  t h r o u g h  
t h e  c a v e d  m a t e r i a l .  F r o m  t h e  a s say  r epo r t ,  Fig.  1, i t  c a n  
b e  seen  t h a t  i ron  Ioss f r o m  t he  c a v e  a r e a  feed to t h e  
p r e c i p i t a t i o n  p l a n t  feed is 4.2 lb  Fe  pe r  t on  of  s o l u t i o n  
to 1962. In  1968 t he  Ioss is 2.6 lb  F e  p e r  ton  of so lu t ion .  
I t  h a s  b e e n  o u r  e x p e r i e n c e  t h a t  t h e r e  is n o . o l u g g i n . g  
a c t i o n  of  t h e  c a v e  g r o u n d  f r o m  t h e s e  bas ic  i ron  sal ts .  I t  
) .s .npt k n o w n  w h e r e  t he  i r on  p rec ip i t a t e s ,  b u t  is pr..~.obabl.y 
h i g h  in  t h e  c o l u m n .  

S i n c e  t he  t a i l  s o l u t i o n  f r o m  t he  i r o n  l a u n d e r s  is to  b e  
r e c i r c u l a t e d  t h e  a r g u m e n t  a h v a y s  occu r s :  w h y  m a k e  a 

Table I .  Assay Results in 1967 

C o  A s s a y ,  C u  A s s a y ,  L b  
Y e a r  l . b  p e r  T o n  p e r  T o n  R e ¢ l r e u -  
la, l~7 F e e d  t o  P l a n t  l u t e d  T a i l  S o l u t i o n  

J u l y  2 . ' ~  0.05 
A u g u s t  2 . 6 9  1 .04  
S e p t e m b e r  2 . 2 9  1 . 3 7  
O c t o b e r  2 . 4 0  1 . 0 7  
~ o v e m b e r  2 . 3 0  1 . 0 8  
D e c e m b e r  2 . 4 0  0 . 7 5  

Table 2 .  Copper Cities Dam No. 1 ~ssay Report, January I964 

G p m  T o n s  A s s a y  L b  C n  . t - 'e Z I : S O ,  

T o  D u m p  4 7 7  8 8 . 7 2 2  1 .59  1 4 1 . 0 6 7  1 . 0 9  0.~,S 
F r o m  D u m p  3 9 6  73 .65G 1 .58  1 1 6 . 3 7 6  0 . 4 2  0 . 2 4  

Table 3. Copper Cities Dam Re. I ~ssay Report, October 1964 

Cu A s s a y  F e  I f : S O ,  

T o  D u m p  0 . 0 1  3 . 0 3  0 . 0 0  
F r o m  D u m p  1 . 1 0  0 . 2 0  0 . 1 0  

D i f f e r e n c e  1 .09  2 83  0 . 1 0  
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good r e c o v e r y ?  I t  h a s  o f t e n  b e e n  p r o p o s e d  to r e c i r c u l a t e  
low g r a d e  s o l u t i o n  b a c k  tbrougi~  t h e  s a m e  a r e a  ( w i t h  
a d d i t i o n  of  ac id )  in  o r d e r  to u p g r a d e  t h e  s o l u t i o n  to the  
i r on  l a u n d e r s .  A s t r i k e  w a s  ca l l ed  a t  M i a m i  in  A u g u s t  
195,t. T h e  p r e g n a n t  so lu t i on  w a s  p u m p e d  f r o m  t h e  m i n e  ~. / 
a n d  s t o r e d  in a pond  on  t h e  mi l l  t a i l i n g s  dam.  In  S e p -  y, t e m b e r  t h i s  so lu t ion ,  w h i c h  a s s a y e d  5 Ib  Cu p e r  ton ,  w a s  ! 
p u m p e d  b a c k  to the  l e a c h i n g  areas ,  m o r e  ac id  w a s  
added ,  a n d  s p r a y e d  b a c k  on  to a reas .  No p.:-ckup in  t h e  
p r e g n a n t  s o l u t i o n  was  n o t e d  in t h e  f o l l o w i n g  m o n t h s .  
T h e  p r e g n a n t  s o l u t i o n  f r o m  t h e  m i n e  c o n t i n u e d  to a s s a y  
5 lb p e r  t on  as it h ad  p r i o r  to t h e  s t r ike .  M i a m i  w a s  
a g a i n  on  s t r i k e  in 1967. O n l y  t he  m i n i m u m  a m o u n t  of 
w a s h i n g  of  t h e  i r on  l a u n d e r s  w a s  a l l owed .  T h e  as say  
r e s u l t s  in  T a b l e  1 s h o w  t h a t  r e c i r c u l a t i o n  d id  n o t  u p -  
g r a d e  t he  so lu t i on .  

Ac id  w a s  a d d e d  to b r i n g  t h e  ac id  s t r e n g t h  of t h e  r e -  
c i r c u l a t e d  s o l u t i o n  to  t he  n o r m a l  s p r a y  so lu t ion•  

M i a m i  C o p p e r  h a s  two  o t h e r  p r o p e r t i e s .  C a s t l e  D o m e  
a n d  C o p p e r  Cit ies ,  w h e r e  d u m p  l e a c h i n g  is c a r r i e d  on. 
In  b o t h  o p e r a t i o n s  t he  d u m p s  c o n t a i n  e n o u g h  p y r i t e  so 
t h a t  ac id  is n o t  r e q u i r e d ' f o r  l e a c h i n g .  No. 14 d u m p  a t  
C o p p e r  C i t i e s  m i n e  was  p r o d u c i n g  a l ow  g r a d e  so lu t ion .  
In  D e c e m b e r  1964 it  was  dec ided  to  t r y  r e c i r e u l a t i n g  No. 
1 d a m  p r e g n a n t  so Iu t ion  o v e r  t h i s  d u m p  w i t h  t h e  h o p e  
t h a t  t h e  Fe ' "  a n d  H,SO, in t h e  s o l u t i o n  w o u l d  h e l p  the  
l e a c h i n g .  O n  Dec. 21. 1964, 500 g p m  of No. 1 d a m  s o l u -  
t i o n  w a s  s t a r t e d  on  t he  d u m p .  T h e  a s says  for  t he  m o n t h  
of J a n u a r y  1964 s h o w e d  t he  r e s u l t s  g i v e n  in T a b l e  2. 

F r o m  T a b l e  2 it is a p p a r e n t  t h a t  no  c o p p e r  is b e i n g  
l e a c h e d  f r o m  t h e  d u m p  to da te .  T h e  c o p p e r  a s say  s h o w s  
such  a s m a l l  d r o p  Iha t  it c o u l d  b e  in a s say ing .  T h e  on ly  ., 
p o s i t i v e  r e a c t i o n  is t he  loss  of  i ron  in  t h e  d u m p .  T h e  a s -  
s a y  f r o m  th i s  d u m p  the  las t  t i m e  it w a s  r u n  ( O c t o b e r  
1964) w i t h  ta i l  so lu t i on  is g i v e n  in T a b l e  3. 

In  1969 a p o r t i o n  of t h e  M i a m i  o r e  b o d y  t h a t  was  too } 
l o w  g r a d e  to m i n e  by  cav ing ,  w a s  m i n e d  b y  open  p i t  ! 
a n d  d u m p c d  in to  l he  c a v e d  a r e a  a d j a c e n t  to t h e  m i n i n g  i 
a rea .  Tl~is rest ,  l ted  in 200,000 sq  ft of  leve l  a r e a  ideal  for  ] 
leachin;~,  c o n t a i n i n <  1.3-I8.172 ions  a s s a y i n g  0.78'~, to la l  | 

Cu, 0.59q' o x i d e  Cu, a n d  0.I99; su l f ide  Cu  o r  21,000,000 i 
l b  Co.  T h e  so lu t i on  c a m e  t h r o u g h  to t h e  I000 l eve l  a n d  * 
m i x e d  w i t h  t he  so lu t i on  f r o m  o t h e r  p a r t s  of  t h e  mine .  ~ 
[ loweve , ' .  we  w e r e  ab le  to w e i r  a n d  assay  t h i s  s tdut ion .  .' 

T~ 
F r o m  t h e  r e s u l t s  o h t a i n e d  f r o m  t h i s  a r e a  a close ap -  ] 
p r o x i m a t i . n  of  t h e  o v e r a l l  r e c o v e r  c a n  he made .  T h e  
g r a p h  {Fig. 2) s h o w s  a s say  a n d  c o p p e r  p r o d u c t i o n  b y  

| 
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Fig. 3---Projected assays and produclion, with flow of 2600 gpm, 
Miami mine. 

months  f rom the start to November  1970 with a projec-  
tion to 1972. The max imum flow that  can be sprayed on 
this area wi thout  excessive pooling is 900 gpm. T h i s  
gives a flow rate of 0.45 gpm per  100 sq ft with a loss 
of  I0% by evaporat ion and gives a recovery of 800 gpm 
from this area. 

Al though the plant was designed for a flow of 2.000 
gpm, as the grade dropped the flow was increased in 
order  to keep the production as high as possible. At the 
present  t ime 2600 gpm is the max imum flow wi thout  

ranjor changes il~ the pumping system and prccipit-',~ion 
plant. With tim 5,0UO,O00 ~ ft or area available,  if  the 
ent i re  area were covered, i t  wou ld  g ive a f low ra te  o l  
0.052 gpm per 100 sq it. Using 2600 gpm, a graph of the  
projected assays and production was made (Fig. 3).  

Assuming  the fol lowing cost and the projected pro-  
duct ion of 4,000,000 lb for I980, the econvmics would  be 
as fo l lows :  

Assumed Cost: Acid $25.00 ton, l~5v per  lb 
Iron $64.00 ton, 3.2c per  tb - 

Iron to Cu ratio: 2 (as the grade of the solution 
decreases, the iron consumption increases due to F e " )  
Acid to Cu ratio: 2.3 
Gives:  

1.25¢ X 2.3 -- 2.875C per lb Cu 
3.~¢ X 2 -- 6.400¢ p e r l b C u  

Freight ,  Smelting,  and 
Refining = 7.00¢ per ]b Cu (Assumed) 

Total  F ixed  Cost 16.275¢ / 

As the production drops, the manpower  could prob-  
ably be  cut. But for this study, assume an operat ion 
cost of $3000 per day which would include labor, power,  
taxes, overhead,  etc. Using the projected copper produc-  
t ion of 4,000,000 lb for the year  1980 gives: 

4,000,000 
- -  10,959 lb Cu per day 

3~5 

$3,000 
~ .  -- 27.375c per ]b Cu 
.10,959 / 

16.275¢ ~- 27.375,.- = 43.65e total cost per Ib Cu for 
the year  1930. 

Therefore,  the ul t imate  recovery  will  depend on the 
price of copper. 

The 1.348,172 tons mined in 1969 were  dumped into an 
area of 200,000 sq ft with an average  depth of I35 ft. 
From this dump it is projected to have a recovery  of 
80% in 3 years. If  the area could have been doubled, 
1800 gpm of solution could have been ~prayed on the 
dump with a quicker  recovery.  This dump was mostly 
oxide which gives a comparably  rapid recover% The ore 
broke fair ly fine with very few rocks over  I2 in. in 
diam. 

.6 .~ ~ -~ 

,I . - . - ~ ' : @ . ~ : -  LE_L_L.J 

; i !~ -- " ( ) , ~ , v  v '  ( \ ' V ,  ~ \ ' . , '  

, I": - - - -  -- ' --  . . . . .  - - n  \ ~ ~, ___._X/_ 
i 

/ - r l l l + , ,  

Fig. 4 - -Schemat ic  of leochlng ot Mi-  
omi Copper re|it. Air pumps ore type 
316 SS. 
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Table 4. Operatieg Crews lot Miami Leach Operation 

Ih 'ccipital ing Plant,  "/-day oper- 
ation 

"Underground ,  5-day opcraUon 

Mairttenance crews from CoplX'r 
Cit ies,  5-day operation 

1 O p e r a t o r  o r  p u m p m a r l  ,3 shii ' ts 
t E q i l i p m e n t  o p e r a t o r  D a y  s h i f t  
! C a v e  area p u m p m a r l  D a y  s h i f t  
;I Celt wa.~hcrs Day shift 
I Foreman Day shil l  
3 Wllllhcr crews.  6 mf2rl D. lY s h i f t  
2 I I o i s t  t-nl~lill~eri D a y  s h i l l  
| Forealatt  Day s h l / t  
I Plpen lan  Day shlfl' 
I hlachtnlst  Day shi l l  
I Mechanic Day shift 

At the Copper Cities mine, as the dump mater ia l  came 
t rom lower  in the mine, where  chalcopyri te  was the 
main mineral ,  the ra te  of recovery  dropped rapidly. At  
Castle Dome mine, at the toe o£ the dumps, which are 
composed of large boulders,  leaching is very slow. 

The precipi ta t ing plant  at Miami is similar  to others  
in the southwest.  The only difference is the method of 
cell  loading. Det inned shredded cans are received by rail  
and unloaded by a magnet.  The magnet  drops the cans 
into a hopper  which feeds a belt  conveyor.  The belt  
t ravels  over  the center  of the cells and by means of a 
t ravel ing  t r ipper  the cells are evenly  charged with  iron. 
The precipi ta ted copper is washed from the cans through 
wooden screens by high pressure water.  The precipitates 
discharge onto a decant  slab. Washing is done on the day 
shift  only. Solutions are drained from the precipitated 
copper and pumped  back to the cells on the af ternoon 
shift. The copper  is moved from the decant slab to a 
drying slab ear ly  the next  morning before washing 
begins. The copper  is moved with a f ront -end loader. The 
same toader loads the dry copper into the rai l road car. 
The copper is shipped to the smel ter  at Douglas. 

The plant  operates  every day in the year. The copper 
recovery  at  the plant  is 99% or 0.04 lb Cu per ton of 

s, duti ,m tail. The precipitates shipped average 23.5% 
inoisture and assay 79% copper. 

The operat ing crew of the plant fs listed in Table 4. 
The overal l  recovery by leaching at Miami will  he 

inipossil~le to de termine  as we do not know exact ly  how 
much ct~pper wc had at the start. A percent  recovery 
figure for leaching is a misleading figure. A 50f; r o t o r -  
very of a 1% ore body would be poor. 

The first 15% or 20f; of tile copper in place is ve ry  
easy to recover.  It is only possible through careful  a t -  
tention to details to maintain a steady production and 
to get a good overa l l  recovery by this method. 

To give a complete picture of the leaching at Miami, 
a flowsheet (F ig . . t )  and two typical assay reports  (Fig. 
1) are  included. 

Summary and C0nclusi0ns 
1) Leaching in place of a block caved mine recovers 

the remaining copper. 
2) Oxide minerals  leached with H:SO, sQlution. 
3~ Ferr ic  sulfate solution is necessary for leaching 

sulfide minera ls  and can be obtained by util izing the 
action of bacteria on the ferrous solution from the  iron 
launders. 

4) There  is no plugging of the ground by disposition 
of iron salts from the reclaimed solution. 

5) Sprays were  found to be the most economical and 
simplest  way to introduce solution to tile caved areal 

6) Recirculat ion does not upgrade the solution; there-  
fore, a good stripping of the solution in the iron launders  
is good practice. 

7) A rest period is utilized to induce reverse  capi l lary 
action. 

8) Rate of leaching is controlled by the size of the 
material ,  type of mineralization,  and the area available.  

9) The economical end point and recovery  can be 
closely predicted by graphs of the leaching. 

TECHNICAL NOTE 

Size Distribution General Law of Fragments Resuffing 
from Rock BIasting 

by C. Dints da Gama 

In mining, all uni t  operations are closely interrelated,  
and the resul ts  of blasting are probably the key factor 
wi thin  that  sequence. 

The dri l l ing program prior to blasting is just  as de-  
pendent  upon the desired rock fragmentat ion as are the 
loading, hauling, and mechanica} crushing operat ions 
wh]ch are economically and technically influenced by 
the results of blasting, namely,  the size and scat ter  of 
the product.  

What  is known today as opt imum blast ing'  is the 
process of designing a blast in order to obtain a certain 
degree of f ragmentat ion so that overal l  mining costs 
are minimized.  Applying  this criterion often results in a 

C. D. DA GAMA, Member AIME, is Assislant Professor, University' 
of Luanda, Angola, PorSu9ol. TN 71AM203. Manuscript, Jan. 19, 
1971. 

different program than when an individual  blasting 
pat tern  is chosen only on the basis of the lowest  opera-  
tional cost for that pattern,  disregarding wha t  comes 
before or af ter  the blast. Fig. 1 shows the character is t ic  
var ia t ion of mining unit costs with tile degree of frag- 
mentation, or the maximum size of blocks obtained from 
blasting.: From the figure, it call be seen that  opt imum 
breakage must correspond to the lowest total costs, but  
reducing dri l l ing-blast ing costs only does not achieve 
such an opt imum solution. 

Methods of designinR surface or underground  blasting 
operat ions shuuld comply with the optimization cri-  
terion, but this compliance is feasible only if a detailed 
mining system analysis is available.  Therefore,  predic- 
tmns of costs of h~adin~, tl'anspm'Ung, and mechanical  
breakage of ore as a function of its size wil l  define a 
narrow range of variat ion for dril l ing and blasting 
parameters  ia order  to get the min imum total  costs. 

Rnrl+*u nl l i l i l l lntl El~oineerl. AIME TRANSACTIONS ~ VOL. 250 



ATTACHMENT S 

,Chapter 16 

IN PLACE LEACHING OF A MIXED COPPER ORE BODY 

Ronald L. Longwell 

Ranchers Exploration and Development Corporation 
Mammoth, Arizona 

PROPERTY LOCATION 

Located in the Copper Creek area of the Galiuro 
Mountains, the 01d Reliable is on ground first claim- 
ed for mineral value during the Civil War. The 
deposit was mined sporatically from 1880 to 1919 and 
again in 1953 and 1954, with a total of about 30,000 
tons of ore removed. 

The ore body is a near vertical breccia pipe con- 
taining approximately 4,000,000 tons of 0.80% copper 
with mineralization occuring as chalcocite, chalcopy- 
rite, malachite, chalcanthite, and chrysocolla. The 
host rocks are extrusive lavas of cretaceous age 
which were intruded and mineralized by Copper Creek 
Granodiorite, which is Laramide in age. 

The ore zone, which occurs on the toe of a ridge, 
is about 300 feet by 600 feet in plan, with the bulk. 
of the deposit extending from the surface to a depth 
of 500 f e e t .  
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DEVELOPMENT AND BLAST 

Previous mining operations were conducted on two 
levels. The bottom level or "200" level is located at 
the base of the ore zone at 3,750 feet above sea level 
with the other level or "100" level located 100 feet 
above. In addition to extending these old workings a 
third, the "A" level, was established 165 feet above 
the "100" level. After the development work there 
existed approximately 8500 feet of 6 foot by 6 foot 
adits and crosscuts. 

S e i s m i c  and s a m p l e  b l a s t  t e s t s  w e r e  c o n d u c t e d  p r i o r  
t o  final planning of the blast. It was imperative 
that damage to the ecology be minimal. Three test 
blasts, ranging from I00 to 4,000 pounds of explosive, 
were conducted. From these tests it was determined 
that little if any damage would occur, and this was 
the actual case. Observers at a point three miles 
from the blast felt only a minor tremor. 

The loading for the blast consisted of the emplace- 
ment of approximately 4,000,000 pounds of ammonium 
nitrate explosives into 6000 feet of coyote tunnel. 
This operation was designed and assistance provided 
by E.I. DuPont de Nemours & Co. As the specified 
areas were filled with explosive, approximately 
80,000 cubic feet of sand stemming was blown in place 
through a stowing machine and by hand stacking sand 
bags. The detonation was instantaneous on the top 
level with the middle level delayed i00 milliseconds 
and the bottom level delayed an additional 150 milli- 
seconds. Initiation was from a firing bunker one mile 
from the mine. Three days prior to the blast date, 
the area was cleared of all livestock and personnel 
except for the arming crew and others directly in- 
volved with the blast. Aerial surveillance as well as 
ground security patrols were maintained until time of 
t h e  b l a s t .  

The b l a s t  was d e t o n a t e d  on s c h e d u l e ,  March  9, 1 9 7 2 ,  
and i t  a p p e a r s  t h a t  i t  was a c o m p l e t e  s u c c e s s .  The 
p r o j e c t e d  f r a c t u r e  l i n e  and t h e  a c t u a l  f r a c t u r e  l i n e  
a r e  q u i t e  s i m i l a r .  S t r u c t u r e s  and w a t e r  f l o w  i n  t h e  
a r e a  we r e  u n a f f e c t e d .  S u r f a c e  d i s t u r b a n c e ,  as  e x p e c t -  
e d ,  was m i n i m a l  w i t h  o n l y  an a r e a  o f  a b o u t  500 f e e t  i n  
diameter being affected. It is believed that a mean 
rock size of 9 to I0 inches in diameter was achieved 
in the ore zone. 
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In Piace LeachinE of a Mixed Copper Ore 8ody 

RECOVERY PLANT 
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Production from the mine will be achieved by pre- 
cipitating the copper from a pregnant liquor using 
shredded iron. This product being generally referred 
to as cement copper. 

The blasted area has been terraced by crawler 
tractors with the benches about 20 feet high and vary- 
ing from 15 to 180 feet in width. To provide the 
quantity of water required to soak a leach area this 
size, a 17.5 inch diameter well was drilled at a 
location about six miles from the plant site. Fresh 
water is pumped to the mine, by utilizing a diesel 
driven well pump and two booster stations, through a 
six inch steel pipeline. The water is acidified with 
sulfuric acid at the plant in the barren solution pond 
before it is applied to the ore. 

The leach liquor is gravity fed to two 200-hp, two 
stage centrifugal pumps. Each pump provides liquor to 
a discrete distribution system that services one-half 
the terraced area. Both systems are comprised of one 
six inch main transmission line and several two inch 
distribution lines. Spaced at 40 foot intervals along 
the distribution lines are rotating sprinkler heads. 
The sprinklers are plastic bodied with stainless steel 
pins and springs. The front and rear spray nozzles 
cover a circular area with a radius of 60 feet. 

The pregnant liquor exits the ore body at the base 
of the hill in the vicinity of the "200" level portal. 
A concrete core catch dam was constructed down stream 
in Saloon Wash to collect the pregnant liquor flow 
and direct it, by means of two 10 inch plastic pipes, 
to the pregnant liquor pond at the plant site. 

In Saloon Wash, above the blasted area, an earthen 
diversion dam was constructed to channel storm run-off 
through 600 feet of 72 inch culvert. This culvert 
carries run-off around the pregnant liquor collection 
pond and returns it to the natural drainage system 
below the area of the mine. 

I From the pregnant liquor pond the copper laden 
solution flows through a magnetic flow meter into the 
precipitation cells. There are six cells which have 
an active volume with dimensions of 24 feet long, 

I 8 feet wide and 4 feet deep. The cells may be operated 
with all cells in series or in a parallel-series 

i arrangement. The latter method of operation is the one 

. . . . . . . . .  • . . . . . . . . . . . . . . .  
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most used. Cells 1 and 2 operate in parallel with 
their combined discharge feeding cells 3 and 4, which 
feed cells 5 and 6. Make-up acid is added to the 
barren solution in the tails race of the cells to pro- 
vide adequate mixing prior to discharge into the barren 
solution pond. 

Copper precipitates are washed daily from the cells 
into a decant sump. The wash water is returned to the 
feed end of the cells by decanting from the to, of the 
liquid level. The precipitates are then moved from the 
sump, using a front-end loader, to a concrete drying 
area where moisture is reduced to about 15% prior to 
shipment. 

METALLURGICAL TEST WORK 

In order to determine the amenability of acid 
leaching of the Old Reliable ore, both Ranchers and 
Hazen Research conducted separate studies. These tests 
used both diamond drill samples and bulk samples ob- 
tained from the different levels of the mine. In 
addition, tests were run comparing Old Reliable ore to 
Ranchers' Bluebird ore. It was felt that the leaching 
experience available from the Bluebird ore was a good 
yardstick with which to estimate the rate of recovery 
from the Old Reliable. These tests indicated that Old 
Reliable ore is quite amenable if leached under proper 
conditions. Ferric iron must be present to achieve 
significant recovery from the ore. 

Four different samples were utilized in the test 
work; 

Composite l: core reject material which assayed 
1.05% total and 0.162% acid soluble copper. 

_~ Composite 2: run-of mine materials which 
assayed 1.12% total and 0.601% acid soluble 
copper. 

Composite 5: deep hole core rejects which assay- 
ed 2.29% total and 0.06% acid soluble copper. 

Composite 4: Bluebird ore which assayed 
total and 0.22% acid soluble copper. 

To collect data on the acid consuming characteris- 
tics and preliminary data on copper extraction, con- 
stant pH agitation leach tests were conducted on 
composites 1 and 2 for 24 hours. 
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in Piace Leaching of a Mixed Copper Ore Body 237 

TABLE i 

C o n s t a n t  pH A g i t a t i o n  Leach T e s t s ,  24 Hours  

Composite I .  

%Cu ,H2SO 4 Consumed 
Leach pH Dissolution Lbs/Ton Lbs/Lb Cu 

O.S 25.9 19.7 5.2 
1.0 21.1 9.4 3.7 
1.0 20.9 7.9 3.3 
1.5 17.8 11.9 4.7 

Composite 2. 0.S 61.0 8.6 2.1 
1.0 58.0 6.7 2.0 
1.0 57.7 5.6 1.9 
1.5 55.6 5.5 1.9 

l Composite i yielded 18% of the copper at pH 1.5 and 
26% at pH 0.5. Composite 2 yielded 56% of the copper 

I at pH 1.5 and 61% at p}I 0.5. Although the copper dis- 
solution characteristics of the composites differed 

i markedly, neither consumed much acid. Based on the 
acid consumed by materials other than copper, consump- 
tion in 24 hours was 8 to 20 pounds H2SO 4 per ton of 
rock for composite i, and 6 to 9 pounds H2SO 4 per ton 
of rock for composite 2. Both materials, because of 
their low acid consuming characteristics, appeared 
suitable for prolonged periods of leach contact, such 
as would occur during heap, dump, or in-place leaching. 

Constant pH agitation leach test at pH 0.5 conduct- 
ed on composite 5 showed, that without ferric iron, 
only about 19% of the copper was dissolved in 24 hours. 

TABLE 2 '  

i: 

pH 

Constant pH Agitiation Tests, Composite 3 (24 hrs) 

Initial %Cu H2504 Consumed 
Fe+3-g/l Dissolved Lbs/Ton Lbs/ib Cu 

0.5 0 18.8 40.2 4.7 
0.5 6.5 49.2 20.5 1.3 
0.5 16.4 52.1 22.6 0.9 
2.0 16.4 52.2 0 0 

When ferric iron was added during the agitation 
tests, the percentage dissolution increased to 52% in 
24 hours. This occurred whether acid was added or not, 
indicating an autogenous generation of acid during the 
dissolution reactions. 
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Percolation tests were then conducted on composites 

i, 3, and 4 to compare the leaching characteristics of 
Old Reliable ore to that of Bluebird ore. Two columns 
were run containing material from composite i, one with 
a c i d  alone (i0 grams per liter) and one with ferric 
iron added ~6.5 grams per liter). Composite 3 was con- 
tacted with solution containing about 10 grams per 
liter H2SO 4 and 5 grams per liter ferric iron. Compos- 
ite 4, Bluebird ore, was contacted with 10 grams per 
liter H2SO 4. 

TABLE 3 

Old R e l i a b l e  Compos i t e  I ,  Column T e s t  w i t h  Ac id  Only 

Time Assay, Gram/Liter % Cu H2SO4 Consumed 
Days Cu H2SO 4 Recovered Lbs/Ton Lbs/ib Cu 

1 4.93 1.2 13.1 11.1 4.7 
2 0.63 6.8 17.3 15.1 4.8 
3 0.28 7.8 19.2 18.0 5.2 
4 0.24 7.6 20.8 21.2 5.6 
5 0.24 7.5 22.3 24.6 6.1 
6 0.23 7.5 23.9 27.5 6.4 
7 0.21 7.7 25.2 30.4 6.6 
8 0.18 8.1 26.4 32.7 6.8 
9 0.17 8.2 27.5 34.8 7.0 

10 0.16 8.2 18.6 36.8 7.1 
12 0.15 8.5 50.6 41.1 7.4 

Wash 0.02 1.3 30,8 38.1 6.8 

C o m p o s i t e  1,  in  t h e  a b s e n c e  o f  f e r r i c  i r o n  i n  
s o l u t i o n  was ,  a t  b e s t ,  o n l y  m o d e r a t e l y  amenab le  t o  
a c i d  l e a c h i n g .  With f e r r i c  i r o n  p r e s e n t ,  h o w e v e r ,  t h e  
r a t e  o f  d i s s o l u t i o n  and t h e  a b s o l u t e  amount  o f  c o p p e r  
d i s s o l v e d  i n c r e a s e d  s i g n i f i c a n t l y .  A f t e r  12 days  t h e  
column in contact with ferric iron solution yielded 
63% extraction while the column without ferric iron 
only yielded 31%. 

Composite 3, also indicated 63% extraction after 12 
days of contact. Leaching of the column was continued 
for a total of 27 days at which time 80% of the con- 
tained copper was extracted. 

Copper recovery from Composite 4, Bluebird ore, was 
72% in 8 days. This comparison indicated that, in 
terms of copper dissolution rate, Bluebird ore was more 
amenable than Old Reliable. To reach the 70% copper 
recovery level, for instance, Bluebird required about 
one-third the time required by Old Reliable. 
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TABLE 4 

Old Reliable Composite I, Column Test 

Time Assay, Gram/Liter % Cu H2SO 4 Consumed 
Days Cu H2504 Fe+3 Recovered Lbs/Ton Lbs/ib Cu 

1 4.93 2 .7  1.27 24.9 9.2 1.9 
2 1.99 7.5 2.93 37.0 12.3 1.7 
3 0.94 7.3 4.10 42.8 14.3 1.7 
4 0.64 8.7 4.65 46.7 15.5 1.7 
5 0.54 8.7 5.21 49.9 16.9 1.7 
6 0.43 8.9 5.12 52.5 18.2 1.7 
7 0.35 9.2 5.27 54.5 19.2 1.8 
8 0.33 9.3 5.33 56.5 19.8 1.8 

10 0.28 9.1 5.35 60.0 22.1 1.8 
ii 0.25 9.1 5.22 61.5 22.9 1.9 
13 0.25 9.7 5.49 64.4 22.9 1.8 
15 0.22 9.3 5.51 67.1 25.6 1.9 

Wash 0.03 1.6 0.81 67.5 21.2 1.6 

TABLE 5 

Old Reliable Composite 3, Column Test 

i Time Assay, Gram/Liter % Cu HzSO 4 Consumed 
Days Cu H2SO 4 Fe+3 Recovered Lbs/Ton Lbs/Ib Cu 

1 3.17 4.6 0.00 I0.0 10.8 2.5 
2 3.12 8.0 0.26 21.4 15.1 1.7 

i 3 3.00 8.8 2.32 33.0 18.4 1.3 
I 4 1.96 9.0 1.98 40.4 21.4 1.2 

S 1.13 9.1 3.29 46.5 24.2 1.2 
6 I.ii 8.9 3.20 50.7 28.0 1.3 
7 0.81 9.1 3.79 53.7 30.6 1.3 
8 0.66 9.3 3.59 56.0 32.8 1.4 

I 9 0.53 9.2 3.85 58.0 35,2 1.4 
10 0.47 9.5 4.03 59.7 37.1 1.5 
II 0.49 9.5 4.17 61.6 39.3 1.5 
12 0.58 9.4 3.49 63.8 41.6 1.5 
13 0.61 9.2 3.31 66.0 44.0 1.6 
15 0.36 9.6 4.42 68.7 47.9 1.6 
17 0.30 9.8 4.80 70.9 50.9 1.7 
20 0.30 9.8 4.87 74.3 55.2 1.7 
Z2 0.19 10.0 4.48 75.8 57.8 1.8 
24 0.18 10.0 4.66 77.1 60.6 1.8 
27 0.19 10.0 4.84 79.3 63.5 1.9 

Wash 0.07 80.0 63.5 1.9 
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Bluebird Ore Column T e s t ,  Acid Only 

Time Assay, Gram/Liter 
Days Cu H2SO 4 

% Cu H2SO 4 Consumed 
Recovered Lbs/Ton Lbs/ib Cu 

1 3.02 0.3 4S.8 12.8 4.0 
2 0.99 7.3 62.8 16.0 3.6 
3 0.20 9.2 66.3 17.0 3.6 
4 0.11 9.2 68.2 18.1 3.8 
5 0.073 8.9 69,3 19.3 3.9 
6 0 .057 9.0 70.3 20.4 4 .1  
7 0.046 9.1 71.i 21.5 4.3 
8 0.033 9.1 71.6 22.5 4.4 

Wash 0.0033 i.i 71.8 19.9 3.9 

Neither ore consumed much acid. With ferric iron 
present, composite 1 ultimately consumed about 1.6 
pounds of H2SO 4 per pound of copper recovered. Com- 
posite 3 ultimately consumed 1.4 pounds of H2S04 per 
pounds of copper recovered, and composite 4 ultimately 
consumed 3.9 pounds of H2S04 per pound of copper re- 
covered. 

From this data Ranchers proceeded with the project. 
It is believed that 50 percent of the copper value at 
Old Reliable can be recovered during a five year period 
with an acid consumption of no more than two pounds of 
acid per pound of copper recovered and an iron consump- 
tion of 1.5 pounds of iron per pound of copper recovered 

OPERATIONAL DATA 

On August 23, 1972 the first leach liquor was pumped 
to the ore. No acid was added during the two week 
start-up period to minimize the problems associated 
with the testing of the moderate pressure C300 psi) 
pumping system. 

The l e a c h  l i q u o r  was a c i d i f i e d  to  pH 2.0 a t  t h e  end 
o f  t he  f i r s t  week in  Sep t embe r .  T h i r t y  days  f o l l o w -  
ing  the date of initial application, underflow solu- 
tion appeared in the area of the old "200" level portal. 
This was the anticipated point of return. The under- 
flow solution had a pH of 6.0 and was precipitating 
copper hydroxide in the collection area. 

The u n d e r f l o w  pH r e m a i n e d  u n c h a n g e d  u n t i l  mid-  
O c t obe r  when the  pit o f  t he  l e a c h  l i q u o r  was r e d u c e d  
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to 1.8. Shortly thereafter the underflow pI! dropped 
to 5.5 and remained at that level of acidity. Again 
the pH of leach solution was lowered, this time to pH 
1.5. The acid concentration of the leach liquor has 
since been maintained at this level. The result has 
been to achieve an underflow of pH 2.4 with copper 
concentration as high as 2 grams per liter. 

It appeared that soakage of the ore body was 
achieved by early February, 1973. In the first two- 
thirds of the month, 97 percent of the liquor applied 
to the ore was returned to the plant. 

Leach liquor is being distributed over an area of 
245,900 square feet at the rate of about 1100 gallons 
per minute. This is equal to about 4.5 gallons per 
minute per thousand square feet. After one year of 
leaching there is no ponding on the surface and no 
evidence of lateral migration of solutions. 

Ferric iron first appeared in the underflow solu- 
tion in April, 1973, and increased to about 0.6 grams 
per liter in August, 1973. This is evidence of the 
existance of a bacterial colony in the ore body which 

~ will aid in the dissolution of the sulfide portion of 
l t h e  m i n e r a l i z a t i o n .  

In  t h e  f i r s t  t e n  mon ths  o f  c e l l  o p e r a t i o n  a p p r o x i -  
m a t e l y  4 , 0 0 0 , 0 0 0  pounds  o f  c o p p e r  were  p r o d u c e d .  Ac id  
and i r o n  c o n s u m p t i o n  f o r  t h e  p r o d u c t i o n  o f  t h i s  c o p p e r  
was 5 .17  pounds  o f  a c i d  p e r  p o u n d ,  and 1 .39  p o u n d s  o f  
i r o n  p e r  p o u n d .  The a c i d  c o n s u m p t i o n  i s  e x p e c t e d  t o  
d e c r e a s e  w i t h  t ime  as  t h e  a c i d  c o n s u m i n g  g a n g u e  m a t e r i -  
a l s  i n  t h e  o r e  body a r e  d e p l e t e d  and a c i d  g e n e r a t i o n  by 
t h e  b a c t e r i a l  a c t i o n  i s  i n i t i a t e d .  

Copper production increased steadily from the 
initial production in December, 1972, until the 
plant design level of 20,000 pounds of copper per day 
was reached in August, 1973. The above average rain- 
fall during the first winter of operation delayed 
reaching design capacity much sooner. 
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CONCLUSION 

The process can be fully evaluated only by the 
ultimate recovery of the copper values. At this time 
it does appear that the facturing of a suitable ore 
body by conventional explosives for the purpose of 
leaching-in-place is a reasonable approach to provide 
low cost copper recovery. In the case of the Old 
Reliable the fracturing was sufficient to increase 
the porosity of the ore to allow good penetration of 
leach solutions and expose mineral surfaces to contact. 
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Chapter 17 

SURFACE BLASTING FOLLOWED BY IN SITU LEACHING 
THE BIG MIKE MINE 

Milton H. Ward 

Ranchers Exploration and Development Corporation 
Albuquerque, New Mexico 

INTRODUCTION 

Historically, planning a mine involved the economic decision of 
whether to mine by open-pit methods or underground methods. The 
method selected was influenced by a number of factors, including 
size, tenor, and location of the deposit. If the project could not 
be justified by either underground or open-pit practices, it remained 
in fallow until economic conditions changed or technology advanced. 
Technology has advanced and the mining industry now has another 
option, that of in situ leaching. This method is on the threshold 
of becoming a commonly used alternative for production in many types 
of metal and mineral deposits. It will be utilized as the primary 
method for developing an ore body or as an adjunct to open-pit or 
underground operations. The following considers application of the 
technique to a deposit that had been partially exploited by open-pit 

methods. 

HISTORY 

The Big Mike Copper Mine is located approximately 30 miles south 
of Winnemucca, in Pershing County, Nevada. Interest in the property 
dates from the turn of the century, but little exploration was under- 
taken until the mid '60s. In 1967 Cerro Corporation acquired the 
property and initiated a major drilling effort. Ranchers Exploration 
obtained the property after this exploration program in late 1969 and 
confirmation drilling was undertaken. The deposit was delineated and 
it was determined that reserves amounted to about 100,000 tons of 
10.0% massive copper sulfide ore and 700,000 tons of 2.0% mixed 
oxlde-sulfide ore. The ore body was a lenticular deposit, dipping 
at 50 ° . The massive sulfide mineralization was chalcocite and 
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chalcopyrite and was surrounded by a halo of the lower-grade mixed 
oxide-sulfide ore. The deposit was approximately 600 feet long and 
300 feet wide and extended to a depth of 300 feet from the outcrop 
on the surface. 

Phase I of the exploitation plan for the orebody involved mining 
of the high-grade massive sulfide ore and direct shipping to foreign 
ports. Stripping commenced in January, 1970 and by August over 
3,500,000 tons of waste and low-grade ore had been mined along with 
about i00,000 tons of high-grade sulfide. The objective of this 
phase was to get the high-grade material to market as rapidly as 
possible, first, so that pricing could be established in a favorable 
market and, secondly, so that the advantages of large-volume strip- 
ping could be realized. Daily mine production exceeded 40,000 tons 
at its peak. 

Pit design incorporated an over-all slope of 53 ° with a 12% 45- 
foot-wide spiralling haul road. Safety benches of 25-foot-widths 
were spaced throughout the pit, some on a planned basis and others 
at various intervals as needed. The ore was selectively mined, 
crushed to minus two inches, and blended to the required grade prior 
to shipping. The project proceeded as planned, and this portion was 
considered quite successful. 

During the mining of Phase I, some 300,000 tons of the low-grade 
mixed oxide-sulfide ore was mined and stockpiled. In late 1971 this 
ore was crushed to minus two inches, stacked on an impermeable 
asphalt pad, and placed under leach. A precipitation plant, decant- 
ing area, and drying pad were constructed and are currently being 
used to produce cement copper. 

PIT ORE 

Mining of the I00,000 tons of high-grade sulfide ore was designed 
to maximize extraction of this material and to minimize the time that 
the pit would remain active. As a result, about 475,000 tons of the 
low-grade mixed oxide-sulfide ore was left in the walls and bottom of 
the pit. After extensive study, the decision was made in mid-1972 to 
Blast this remaining ore into the pit and to leach it in place. Open 
pit mining had been considered, but it would have required a strip- 
ping ratio of 6.5 to 1 and the economic rate of return on such a ven- 
ture was unacceptable. 

Planning 

The advantages of blasting and in situ leaching are several: it 
minimizes development time, disturbance to the environment, and cost. 
Additionally, it offers an opportunity to exploit lower-grade mater- 
ial and therefore preserves our natural resources. Ranchers gained 
the benefit of all these factors, but its decision was dictated 
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primarily by costs. Text work and feasibility studies indicated a 
profit could probably be realized if in situ leaching was utilized, 
while the economics of conventional mining and processing projected 
a loss situation. 

The four requirements for successful in situ production were re- 
viewed: 

(i) Could the metal be dissolved? 
(2) Could the deposit be made permeable? 
(3) Could the pregnant solutions be collected? 
(4) Could the valuable product, copper, be recovered? 

The answers to these questions were not as difficult to obtain as 
they might be for some deposits. Numerous leach tests had been per- 
formed on the material and it appeared to dissolve satisfactorily. 
Test work had been undertaken by Hazen Research Institute and was 
confirmed by Ranchers' Bluebird laboratory. It appeared that over 
80 percent of the copper could be removed by adding higher quantities 
of acid (13 pounds per pound of copper). Further testing had in- 
dicated that an acceptable recovery of about 70 percent could be 
obtained by using much lower quantities of acid and maintaining the 
leach solution at a pH of 2.0. The latter approach appeared most 
favorable. 

Additionally, the low-grade mixed oxide-sulfide ore that was re- 
moved during the initial phase had been crushed and was being 
leached. The recovery from this ore was about as anticipated, so it 
was apparent that an acceptable amount of copper could be dissolved. 
The question of what product to produce required no particular study 
because cement copper was currently being produced and marketed. 
Facilities for precipitating, decanting, and drying the cement copper 
were available and additional investment would not be required for 
this phase of the project. 

Pit Blast 

The problems of creating permeability in the deposit and collect- 
ing the solutions after they had dissolved the valuable product re- 
quired special study. A coyote blast was considered for fracturing 
the ore body but surface drilling and loading were selected, pri- 
marily because of the steep-wall configuration of the pit. The 
Du Pont Company was requested to provide assistance in planning and 
executing the blast. Hopefully, the material could be broken to a 
size averaging less than 12 i~ches. Study of explosive factors and 
pit terrain indicated that the desired fracturing could best be 
obtained by utilizing large closely-spaced angle and vertical blast 
holes. The pit was de-watered prior to drilling. The walls were 
scaled and all loose material pushed into the bottom. The backfill- 
ing aided in drying up the pit floor and provided a flat accessible 
area for drillinK. 
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Approximately 21,000 feet of 5 3/4-inch, g-inch, and 9 7/8-inch- 
blast hole drilling was required. Drilling was performed by a con- 
tractor using a rotary cyclone PH 60 top-head drive angle-hole rig 
plus a similar rig without the angle-hole capability. About 60 per- 
cent of the drilling was angle-hole of 5 3/4-inch and g-inch diameter 
with the angles ranging from 3 ° to 35 ° off vertical. The drill 
pattern varied with holes drilled on a 20-foot by 23-foot spacing 
for the 9 7/8-inch and 9-inch holes, and 10-foot by 10-foot spacing 
for the 5 3/4-inch holes. Hole depths ranged from 40 feet to 200 
feet. Penetration rates of the rotary rigs averaged 11.7 feet per 
hour for the entire job. A total of 1800 feet of g 7/8-inch hole 
were drilled in the bottom of the pit, using a standard churn drill 
with an average penetration rate of 5~ feet per hour. 

The bottom of the pit yielded about five gallons of water per 
minute, and while a minor quantity, it required the use of a high- 
density water-resistant explosive or water-gel. Holes above the 
water table were primarily loaded with ammonium nitrate but were 
supplemented by the heavier density water-gels in areas of high 
rock burden. Drill cuttings were used for stemming. The loaded 
holes were connected with primacord for an instantaneous blast in- 
itiated at the hole bottom by electric caps. All holes were double 
primed and multi-feeder lines of primacord were strung into the pit 
to eliminate any chance of a mis-fire. About 400,000 pounds of ex- 
plosive were used to fracture approximately 600~000 tons of material, 
giving a ratio of 1.5 pounds of explosive per ton. The blasting 
station was located approximately 2,000 feet from blast center. The 
blast area was cordoned off and aerial surveillance used to clear 
the area. Two-way communication was established between air and the 
blasting station, and the countdown did not commence until the area 
was safe. The blast was executed on schedule without incident. 
Broken material filled the pit bottom to approximately 50 feet from 
its original level, as indicated in Figure I. Fracturing was con- 
sidered excellent, having an average rock size of about 9 inches. 

Solution Collection 

Control and recovery of the pregnant leach solution is an import- 
ant consideration in any leaching operation. A water table was 
present near the bottom of the Big Mike pit, and it was thought that 
this plus tight pit walls would act as a barrier to the percolating 
liquors. The consolidated rock had a porosity which ranged from 5 
to 20 percent, but permeability of this material was quite low. Sec- 
ondary permeability associated with faults and fractures was gener- 
ally greater than the primary permeability. Study indicated that 
the hydraulic gradient in the vicinity of the mine was fairly high, 
but as noted earlier, rate of water movement was slow due to the low 
average permeability. The height of the water in the pit during in- 
active periods was constant at a certain level, and it was thought 
that after the water reached this level, it exited laterally through 
the structure. Plans called for controlling groundwater contamina- 
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! tion and loss of pregnant solution by monitoring the fluid level in ~ 
the pit. The saturated level in the pit is maintained at a level ~ 
below the original water level and this establishes a gradient of ~ 
fluid flow toward, rather than away from, the pit. Several monitor- 
ing wells were drilled near the pit along the most likely avanue of ~ 
lateral water loss. Surveillance of these wells has indicated that 
no loss or contamination is taking place. ~ 

Distribution System 

After blasting, a new access road was cut into the pit, and terr- 
acing of four large benches of varying dimensions was initiated. All 
terraces were leveled and ripped in preparation for receiving leach 2 
solution. Distribution of such solutions is through sprinklerheads ~i 
attached to two-inch PVC plastic branch lines. These pipes are con- ~ 
nected to a six-inch header line that receives acid liquor from the 
barren solution pond adjacent to the precipitation plant 3000 feet 
away. Leach solution acid strength is maintained at a pH of 1.5 to 
2.0, and this is accomplished by adding concentrated acid to the 
barren solution storage pond. A single-stage stainless steel centri- 
fugal pump picks up the solution from the storage pond and trans- 
ports approximately 200 gallons per minute to the pit distribution 
system (Fig. 2). The leach liquor is sprinkled on the broken ore 
and percolates by gravity to the main collection well pump located 
160 feet below the surface of the rubble pile in the pit bottom. 

Collection Well 

Solution recovery involves one production well in the pit bottom. 
Several methods for establishing a collection point were considered 
since penetration of the broken rubble was expected to be difficult. 
A conventional churn drill well was selected, which appeared to offer 
the greatest chance for success at the lowest cost. The well was 
drilled from the lower terrace to a depth of about 180 feet. A 
steel casing 16 inches in diameter was inserted as the hole was 
drilled. The purpose of this casing was to assure no movement of 
the broken rubble until the permanent casing was installed. After 
the drilling was completed, this shell was perforated for 50 feet 
off the bottom of the hole, as sho~n in Figure 3. The permanent 1/4- 
inch wall, 12½ inches inside-diameter stainless steel casing was set 
to a depth of 160 feet. A 40-horsepower lO-stage stainless steel 
vertical turbine pump was then set inside the casing for pumping the 
pregnant leach solution back to the precipitation plant. Electric 
probes were installed in the well for automatic shutdown and start- 

up purposes. 

Production 

In an effort to expedite the project, sprinkling of the broken ore 
was started prior to completing the drilling of the recovery well. 
This assured a saturated orebody and immediate production once the 
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recovery well pump was made operational. Pumping commenced about 
mld-October, 1973 at a rate of 250 gallons per minute of 2.0 grams 
per liter copper. It was anticipated that production for the first 
year would average 200 gallons per minute at two grams per liter, and 
It appears that this goal will be attained. 

The pregnant copper-hearing liquors are pumped from the recovery 
well to a standard iron launder precipitation plant. Cement copper 
is washed from the concrete cells into a decant area. The copper 
is then placed on a concrete drying pad where it is turned periodic- 
ally until the moisture is reduced to an acceptable level. The 
marketable product, cement copper, is trucked to the railhead in 
Winnemucca and then shipped by rail to a Nevada smelter. 

Project Costs 

The cost for a project similar to the Big Mike pit blast and leach 
operation will depend on a number of items and would be different 
for each application. The existing facilities and utilities, the 
physical layout, the type of rock, and the location of the deposit 
will greatly influence the economic viability of the venture. 
Ranchers already had a leaching facility adjacent to the pit and, 
therefore, did not have to invest in a water source, precipitation 
plant, or office and laboratory facilities. The following cost fig- 
ures do not cover Ranchers' entire costs in the project, but they do 
represent costs for particular areas. 

Item 

Dozer Work (before and after blast) 
Blast Hole Drilling (21,000 feet) 
Explosives (water gel and nitrate) 
Recovery Well (drilling and casing) 
Recovery Pump, column and controls 
Distribution System and ~sc. Costs 

Cost 

$ 16,500 
106,500 
69,500 
21,500 
29,500 
56,500 

$3oo,o0o 

Copper recovery from the available ore at this project, as in any 
in situ leach operation, is uncertain. It appears that the effort 
was a success, but only time ~ii yield specific answers. Fortun- 
ately, a recovery of less than i0 percent was all that was required 
for the project to pay out. 
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Chapter 24 

IN SI~ COPPER LEACHING RESEARCH AT THE 
EMERALD ISLE NINE 

by Dennis V. DIAndre~ and Sidney M. Runke ~ 

I Geophysicist, Twin Cities Mining Research Center, 
Bureau of Mines, U.S. Department of the Interior, Twin Cities, Minn. 

2 Metallurgist, E1 Paso Mining and Milling Company, 
E1 Paso, Tax. 

ABSTRACT 

This paper describes the Bureau of Mines-E1 Paso Mining and Milling 
Company cooperative research program at the Emerald Isle mine s near 
Kingman, Ariz. This research program was directed toward developing 
in situ leaching me~xods for 200,000 tons of ore exposed in the pit 
bottom and also 1,500,000 tons of ore under 200 feet of overburden ad- 
jacent to the pit. A test area in the pit bottom containing 15,000 
tons of ore was blasted and leached. The results of this leach test 
were encouraging, and the entire pit bottom was leached in-place for 
about 7 months. Two test blasts under 200 feet of overburden and ex- 
tending to 290 feet were detonated in an area near the open pit. The 
results of these blasts were evaluated by core drilling and permea- 
bility measurements. An in situ leaching system was designed, but not 
implemented, to recover copper from the 1,500,000-ton area near the 
pit. The company decided to terminate operations at the Emerald Isle 
mine in November 1975. 

INTRODUCTION 

The Emerald Isle mine located 15 miles northwest of Kingman, Ariz., 
is owned by E1 Paso Mining and Milling Company. This copper deposit 
(principally chrysocolla) was owned by several companies over the 

The work upon which this report is based was done under a coopera- 
tive agreement between the Bureau of Mines~ U.S. Department of the 
Interior, and the E1 Paso Mining and Milling Company, E1 Paso, Tax. 

409 

i! 
!!i 

! 

I 

I 

~ i~ii~ ~ 



J 

2 

_A 

410 World Mining and Metals Technology 

years and was mined by underground and open pit methods. The ore has 
been heap leached and most recently treated in a leach-precipitate- 
float plant. E1 Paso has mined 1,400,000 tons of 1-percent-copper ore 
since it acquired the property. Approximately 200,000 tons of 
1-percent-copper ore remains exposed in the bottom of the pit, and 
about 1,500,000 tons of 0.5-percent ore remains under 180 to 250 feet 
of overburden. 

Open pit mining at the Emerald Isle mine ceased in July 1973 be- 
cause increased stripping requirements made continued operation uneco- 
nomical. E1 Paso decided to develop an in situ leaching system to re- 
cover as much of the remaining copper as possible. The Bureau of Mines 
entered into a cooperative agreement with E1 Paso Mining and Milling 
Company in November 1973 to conduct research at the mine related to 
the development of this system. Both the Twin Cities Mining Research 
Center and the Salt Lake City Metallurgy Research Center of the Bureau 
of Mines became involved in this cooperative program. El Paso agreed 
to pay for all parts of the program that were required for the actual 
production of copper such as blasthole drilling, explosives, solution 
distribution and recovery systems, acid, and scrap iron, etc. The 
Bureau conducted core drilling, drill core analysis, physical property 
measurements, ground water studies, permeability measurements, labora- 
tory leaching tests, seismic measurements, and assisted E1 Paso with 
the design of the blast and the in situ leaching system. 

A research program for the Emerald Isle mine was prepared. Phase I 
of the research program began in January 1974 with a test blast fol- 
lowed by in-place leaching of 15,000 tons of ore in the pit bottom. 
The information developed from this Phase I test was used to design an 
in situ leaching system for the remaining 200,000 tons of ore exposed 
in the pit bottom. Leaching of this ore began in December 1974 and 
continued for about 7 months. A Phase II test site with again about 
15,000 tons of ore was selected in an area under 200 feet of overbur- 
den. A Phase II test blast was detonated in July 1974 with seven 280- 
foot-deep blastholes. Circulation tests with water showed that this 
blast did not create sufficient permeability for leaching. In August 
1975 a second blast was detonated in the Phase ll'test area with three 
blastholes. The effects of this second blast were evaluated using 
core drilling and permeability techniques. In November 1975 E1 Paso 
Mining and Milling Company decided to terminate operations at the 
Emerald Isle mine, and plans to leach the Phase II test area were 
abandoned. 

This paper presents the research program at the Emerald Isle Mine 
and describes an in situ leaching system which was designed to re- 
cover copper from a 1,500,000-ton area under 180 to 250 feet of over- 
burden. 

! 

! 
i 
4 

a 
,= 

! 
t 
! 



In Situ Copper Leaching Research, Emerald Isle Mine 4~I 

EMERALD ISLE DEPOSIT 

Figure I is a cross section through the Emerald Isle mine showing 
the Phase I and Phase II test areas. The deepest portions of the open 
pit have been excavated to about 200 feet exposing the top of the ore 
body (Gila Conglomerate). The Gila Conglomerate averages about 70 
feet thick and dips approximately I0 ° to 15 ° to the southwest. The 
Gila Conglomerate is overlain by alluvium (quaternary) which is 150 
to 250 feet thick and underlain hy a granite gneiss. The dominant 
copper mineral in the Gila Conglomerate at the Emerald Isle mine is 

chrysocolla. 
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Figure I. - Cross section through Emerald Isle deposit 
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Figure 2 is a plan view of the Emerald Isle mine with contours of 
the copper grade of the Gila Conglomerate. During open pit operation 
E1 Paso mined 1,400~000 tons of ore that averaged 1.0 percent copper. 
The copper mineralization continues beyond the pit in the downdip di- 
rection in a channel type distribution that decreases in grade down- 
dip. At about I~000 feet from the pit crest the grade is about 0.I 
percent. Total ore reserves greater than 0.I percent copper are es- 

timated to be 3,000,000 tons. 
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Figure 2. Contour map of copper grade 

Table I lists the physical properties of Gila Conglomerate core 

T~BLE I, - Physical properties of 
the Gila Con$1omerate 

Property 
Porosity ...................... pct.. 
Density ................... g/cu cm.. 
Permeability ................ darcy.. 
Pulse Velocity ............. ft/sec.. 
Torsional Velocity ............. do.. 
Compressive Strength .......... psi.. 
Tensile Strength .............. psi.. 
Youns's Modulus ........... i0 e psi.. 

Phase I 
20.6 
2.29 

8,100 
4,200 
2,600 

7~ 
0 . 8 5  

Phase II 
16.3 
2.28 
.65 

9,500 
5,100 

samples measured in the laboratory. The porosity, permeability, and 
strength values probably reflect the characteristics of the cementing 
material in the conglomerate and not the actual in situ values. 

Ground water entering the pit, about 14 gpm, was pumped from a sump 
area for about 30 hours each week. The ground water table was con- 
trolled by sump pumping at about 5 feet below the surface of the pit 
floor. 
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PHASE I TEST BLAST 

Figure 3 shows the Phase I test blast design. Seven 8-3/8-inch- 
diameter blastholes, about 50 feet deep were spaced 25 feet apart in a 
seven-spot pattern with one central blasthole. These blastholes had 
a~ average 22-foot powder column with 25 feet of stemming. A total of 
4,500 pounds of slurry was detonated without delays. Table 2 lists 
the blast design data for the Phase I blast and the two Phase II 
blasts. 

TABLE 2 .  - Blast design data 

Number of blascholes .......... 
Blasthole spacing ......... ft.. 
kverage hole depth ........ do.. 
~verage top powder c o l u m n . d o . .  
~verage  powder colum~ . . . . .  do.. 
kverage  s temming . . . . . . . . . .  d o . .  

; l a s t b o l e  d i a m e t e r  . . . . . . . .  i n . .  
Explos ive  d i a m e t e r  . . . . . . . .  d o . .  
Explos ive  . . . . . . . . . . . . . . . . . . . . .  

£otal e x p l o s i v e s  .......... l b . .  
Loading d e n s i t y  . . . . . . . .  I b / f t . .  
'owder f a c t o ~  . . . . . . . .  l b l t o n . .  

Powder f a c t o ~  . . . . . . . . . . . .  d o . .  
) e l a y s  (between each holc~ . . . .  

I 

2 

Bhmse I Phase II Phase lI 
ist Blast 2nd Blast 

7 
25 
47 
25 
22 
25 

8-3tS 
8-3t8 

nonatumi=ized 
slurry 
4,500 

29.2 
0.30 
0 . 7 8  

Instaataneous 

7 
20 

277 
205 

72 
205 

9 
7 

smokeless 
powder slurry 

12,000 
23.7 

0.95 
17 ms 

3 
18 

277 
192 
85 

192 
(90 f t  gray 

9 
7- in bags c 
smokeless 

powder slur 
7,450 

29.3 

1 . 4 7  
25 ms 

Powder faczor (Ib/ton) includes ore above cop of powder column 
Powder-factor (ib/ton) = 1814 P_ee ~D_~ ) 

p= ~s" ) 
) 

Pe = specific gravity, explosive ) for ore in powder column 
Pr - specific gravity, rock ) zone only 
D = hlasthole diameter, ft, and ) 
S = blasthole spacing, ft, for infiniZe ) 

triangular patterR, ore zone only. ) 

Topographic surveys were run before and after the Phase I blast so 
that the blast swell could be calculated. The maximum surface rise 
was only about 1.5 feet, and the blast swell was 1.4 percent. The 
volume of ore broken by this blast was estimated to be 15,000 tons. 

PHASE II TEST BLASTS 

Two blasts were detonated in the Phase II test area under 200 feet 
of overburden. The first blast had sere 9 blastholes drilled to an 
average depth of 277 feet. These holes were 9 inches in diameter and 
20 feet apart in a seven-spot pattern. Figure 4 shows the blasthole 
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patterns for the two Phase !I blasts. The second blast had three 
blastholes, 9 inches in diameter, 277 feet deep, and they were spaced 
18 feet apart. Table 2 lists the blast design data for the Phase II 
blasts. 

The first blast was loaded with 7-inch-diameter, 50-pound-bags, of 
smokeless powder slurry in 9-inch-diameter blastholes. The second 
blast was loaded with the same explosive, but the bags were cut before 
they were lowered into 9-inch holes. The cutting procedure increased 
the loading density from 23.7 ib/ft for the first blast to 29.3 lh/ft 
for the second. 

The second blast in the Phase II area was considered necessary 
after circulation tests with water revealed that the first blast had 
not created sufficient permeability for successful leaching. After 
the first blast a recovery wel! pump was installed at a depth of 290 
feet, and drawdown tests were conducted with and without water injec- 
tion at the 2CO-foot level. Flow rates from these tests averaged less 
than I gpm over a 24-hour period and were not considered adequate for 
leaching. In addition the water injected at the 200-foot level did 
not work its way into the fractured zone and into the recovery well 
but apparently flowed across the top of the alluvium-conglomerate con- 
tact. The water table in the Phase II area was at a depth of 230 feet. 

! 
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After the second blast the recovery well pump would have been re- 
installed and water circulation would have been tested but this plan 
was not implemented before E1 Paso closed down the Emerald Isle oper- 
ation. However~ a core hole was drilled after the second blast for 
fracture analysis. Permeability tests were also run in this core hole 
and in one of the blastholes that was open to a depth of 250 feet. 
The core fracture analysis and in-place permeability tests indicated 
that the second blast substantially improved the breakage and flow. 

Detailed topographic surveys before and after each Phase II blast 
did not reveal any significant surface rise. Elevation increases of 
4 to 6 inches were observed near the collars of some of the blastholes 

t h a t  vented. 

PHASE I LEACH TEST 

The Phase I leach test began in March 1974 and continued for 117 
days until July 1974. Leach solutions were distributed over the sur- 
face of the broken ore through perforated pipes. Solutions were re- 
covered in a well located on the east side of the blasted zone as 
shown in figure 3. The recovery well hole was drilled with a churn 
drill using one of the blastholes that remained open after the blast. 
The recovery well hole was about II inches in diameter, 50 feet deep, 
and had a 9-inch-diameter casing. The bottom 20 feet of this casing 

was perforated. 

During the ll7-day leaching period flow rates averaged 57.4 gpm. 
Because of ground water dilution of the leach solutions and the desir- 
ability of drawing down the water table, a bleed of 9 gpmwas estab- 
lished in the flow circuit after discharge from a cementation system 
and before recharging with acid. The water table was about 5 feet 
below the surface before leaching, but during the leach test it went to 
about 20 feet below the surface and reached a maximum of 23 feet 

drawdown. - 

Table 3 lists the results of the Phase I leach tests and also data 
from the pit bottom leaching. The pH averaged 1.18 for the sulphuric 
acid influent solutions and 1.71 for effluent solutions. Effluent 
copper grade averaged 0.562 gram/liter, calculated copper production 
was 245 Ib/day, and a total of 29,000 pounds of copper was produced. 
Copper was recovered by cementation on scrap iron. Iron consumption 
was 4.7 Ib Fe/Ib Cu. The acid consumption figure of 15 Ib HeS ~/Ib Cu 
was high, but this was attributed to the 9 gpm bleed in the solhtion . 
circulation system, the small size of the test area with important 
fringe effects, the short duration of the leaching test, and the small 
difference between the pH of influent and effluent solutions. Figure 
5 shows the cumulative copper recovery for the Phase I leach test. 
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TABLE 3. - Leachin~ results 

Ore leached .................. tons.. 
Grade of ore .................. pct.. 
Duration of leaching ......... days.. 
Average running time ....... hr/day.. 
Leach influent: 

p ~ . ~ . ~ . ° , , o , . . , , . . . . . . . . . . . . . , . . ,  

Copper ...................... g/l.. 
Iron ........................ g/l.. 

Leach effluent: 
Flow rate ................... gpm.. 

Copper ...................... g/l.. 
Iron ........................ g/l.. 

Precipitation effluent: 

Copper ...................... g/l.. 
Acid consumption...Ib H S0 /Ib Cu.. 
Iron consumption ...... I% F~/Ib Cu.. 
Copper production .......... Ib/day.. 
Total copper production ........ lb.. 
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PIT BOTTOM LEACHING 

Pit bottom leaching of about I00,000 tons of ore began in December 
1974 and continued for 190 days. A system of seven recovery wells 
was installed. These wells were installed in 12-inch-diameter holes 
to an average depth of 50 feet and were spaced 50 feet apart. The ore 
in the pit bottom was not blasted before leaching in the hope that 
natural permeability was adequate for successful leaching. 

Pit bottom leaching results are listed in Table 3. The average 
flow rate was 116 gpm, pH of inflnent solution was I.I0, and the 
copper grade of effluent solutions was 0.646 gram/liter. Calculated 
copper production averaged 748 Ib/day, and a total of 142,000 pounds 
of copper was produced. Solutions were circulated for 41 days after 
acid addition ceased to bring up the pE of the solutions remaining in 
the pit bottom. During this period an additional 9,000 pounds of 
copper were produced. Figure 5 shows the cumulative copper production 
for the pit bottom leaching. 

During pit bottom leaching acid consumption averaged I0 Ib H SO/Ib 
Cu, and iron consumption averaged 2.75 Ib Fe/Ib Cu. This was an i~- 
provement over the Phase I leach test but was still high. However, 
acid consumption was dropping as the test continued. 

Pit bottom leaching was stopped because the flow rates of leach 
solutions were not as high as desired. Pit bottom leaching was 
halted, and the ore was to be blasted to improve permeabilities and 
flow rates. The drilling and blasting program began, but the Emerald 
Isle operation closed before the pit bottom ore was leached further. 

DESIGN OF FULL-SCALE OPERATION 

Based on the experimental blasting and leaching tests, a full-scale 
in situ system was designed to recover the majority of the remaining 
copper. However, this plan was not implemented because the mine 
closed. This plan involved blasting and leaching of first a higher 
grade area followed by blasting and leaching of a second lo~er grade 
area. The first area would include some ore in the pit bottom, some 
ore under the pit walls, and ore under 180 to 250 feet of overburden 
along a channel extending 700 feet from the crest of the pit. The 
700-foot-channel would follow the high-grade copper mineralization as 
shown in figure 6. The second area would be along the flanks of the 
700-foot-channel and would include lower grade ore. A third area 
parallel to the second area could be added if leaching of the initial 
areas were successful. 

Fragmentation would be accomplished primarily with vertical blast- 
holes, although some inclined holes from the pit crest and some hori- 
zontal holes in the pit bottom would be required to break the ore 
under the pit walls. The ore in the pit bottom and under the pit 
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Figure 6. - Blast design for full-scale operation 

walls would be broken in one blast while the channel area would be 
broken in a series of seven-hole blasts beginning at the pit crest and 
proceeding in the d~.rndip direction. Each of the seven-hole blasts 
would be detonated as soon as drilling was completed so that this 
drilling and blasting program would continue for several months. A 
series of blasts would also break the second area. Table 4 lists the 
full-scale blast design data. 

TABLE 4. - Full-scale blast data 

Area .............. sq ft.. 
Thickness ............ ft.. 
Volume ............ cu yd.. 
Weight ............. tons.. 
Grade ............... pct.. 
Total copper ......... lb.. 
Drilling depth ....... ft.. 
Powder factor .... Ib/ton.. 
Total drilling ....... ft.. 
Total explosives ..... lb.. 

Pit 
59,000 

40 
87,000 

167,000 
0.70 

2,300,000 
40 

0.5 
2,200 

83,000 

Area I 
Walls 

56,000 
69 

143,000 
274,000 

.58 
3,200,000 

125 
1.0 

12,900 
274,000 

Channel 
96,000 

78 
276,000 
530,000 

.55 
5,800,000 

287 
1.5 

76,3'00 
795 ~ 000 

Area 2 

88,000 
76 

246,000 
472,000 

.41 
3,900,00C 

297 
.75 

36,00G 
354~00G 

Leach solution injection would occur primarily in the pit bottom 
with some vertical injection holes near the pit crest. Solutions 
would be recovered downdip with a series of recovery wells. It is 
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estimated that four recovery wells would be required at about 700 feet 
from the pit crest. The first area would be leached for about 2 years 
depending on the grade of solutions before the second area would be 
added. Leaching of both the first and second areas would then con- 

tinue for another 2 years. 

The major advantages of this in situ leaching system are: 

I. Initial leaching is in the higher grade ore, and the second 
lower grade area need not be added unless the first area yields good 
results. 

2. Leach solutions are in contact with the ore for a longer time 
since the solutions migrate downdip from the pit bottom to the re- 
covery wells. This should result in higher grade solutions if the pE 
can be controlled along the 700-foot channel. 

3. The second blast which fragments lower grade ore can be deto- 
nated at a lower powder factor than the first, because the initial 
channel has been weakened by the action of leach solutions and pro- 
vides a volume into which material from the second blast can expand. 

4. Blasting of the second area should shake up and restimulate 
copper production from the first area. 

9 

This full-scale leaching system design could be implemented and 
would be profitable if the price of copper were to increase. The 
Emerald Isle mine is presently closed but could be reopened if the 
copper situation improves. 
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ATT,=~ CHMENT E 
Soulhwestern Exploration Division 

May 25, ]977 J. H. C. 

MAY 2 ? 1977 

f 

El LE MEHORANDUM 

In-Place Leach Testing 
Poston Butte Deposit 
Pi.n.al County, Ar.iz0na... 

On May 24, 1977 I met with Mr. George Laflin, Regional Mining Engineer 
with the Technical Service Dept. of Dowel T, and Messrs. D. E. Crowell and 
T. D. Henderson of ASARCO Incorporated, to discuss possible in-place leach 
testing at Poston Butte. Asarco had previousTy met in No,;. 1976 with 
Hr. D. DeMott of the New Ventures qroup of Dowel l for the same purpose. 
Their work has been stalled by their insistence that the efficacy of 
chelates as leach compounds be researched contrary to our clearly stated 
request that sulfuric acid be used for leaching. The purpose of the 
meeting with Mr. Laflin was to discuss Dowell's interest to serve as a 
contractor for pump tests. 

Mr. Laflin proposed a program which would involve two wells approxi- 
mately iO0 ft. apart drilled at 9-5/8 in. diameter in the conglomerate and 
7 in. diameter in bedrock. These wells would be cased and the area between 
the casing and the hole would be cemented back to the collar. A 2-in. 
injection stainless steel or plastic pipe would be placed inside the 
casing. Acid would be injected directly ir, to the casing ahead of the 
injection pump to eliminate the need for a stainless steel pump. He 
indicated that it would require six-month lead time to contract an oil 
well rig of sufficient size and that a 2000 ft. hole would cost about 
$50/ft. He thought we might get a water well drill out of Phoenix much 
sooner and at much less cost. Apparently the design of the injection well 
and the pump is relatively simple. 

The recovery well is not so simple. Although it would be drilled and 
cased in the same way, the problems involve wear and corrosion on pumps 
when pumping the pregnant solutron to the surface. He suggested that an 
airlift system would be most suitable and involves pumping air down the 
o~uter annulus of the hole to force the pregnant solution up the interior 
portion of the pipe. The construction cost for the two-well program is 
roughly estimated by Mr. Laflin at $250,000. To this must be added 
operating and pilot plant costs. Mr. Laflin emphasized the need to be 
alert For various environmental problems. The production wells and all 
existing and future exploration holes should be cemented to the surface to 
eliminate contamination of the near-surface alluvium. 

He pointed out that injection would occur over a vertical height of 
approximately lO feet and would be pulled into the bottom of the recovery 
we]l at tile base of the casing. The maximum width of the flow lines between 
tile two wells at lO0 ft. spacing would be approximately 40 ft. and the 
flow lines would approximate the shape of a football. Geologic information 
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which would be most crltica~ as far as assisting with the permeability 
testing would be fracture information. Iron oxide mineralogy might also 
be |mportant because of the tendency for iron to accumulate in the pregnant 
solution and then clog the rock pores when the barren solution is pumped 
back in the hole. Clay mineralogy is not critical because montmorillonites 
do not swell in an acid solution. 

Mr. Laflin has had considerable experience with in-place copper leach 
testing at Ely, Safford, and currently at OccTdental's Van Dyke deposit 
in Miami. His opinion is that the Poston Butte deposit is the most ideally 
suited he has seen for in-place leaching. 

Mr. Laflin, although currently with Dowell, is planning on taking an 
early retirement in approximately May 1978. At that time he plans to loin 
the firm of Emery Nielson and Associates, also in Denver, and would be 
available to us at that time as a consultant. He pointed out that our 
money might be better spent with a consultant because there are numerous 
political problems within Dowell involving competition between groups. In 
addition, the amount of service which would be required from Dowell would 
be so small as to probably be of no interest to Dowell. Mr. Nielson has 
informally suggested he make a two to three-week detailed cost estimate of 
a 2-hole program possibly sometime later this fa11. This would be done 
during his vacation when he would bill us as a consultant at $250 a day 
plus expenses. Messrs. Crowell, Henderson, and I were generally impressed l;I 
with Mr. Laflin's knowledge of Poston Butte, his general practical approach i! 
to the problems, and hrs experience with drilling and fluid circulation in li 
other in-place leach programs. We think the approach suggested by Mr. ii 
Laf1~n is reasonable -- that is using a consultant -- and that he could !f ! supply the requisite expertise for the pumping tests. It might neverthelessi! 
be advisable to consult with another firm such as Core Laboratories before il 
making a detailed cost estimate of the pumping program. 

Before a pilot program could be started it would be necessary to 
confirm the Poston Butte ore reserve by drilling 5 additional exp|oration 
boles at an approximate cost of $150,000. If previous reserve estimates 
are verified I would recommend that an in-place leach test program be 

~ni t iated. 
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F. T. Graybeal x ~  
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cc: DECrowel t/Ti)llenderson 
WLKurtz 
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AS/Uq O Southwestern Exploration Division 

November 17, 1~987 

To: J.D. Sel] 

From: H.G. Kreis 

In Situ Conference 
Santa Barbara, CA 

During the week of October 25th, I attended an Engineering Foundation 
conference on In Situ Recovery of Minerals. A list of those who attended 
the conference and a copy of the program are attached. As you can see 
from the participant list, about 50 to 55 people attended the conference, 
and they represented a wide variety of interests. Most of those who 
attended the conference were either emp]oyees or consultants for the 
mining industry. About 15-20% of the attendees were employees of the 
U.S. Bureau of Mines or a contractor or sub-contractor to the U.S. Bureau 
of Mines. In addition there were several university professors who are 

involved in in situ research projects. 

Near|y a]l the talks were direct]y or indirectly related to copper and 
uranium in situ leaching, in situ leaching of gold mineralization was 
rarely mentioned, but it was obvious that several of the attendees were 
there to evaluate the feasibility of in situ leaching of gold. 

Most all of the data in the various talks was at least 5 to 10 years old 
with the exception of the recent U.S. Bureau of Mines work on Santa Cruz 
and Lakeshore. Aside from the recent U.S. Bureau of Mines work, the talks 
represented the state-of-the-art of in situ mining when the severely 
depressed uranium and copper prices put an end to in situ research and 
development. 

The conference was in part a forum for the U.S. Bureau of Mines to present 
its work on Santa Cruz and Lakeshore, and to take a leadership role in the 
field of developing in situ leaching. 

Of all the technical information presented at the conference the only 
information of direct consequence to the Santa Cruz Project was that 
information provided by the U.S. Bureau of Mines and its sub-contractors 
Don Bavidson, Ray Huff, and John Edwards. Of interest to the Santa Cruz 
Project were several comments made by Tom Belk of the E.P.A. Mr. Belk 
stated that in situ leaching involves Class V type wel]s, and during the 
last three years the E.P.A. had each state evaluate the effect of Class V 
wells on the environment within the boundaries of their state. From the 
information provided by the states, the E.P.A. now has 30 categories of 
Class V wells and is in the process of developing appropriate regulations 
based on these various categories of welts. Ft will be another two to 
four years before the E.P.A. has a final set of regulations, and it is 
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expected that regulations for Class V wells will vary from very simple to 
very detailed depending on the category of the Class V well. 

Ray Huff gave a paper on the resu l ts  of Occidental Minerals  in s i tu  leach 
tes t  work on the Van Dyke Copper Deposit located in Miami, Ar izona.  | have 
permission from Ray Huff to use that information along with additional 
information he gave me over the phone. I will be reporting al! this infor- 
mation in the near future. 

A number of the ta lks  from the in s i tu  conference are going to be published 
by the Engineering Foundation in the spring of 1988. 

HGK:mek 
Art. 

H. G. Kreis 

cc-" R.L. Brown/F.T. Graybeal 
W.L. Kurtz 
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ENGINEERING FOUNDATION CONFERENCES 
345 East 47th Street, New York, New York 10017 • Telex: 126022 • Telephone: (212} 705-7835 

IN SITURECOVERY OFMINERALS CONFERENCE 
OCTOBER 25-30, 1987 

PROGRAM 

SLrNDAY~ OCTOBER 25~ 1987 

3:00 ~ - 9:00 PM 

6:00 PM 

9:00 PM - Ii:00 PM 

REGISTRATION AND CHECK-IN 

DINNER 

SOCIAL HOUR 

MONDAY~ OCTOBER 26~ 1987 

7:30AM 

9:00 AM 

BREAKFAST 

OPENING ANDWELCOMING 
Conference Chairman: Ken R. Coyne, Bechtel, Inc. 

9:15AM - 12:00 Noon 

12:00 Noon 

2:00: P M -  

5:00 PM 

6:00 PM 

5:00 PM 

KEYNOTE ADDRESSES 
Chairman: J. Brent Hiskey, University of Arizona 

"The Leaching of Dilute Solid Phases" 
Milton E. Wadsworth, University of Utah 

"Future Direction for the Domestic Mining Industry" 
David S. Brown, USBM 

"Industry Perspective of In Situ Leaching" 
Richard L. Brown, ASARC0 

Panel Discussion 
Panelists: Keynote Speakers 

Fred W. DeVrles 
W. C. (Bill)Larson 
Ray V. Huff 

LUNCH 

AD HOC SESSION 

SOCIAL HOUR 

DINNER 
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MONDAY, OCTOBER 26~ 1987 

7:00 PM - I0:00 PM 

i0:00 PM - ii:00 PM 

(Continued) 

ENGINEERING DESIGN, EQUIPMENT AND ECONOMICS 
Chairman: Ray V. Huff, Ray V. Huff & AssOciates, 

"~llfield and Well Design" 
Steven G. Axen, Ray V. Huff & Associates, Inc. 

"Metal Recovery Processes for In Situ Fluids" 
John Edwards, Davy McKee Corp. 

"Economics of In Situ Leaching" 
Donald Davldson, Science Applications 

International Corporation 

SOCIAL HOUR 

Inc. 

TUESDAY, OCTOBER 27, 1987 

7:30 AM 

9:00 AM - 12:00 Noon 

BREAKFAST 

CHARACTERIZATION, PERMEABILITY MEASUREMENTS AND 
FLOW ANALYSIS IN FRACTURED HETEROGENEOUS OREBODIES 
Chairman: W. C. (Bill) Larson, USBM 

"Measurement of Absolute and Relative 
Fracture Permeability" 
Chet R. McKee, In Situ, Inc. 

"Effect of Sweep Efficiency on Mineral 
Recovery in a Heterogeneous 0rebody" 
Larry Lake, University of Texas-Austin 

"Analysis of Discrete Fracture Flow in a Phreatic 

Boundary Problem Using the Analytic Element Method" 
Robert D. Schmidt, USBM 

"Geologic Characterization of Oxide Copper Ores 
for In Situ Mining" 
Sterling S. Cook, USBM 

"Role of Rock Mechanics and Geologic Discontinuities 
in Hydraulic Fracture Design and Growth" 
Carol Tosaya, Bechtel Civil, Inc. 

Panel Discussion 
Panelists: Session Chairman and Speakers 
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TUESDAY, OCTOBER 26, 1987 (Continued) 

12:00 Noon LUNCH 

2::00 PM - 5:00 PM AD HOC SESSION 

5:00 PM SOCIALHOUR 

.6:00 PM DINNER 

7:00 PM - I0:00 PM MINERALOGICAL AND CHEMICAL CHARACTERISTICS 
Chairman: Donald Davidson, Science Applications 

International Corp. 

"Mineralogy and Petrography" 
Won Park, Dowell Schlumberger Inc. 

"Application of Alternative Lixiviants in the 
Leaching of Atacamite" 
J. Brent Hiskey and R. K. Bazaj, University of Arizona 

"Core Leaching Experiments to Determine Solution- 
Rock Interactions During In Situ Mining of Oxide 
Copper Ores" 
Steven E. Paulson, USBM 

Panel Discussion 
Panelists: Session Chairman and Speakers 

I0:00 PM - 11:00 PM SOCIAL HOUR 

WEDNESDAY, OCTOBER 28, 1987 

7:30 AM BREAKFAST 

9:00 AM - 12:00 Noon DRILL HOLE AND BORE HOLE SLURRY RECOVERY TECHNIQUES 
Chairman: D'Arcy A. Shock, Consultant 

"Basic Well Completion Methods" 
Rudy H. Jacobson, Consultant 

"Propellant Stimulation of Shallow Injection Wells" 
Steve Trost, Hi Tech Natural Resources, Inc. 

"Introduction to USBM Computer Programs" 
John Ahlness/Robert Schmidt, USBM 

Panel Discussion 
Panelists: Session Chairman and Speakers 
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WEDNESDAY , OCTOBER 28, 1987 (Continued) 

~2:00 Noon LUNCH 

2:00 PM - 5:00 PM AD HOC SESSION 

5:00 PM SOCIAL HOUR 

6:00 PM DINNER 

7:00 PM - i0:00 PM CASE HISTORIES OF DRILL HOLE AND BORE HOLE 

SLURRY TECHNIQUES 
Chairman: Rudy H. Jacobson, Consultant 

"Case History: Van Dyke ISL Copper Project" 
Ray V. Huff, Ray V. Huff Associates, Inc. 

"Borehole Slurry Extraction of Phosphate" 
M. F. (Mike) Dibble, Consultant 

"Uranium Solution Mining - IEC Corporations 
Operating Experience" 
Velu Annamalai, IEC Corporation 

"Uranium Solution Mining with Ammonia" 
Jerry T. Laman, In-Situ Inc. 

Panel Discussion 
Panelists: Session Chairman and Speakers 

i0:00 PM SOCIAL HOUR 

THURSDAY, OCTOBER 29, 1987 

7:30AM 

9:00 AM - 12:00 Noon 

BREAKFAST 

RUBBLIZATION TECHNIQUES 

Chairman: Peter G. Chamberlain, USBM 

"Rubblization of Shallow Deposits Using Vertical 
Blast Holes" 
Richard Dick, USBM 

"Permeability After Confined Blasts In Flooded Shale 
At Two Levels Of Tectonic Stress" 
D. Linn Coursen, E.I. Dupont de Nemours & Co. 
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THURSDAY, OCTOBER 29, 1987 (Continued) 

"In Situ Leaching: A Blasting Challenge" 
Darrell D. Porter, Science Applications 

International Corp. 

"Large-Scale Underground Expansion Blasting for~ 
In Situ Recovery of Minerals 
Dr. Thomas E. Ricketts, Science Applications 9 

International Corp. 

"Energy Considerations in Fragmenting Rock for 
In Situ Leaching" 
Peter G. Chamberlain, USBM 

12:00 Noon 

2:00 PM - 5:00 PM 

5:00 PM 

6:00 PM 

7:00 PM - I0:00 PM 

i0:00 PM 

LUNCH 

AD H0C SESSION 

SOCIALHOUR 

DINNER 

CASE HISTORIES OF RUBBLIZATIONAND 0THERTECHNICQUES 
Chairman: Ed E. Malouf, Consultant 

"In Place Solution Mining of Remnant High Grade Ore 
Deposits Inaccessible to Conventional Mining" 
Geoffrey G. Hunkin, Hunkln Engineers, Inc. 

"Percolatlon Leaching of Rubbllzed Materials" 
Robert W. Bartlett, University of Idaho 

"Case History of Old Reliable, Zonla and Big Mike 
Rubblization Projects for the Leaching of Copper" 
Ed E. Malouf, Consultant 

"Solution Mining of Water Soluble Salts" 
D'Arcy A. Shock, Consultant 

Panel Discussion 
Panelists: Session Chairman and Speakers 

SOCIAL HOUR 
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FRIDAY, OCTOBER 30, 1987 

7:30 AM 

9:00' AM - 12:00 Noon 

12:00 Noon 

BREAKFAST 

ENVIRONMENTAL ISSUES 
Chairman: Rick W. Lawrence, Coastech Research Inc. 

"In-Situ Leaching Control" 
Tom Belk, U.S. Environmental Protection Agency 

"Environmental Management of In-Sltu Mining Sites" 
Corale L. Brierley, Advanced Mineral Technologies, 
Inc. 

"Natural and Man-Aided Attenuation of Contaminants at 
In-Situ and Hazardous Waste Sites" 
Jim V. Rouse, Geochemical Engineering, Inc. 

Panel Discusslon 
Panelists: Session Speakers 

Rudy H. Jacobsen 
Clement K. Chase 
Fred W. DeVrles 

LUNCH 

ADJOUR~NT 
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To: J.D. Sel l  

From: H.G. Kre is  

In Situ Leaching 
Van Dyke Deposit 
Gila County, AZ 

In ]ate October Ray Huff of Ray Huff Associates Inc. gave a talk on 
Occidental Minerals in situ leach test work on the Van Dyke Deposit 
located at Miami, Arizona. A copy of the talk is attached. 

Using injection wells and recovery wells Occidental Minerals was able 
to recover 100,OO0 Ibs. of copper in solution from the Van Dyke Deposit. 
A diluted solution of H2SO4 (2-4%) was used to dissolve the copper and 
the head grades averaged 2½ grams per liter of copper, and they ranged 
from 2-3 grams per liter. Approximately 4-5 ]bs. of sulphuric acid were 
consumed for each pound of copper recovered. Towards the end of the 
test work the acid consumption went up to 8 pounds of sulphuric acid per 
pound of copper recovered. Fifty per cent of the injected fluids were 
captured by the recovery wells using an air lift. It was fe]t that the 
recovery of the solutions could have been increased by having a greater 
draw-down in the recovery wells and more recovery we]Is. The permeability 
of the Van Dyke Deposit in the test area was determined to be two milli- 
darcys before the ground was hydrofractured. 

Occidental's in situ leach test on the Van Dyke Deposit involved using a 
process of hydrofracting the bedrock. Both the recovery and injection 
wells were each hydrofracted with one horizontal fracture and the fractures 
were sanded to hold them open. The injected solutions were thought to move 
horizontally along the hydrofracture and then vertically through the rock 
to a point where the horizontal fracture from the recovery well was able to 
capture the solutions. It was felt that the hydrofracting process was a 
Success. 

EIG K; mek 
A r t .  

H. G. Kre is  

cc: R.L. Brown/F.T. 6raybeal  
W.L. Kur tz  
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CASE HISTORY: VAN DYKE ISL COPPER PROJECT (i) 
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Abstract: An in-situ leaching technology was developed for 
copper oxide minerals at the Van Dyke deposit at Miami, 
Arizona. This paper discusses the process developed and the 
activities that occurred. Specifically, the activities of 
well installation, deposit data acquisition, leach testing 
and equipment development are reviewed. Installation and 
operation of the test facility are described. 
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Introduction 

In January, 1976, a mining company embarked on the 
development of an ISL process for copper oxides at the Van 
Dyke deposit. In Phase I, the technical feasibility of the 
process was established. Phase II of the development was 
initiated in October, 1977, and established the potential 
economic viability of the process. Phase III, which would 
have been operated in a fashion similar to a commercial 
operation, was designed to demonstrate the commercial 
application of the process. 

Process Review 

An ISL facility is composed of five segments. 

i. Solution preparation plant 

2. Injection equipment 

3. Wellfield 

4. Production equipment 

5. Copper extraction plant 

They are: 

Solution preparation facilities and the copper extraction 
plant with a few exceptions are little different than that 
used for conventional leaching operations. Copper 
extraction can be accomplished with SX-EW. However, certain 
minerals that can precipitated from the leaching fluid may 
be deleterious to the process. These can be control led by 
addition of chemicals at the solution preparation plant and 
special circuits in the extraction plant. 

The heart of the process is associated with the injection 
of the solvent into the deposit, dissolution of the desired 
metal values, and production of the metal-laden liquor to 
the surface. With suitable information about the geological 
properties of the deposit, the wellfield and the solvent can 
be designed and selected, respectively. 

Because copper is soluble in either acidic or ammoniacal 
aqueous fluids, a choice between the two solvents may be 
made. This choice is dictated by the consumption of the 
active agents in the solvent by gangue. If the gangue is a 
high acid consumer, an ammonia solution may be chosen. On 
the other hand, ion exchange minerals may tie up the 
ammonium or cupric ammonium ion and render the ammoniacal 
fluid less suitable. 

The process utilized on the Van Dyke deposit can be 
outlined as follows: 
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A dilute (2-4%) H2SO 4 aqueous lixiviant was prepared. 

Solvent was pumped at high pressure into injection wells. 

Solvent exited injection wells through induced horizontal 
hydraulic fractures. 

Solvent moved vertically (up or down) through the ore, 
dissolving oxide copper and entered the induced fracture 
of the production wells. 

Leachate (copper laden solvent) flowed into the 
production we l Is and was lifted to the surface with 
submersible pumps. 

Leachate was delivered across the fence to a neighboring 
mine. 

In a commercial operation the leachate would be handled 
as follows: 

* Copper would be extracted at the SX-EW plant. 

* Raffinate from the SX plant would be reconstituted in the 
solvent preparation plant and the cycle repeated. 

At Miami, Arizona, the company completed exploration 
drilling on an orebody lying directly under the Town of 
Miami. The mineralization is one hundred million tons of 
0.5% total copper ~. The copper occurs as chrysocolla, 
malachite and azurite in fractures in schist and granite 
porphyry, some cuprite, chalcocite and native copper occur 
but the majority of the mineralization is fully oxidized or 
"acid soluble". 

The deposit dips from the west to the east, with the top 
of the orebody i000 feet (305m) below surface. The host 
rocks are well fractured, imparting some porosity and 
permeability to the rock mass. It is thought that the 
orebody was formed by migrating groundwaters carrying the 
metal values down-dip from a large copper deposit to the 
west. The Van Dyke is now covered with a minimum of 600 
feet (183m) of Gila Conglomerate, a moderately cemented 
alluvial fill. 

The pilot plant site was located near the northwestern 
edge of the orebody, to avoid the potential problems of an 
industrial operation within the town limits. 
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Surface Operations 

At the test site, surface facilities were built to mix 
and inject dilute sulfuric acid and to recover pregnant 
liquor from the wellfield. Backup systems and equipment 
were provided wherever possible to avoid losing data due to 
routine maintenance and unexpected breakdowns. In 
operation, the pilot plant operated 24 hours a day for 
several months. 

The nearest available water for the operation was an 
aquifer in the Bloody Tanks Wash, approximately 1500 feet 
(458m) from the test site. Two wells were maintained in the 
wash, providing a backup well in case one should fail. The 
wells delivered up to 500 gpm (1892 i/min) to a central 
tank. From this point, a horizontal centrifugal pump 
transferred the water 1500 feet (458 m) to a tank above the 
site. Next, water flowed by gravity to the acid mixing 
facility. The produced well water contained approximately 
50 ppm of dissolved copper, and was quite corrosive. 
Because of this, all components of the water system were 
corrosion resistant. Fiberglass reinforced plastic (FRP) 
was used for tanks, stainless steel for pumps, and HDPE 
(polyethylene) for piping. The water system operated 
automatically, but could be run manually. Further, each 
well could be operated independently. 

Concentrated sulfuric acid was received by truck and was 
stored above the operations site in carbon steel tanks. 
Storage capacity was divided into two tanks of i0,000 
gallons (37.9m ~) or 60 tons (54,430 kg) each. With both 
tanks piped and valved independently, maintenance and 
repairs could be performed as necessary on one tank while 
the other was in service. A berm surrounded both tanks to 
prevent potential spills. Desiccant dryers were provided, 
to lessen the corrosion rate of the steel. The tanks were 
filled by gravity from trucks, and emptied by gravity 
through steel piping. 

Acid and water were delivered to a weirbox, where they 
were mixed and the flow rate adjusted. Acid concentration 
(2 to 4%) was manually controlled. The diluted acid was 
stored in a 40,000 gallon (151m 3) tank for delivery to the 
pumps. The mixed acid was delivered by gravity through an 
8" (20 cm) pipeline and distributed to the pumps through an 
intake manifold. 

Well Installation 

Because the wells were to be operated in pseudo-radial 
flow a screened completion was envisioned. Wells were 
drilled by rotary rigs using a polymer based mud. An 
intermediate steel string was set through a clay formation 
immediately beneath the Gila conglomerate. It was suspected 
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that this clay formation would swell or heave and prevent 
subsequent installation of a fiberglass reinforced plastic 
(FRP) casing or perhaps later cause damage to the FRP 
casing. (The last hole drilled and completed through the 
clay formation was cased only with the FRP casing and no 
problems were experienced with swelling or heaving of the 
clay. ) 

Injection wells were equipped using an FRP injection 
tubing string with a packer attached to the bottom of the 
tubing. The packer engaged the casing above the injection 
interval and isolated the annulus between the casing and 
injection tubing from the lixiviant. The production wells 
were originally equipped with a production tubing string 
with an electrical submersible pump attached at the bottom. 
Because of corrosion problems with pumps available at that 
time, the production wells were subsequently equipped with 
air-lift equipment. (Pumps today can be fabricated from 
suitably corrosion-resistant materials.) 

Injection and production wells were stimulated with 
hydraulic fractures and the fractures were installed in the 
ore zone through holes made in the casing. These 
perforations had previously been installed using shaped 
charges. Suitable shaped charges generate a hole that 
extends through the casing, the cement behind the casing and 
into the ore zone. 

Fluid Injection and Production 

The fluid was pumped into the injection holes with 
plunger pumps. These pumps were similar to those used for 
water flooding in the oil industry. The pumps were equipped 
with relief valves, and each was capable of a maximum of 150 
gallons per minute (5.68 I/rain), with a maximum pressure of 
1600 psi (ii,000 kpa). Several pumps were used to provide 
excess capacity in case one pump was taken out of service. 
By changing plunger sizes, or drive sheaves, and by the use 
of more than one pump, almost any flow rate up to 450 gpm 
(1703 i/min) could be achieved. Solvent from each pump was 
delivered to a stainless steel manifold, where it was 
distributed to individual wells. A bypass was provided to 
return liquid to the dilute acid storage tank. This bypass 
piping provided another method for controlling the injection 
flowrate. From the injection manifold, fluid traveled 
through meters and then through flexible rubber hoses to the 
individual wells. These flexible hoses provided a 
convenient connection to the individual wells. 

Two methods had been used for fluid recovery from 
production holes, those being submersible pumps and gas 
lift. The submersible pumps had not been designed to 
adequately handle the pregnant liquor. Pumps lasted, at 
best, only a few weeks. In addition, the available pumps 
would only achieve 700 feet (213m) of drawdown on the wells. 
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During pilot plant operations, because pump downtime was 
severe, an airlift system was designed to provide a more 
reliable system. This system consisted of a surface 
compressor capable of 500 psi (3,400 kpa), surface air 
piping and control valving on each wellhead. The air flow 
rate to each hole was controlled by valves and was measured 
with rotameters. Air and pregnant liquor were separated 
with the liquid flow measured in weirboxes. Pregnant liquor 
flowed by gravity to a central sump, and was pumped to FRP 
holding tanks. In the transfer piping, a flow meter 
recorded the total production from the wellfield. Pregnant 
liquor was pumped to a neighboring company. 

Throughout the injection and production system, different 
corrosion problems were studied. Many different metals, 
plastics, ceramics and elastomers were tested and evaluated. 
For this system corrosion problems were solved. 

Tracer tests were run using chloride to determine 
residence time and rock volume swept by the fluids. In 
operation, the pilot plant ran around the clock. Plant 
operators maintained the equipment, and col lected samples 
and data. After most operating problems had been 
eliminated, injection and recovery continued with only a few 
percent downtime, for a period of months. 

These are some of the significant observations: 

i. Produced 100,000 Ib.(45,360 kg) copper 

2. Grade of solutions averaged 2.5 gpl 

3. Grade of pregnant liquor declined very slowly 

For economic forecasts, in order to make an estimate of 
copper production versus time, pilot plant results were 
coupled with laboratory core leaching data. Using these 
data, and heap leaching experience in the district, a copper 
recovery curve was built, showing copper extraction versus 
time. This curve was used to project copper production over 
the life of the orebody with a computer model. The program 
divided the orebody into leach blocks and assigned copper 
grades to the blocks. The computer sequentially "mined" the 
blocks in any given order, producing copper at the desired 
yearly rate. With the use of this program, economic 
evaluations for project feasibility could be quickly 
completed. The computer model was tailored for the Van Dyke 
orebody, but could be readily adapted to other properties. 

Flow Geometry 

Radial and axial fluid flow 2'3 can be used in wellfield 
design. Radial flow is typically used in uranium in-situ 
leaching operations, and was originally used in design of 
the Van Dyke site wellfield; it is also used in most oil- 
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field operations, and is suitable for operations in high 
permeability rock. 

Radial flow occurs when fluid flows into or out of a well 
along paths following radial lines, originating at the 
wellbore and extending outward in a horizontal plane. 
Radial flow in a five-spot well pattern can be described by 
the variation of Darcy's law, as follows: 

q = 
1.035 x 10 -4 k hap 

u [in (d/r w) - 0.629] 

Where: 

1.035 x 10 -4 = Conversion factor 
q = Flow rate, gpm 
h = Exposed ore interval, {ft.) 
p = Differential pressure, psi 
u = Fluid viscosity, cp 
d = Radial distance between injector & 

producer, (ft.) 
= Wellbore radius, (ft.) 

rw = Permeability, (md) 

Axial flow occurs along parallel flow lines, such as flow 
between two planar surfaces. This type of flow may be 
effected by creating horizontal hydrofractures at different 
elevations (h i & h2) in two wells, and applying a pressure 
difference to cause fluid flow vertically (Figure i}. 

This causes axial flow between the fractures as shown. 
After ore is leached within the interval shown, the recovery 
well is fractured an equal distance above the injection 
fracture, the old fractured interval is plugged, and the 
next vertical interval is leached. This sequence continues 
until the ore column between the wells has been leached. 

Axial fluid flow can be described by the following 
variation of Darcy's law: 

q = 
3.287 x 10 -5 k A Ap 

u L 

Where: 

3.287 x 10 -5 = Conversion factor 
k = Permeability (md.) 
A = Area of fracture 
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~p 

u 

L 

overlap (ft 2) 

= Pressure differential, 
(psi) 

= Viscosity (cp) 
= Vertical distance between 

fractures, ft. 

This system was tested at Van Dyke, and appears superior 
in low permeability rock. Wel 1 spacing is determined by 
hydrofracture radius, which must be optimized during 
wellfield design, along with the vertical fracture spacing. 

It should be realized that while axial flow predominates 
in this configuration, an element of radial flow 
simultaneously exists. Radial and axial flow equations are 
used to determine the most economical operating 
configuration, indicating required wel 1 spacings and/or 
fracture sizes and spacings, for a given recovery flowrate. 

Once flow type and optimum well spacing is determined, 
the number of injection and production wel is can be 
calculated, indicating the minimum economic wellfield size. 
Knowing the ore deposit geometry and number of operating 
wells required, a well pattern can be chosen, and operating 
plans made. 

Pattern Design 

Several well patterns are in common use in oilfield 
water-floods, and uranium leaching operations. The most 
common of these is the 5-spot pattern, which has 4 injection 
wells located on the corners of a square and a recovery well 
in the center. Another common pattern is the inverted 5- 
spot, which has 4 recovery wells surrounding one injector in 
the same square geometry. The inverted pattern allows 
better fluid control in an unconfined system. 

A brief description of Van Dyke site wellfield design 
and operations is included here to illustrate development of 
the axial flow concept. 

The Van Dyke site wellfield was designed as an inverted 
5-spot pattern, elongated in one direction (Figure 2). The 
elongation allowed two different injector-producer spacings 
to be tested, and was oriented according to suspected 
anisotropic permeability thought to be related to structural 
features observed in drill core. 

Originally, the Van Dyke wellfield was designed for and 
operated in a radial flow configuration. Early operations 
suffered frequent surface and downhole equipment failures, 
resulting in excessive downtime, and significantly extending 
or precluding the operating time necessary to obtain useable 
data. 
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Analysis of data collected during these early radial flow 
operations indicated irregular recovery rates and excessive 
fluid residence time. 

To test the effect of well stimulation on radial flow 
operations, and to evaluate axial flow operation on a 
limited scale, one recovery and one injection well were 
hydrofractured, at different elevations. This allowed 
radial flow between the fractured injector and several 
surrounding recovery wells, as well as axial flow between 
the overlapping hydrofractures of the injection well and the 
stimulated recovery well. 

Comparison of these test results with radial flow test 
results favored axial flow operations, particularly in terms 
of shorter fluid residence times, higher initial copper 
loadings and more constant fluid recovery rates. 

The Van Dyke test site wells were next recompleted for a 
full scale axial flow test. This was accomplished by 
installing hydraulic fractures in the remaining unfractured 
recovery wells, at an elevation above the existing injection 
well fracture. 

The full scale axial flow test was run for approximately 
3 months, during which time equipment reliability and 
operating time was over 90%. Van Dyke field operations, 
including the axial flow test, ceased prematurely, as a 
result of permitting problems. Offsetting the relatively 
short test run was the higher percentage of operating time, 
which allowed a good comparison with previous test results; 
comparison verified that higher initial copper loadings and 
more constant recovery rates resulted from the axial flow 
configuration under existing conditions. 

Well Testing 

Equipment, procedures, and deposit characteristics were 
all subjects of various tests. This discussion will cover 
only tests performed to define fluid flow characteristics 
within the deposit. Injectivity, drawdown and tracer tests, 
as well as wireline logging, fall into this category. 

Injectivity and drawdown tests consist of injecting fluid 
into or withdrawing fluid from a well at a constant rate, 
while recording bottomhole pressure and time. These data 
can be analyzed and used as an indicator of fluid flow 
capacity near the wellbore, and rock permeability. If two 
wells are available, rock porosity can be determined by 
interference (multiple well) testing. 

Tracer tests consist of injecting an inert, detectable 
fluid into a well, and recording its arrival and 
concentration with time. This can be used to determine plan 
view flow geometry, residence time, and dilution of injected 
liquid by deposit liquid. 

Wireline temperature, spinner and tracer logs can be used 
in a similar manner to define fluid flow in profile view, 

9 HUFF, et al 



!ii ~, o 

and find fluid entrance and exit points within the well. 
Equipment failures plagued many early Van Dyke well 

tests, making test results difficult to evaluate. 
Subsequent tests indicated rock permeability between 1 and 3 
md, and injectivity increased as a result of hydraulic 
fracture stimulation. 

Downhole Equipment 

Downhole operations utilizing high pressure corrosive 
fluids over extended periods of time are uncommon, and 
little specialized equipment or operating experience exists 
in this area. As a result, many untried techniques and 
types of equipment were used during early operations and 
many equipment failures occurred. 

Failures of submersible pumps, cables, and instruments at 
first, then wellheads, casing and other downhole tools 
later, caused numerous expensive delays in early operations 
as suitable equipment and techniques were developed. 

Failure of FRP well casing and tubing, which was operated 
well within the factory specifications, caused the most 
serious delays and required considerable expense, time, and 
effort on the part of both the company and the manufacturers 
to resolve. 

Several types of corrosion resistant coatings were 
evaluated on submersible pumps and other downhole equipment. 
Wellheads, instruments, and many other types of downhole 
equipment and compatible operating techniques were designed, 
obtained and evaluated before achieving satisfactory 
operating reliability. A new type of packer was designed, 
and is currently being marketed by the manufacturer to the 
leaching industry as a result of development on the Van Dyke 
project. 

Geological Considerations 

The classical methods of geological and assay data 
gathering for a conventional mining system of a copper 
deposit are basically the same as when considering an in- 
situ leaching method. However, there are significant 
differences in mineralogical detail and deposit 
characteristics required. The following are some of the 
characteristics that need to be determined and which are 
directly related to geology and mineralogy. 

The following factors should be considered when 
evaluating a deposit for ISL. 

i) The deposit should not be more amenable to 
conventional mining methods than to ISL. 

i0 HUFF, et al 



5) 

6) 

7) 

8) 

9) 

Geologic structures should not be such that they 
have adverse effect on fluid flow. 

Preferably the ore zones should be below the 
water table. This condition gives fluid flow 
control. 

Permeability should be at least 2 millidarcies at 
i000 ft. (305m) depth or 0.5 md at 4000 ft. (1220 
m}. 

For copper, the deposit should contain at least 
I00 million tons (91 million metric tons) at 
0.5% soluble copper with 50-60% recoverable 
values. 

Metal values should be soluble in known solvents. 

Host rock and gangue minerals should be 
relatively non-reactive to solvent. 

Clay content should not exceed 10% depending on 
type and occurrence. 

The solvent must have access to the ore minerals. 

If an oxide deposit exists, it suggests that sufficient 
permeability may exist for in-situ leaching. Without 
permeability, there could not be secondary deposition of 
minerals. Of course post ore changes to the permeability 
can exist. 

The determination of soluble versus non-soluble copper 
minerals is important. This requires a choice of assay 
procedures and assurance that these procedures are conducted 
properly. Since economic predictions are quite sensitive to 
recovery rates, the assay data must be sound. 

Leaching Model 

A computer leach model utilized assay data and a unique 
equation for copper recovery to estimate copper production 
and acid consumption over the life of the mine. In 
addition, the model allowed for the elimination of 
uneconomic blocks of ore from the mine plan. 

With this predictive model, one can design a wellfield 
which will provide sufficient copper production to reach the 
required annual rate. To do this calculation once by hand 
takes an engineer four to ten days. The computer leaching 
model was built to do these computations. With some 
modification, the model is suitable for use with any 
deposit. 

ii HUFF, et al 
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Summary 

The Van Dyke project was designed, installed and operated 
in an effort to evaluate ISL of copper oxides. Many 
problems were encountered in the operation of the facility 
because of insufficient knowledge about materials of 
construction, flow systems, and operating procedures. 
Little prior experience existed with injection of highly 
corrosive fluids through wells into orebodies. In addition 
lift systems were inadequate for producing corrosive, 
copper-bearing solutions from wells 1000ft (305m) deep. 
Most problems were solved in this project. However a 
demonstration project would have been required to evaluate 
the economics for ISL of the Van Dyke deposit. 
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Southwe~ern Exploration Division 

November 19, 1987 

dpS 

To: J.D. Sell 

From: H.G. Kreis 

Occidental Petroleum's 
In Situ Technology 
Van Dyke Deposit 
Gila County, Arizona 

This morning i talked with Ray Huff of Ray Huff and Associates about 
OccidentaI Petroleum's r ights to the information i t  generated in s i tu  
leach test ing the Van Dyke Deposit located in Miami, Arizona. Mr. 
Huff said Occidental sold Codelco a non-exclusive l icense to use the 
Occidental technology to develop cer ta in  deposits in Chi le.  

Occidental is said to have applied for ,  but was not granted, a patent on 
the hor izontal  hydrofractur ing technique used on the Van Dyke Deposit. 
When the patent was not granted for  th is  process, Occidental planned to 
keep the information propr ie tary .  However, Occidental described the 
hor izontal  f rac tu r ing  technique in another patent app l ica t ion ,  but the 
applied for  patent was not granted. Because the patent was not granted, 
the information in the patent became publ ic information; and because i t  
included the hor izontal  hydrofractur ing technique, th is  information is 
now regarded as publ ic information. Thus, i t  is no longer propr ie tary  
to Occidental.  According to Mr. Huff, Occidental s t i ] l  regards a ] l  i t s  
reports on the Van Dyke in s i tu  leach test as being propr ie tary  information; 
and, therefore,  is not w i l l i n g  to make them publ ic .  Occidental has, however, 
given Ray Huff permission to taIk about the results of leach Lest work on 
the Van Dyke Deposit. 

There may come a time when Asarco wishes to consider using some of the 
leaching technology that was generated from the Occidental Van Dyke in 
situ leach test work. At that time it would be appropriate for Asarco to 
determine what rights, if any, Occidental Petroleum has to that technology. 

HGK:mek H. G. Kreis 

cc: R.L. Brown/F.T. Graybeal 
W.L. Kurtz 



ASARCO Southwestern Exploration Division 

November 17, 1987 

To: Files 

From: H.G. Kreis 

In Situ Leaching 
Van Dyke Deposit 
Gila County, AZ 

Yesterday and today (November 16-17) I talked with Ray Huff about 
Occidental~s in situ leach testing of the Van Dyke Deposit. Ray 
said that Occidental had given him permission to present the 
results of Occidental's test work at the October 1987 Engineering 
Conference on in situ leaching (Santa Barbara, California), and 
also at the February 1988 AIME meeting. 

Ray said he is sending me a copy of the t a l k  he presented in 
Santa Barbara along wi th  the s l ides  f o r  the t a t k .  He said I 
could use the contents of the report  and the s l ides  f o r  an in -  
house Asarco e x p l o r a t i o n  t a l k  in December 1987, Furthermore,  he 
said i t  was a | r i g h t  fo r  me to make d u p l i c a t e  copies of these s l ides  
as long as I did not show them p u b l i c l y  before  the February 1988 
AIME meeting.  

H G K: me k H. G. Kreis 

CC : R.L. Brown/F.T. Graybeal 
W.L. Kurtz 
J.O.  Sel I 
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A.qP.qCO Southwestern Exploration D~ision 

November 17, 1987 

To: J.D. Se)l 

From: H.G. Kreis 

U.S.B.M. Permeability 
Test Work, Santa Cruz Project 
Pinal County, Arizona 

The U.S.B.M. has completed its field test work on the permeability testing 
of the Santa Cruz Deposit. Permeability tests were run in a wedged-out 
portion of SC-46, a portion of the old hole SC-19, and a wedged-out portion 
of SC-19. The field results are currently being evaluated and it will be 
at least a week or two before some firm conclusions can be made as to the 
permeability of the Santa Cruz Deposit. Jon Ahlness of the U.S.B.M. has 
promised to send Asarco the results of the permeability test work as soon 
as it becomes available to him. 

Cursory observations of the field work by those involved with the permeability 
testing suggest that the recently wedged-out portions of the drill holes have 
low permeability because of a severe skin effect caused by the drilling mud. 
The old portion of drill hole SC-19 gave relatively high permeability results 
of five to twenty millidarcys depending on how one interprets the data. The 
permeability in the old portion of SC-19 is thought to be high because the 
drilling muds have had sufficient time to break down. 

The U.S.B.M. appears to be encouraged by the permeability test results in 
SC-46 and SC-19, and they are going ahead with plans for the next permeability 
test program in the area of SC-46. 

HGK:mek H. G. Kreis 

CC: R.L. Brown/F.T. Graybeal 
W.L. Kurtz 



ASARCO Southwestern Exploration Division 

November 17, 1987 

To: S.A. Anzalone 

From: H.G. Kreis 

Copper Mountain and 
Copper Leach Copper Deposits 
Burro Mountain Distr ic t  
Grant County, N.M. 

tn regard to our discussions on open p i t tab le- leachab le  reserves, the 
Copper Mountain and Copper Leach deposits, c o l l e c t i v e l y  known as Copper 
Mountain Mines, are worthy of invest igat ion.  

Fifteen years ago the property was controlled by USNR, and they were 
looking for either a joint venture partner or someone to take over the 
property. At that time USNR had mined out and put on leach dumps a 
total of 2 million tons at 0.53% copper, and left in the ground were 
24 million tons at 0.42% copper. As best I can recall, the reserves 
remaining in the ground were open pittable with about a ~.5 waste to 

lore stripping ratio. 

It would be worthwhile to see who presently owns the property, to 
determine how much ore was mined from the ground, and to find out how 
much copper was actually extracted from the leach dumps. 

If I can be of any further help to you in evaluating this property, 

please let me know. 

H G K: m e k H. G. Kreis 

CC: W.L. Kurtz 
J.D. Sel I 
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AS/U O Southwestern ExpToration Division 

November 17, 1987 

To: S.A. Anzalone 

From: H.G. Kreis 

CerriIlos Copper Deposit 
Santa Fe County, N.M. 

In response to our discussions on small copper oxide deposits I suggest 
examining the Cerri]los Copper Deposit. It is located in Sections 5 and 
8, TI4N, RBE, about 30 miles south of Santa Fe, New Mexico. As best I 
can recall, the Cerrillos Copper Deposit contains 27 million tons of 
leachable copper mineralization having an average grade of 0.40% copper. 
About one-third of this tonnage runs greater than 0.40% copper, and it 
averages 0.6% copper. The copper oxide mineralization i~ present from 
the surface to a depth of 180 feet, and it occurs in a zone that is 
3000 feet ]ong and 500 feet wide. 

In the ear}y to mid 1970's Occidental Minerals Corporation evaTuated the 
Cerrillos Copper Deposit with the intent to blast it and leach it in 
place. Occidental did a lot of work evaluating these reserves, and it 
is probable that the land owners have retained this information. 

If I can be of any further help to you, please let me know. 

HGK:mek 

"7-/; d 
H. G. Kreis 

CC: W.L. Kurtz 
J.D. Sell 
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Southwestern Exploration Division 

December 15, 1988 

J. D. Sell 

Copper Butte Deposit 
Ray Mines Area 
Pinal County, Arizona 

On a recent tour to the Ray Mine, Niel Gambell and Dick Banghart spoke 
about the Copper Butt Deposit west of Ray Mine. The exotic copper 
mineralization at Copper Butte consists of two deposits: the Copper 
Butte Deposit and the Buckeye Deposit which lies about two miles to the 
west of the Copper Butte Deposit. Both deposits are strata-bound with 
the copper oxide mineralization occurring Tn a ITmestone-rich unit of 
the White Tail conglomerate. This ITmestone-rich unit Contains about 
20% limestone. The copper oxide mineralization Ts in the form of 
chrysocolla and neotocite, and published information suggests that a 
significant amount of the copper may be tied up in the limonite minerals. 
The Copper Butte Deposit was said to consist of 20 m[]ITon tons of I% 
copper, and the Buckeye Deposit contains a simi|ar tonnage and grade. 

The geology of the Copper Butte mineralization is such that the ores will 
be treated differently than the Ray Mine |each ores. Leach ore from 
Copper Butte will be crushed to -4" and screened. The limestone goes out 
in the screen oversize. The undersize will contain most, if not all, of 
the copper oxide mineralization because it occurs in the matrix of the 
conglomerate. 

The screen undersize material will be agglomerated with sulfuric acid 
and a binder. The agglomeration wiTl be tried on a conveyor belt, and 
they may go to a drum agglomeration if necessary. The agglomerated ore 
will be heap leached similar to the rest of the Ray MFne leach operation. 

HGK:mek H. G. Kreis 

CO: F.T. Graybeal 
W.L. Kurtz 
A.R. Raihl 



ASARCO Southwestern Exploration Division 

December 15, 1988 
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To: A.R. Raihl 

From: H.G. Kreis 

Copper Leaching Magma Copper's 
San Manuel Mine 

On October 13, 1988 Steve Bywater (Manager of Mining Research MIM), Kit 
Clifford (Chief MinTng Engineer MIM), Peter Forrestal (Chief Geologist M|M), 
Ed Malouf (Consultant for MIM) and I visited the leaching operations at 
Magma Copper's San Manuel Mine. Michael Eamon, SX-EW General Foreman, gave 
us a tour of the SX-EW plant, the open pit heap leach operation, and the 
surface of the block cave-in place leach operation. 

Block Cave-In Place Leach Operation 

The solution distribution system on the top of the block caved ground at 
San Manuel is very similar to that used at the Miami block cave-in place 
leach operation. The applied leach solution is mine water acidified with 
15 gpl sulfuric acid. The acidified leach solution Ts applied to the 
block caved ground through drill holes spaced on 50 ft. centers. The drill 
holes are estimated to be 600 to 700 ft. deep to get through the base of 
the Gila conglomerate to the top of the copper oxide mineralization. The 
holes are drilled by a private contractor at a cost of $10,000 per hole, 
and they are cased with plastic pipe. Currently there are 180 drill holes 
actively being used, and there will be more as the area under leach expands. 
Some of the cased drill holes are being lost because of ground subsidence 
caused by the adjoining active block cave operation. Currently Magma is 
putting 100 gpm of leach solution into many of the drill holes, but they 
plan to operate at 20 to 30 gpm per drill hole. The rate of so]ution 
application Ts presently 0.8 gpm per 100 sq. ft., and they plan to operate 
at 0.4 gpm per 100 sq. ft. As previously mentioned, the leach solution 
contains 15 gpl sulfuric acid; but initially they put on 30 gpl sulfuric 
acid. They felt 30 gpl was too acidic and was damaging the leach column by 
dissolving minerals at the top of the column and precipitating minerals at 
the base. 

They are presently applying 2,240 gpm of leach solution to the block cave 
ground, and they are getting a return of 700 gpm. The rate of solution 
return is increasing by 40 to 50 gallons per month. Magma fee~s that they 
have not saturated the ground yet, and it will be some time before the 
ground Fs fully saturated. They predict, that once the ground is saturated, 
they will have an operating loss of 10% of the leach solution. Magma now 
has a full time hydrologist to look after the movement of leach solutions 
in the block cave ground. 
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A.R. Raihl December 15, 1988 
Page 2 

Published information describes the leach column as being 800 to ~0OO ft. 
thick. A total of 1.5 billion pounds of acid soluble copper are present in 
175 million tons grading 0.43% acid soluble copper. Virtually al~ the 
copper in the leach column is in the form of copper oxide mineralization 
with the exception of some sulfide remnants. 

The pregnant leach solutions are collected Tn the underground mine workings 
and are pumped 2300 ft. back to the surface for treatment in the SX-EW plant. 
Head grades from the block cave-in place leach operation are presently 
averaging 1.2 gpl copper. Head grades to the SX-EW plant are maintained by 
blending the lower grade solutions from the block cave-in place leach with 
the higher grade solutions from the heap leach operation. Magma predicts 
the block cave-in place leach will produce head grades of 1.5 to 1.6 gpl 
once the block cave operation is in a normal operating mode. The pregnant 
leach solution from the block cave area is running 20 ppm suspended solids 
which is very high compared to the Miami block cave-in place leach operation. 
The reason is that the San Manuel operation is an active bTock cave area, 
and the activity of the block caving operation produces an abundance of 
suspended solids. 

The block cave-in place leach operation at San Manuel is operating in a 
hydrologic cone of depression. The cone of depression is caused by pumping 
3,O00-4,000 gpm of groundwater out of the mine. 

Open Pit - Heap Leach Operations 

Magmats San Manuel open pit- heap leach operation is described in detail in 
the paper "San Manuel Oxide Open Pit Project," by Stephen F. Walsh (text 
of a talk given to the Arizona Conference of AIME December 9, 1985; copy 
attached to H.G. Kreis memo to J.O. Sell of December 12, 1985). The following 
information on the open pit- heap leach operation will help to update that 
paper. 

The total of 66,000 ppd are being mined from the open pit. This includes 
24,000 tons of ore ranging from 0.5 to 0.6% copper and 0.4% readily soluble 
copper. The remaining 42,000 tons is waste. The oxide ore is dumped on the 
leach dumps without crushing or any type of agglomeration. Ed Malouf felt 
that Magma could significantly increase their copper recovery if they 
agglomerated their ore before dumping it. 

The leach dumps sit on plastic liners having a grave] cover layer on top of 
the plastic. The dumps are constructed in 15 ft. lifts, and each lift is 
leached a minimum of 49 days and a maximum of 80 days. Presently there are 
70 acres of dump now under leach and this area will expand to a total of 
160 acres under leach. 



iiiiiif~ - 

A.R. Raihl  December 15, 1988 
Page 3 

Once the 15 ft. lift has been completed, the ore receives a very effective 
form of pretreatment. The ore is saturated with a 250 gpl sulfuric acid 
solution (this accounts for 15 lbs. acid consumed per ton ore), and there 
is no outflow of leach solution at this time. The ore, saturated with the 
acid solution, is a11owed to rest for 4 days; and then it is saturated again 
with 250 gpl sulfuric acid (this accounts for 6 Ibs. of acid consumed per 
ton or ore). The resaturated ore Ts allowed to rest another 3 days. At the 
end of the 3 day rest period the pretreatment of the ore is considered 
complete--the rock has been neutralized and much of the copper is in solution. 
The copper is then leached from the pretreated rock with a solution of I0 gpl 
sulfuric acid applied at the rate of 0.3 to 0.5 gpm per 100 sq. ft. At this 
time very little of the acid in solution is consumed by the dump material. 
The pregnant leach solution coming from the dump runs 8-10 gpl sulfuric acid. 
Nearly all of the acid consumed by the dump is consumed during the pretreat- 
ment of the ore. The total acid consumption is 21 lbs. of acid per ton of 
rock, and this calculates to 2.3 Ibs of acid per pound of copper recovered. 
As previously mentioned, the ore is leached for 49 to 80 days following the 
7 day pretreatment period. 

Currently, 190,000 Ibs. of copper per day is obtained in solution from the 
heaps. This is slightly more than 1OO% of the acid soluble copper being 
added to the dumps daily. The copper head grades from the dump vary from 
1.0 to 2.4 gpl depending upon the gallons per minute applied. The iron 
content of these solutions varies from 1.3 to 1.4 grams per liter. 

The total operating cost of the SX-EW plant was said to be 14¢ per lb. of 
copper recovered. This includes 6¢ per lb. of copper for reagents and other 
supplies and 6¢ per lb. for electric power. Open pit mining costs were said 
to be 25-30¢ per lb. of copper, and their open pit is engineered to cost no 
more than a total of 55¢ per lb. of copper recovered. 

HGK:mek H. G. Kreis 

C C :  W.L. Kurtz/J.D. Sell 
S.A. Anzalone 
D.E. Crowell 
F.T. Graybeal 
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Examination of  Leachable C o p p e r  Depos i t s  

I h a v e  p r e p a r e d  a t a b u l a t i o n  of  t h e  m a j o r  l e a c h a b l e  c o p p e r  o c c u r r e n c e s  t h a t  
I h a v e  e x a m i n e d  a l o n g  w i t h  t h e  s u m m a r i z e d  r e s u l t s  o f  e a c h  e v a l u a t i o n .  A 
c o p y  is  a t t a c h e d  f o r  y o u r  f i les .  

S m a l l e r ,  l e s s  s i g n i f i c a n t  p r o s p e c t s  w e r e  n o t  i n c l u d e d  i n  t h e  l is t .  

This tabulation will be updated to include future examinations. 
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Potential Heap Leach SX-EW Propert ies Examined 
Page 1 of 3 

Name 

Emerald Isl. 

Four Metals 

Johnson Camp 

Kingman Area 

Korn Kob 

Lucky  Susan 
(Castle Hot Spr ing )  

Old Reliable 

Poston Butte 

Sacaton Mts, 

Sanchez 

Zonia 

Zald ivar  

Ann-Mason 

Big Mike 

Copper Basin 

Copper Canyon 

Location 

Arizona 

Arizona 

Arizona 

Arizona 

Type 

Exotic copper 

Breccia pipe, CuOx 
& chalcocite 

Porphyry copper 
skarn 

Porphyry copper 

Arizona Porphyry skarn 

Arizona Porphyry  & 
brecciated zone 

Arizona Brecciated 
an d resite 

Arizona Porphyry  copper 

A ri zon a 

Arizona 

Arizona 

Chile 

AIt p o r p h y r y  & 
CuOx veins 

Porphyry copper 

CuOx in po rphy ry ,  
sediments, 
metarnorphi cs 

Chalcocite & 
copper oxide 
porphyry copper 

Porphyry system 

Exotic copper, 
Gila Conglomerate 

Porphyry copper 

Porphyry copper 

Remarks 

Low grade. Limited 
tonnage, 

Low grade. Limited 
tonnage. 

Limited tonnage. 
Low grade. High 
waste to ore ratio, 

Low grade. Limited 
ton n age. 

Limited tonnage. 
Low grade. High 
waste to ore ratio. 

Low tonnage. 
grade. 

Low tonnage. 

Low None 

None 

Low grade. 
E n vi ronmental 
problems. 

Limited tonnage. 
High waste to ore 
ratio. 

High waste to ore 
ratio. 

Low-moderate 
grade. High waste 
to ore ratio. 

Low tonnage. High 
waste to ore ratio. 

Low grade. Limited 
tonnage, 

Low grade. Limited 
tonnage. 

None 

None 

None 

None 

None 

Review 

None 

None 

None 

None 

None 

None 

Nevada 

Nevada 

Nevada 

Nevada 

Small prospects. 

Future 
Interest 

None 

None 

Low grade. High 
waste to ore ratio. 
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Potential Heap Leach SX-EW Properties Examined 
Page 2 of 3 

Name 

Ely (Robinson) 

Lewis Peak 

Mayvil~e Canyon 

Yel:ington 

Location 

Nevada 

Nevada 

Nevada 

Nevada 

Type 

Chalcocite & 
copper oxide 
porphyry copper 

Breccia pipes 

CuOx in quartz 
veins & weak 
breccia 

Chatcocite & 
copper oxide 
porphyry copper 

Remarks 

Low grade. 
sulphide ore 
remai ns. 

Some 

Limited tonnage, 
Weak CuOx 

Limited tonnage. 

Low grade. 
Environmental 
probiems. 

Future 
Interest 

None 

None 

None 

Review 

Bent New Mexico Sandstone Copper Low tonnage/grade None 
i 

Cerri l los New Mexico Chatcocite & Limited tonnage. None 
copper oxide Low grade. 
porphyry copper 

Copper Hiil New Mexico None 

New Mexico Eureka 

Gatlineas Peak New Mexico 

Guadalupita New Mexico 

Hammond New Mexico 

New Mexico 

New Mexico 

Chalcocite & 
copper oxide in 
Precamb r ian 
Quartzite 

Low grade. Limited 
tonnage. 

High Rolls 

Hiilsboro 

Sandstone Copper Low tonnage. High None 
waste to ore ratio. 

Air intrusive No mineralization. None 

Sandstone Copper Low tonnage/grade None 

Sandstone Copper Low tonnage/grade None 

Sandstone Copper Low tonnage/grade None 

CuOx in porphyry Low grade, Limited None 
system tonnage, 

Porphyry area Reported weak None 
CuOx. Not located, 

Copper porphyry Low grade. Little None 
area tonnage. 

Sandstone copper None Low tonnage. High 
waste to ore ratio. 

Ladron Mt. Area New Mexico 

Mt. Baldy-Noreno New Mexico 
Ranch 

Nacimiento New Hexico 

Pefias Negras New Mexico Sandstone Copper Low tonnage/grade None 

Pintada Mine New Mexico Sandstone Copper Low tonnage/grade None 

New Mexico Scholle Distr ict Low ~nnage/grade Sandstone Copper None 
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Future 
Name Location Ty pe Remarks In terest  

Stauber  Mine New Mexico Sandstone Copper Low tonnage /grade  None 

Zuni Mrs. New Mexico CuOx in Smatl prospects None 
Precambrian and 
adjacent arkose 

Kirwi;n Wyoming None Porphyry  system, 
CuOx & chaJcocite 

High waste to ore 
ratio. 
E n v i ron mental 
problems. 

% 1  

S. A. A n z a l o n ~  
October 22, 1991 
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OXIDE LEACHING 
/ +i .' J 

i. 
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The leaching of siliceous low-grade copper-bearing ores and 
waste rock that cannot be processed economically by milling 
and concentrating is an important low-cost process for 
recovering copper. It presents a growing factor in the 
U.S. production of primary copper, amounting to 8% of tile 
total U.S. production in 1963; 12%, in 1968 (175,000 tpy); 
and an estimated 20% by 1975. This leaching practice may 
be classified into the following four categories: 

i. 

. 

Vat leaching, which is the percolation of dilute 
sulfuric acid through crushed and sized oxidized 
ore that is bedded in rectangular tanks with a 
filter bottom. Slimes made in crushing may be 
agglomerated and leached with the coarse material 
or leached separately by agitation. The leach 
cycle is one to two weeks in the vats. 

Q 

Heap leaching, which uses dilute sulfuric acid 
solution for extracting copper from uncrushed .... 
porous, oxidized ore that has been piled on 
prepared drainage pads. The leach cycle 
duration is months• 

. Dump leaching, which is used to extract copper 
from low tenor, uncrushed strip waste material 
that must be moved during mining. Both oxide 
and sulfide minerals in the waste rock may 
dissolve during years of exposure to oxidizing 
solutions of dilute sulfuric acid. 

. In-place (in situ) leaching, Qhich extracts 
copper from broken low-grade rock in and overlying 
a now abandoned copper mine or which has been 
fractured by an underground explosion, or from 
underground porous strata. As with dump leaching, 
the cycle duration is in years, and there is thus 
time for the oxidation and dissolution of sulfide 
minerals. 

The choice of the leaching method thus depends upon the 
chemical and physical characteristics of the specific 
material to be treated. The grade of the ore, tMe solu- 
bility of the copper minerals, the amount of acid-consmning 
associated gangue material, the size of the operation, and 
the mode of occurrence of the copper-bearing minerals are 
some of the important factors to be considered. 
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The nrincioal copper oxide minerals dissolved by leaching are 
azurite, d%rysocolla, and malachite, although varying amounts 
of cuprite, tenorite, and native copper are also known to be 
contained in some ores and are simultaneously dissolved. The 
copper sulfide minerals prevalent in many sulfide ores and 
dissolved during oxidation leaching are chalcocite, chalco- 
pyrite, and covellite. Pyrite is an important mineral found ~i" 
in many sulfide ores and is oxidized during leaching to form 
ferrous sulfate and sulfuric acid. 

I 

Both dump leaching and in place leaching result in leach 
effluents whose copper content varies between 0.75 and 2.25 
g/L and the pH of which varies between 1.9 and 3.3. While 
some deposits require no acid addition because of the 
generation of sulfuric acid as the result of pyrite oxidation, 
for example, other deposits consume modest quantities of 
sulfuric acid. ASARCO has a dump leaching operation at 
Silver Bell. 

e 

Because of the higher grade of the heaps, the stronger acid 
solution which is generally employed, and the ready solu- 
bility of oxidized copper minerals, the pregnant solutions 
tend to be considerably higher than those obtained from dump 
leaching. The copper content of the pregnant liquor at 
Ranchers Exploration and Development Corporation varies 
from 3 to 7 g/L. 

Vat leaching is employed toextract copper from oxide or 
mixed oxide-sulfide ores containing more than 0.5% acid- 
soluble copper. This method is preferred to heap leaching 
if the ore is not porous and crushing is necessary, to permit 
adequate contact between leach solution and copper minerals. 
IIigher copper recovery is realized in shorter periods, preg- 
nant liquor losses are negligible, and {he copper content of 
the pregnant liquor is much higher. Thus, for example, 
ASARCO's San Xavier leach plant will treat about 4000 tpd of 
ore averaging about 1% Cu to produce 12,000 tons of copper 
per year while consuming 50,000 tons of sulfuric acid from 
ASARCO's IIayden plant. The level of copper in the leach 
solution is on the order of 15 g/L. 

Copper Recovery 

Copper is recovered from the various leach liquors prin- 
cipally by means of galvanic precipitation by metallic 
iron. In the case of San Xavier vat leach solution, 
15,000 tons of shredded detinned cans are used annually 
to accomplish this precipitation, while the IIecla Lake- 
shore flowsheet indicates that sponge iron will serve 
this purpose. 
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The most common practice is typified by the use of gravity 
launders such as those shown in Figure 3. Copper-bearing 
liquors are introduced into the upper end of gravity 
launder plants and allowed to trichle downwards through 
the shredded cans. Launder arrangement is such that 
solution flow is in series. Copper is ~lashed three times 
a week from the first fe~J launders, which no~ally precipi- 
tate more than 60% of the total copper. The copmer precipi- 
tated in the remaining launders is removed usually once a 
week to once a month. 

The ~mount of iron consumed per pound of copper precipitated 
is always higher than the theoretical 0.88 pound of iron and, 
in fact, ranges between 1.2 and 2.5 pounds of iron per pound 
of copper preciDitated. The copper precipitate from this 
process is typified by the product of the San Xavier Plant 
and contains 80-82% Cu. It is dried and usually returned 
to a copper smelter (El Paso in t/~e case of the San Xavier 
precipitates) . 

?Z~ile a nun~)er of variations exist in the equipment employed 
for copper cementation on iron, only the cone-type precipi- ,~.~ 
tater developed by the Kennecott Copper Corporation will be j~ 
mentioned here. A cutaway diagram., of the precipitation cone i i" 

is sho~n in Figure 4. Copper-bearing solution is injected ,~ ~ 
,~ Ij 

through nozzles into the bottom of the cone and travels ~ ~ ~ 
upward through shredded, detinned iron scrap, which is ~[ I ~ 
semicontinuously loaded into the inner cone above a heavy- !i ~ [~<q. 
gage stainless steel screen. Copper is rapidly precipi- ~ ~.~ 

and quickly rer.10ved from the iron surfaces by the ,~2 fj~/ tated 
turbulent action in the lower part of the cone so that 
fresh, clean surfaces of iron are created for continued t 
copper precipitation. Cement copper settles through the 
stainless steel screen which forms the upper cone, settles 
to the bottom of the outer shell, and is removed inter- 
mittently. 

It is claimed that iron consumption in the cone-type 
precipitator is lowered by 0.5-1.0 pound per pound of 
copper and that tJ~e copper content of the precipitate 
is improved to 90-92%. 

In recent years, solvent extraction of copper from low- 
content pregnant leach solutions, followed by stripping 
of the copper from the solvent into a sulfuric acid 
solution which would then be suitable for copper electro- 
winning, has been adopted commercially both by Bagdad 
Copper at Bagdad, Arizona and at Ranchers Development 
and Exploration's Bluebird operation near Miami, Arizona. 
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The solvent should ~ave the following properties: 

i. It should be selective for copper at the natural 
low pll of the leach solution. 

2. It should have a low water solubility. 

. It should be compatible with a cheap diluent, 
such as kerosine. 

. It should be nontoxic to bacteria beneficial to 
the leaching process. 

5. It should be stable between 0 = and 80°C. 

. It should not be detrimental to the electrolytic 
process. 

Such a family of reagents has been developed by General 
i~ills, Inc., first for copper extraction from ammoniacal 
solutions (LIX-63) as applied, for e<ample, in the Arbiter 
process, and subsequently for use with low copper, low pH 
leach solutions (LIX-64) such as those encountered typically 
in dump or in-place leaching. Recently, a new reagent 
(LIX-70) has been developed which, it is claimed, will be 
able to treat more highly concentrated acidic solutions of 
copper, perhaps as high as 60 g/L Cu. 

Since solvent extraction is an equilibrium chemical process 
whereby, in the case of most reagents, the copper ions in 
the leach solution are exchanged for hydrogen ions in the 
solvent, the pll of the leach solution decreases during 
extraction and eventually limits the process. This is the 
reason for the continuing search for re6gents which are able 
to handle higher copper concentrations in the pregnant leach 
solutions, and, consequently, higher acid concentrations as 
the solutions are depleted in copper. :!oreover, since 
solvent extraction is an equilibrium operation, several 
stages of extracting and stripping are usually required to 
achieve the desired degrees of extraction and stripping. 
These operations serve the two-fold purpose of transferring 
copper from an impure leach solution to the final aqueous 
phase which is sufficiently pure for copper electrowinning, 
and to concentrate the copper from relatively dilute leach 
solutions to levels suitable for electrowinning. 

The various combinations of oxide leaching wit/1 eid~er copper 
cementation or copper electrowinning serve the very important 
purpose of recovering copper from low-grade ores and waste 
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rock which could not be economically processed by milling, 
concentrating, and subsequent extractive metallurgy. As 
the narae indicates, this type of leaching effectively 
recovers oxide copper, although some oxidative attack 
luay also occur on sulfide mineral constituents when 
leaching occurs over extended periods. Within this 
limited scope of applicability, oxide leaching has been 
applied to ASARCO ore deposits at Silver Bell and San 
Xavier, but they are not suitable for sulfide ores or 
concentrates which constitute ASARCO's major source of 
copper. 

The quality of the recovered copper is such, in the case 
of cementation, that it must be treated for further pur- 
ification, usually in a copper smelter. As in all other 
electrowinning processes, there is some doubt that the 
lead content of the copper obtained in this fashion will 
equal that of the electrorefined product. 

!! ii 
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AGENDA 

9.~ELCO:.IE A~;D INTRODUCTION 

Copper Smelting Alternatives 

NEW SOURCE STanDARDS 

Y W P. Roe 

VC ~ Kudryk 

J .~'M. Henderson 

EPA Proposed S02 Standards 

SULFUR DIOXIDE ABATEmeNT W. H. Wetherill ~;I[ 

Scrubbing Systems and H2S04 Neutralization 

SULFUR DIOXIDE RECOVERY 

ASARCO, Allied Chemical, Bureau of Mines, 
DM~ and other processes 

COPPER PYRO~.~TALLURGICAL DEVELOP~A~S 

Roast-blast Furnace, Brixlegg, Amax 

CP'~ CONTI][UOUS COPPER ~..~LTING 

A. Bogeatzes 

.! 

H~ < 'R:' Larson 

J~"'R. Wettlaufer 

Noranda, Mitsubishi, Worcra 

ESTABLISHED PYROT.~TALLURGICAL SXELTING J. M. Henderson 

Reverberatory, Electric and Flash Smelting 

LUNCH 

HYDRO.'.:ETA LLURG I CA L DEVELOP.~LENTS W. H. Wetherill 

Cymet, DuVal, Treadwell, DuPont, '" '~ ~ 

Sherritt-Gordon, Bureau of Mines 

PROPOSED CO~I~.~RC[AL PROCESSES M. ~ L. Hollander 

Anaconda, Hecla, Oxide Leach 

BACTERIA LEACHI:~G 

CO>~ARISON OF ENERGY REQUIRE:IENTS 

COST EVALUATION 

E. ":artinez 

H% ~ ~ .  L a r s o n  

SU.'.~:~.RY A:JD DISCUSSIONS 

V. Kudryk MINERAL 

OCT 1 7 !;;_3 



"%, 

~l,  toration Department 

July 30, 1976 

To: W.L. Kurtz, F.T. Graybeal 
D.P. Cadwell, J.C. Balla, 
J.H.G. Fuchter, D.M. Fletcher 

EXOTIC COPPER DEPOSITS 
(LITERATURE SEARCH) 

Enclosed is Mr. Giesecke's brief comment on an ar t ic le ,  "Copper Si l icate 
Deposits of Northern Chile" with a copy of the summary attached. The 
author concludes that such deposits are restricted to arid or semiarid 
regions. 

La Exotica, containing 150 m i l l i on  tons of 1.6% Cu, is perhaps the largest 
known occurrence of th is  type in South America. I t  is also unique in that 
two- th i rds of the deposit is in bedrock beneath the gravels. Apparently, 
copper-bearing meteoric waters (derived from eros ion-ox idat ion- teaching of 
the chalcoci te enriched Chuqui ore body) moved d~vn slope (2 kms.) into a 
basin where copper prec ip i ta ted as s i l i c a t e  in pervious bedrock as well as 
in over ly ing gravels. 

The source of the Sagasca (85 kms. east of lquique) copper is not so read i ly  
evident. The nearest known porphyry copper occurrence, Cerro Colorado, is 
25 kms. NE . . . .  and in another drainage system. The Sagasca deposit 
(12 m i l l i on  tons of 2.5% Cu) occurs in f l a t - l y i n g  conglomerates of probable 
Late Te r t i a r y  age, which have been exposed by erosion. In contrast ,  
La Exotica was t o t a l l y  concealed. Reportedly i t  was discovered during the 
course of d r i l l i n g  for  water. 

Several exotic copper deposits are known in Arizona, such as Emerald Isle 
(near Ithaca Peak), Copper Butte (near Ray) and Superior East (west of 
Miami). A11 were derived from the weathering of porphyry copper deposits 
and no doubt there are others that remain to be discovered under covered 
areas. But, the search for them wi l l  involve rather high risk exp|oration 
i n  most c a s e s .  

Fred Graybeal has estimated (memo of I-2-75) that the El Tiro-North Silver 
Bel| zones have had some 4 b i l l i on  tons of .20% Cu removed by erosion and 
that most of this copper, transported in solution and/or mechanically, 
could be contained in the north-str ik ing graben lying (d~,n slope) to the 
west. 

Although to date the exotic deposits have not proven prof i table producers 
(except for a few very small operations), they may become so in the future with 
their advantage over sulphide ores environmentally in conventional treatment. 
And, being in general relat ively permeable, they may be more amenable to in- 
situ leaching. La Exotica (open p i t )  encountered meta|lurgical prob)ems and 
is cur ren t l y  inoperat ive. 

.H. Co~rtright 
JHC:vh 
cc: TCOsborne w/attach. 

RBSprague 
JJMerz 
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Madrid Off ice - Exploration Depar tment  

.L J. Merz  
Director of Exploration 

A. Giesecke 
Chief Geologisl 

June 30, 1976 

Literature search 

Title: 

Author: 

Publication: 

"Silikatische Kupferlagerstaetten in Nordchile." 

Gustav Roethe 

Geologische Rundschau, 1975, Voi.64, N°2. p.42!-456 

Above article on Copper silicate deposits in northern Chile 
is of special interest to anybody dealing with secondary 
Copper deposits (Exotica type). 

Three individual prospects are described: 

1. Sagasca, Tarapac~ Prov. 

2. La Exotica, Antofagasta Prey. 

3. Venado, Atacama Prov. 

Geology, mineralogy (Chrysocolla, Copperpitch), and genesis 
are discussed. Microfotos, X-ray studies, and chemical 
composition are enclosed. There are~geological maps and 
sections to show the general situation. Some data on grade 
and tonnage are given. 

The article is in german but carries an english summary. 
Explorationwise, it is of definite importance to anybody 
assessing the mineral potential of "post-mineral" cover 
rocks. 

~:~,~ ('<----~ 

A esecke 

x-c: R.B. Sprague 
R.L. Brown / 
J.H. Courtright t/ 

ASARCO Incorporated y C[a., S. R.C., Av. Generalistmo, 52, Madrid 16, Spain. Tel. 457 77 67 
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• The formation of isolated s'iticaCetms coppe(deposits is controlled by two main con- 
ditions: 

1. oversaturation of grt~undwat;:rs in silica 
lateral inflow of copper bearing, 0ud slightly acid sohdions originating, from the 
oxidation of primary sulfide deposits. 

The basic copper silicate ch~'socolla is formed by chemisorption of copper ions by 
disilicic acid with a net-like structure. Under favourabte co,~ditions copper silicate 
deposits are formed wlfich colttain up to several million tons of copper as for exmnple 
the La Exotica deposit in Nortl.em Chile. 

The copper values of these deposits sometimes exceed those of the primary sulfide 
deposits. Titus, the oxidation of sulfide d~,posits, the migration of eOpl~er bearing 
solutions and the chemisorptiolt of copper ions by the disilicie acid can result in 
workable new copper concentrations originating from sulfide protores. 

I-ligh concentrations of silica in grotutdx~;,.ters anti thtts tile chcm[sorption of copper 
ions by the disilieic ac~cl :ts an ore fonni,~g process is restricted to arid or semiarid 
regions. Therefore it is proposed"~-cidl  such d c p t 3 s i t s a r i d  s i t i c n t e 0 U s  i n -  
f i - l t  r a t i o ~x d e p o s i t s .  

Int'iltration deposits artr related to weathering processes. "They comprise products 

of weathering by which valuable, substances were }eacheA from the host rocks, migraWd 
in gronndwaters and were redepo.~ited in other neighbouring rocks" (S,~uaNOV, 1970, 
p. 8~) .  

j: ]i ̧  
~! !~ ~i I 
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BACTERIAL LEACHING OF COPPER CONCENTRATES 

. _ ~  ° -  

A number o f  y e a r s  ago i n v e s t i g a t o r s  d i s c o v e r e d  the  p resence  
o f  b a c t e r i a  i n  copper  mine w a t e r s  t h a t  were  c a p a b l e  o f  o x i -  
d i z i n g  sulfide minerals. Pyrite was oxidizing to ferric 
sulfate and sulfuric acid and copper sulfide minerals to 
copper sulfate due to action of bacteria. 

The strains of bacteria were identified as Thiobacillus ferro- 
oxidan and Thiobacillus thio-oxidans. Both strains derive 
the energy for their life cycle from oxidation of iron and ,/Y 
sulfur phases. The oxidizing bacteria are capable of living 
on inorganic substance such as dissolved salts, nitrogenous / 
material, carbon dioxide and oxygen. 

The activity of the bacteria is optimum at about 35°C and 
a pH of 2.0 to 3.5. The rate of growth drops, as well as 
activity, as the temperature and pH go on either side of 
the given range. The bacteria are destroyed at >50°C. 

Thiobacillus ferrooxidan is a robust organism. Although it 
is inhibited by low metal ion concentrations, it can be a-- 
dapted over a period of time to tolerat~ concentrations as 
high as 30,000 ppm of Cu, Zn and U. It can also adapt to 
living in an environment of pH 0.5. Mercury, however, is 
highly toxic and it was found that the bacteria could not 
adapt to its presence. Direct sunlight inhibits the ac- 
tivity of bacteria. 

t 

, " 6" ,i %" 

,~J P .4 ~ 1.5 

,,"' 'p ',l> 

? 

Oxidation Reactions 

The bacteria aid in the oxidation reactions via a catalytic 
action which speeds up reactions that are thermodynamically 
possible but kinetically too slow. There are two forms of 
reactions - direct and indirect. 

In direct oxidation the bacteria must be kept in physical 
contact with the mineral: 

CuFeS 2 + 402 ÷ CuSO4 + FeSO4 
(chalcopyrite) 

The bacteria will then oxidize the FeS04, accelerating the 
reaction which would be very slow in their absence: 

4FeSO 4 + 02 + 2H2S04 +.2Fe2(SO4) 3 + 2H20 
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The ferric sulfate formed will leach other copper sulfide 
minerals as well as chalcopyrite: 

CuFeS 2 + 2Fe2(S04)3 ÷ CuS04 + 5FeS04 + 2S 

CuS + Fe 2(S04)3 ÷ CuS04 + 2FeS04 + S 

The latter reactions are referred to as indirect since the 
bacteria are not attacking the mineral, but providing the 
chemical that will. The sulfur will react with water and 
oxygen to form sulfuric acid in the presence of the bacteria• 

Sulfuric acid and ferrous sulfate can be generated by using 
bacterial action to oxidize pyrite. The ferrous iron in 
solution is converted to ferric by bacterial oxidation. The 
acid obtained in the oxidation of pyrite holds the ferric 
sulfate in solution until it comes into contact with the 
copper sulfide minerals. 

B. C. Research Council Proposed Leachinq Process 

A preliminary feasibility study'on the recovery of metal values 
from sulfide concentrates by a microbiological leaching proce- 
dure was presented by B. C. Research. The proposed procedure 
was the adaptation of microbiological l~aching to a continuous 
process. 

The system selected was a chalcopyrite concentrate containing 
28% Cu. As noted above, bacteria will accelerate the direct 
oxidation of chalcopyrite, as well as oxidize FeSO 4 to Fe2(SO4) 3 
which will also attack the mineral. A schematic representation 
of the leaching procoss for treating 100 tons per day of con- 
centrate is shown in Figure I. A material balance is given in 
Table I. 

The leaching equipment involved a series of 20-ft. square tanks 
with a 16-ft. pulp depth. The tanks are charged with a -325 or 
-400 mesh chalcopyrite concentrate, bacteria, H2SO 4, air,-~O2,--- 
a~--nutrients for the bacteria. Suitable means for aerating 
and agitation are required. 

Leaching proceeds at 35°C (maintained) at a pH of 2.0 to 2.8. 
The proposed pulp density is 10%. The residence time is based 
on a leaching rate of 300-350 mg/l. hr. for copper. Based on 
these conditions, leaching of i00 tpd of concentrate would 
require 18 tanks (20' x 20' x 16' deep). 

The leaching tank effluent goes to a 2-stage gravity separation 
unit. In the first stage the unreacted mineral products are 
separated and returned to the leaching tanks (after regrinding 
if necessary). In the second a sludge consisting of basic 
ferric sulfate and clays are removed. The pregnant solution, 
which is the overflow from the second clarifier, would be 
allowed to build up until it contains 30 gpl of Cu prior to 
electrowinning. 
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The advantages of the process are given as: 

i. Product of mill is upgraded at mill site. 
2. Relatively low capital cost compared to a conventional 

smelter. 
3. Process equipment can be designed in modules. 
4. Output of small or large mines can be handled. 
5. Eliminates SO 2 air pollution, i 
6. Au, Ag, & Pb may be recovered from sludge. 

The disadvantages are: 

i. Sulfur by-products not recovered. 
2. Formation of dilute H2SO 4 constitutes a potential 

water pollu~ion problem. 
3. Higher capitalization required than in procedure 

of selling concentrates to existing processes. 

Other difficulties not mentioned in B. C. proposal: 

1. Temperature control of tanks. 
2. Grinding of concentrates to -400 mesh or finer. 
3. Possible build up of deleterious impurities in 

solutions such as zinc, magnesium, or H2SO 4 
requiring a bleed-off. 

4. Separation of sludge (clays and basic ferric sulfate) 
from unleached mineralized concentrate. 

5. .Treatment of copper concentrates containing a mixture 
of chalcopyrite and chalcocite. Chalcocite requires 
a two stage process. 
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TABLE 1 

MATERIAL BALANCE 

Material In 

Mill Feed (28% Cu or 81% chalc0pyrite) 

CuFeS 2 6,741.7 
Inert gangue 1,591.6 

8,333.3 ib/hr 

25.5 x 32 
Oxygen 6 x 183.5 x 6,741.7 = 4,993.3 ib/hr 

H20 9 x 18 x 6,741.7 = 991.9 ib/hr 

TOTAL IN 

6 x 183.5 

14,318.5 ib/hr 

Material Out 

Copper Sulfate 

SulfuricAcid 

. ° 

6 x 159.5 "x 6,741.7 = 5,859.9 Ib/hr 
6 x 183.5 

2 x 98 x 6,741.7 = 1,204.5 ib/hr 
6 x 183.5 

Soluble out 

Basic Ferric 2 x 462.7 x 6,741.7 = 
Sulfate 6 x 183.5 

7,064°4 Ib/hr 

5,666.5 ib/hr 

Inert Material 1,591.6 ib/hr 

Solids out 7,258.1 ib/hr 

TOTAL OUT 14,322.5 ib/hr 

Material balance is based on the following overall reaction proposed 
by B. C. Research: 

6CuFeS 2 + 25 i/2 02 + 9H20 ÷ 6CuSO 4 + 2HFe3(SO4)2(OH) 6 + 2H2S04 
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THE FORMATION OF OXIDIZED COPPER MINERAL S ~" ~. C. 

IN DISS~.!INATED COPPER DEPOSITS 

J. J. Durek 0E0 13 1965 

v_~..__cal Environment Durins We atherin~ 

re~nt Evidence. An oxidizin~ ore deposit appears to be one of the 
simplest of natural chemical systems, where reactions occur near the 
surface at normal temperatures in water solutions. But the inherent 
variabilities of superimposed igneous, hydrothermal, and supergene 
processes, and the relative openness of the system in terms of air 
and water have forced an acceptance of qualitative generalizations. 

The ~opper and i~on sulfate systems have been determined for 
elevated temperatures, and the combined system has been partially 
determined (PosnJak,1929). Much of the theoretical support for re- 
la _onshlps determined empirically during early capping, studies was 
developed from these system studies. They indicate that, at 500C, 
cupric oxide and the basic sulfates may form in solutions containin~ 
~reater than 97 percent water when the CuO concentration is larger 
than ~03. and that chalcant~hlte forms in solutions contalnin~ less 
than 80 l~ercent water when CuO is equal to or less than the SO 3 In 
the system. 0nly goethite, of the common stable iron minerals, Is 
present in the aqueous iron sulfate system, and no field occurs for. 
hematite or, ~f course, Jaroslte. By extrapolation, only goethlte. 
is shown to form in solutions containing from 96 percent water to 
almost infinite dilution when the ratio of S03 to Fe203 is less 
than approximately 3 to l; no precipitate forms when the SO 3 ex- 
ceeds this ratio. 

",'~i~..in ~hese limits it is necessary to speculate about the probable 
lizi~ations in its range. However, an environmental restriction based 
on zodern climate is not warranted since marked climatic changes 
have occurred in the Southwest during historical time and major 
ha: zes may be inferred to have occurred during the formation of 
,he enriched orebodies. 

It is certain that no single homoEeneous solution prevailed, and 
two kinds of solutions probably existed. More concentrated acidic 
solutions were associated with the decomposing sulfides, and re- 
!at'vely mild solutions formed chrysocolla and the acld soluble 
tenorite or copper carbonates. E~cept for the common confinement 
of native copper and cuprite to the lower part of the capping, 
there are no major transitions within the capping and in its basic 
features, especially the iron minerals, probably persisted as formed. 

Ac" dity. The leaching solutions began as rain water, which is about 
r- 6 when in equilibrium with atmospheric carbon dioxide at the 
present time. The acidity was only slightly changed during per- 
colation throug~h the relatively stable capping, but when the 
oxygenated solutions encountered sulfides they become acidic 
t~ough the formation of sulfuric acid and by cation hydrolysis. 
Ferric iron readily hydrolyzes and a conspicuous precipitate forms 
when the pH is greater than 2.5; ferrous iron remains in solution 
in similar concentrations to pH 5. Of course, both of these Ions 



!? 

w W 2 

will remain in solution at a higher pH in concentrations equal to 
t~e solubility of their oxides or hydrated oxides, and a large a- 
mount of iron could be eventually transported in weakly acidic solu- 
tions within the geologic time involved. A pH of 2-2~ is readily 
achieved in moderately concentrated iron solutions such as mine water 
where the pH is depressed by hydrolysis of iron as rapidly as 
ferrous iron oxidizes until an equilibrium is reached or the iron 
is depleted. 

Copper also hydrolyzes in aqueous solutions~ and the precipitation 
of tenorite lowers the pH until the solution is in equilibrium with 
the hydroxide. The amount of copper in solution above pH 6.0 is 
negligible, and this is often cited as the highest pH at which copper 
will remain in solution. In the absence of strong eomplexing agents 
cuprous ions are not stable in aqueous solutions. 

Jarosite is very abundant in cappir~ and is relatively insoluble 
in acid. It is synthesized at elevated temperatures in very acidic 
solutions of about pH l, but its association with hematite makes it 
doubtful that this acidi~y was achieved durin~ weathering. 

Silicate reactions offer few quantitative clues, although a large 
amount of kaolinite is formed from feldspar by the acid solutions. 
The often observed alteration of biotite or chlorite to illite is 
achieved in dilute sulfuric acid of pH 0.5, but lack of knowledge 
of reaction rates, as with the synthesis of Jarosite, makes an 
applic at ion doubt ful. 

The highest probable baslcity is controlled by the calcite equilib- 
rium and may be achieved locally. ~hen neutralization occurs in 
solutions containin~ calcium, it proceeds only to pH 8, where 
precipitated calcite is in equilibrium with dissolved CO 2. In 
more basic solutions the precipitation of calcite causes ionization 
of carbonic acid, and the acidity is increased by the release of 
hydrogen ions until equilibrium is again achieved. In sulfate solu- 
tions, gypsum may precipitate before equilibrium is achieved, and 
the equilibrium pH is increased. 

The range in acidity of leaching solutions is probably pH 2-8. 
Greater acidity may occur in pyritic veins where solution flow i~ 
restricted or in film reactions during evaporation ~here the solu- 
tion may not even be aqueous in nature. The synthesis of Jarosite 
or the alteration of chlorite require solutions having a pH of 1 
or less to cause reactions observable within hours or weeks, but 
no evidence exists that this condition is present in nature. 

Copper Concentration. Durin~ the decomposition of a sulfide ore, the 
copper in solution is restricted only by the precipitation of basic 
or normal sulfates. In sulfide le~ching experiments, the copper re- 
tained in solution is between lO- and 10- mole per liter. Solu- 
tions passed through pyrite-chalcoclte samples are in equilibrium 
with brochantite, but solutions from pyrite-chalcopyrite samples 
are more acidic and chalcanthlte forms when evaporation occurs. 
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When copper sulfate solutions are evaporated, the metal concen- 
tration may become very large before chalcanthite is formed. Be- 
cause of the free sulfuric acid and iron sulfates in the solution, 
the maximum copper concentration should be less than 1.4 moles 
per liter, which is that derived from the solubility of chalcanth~te. 
During industrial leaching of sulfide dumps and in mine sumps, the 
copper in solution is generally less than 0.1 mole per liter, but 
these solutions are not saturated. :'~en chalcanthite is redissolved, 
solution concentrations equal to Its solubility may occur, especially , 
where circulation is impeded. 

Sulfate Concentration. The dissolved sulfur readily forms sulfate 
in the presence of oxygen, and bivalent sulfur is rare in mine 
waters. Mine stump water may contain 0.7 mole per liter sulfate, 
and concentrations of 2 moles per liter probably occur in evapo- 
rating solutions where chalcanthite is forming. The range of sulfate 
in S-ou~.d ,.ate. d~alni..g seve_al copper deposits has been reported 
to be lO--' to lO -F mole per liter (Emmons, 1917), but many of the 
samples were from no~u-oxid!zlng zones and the larger concentrations 
are more characteristic of solutions associated with decomposing 
sulfides. In sulfide l~achl~E ~,xnerlments, the largest sulfate 
concentrations are lO- to lO- mole per liter. 

Carbon Dioxide Concentration. The carbon dioxide present in ground 
water is derived from the atmosphere or by solution of carbonate 
minerals. A concentration greater than predicted by gas equillb- 
rium has been attributed to orsanic action or decay, selective 
adsorption on soil particles, reduced ventilation, or loss by 
diffusion in water saturated sediments (Adams,1937). 

The maximum COo dissolved in water at 25°C in equilibrium with the 
atmosphere is 10-D mole per liuer (Harned,1943). This is reduced 
approximately 3.4 percent per 1,000-foot rise in elevation and 1.7 
percent per degree rise In temperature. ~olubility is also reduced 
in the nresence of dissolved salts, and the absorption coefficient 
is nearly li'~ear to the salt concentration but varies little from 
one salt to another (Johnson,1915). 

h$~en acid solutions react with limestone near the surface, the 
effective partial pressure of CO S aoproaches one a~m~sohere and the 
equilibrium solubility of CO 2 wiI1 Increase to lO- ~ mole per 
liter. 

In surface waters, carbonate ls usually not present in appreciable 
quantities but bicarbonate occurs in concentrations of 200-400 ppm 
in limestone areas to less than 50 ppm in waters that drain areas 
of relatively insoluble igneous rocks. In waters from 42 mines in 
non-calcaleous rocks, carbonate was present in concentrations of 
13-240 ppm, but in a sin61e sample exceeded 1,50C ppm (Emmons,1917). 

it must be noted that variations in the CO 2 content of the at- 
mosphere have probably occurred during the oxidation of these 
copper deposits. An increase probably occurred during the period 
of Tertiary volcanism, and a decrease occurred during the 
Pleistocene epoch when solubility increased in the cooler oceans. 
The present contributions from domestic and industrial fuels is 
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also creating an imbalance. 

# 

Chemical Stabi!it~ of Oxidized Copper ~:inerals 

Introduction° D~ring the past decade a major effort has been made 

to apply ........ ~T-~ ~ ~:~-~uu~_~=~ and cherical data to theoretical studies of 
gen~c-~a processes. Because most data are determined for a temoer- 
ature of -5 ~ c~na a~o~p_~er_c ~e~.r~ ~t is chiefly in the study 

..... ~.'~" or dimentation, that of surficia! processes~ such as ~e~ne_~.~o se 
tn~se data may be applied even semi-cuantitatively. 

A calculation of mineral stabilities was made by Garreis (1954) for 
the formation of copper oxides and sulfides in solutions derived 
from the oxidation and leachiz<Z of a sulfide deposit. ~e op_ly ase 
sumption necessary was the sulfur concentrati6n of the solution. 
For the model calculation Oo! mole per liter was used, and the ac- 
tivity of the various ions could then be defined for any selected 
oxidation potential and acldity. 

~[inera! stabilities are defined by oxidation potential only when 
valence cn~n~es are relevant° Reduced phases are negligible in the 

. ~..c only cuprite may be of near-surface zone of oxidized caooing~ °~ 
local importance, it is possib!e~ therefore~ to discuss cappi~4~ 
minerals simply in terms of relative solubilities. 

Effect of ~ ~ ~ "- ~'~ .... "~" .emoe_a~ureo ~._e .-t~ca.c. temDeratul~e at which thermo- 
chemical measurements are made (250 C or 770 F) is hither than the 
mean annual temperature of much of the world. This discrepancy is 

sz~n_,~_cun~ if the exclusion of a co~_mon!y discounted but is "~ .... ~ ~ ~ 
mineral stability field is expected, 

At lower temperatures the b~oc.~-n~ite -"*~ expands into the normal 
tenor!re field and ~e cha!canthite field expands to reD!ace the 

.... ~ ~ - o --" .... o~ -'] ~ ~ field is ant!er±oe ~ie_~d^ Iu z~ ~pprox~.~oed uh~oo ~ne ant~er~te 
absent below 18UC (66UF), and the cha!canthite and brochantite 
fie!ds are greatly expanded, 

.~e~ ~_~er malachite nor azurite 

will form in solutions in equilibrium with the atmosphere, and 
azur_te will not form even in solutions saturated with CO 2. 
~o-,~ +~+~,~ ~v-~-~-~.~_-~t~ ~'-est t~st azurite may fo-~m bv aeh.vdra- 

. cn~:.oes are probably a major factor tion~ and temoerature " ~~ 

The ~q~,'~-'.~T of .~.-_~-~°e'o~--_~ and azurite decrease ~,~i~n increasing 
temperature, in contrast ~,:ith the other oxidized copper minerals, 
and their formation is ~ ..... ~ .... ~° ~ ~__~_ e~o_ ~ ~ ...... n~ed in warmer enviro~.mments 

~z._- ~e forms only at temperatures above it~is probable that ~ ~-~-'- 
2500 or where C02 i ~ .'~- ~^-~ in ~ ~ ~_~an D~e~ u.e atmosphere in greater ~ 

normal abundanc e. 

Occurrence of the Oxidized Coooer ~!neFa!s 

Calculate_-- StabilitT~T Fields. Calculated mineral stability diagrams 
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represent only models from which posslble mineral occurrences or 
associations can be predicted or explained. They may differ from 
the natural system through a failure to evaluate kinetic factors, 
metastability and unkno~.aa complexes, or transitional species. 

The calculations are based on the premises that the activity of a 
metal ion is defined by the equilibrium constant if the activity 
of the anion is specified, the activity of the hydroxyl ion is 
defined when the pH is specified, and that the solid phase will 

consist of the least soluble mineral where equilibrium is achieved. 

Chalcanthite. Chalcanthite does not generally persist at outcrop 
because of its large solubility or because of dehydration. It is 
often abundant at shallow depth, however, and readily forms as in- 
crustations or efflorescences on mine walls or on the floor and 
walls of open pits. It clearly forms from a very concentrated 
solution during evaporation and is readily redissolved. 

~ne Denta~ydrate forms In the evaporating solutions and is stable 
below 108 C. It dehydrates in a dry atmostphere to a powdery 
whitish monohydrate that is probably not always recognized in 
capping. 

Cha!canthite generally occurs free but may be in proximity to other 
water soluble sulfates, such as yellowish brown coqui~olte, trans- 
lucent greenish melanterite, and white fiberous alums. Underground 
it forms as stalactitic masses, platy fracture fillings, and 
clusters on exposed faces. ~zFnen exposed in open pits, it is gener- 
ally admixed with clay and presents a dramatic appearance far 
greater than its quantitative significance. It has no direct role 
in the interpretation of cappir~, but by isolating copper in a 
transient phase it influences the nature of the more stable phases 
that are subsequently formed. 

Antlerite. ~nt!erite does not occur co~mon!y or is not recognized 
often. It was a major ore ~_ne_al at Chuquicamata, Chile, where 
for many years it was called brochantite. Both antl~ri~eand'2 
brochantite are commonly identified as "malachite", and when 
Qualitative chemical tests are made the more common name 
~brochantite T' is ~requen~_y assigned. However, even when adequate 
optical or chemical tests are made, antlerite is rarely detected 
and appears to be of minor significance in domestic copper deposits. 

Because of the almost unique occurrence of large tonnages of 
ant!erite in the ~ ~ ~o~e~ oxidized ore at Chuquicamata, its forma- 
tion has been attributed to a very arid enviror_ment. Bandy (1938) 
has stressed the factor of high solution concentration caused by 
sllsht wetting of the voluminous soluble sulfates, but at 
Potrerii!os, a similar deposit on the Atacama Desert the predom- 
inant oxidized mineral is brochantlte. Jarreil (19391 has 
spedu!ated that this occurred because the acidity of the leaching 
solution was lower at Potrerillos where there ~ ks less pyrite. 

The instability of antlerite at temperatures comparable to those 
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existing widely at the present time and probably during the 
oxidation of domestic copper deposits explains its relative 
absence. The presence of antlerite does not provide clear evidence 
of a past warmer climate, however, and the rate of oxidation or 
solution complexity may be important factors. 

Brochantite. Brochantite appears to be present in all the porphyry • 
copper deposits, and when proper tests are made is often found to 
be relatively abundant. Extensive tests made at Norencl, Arizona 
indicated that it is the principal green oxidized copper mineral 
associated with porphyry ore, although malachite is abundant in th~ 
peripheral sedimentary replacement deposits and may have been more 
abundant near the pre-mining surface. 

Brochantite also forms, with chalcanthite, as an incipient oxida- 
tion product in chalcocite ore exposed by mining in open pits. It 
occurs as powdery films or minute spherulites on chalcocite and may 
conslitttemore than ten percent of the total copper contained in a 
normal sulfide ore. It may not be detected by superficial examina- 
tion but was present in all enriched ore examined in the Southwest. 
It is generally conspicuous an~ may be the only oxidized mineral 
present in enriched sulfide veins. The brochantite is also common 
as the "verdigris" on bronze statues and plaques or copper coins. 

Therefore, brochantite appears to be the first copper mineral 
formed during the oxidation of enriched chalcocite orebodies in 
the Southwest. "~en oxidation progresses to the stage where pyrite 
decomposes, the brochantite is probably destroyed. It will certainly 
not persist in an environment in which ferric iron is being trans- 
ported, but reprecipltates in coarsely fiberous masses or layers 
in fractures or voids where the evidence of solution migration is 
clear. 

Atacamite. Atacamite, the basic cupric chloride, has been reported 
to occur in some mines in the southwestern United States, and it 
Is probably more abundant than now recognized. 

• ! 

i/ 

The stability of atacamite relative to brochantite is dependent 
only on the anion concentrations. In an environment where antlerite 
normally forms, atacamite is more stable when pH is high but the 
chloride concentrations must be very large. It is probable that 
atacamite forms by replacement of earlier formed minerals in 
chloride solutions derived from saline ground water, hot springs, 
or playa deposits. 

Tenorite. The black cupric oxide forms in a weakly acid or basic 
environment, probably from relatively dilute solutions. Its forma- 
tion is analogous to hematite in that it is considered to form 
from a gelatinous precipitate of a hydroxide or hydrated oxide. 

The solutions, after migrating from the decomposing sulfides, may 
be neutralized by reaction with silicate minerals and locally be- 
comes as basic as pH 8. Iron is generally absent from the solutions 
before tenorite precipitates, although manganese is almost always 
coprecipitated with the copper. 
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The tenorite generally shows evidence of solution migration even 
in a limestone enviro~v.ent. It forms in layers or nodules, rarely 
in crystals, which concurs with the evidence that gelatinous 
precipitates are formed ~hen tenorite is synthetlzed by neutraliza- 
tion of copper solutions. It may be derived from cuprite or native 
copper and occurs as coatings on the surface of these minerals, but 
th!s relationship is rarely seen in the capping of the porphyry 
orebody. 

Formin~ relatively late, it zucceeds the basic sulfates and Is 
closely associated :~!th malachite, azurite, and chrysocolla. Of 
this group, all of "~.hich formed late from transported solutions, 
tenorite is ~ost often the first to precipitate, and the copper 
carbonates often appear to have been derived from it. Some trace 
of tenorite is present in most specimens of copper carbonate, and 
they clearly form in a similar environment. 

o 

Black coatln~s or nodules consist!n~ of copper, iron, or manganese 
oxides frequently occur in capping. They may be pulverulent to 
pitch-like, thinly layered, or mi:qutely botyroidal. The metals 
occur in various ratios characteristic of mixtures and silica is 
o . . . .  ,o.~y present. ~lateria!s o ~ th!s type have been called ~'copper 

pitch"~ or melaconite, and other names have often been applied to 
local varieties. 

The copper mineral contained !n these mixtures is probably either 
tenorite or an amorphous cupric oxide, but so~e specimens contained 
delafossite, a copper-iron oxide. The vitrous varieties are often 
transitional from normal blue chrysocolla, and zoned or banded black 
and blue specimens occur. The black specimens differ chemically 
from c~'~ysocolla only in a high manganese content, but a black colo~ 
can be produced in normal cb~ysocolla by heating (Schwartz,1934). 

V~en cupric oxide is precipitated the initial color is blue. When 
allowed to age the gelatinous precipitate dehydrates and changes 
in color to green, brow.m, and black. The~e are the colors of 
natural chrysocolla or chrysocolla-llke minerals. ~'~en mansanese 
is precipitated with the copper, it does not completely mask the 
blue copper precipitate but appears to accelerate the transformation 
to a black color. The color change is retarded when ~elatinous 
silica is precipitated ~ith copper. 

The chan~e in color has been reported to be influenced by factors 
such as temperature, alkalies ~nd certain salts, or the colloidal 
concentration (V~eiser,1926). These factors are erratic In their 
effect and, as characteristic of other gels, slight changes in the 
method of preparation or aging may influence the nature of the 
product. 

Cuorite. Cuprite is often abundant in vein or replacement deposits 
and near the bottom of leached cappi~. It Is very commonly associated 
with native cooper, a~-~d-alt~i~%-~-tenorite or malachite. Because 
it is stable in a less oxidizing environment than normally 
encountered near the surface, it is si~ificant chiefly as an 
intermediate phase that may influence the nature of subsequently 
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formed cupric minerals. However, in reactive environments or 
where pyrite is not abundant it may persist in the capping. 

l# 

~.~alachite and A~urioe. The ubiquitous basic carbonates are associated 
with copper deposits of all types and were formerly a major ore, 
especially in veins a~d replacement deposits in limestone. In 
common with most carbonates, tn~y are very soluble in strong acid 
and therefore form only in weakly acid or basic environments. They 
precipitate late, or perhaps most commonly are derived from 
~arlier formed minerals, and probably only chrysocolla is immune 
to this alteration. ~ 

The solubility of these carbonates is dependent only on the total ~ 
carbon dioxide in the solution and the acidity, and no stability 
field exists in a system in which the carbon dioxide content is 

~n_ohe solution reaches or low. ~en t~$e total carbon dioxide ~ 
exceeds l0 -~'7 moles per liter (at 25Oc), tenorite is no longer 
stable except in basic solutions and malachite preferentially 
forms. At slightly larger concentration of carbon dioxide the 
malachite field also replaces Dart of the norma~ brochantite field 
when the sulfate concentrafion ~is less than l0 -~ mole per liter. 
If the carbon dioxide in solution is increased, the brochantite 
field is further reduced and, when a concentration of C02 of 
l0 -1.4 moles per liter is reached, azurite becomes the stable phase 
and completely supplants the former malachite field. 

~e stability of malachite and azurite therefore depends on the 
solution and dissociation of carbon dioxide, and rainwater, or any 
solution in equilibrium with the atmosphere, is therefore not 
capable of precipitatin~ the copper carbonates except at hisher 
temperatures in which mineral solubility is reduced. It is evident 
that malachite should be the principal carbonate formed, even in a 
limestone envlro~.ent, and the relative absence of azurite, form- 
ing only in saturated or near saturated solutions of C02, is also 
under st andable. 

The ~ransformation to the most stable carbonate appears often to 
proceed relatively rapidly, and many mislabeled museum specimens 
are attributed to this. Both minerals commonly coexist, however, 
with no fixed sequence of formation, and the lonE-standing ambiguity 
about "first formed" carbonate is unavoidable. Present consensus 
favors azurite as most commonly being the later mineral to form. 

Chrysocoil a. The most common copper mineral in porphyry cappln~ is 
chrysocolla. It is associated, with, but often later than, the late- 
forming minerals tenorite, malachite, and azurite, and appears to 
have formed in solutions removed from the acid environment of the 
decomposing sulfides. No quantitative evidence relating to the 
chemical aspects of its formation is available, and considerable 
doubt exists about its character. 

The common "chr~Fsocolla" , which varies in composition, and other 
copper silicates such as ~iptase, blsbeeite, aJolte, and shattucklte, 
some of which are found in a single district, are believed to have 
formed in a similar envirornnent. Because specific evidence is lack- 
in~, they are asstumed to be of equal significance in capping. 
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Conclusions 

The formation of supergene enriched ores and oxidized capping 
probably occurred @uring the Tertiary period, and the sulfide ore 
is bein~ modified or destroyed at the present time. The changes 
that occur ~Tithin the cappins are minor and are confined to the 
further leaching of some copper and iron near the surface and the 
alteration of some earlier-formed copper oxides and basic sulfates 
to copper carbonates or chrysocolla. 

During the incipient oxidation of coDper sulfides, chalcocite and ~ 
chalcopyrite are leached at comoarable rates. Brochantite forms on 
chalcocite but the copper derived from c~pyrite migrates be- 
cause of the lower copper-sulfate ratio and the greater acidity; 
chalcanthlte forms as a transition phase if evaporation occurs. 
Cuprite may form early, especially in limestone or other reactive 
environments, but it is not generally abundant in porphyry ores. 
Antlerite is unstable at lower temperatures, probably below 18"C, 
and is rare in ore deposits, but brochantite is more common than 
senerally believed. The early precipitates are modifiee after the 
enriched chalcocite coating the pyrite is denuded or the rapidly 
decomposing chalcopyrite is consumed, and the environment becomes 
solely pyritl¢. All of the stable copper minerals present in the 
upper part of the capping show evidence of being formed from 
migrating solutions or of heine derived from other oxidized copper 
minerals. 

Tenorite, malachite, azurite, and chrysocolla form late from 
relatively basic solutions removed from the zone of decomposi~ 
sulfides. Malachite will not form at 25"C in solutions in equilibrium 
with the average partial pressure of CO 2 in the present atmosphere 
and azurite ~,ill form only in buffered solutions in which 002 is 
supersaturated. Malachite forms readily, often with tenorite, 
especially in or near a li2estone environment, but azurite is re- 
latively rare. Both of the carbonates are more stable at higher 
temperatures, and some azurite may form by dehydration. 

Although oxidized copper minerals are not generally conspicuous Im 
capping, some are always evident locally. However, geochemical 
anomalies most commonly reflect unseen copper that is intimately, 
although not uniformly, associated with iron minerals. 
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6-18-54 

SEDIMENTARY COPPER ORES IN THE 

"~RED BEDS" 

C o n c l u s i o n  

In the literature of sedimentary copper deposits ~exc±~ of those on 
the Colorado Plateau), most writers believe that the deposits are syngenetic, 
and their source was fissure veins in pre-Cambrian rocks or formations older 
than the sediments in which the copper horizons are found. 

s: 

The ore horizons, confined to the sandstones, shales~ and grits of late 
Carboniferous to Jurassic formations, often contain abundant amounts of car- 
bonaceous material. Descending solutions leached copper from overlying forma- 
tions and concentrated it in favorable localities. 

No uranium minerals were directly associated with sedimentary copper 
ores~ although vanadi~n oxide was reported in coal analysis of the red beds of 
Fremont County~ Colorado. Since yellow and orange secondary uranium minerals 
are easily recognized, it seems improbable that examining geologists failed to 
note their association with the sedimentary copper~ although the dark-colored 
uranium mineral pitchblende-uraninite could have been overlooked or improperly 
identified as one of the secondary copper sulphides. 

The most logical conclusion is that no secondary uranium mineralization 
was found in the copper-ore horizons. 

On the Colorado Plateau, sedimentary copper deposits are found in many 
places adjacent to uranium properties~ while at several uranium-producing mines~ 
secondary copper sulphides and oxides occur in significant amounts to make their 
recovery economic. The proximity of uranium to copper deposits might be par- 
tially explained by the difference in solubility of the two minerals. 

;ii! 

~iii:, 
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Assuming that the minerals had been originally deposited at the same t~ne 
from the same solution, then copper sulphides~ oxides, carbonates and silicates 
once deposited would tend to remain fixed~ while the more soluble uranium could 
be taken into solution by ground ~ter and redeposited in other favorable 
localities. 

W.R.L. 
JL~ 28 I£b~ 
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6-18-54 

SEDIMENTARY COPPER ORES 
COLORADOPLA~AU 

Reference: U.S.G.S. Bulletin 315, pp. 102-I05 

Locality: Hartville uplift, 14 miles north of Fort Laramie, Wyoming. 

Ore Horizon: Carboniferous Guernsey sandstone. 

Occurrence: Lenticular or tabular masses in sandstone. 

Origin: Source of copper was from upper Guernsey fm., or some other formation 
above it that has been removed by erosion. This presupposes the origir~ 
source as being a pre-Carboniferous copper deposit probably of the fissure- 
type in pre-Cambrian rocks. 

Copperas included as a chemical or mechanical impurity in the Guernsey 
fm.~ or one overlying it, and was deposited in its present state by descend- 
ing and laterally moving solutions which concentrated the copper in 
pockets~ sink holes or irregularities of the underlying pre-Cambrian 
surface. Clays may havebeen responsible for precipitating the copper 
from the solution. 

The ore bodies are not connected with fractures, lie on an impervious 
clay stratum, and are associated with detrital iron ore in some places. 

Relation of cop~er to uranium: No uranium mineralization was mentioned in the 
report; apparently no primary uranium mLuerals were associated with the 
primary copper in the pre-Cambrianlandmass. 

Reference: U.S.G.S. Bulletin 340~ pp 170-174. 

Locality: "Red Beds" of Fremont County, Colorado. 

Ore Horizon: Shales, conglomerates~ and limestones of 550' Pennsylvanian(?) 
"Red Beds." Ore is found at several horizons. 

Occurrence: In conglomerate ore is associated with coalymaterial3 fossil wood(?) 
and in shales ore is found in l" - 2" coal seams. 

Origin: Pre-Cambrian rocks containing copper deposits furnished material for 
"Red Beds." Circulating surface waters were instrumental in forming 
strong copper sulphate solutions. The coal seams of the "Red Beds" were 
replaced as follows : 

4 cus04 ~ 5c • 2E2o -- 2 cu2s • ~s04 ~ 5co 2 

Relation of Copper to Uranium: Coal analysis showed a vanadium oxide content of 
O.114~. No mention Ms made of any diagnostic secondary uranium mineral- 
ization. Apparently little or no uranium was associated with the primary 
copper, or it ~s removed entirely by solution activity. 

¸̧ 5̧ i̧ ¸ 
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Reference: 

SEDIMENTARY COPPER ORES 
MEXICO~ A_~.ZOI~ 

N.M.B.M. Bulletin l5, pp. 37,42~58,62~67, and 94. 

Locality: Union, Mora, Hardi~j San Miguel~ Guadalupe and Quay Counties~ New Mex. 

Ore Horizon: Triassic Santa Rosa sandstone. Sedimentary copper deposits are also 
found in the following formations: Pennsylvanian Magdalena ls., 
Permian Glorieta ss., Triassic Dockum sh. and ss. 

Occurrence: Bedded deposits in a depression with impervious clay underlying the 
ore and frequently overlying the ore. The Santa Rosa sandstone appears 
to be laid down under conditions of shallow stream flow. A structural 
trap (syncline) formed from gentle flexing of the beds~ and it is sur- 
mised that this same movement metamorphosed the underlying and overlying 
sediments to clay. 

Origin: Copper mayhave originated from pre-Cambrianmasses and was possibly re- 
moved in solution or as disintegrated particles of the mineral. Surface 
~ters migrating through the Santa Rosa ss. and overlying formations 
carried the copper to its present location where plant remains and other 
organic matter acted as a reducing agent precipitating the copper in the 
ancient stream beds. 

Relation of copper to uranium: No uranium mineralization ~s mentioned in this 
report, and it appears safe to assume that none was associated ~lth the 
primary copper. 

Reference : U.S.G.S. Bulletin 540~ pp. 159-163. 

Locality: White Mesa district~ Arizona, 100 miles northeast of Flagstaffj Ariz. 

Ore horizon : Jurassic LaPlata sandstone (?). 

Occurrence: In strongly cross-bedded sandstone ~¢nich has numerous joint planes that 
may influence ore deposition. Ore occurs in small bunches. 

Origin: Copper solutions have replaced cementing clay of the sandstone. 

Relation of Copper to Uranium: No uranium minerals present. 

i!ilili!i ~ 
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SEDIMENTARY COPPER ORES 
IDAH0 ~ UTAH 

Reference: U.S.G.S. Bulletin 430~ pp. ll3-121. 

Locality: Montpelier~ Bear Lake County~ Idaho. 

Ore Horizon: Triassic Ankareh shale and sandstone. 

Occurrence: Ore is confined to same stratigraphic horizon and is found in joints 
along the bedding. Also in a 5' clayey, sandy rock bet~Teen massive~ 
even-bedded red sandstones. 

Origin: This "Red Bed" type of deposit belongs to a ~zell-recognized type. Car- 
bonized plant fragments acted as precipitating agents for deposition of 
copper from solutions. This copper was ~idely distributed in disseminated 
form in the overlying sedimentary rocks as they ~ere laid d~al. 

Association of copper and uranium: No uranium minerals mentioned in this report. 

Reference: U.S.G.S. pp. lll~ p. 614. 

Loca!ity: ' LaSal Mountains, "Big Indian Valley". 

Ore horizon: ~tddle Tria~s~c~ at or near horizon o f ~  conglomerate. 

Occurrence: In permeable gray~ medium-grained sandstones ~zith lenses of fine cong. 

Origin: Mineralization appears to have taken place along a general strike of fissur- 
ing in sandstone. In some places no relation between fissuring and sedi- 
mentary copper ore is apparent. Chalcocite occurs as a replacement of a sulphid~ 
probably chalcopyrite~ and it cements the sand grains together~ and in places 
partially replaces them. 

Association of copper and uranium: Uranium mineralization has been found in numerous 
localities around the LaSal Mts., but no uranium was mentioned in connection 
with the copper deposits, although it appears probable that uranium does 
occur in minor amounts. 

Reference: U.S.G.S. pp. lll, p. 615 

Locality: Lisbon Valley, near Colorado-Utah line~ 14 miles SE of LaSal post office. 

Ore horizon: Interbedded sandstones and shales and Carbonaceous shales near the base 
of the Triassic~(contact of Shinarump and Moenkopi)? 

Occurrence: Occurs as cement of the sandstone and masses lining openings in rocks. 
No fissuring noted in connection ~zith deposits. Porous beds appear most 
favorable. 

Origin: Most of copper is present as a sulphate and has possibly leached d~n~rd from 
the sandstone beds above. Abundant plant remains are present in main ore 
horizon. 
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AMERICAN SMELTING AND REFINING CO~ANY 
Tucson Arizona 

June 14, 1954 ~ E C ~ ~' 

. _  .. 

WESTERN MINING DEPT. 

Mr. W. R. Landwehr~ Chief Geologist 
Western Mining Department 
Salt Lake City Office 

,Red Bed" Copper Deposits 
o r i o n  o f  

Dear Sir: 

Excerpts from "Copper Resources of the World", are attached. 
These are of interest in connection with uranium occurrences in sedi- 
mentary bedsp as well as those of copper. Proponents of the hypogene 
theory of origin have stressed the presence of sulphides as evidence; 
Finch believes they were formed through the reaction of copper and other 
metals with hydrogen sulphide derived from plant remains under a reducing 
environment (well below the surface). 

ili 
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The comparatively recent age (Pliocene) of the Boleo deposits of 
BaJa California is a rather strong point against a hypogene origin. 

Very truly yours, 
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co: K~chard 

J. H. Courtright 
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EX (ERPTS 9"ROM COPPER RFSOURCES OF THE WORLD,, VOLUME 1 

in 

Sedimentary Copper Deposits of the Western States 

by J. W. Finch 

P 375 -- 
Characteristics and origin of the conner deposits. Although the copper deposits 
occur in the Red Beds, they are rarely found in red strata. Possibly the beds 
that contain them were bleached by the copper-depositing reactions. These de- 
posits differ from hydrothermal deposits in the absence of any related quartz 
or other gangue. Siliclfication of woody fossils and the presence of calcite and 
gypsum are independent of copper deposition. The deposits show no geomorphic, 
structural, or geographic relation to Jurassic or Tertiary igneous regions -- in 
fact~ in areas near the Red Beds deposits the Tertiary magmstic solutions lacked 
copper. Pre-Cambrian ore deposits in and around the Red Beds region were charac- 
teristically copper-bearing. The Red Beds deposits contain copper sulphides, but 
not with hydrothermal mineral associations, and they were not restricted to special 
epochs, like hydrothermal ores, but were formed through several long geologic 
periods. They are so widely distributed and so uniform in character that all must 
have had a common origin. They were apparently dependent upon local sources of 
copper that were also local sources of the sediments and were deposited only under 
special conditions of sedimentation. 

p 377-- 
The Boleo Copper Area, Baja California 
Evolution of the copper deposits. Three stages may be assumed in the evolution 
of the copper deposits -- (i) the original deposition of copper with the beds, 
(2) a long period of deep burial that placed the copper deposits in a reducing 
environment, (3) a period of reoxidation as erosion exposed theme The deposits 
were syagenetic in stage i, epigenetic thereafter. 

The general method of deposition in solution and as fragments (15,21,22,23) 
has already been suggested. The sediments were derived frc~ extensive hi~hlands 
generally devoid of copper. There was, however, a localization of copper along 
slopes heading in areas containing copper outcrops~ so the deposits in sta~e I 
were controlled by position of sources, routes of run-off, and torrential tempo- 
rary streams. Woody material was protected from normal decay by dessication. 
Its tendency was to become silicified if it remained long near the surface, but 
if rapidly and deeply buried it was lignitlzed. At ordinaNj temperatures the 
organic matter in the beds would not reduce sulphates to sulphides; native copper 
would be more likely to be precipitated (24)~ but this is rare in the deposits. 
Some carbonate might have been converted to chalcocite in ground water I as has 
been shown by experiment (25), if moderate organic decay evolved some hydrogen 
sulphide~ 

Stage 2~ In late Jurassic time the uplands had became peneplains. The late 
Jurassic, Cretaceous, and later seas deeply buried the 1,500 to 8,000 feet of Red 
Beds with 5,000 to I0,000 feet of overlying beds~ Plant material was converted 
to coal~ and covellite or chelcocite replaced the coal as fast as hydrogen sulphide 
was produced (3, p.79). There was some segregation of plant remains during depo- 
sition (15, p.172), and hence some localization of copper in stage 2. Covellite 
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Sedimentary Copper Deposits of the Nestern States 

P 377 -- Stage 2, cont'd. 

and chalcocite were precipitated, also by the hydrogen sulphide reaction, in seams 
and lenses of porous rocks. Small amounts of pyrite and chalcopyrite were 
apparently deposited ccatemporaneously with the chalcocite (3, P. 79). Smme 
replacement of these sulphides by chalcocite (8, pp. 615, 622) was possibly af- 
fected in stage 3. The copper ores of the Boleo mine (26), in Baja California, 
may have been formed in stage 2 by segregation of copper from beds, partly volcanic, 
that contained copper when they were laid do~n= 

Stage 3. In stage 3, which has extended to the present time, copper has accumulated 
at and near the surface in local bodies of commercial value. Although there is no 
complete record, the total production from them in six States may have been about 
lO,000,000 pounds of copper~ Remnants of chalcocite are found= Sulphates have 
migrated from scattered sulphides undergoing oxidation to places of discharge~ 
where evaporation and reaction with lime have generally precipitated shallow bodies 
of copper carbonates, In some localities (27, 28) plant remains appear to have 
been lacking, and sulphate solutions entrapped in the sands were never precipitated 
as sulphides but were finally deposited as silicates and oxides in stage 3~ 

P-412 
Ore bedim. 

Although the erosion before and during the deposition of the cover has 
not been measured, it is possible that the top copper bed .was never buried deeper 
than I00 meters, 

Touwaide (2) concluded that the copper was originally present in tb~ volcanic 
flows and ruffs (probably in the pyroxenes) to the amount of 0.2 percent. It was 
extracted thence, as he believed, by connate ~mters and penetrated the clay beds 
by diffusion, where it was precipitated as cbmlcocite, probably by H2S or some 
other derivative of the organic matter in the clay. However, any such copper con- 
tent as 0.2 percent in the fresh rocks is unproved. 
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Exproration Department 
Western USA 

August 31, 1981 

R. L. Brown 
New York Office 

Van Dyke Copper Oxide Deposit 
Arizona 

Attached is Mr. Kreis' report on the Van Dyke Copper Oxide Deposit and 
his cover letter comparing the Van Dyke with the oxide copper zones at 
Santa Cruz and Poston Butte. 

Mr. Kreis states that Occidental conducted an in-situ test but elected 
not to continue the next $16 million phase recommended by the project 
geologist. Mr. Kreis has verbally reported two additional items con- 
cerning the test: 

l) Occidental now knows how to put together the correct hardware 
to conduct a test -- they learned this the hard and very expensive 
way. 

2) Occidental did deliver pregnant solutTon, apparently of relatively 
high grade, to one of the local SX plants. 

Mr. D.H.Davidson, in a report dated 21 Dec. 79 to Mr. GraybeaI~ enumerates 
some of the parameters necessary for a successful in-situ copper operation, 
It would appear, based on the fact that Occi did deliver pregnant solution, 
that the Van Dyke deposit will meet these. The ore reserve is not much 
above the minimum indicated as being feasible by Davidson. 

The property owners would accept $7 million over 3 years for a compTete 
buyout -- this figure is negotiable. Also, they would consider a five- 
year option for $50,000 cash plus requirement that we initiate a 500 gpm 
plant and expand it to 3,000 gpm by the end of the five-year perEod -- 
not an attractive option. 

The $7 million figure appears reasonable if Asarco were to acquire the 
Cities Servicels properties which include two SX plants that could process 
the Van Dyke pregnant solution. This assumes that over a period of time 
the Town of Miami problem can be resolved. 

W. L. Kurtz 

WLK: I b 

cc: WDPayne 
HGKreis 
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Southwestern Exploration Division 

October l~), 1978 

TO: F, T. Graybeal 

FROM: H. G. Kreis 

Exploration-Exploitation of 
Co£p_per Oxide Reserves 

The h~story of copper production by leaching has been one of increased 
productTon, advancements in technology, a.~.d increased capital investments. 
Since the advent of open pit copper mining most open pit copper mines have 
incorporated he~p leaching of low-grade "wc..ste. 'r In general these leach 
operations required very small capital investments and nearly all the mining 
costs were charged to ore reserves processed in a mill. in the last twenty 
years, however, leachable copper reserves have justified larger capital 
investments. Vat leaching operations, for example, have required considerable 
capital costs, and many copper m~nes have built or are serTously considering 
the use of solvent extraction-electrowin plants. Hines such as the Bluebird 
i.line and the OxHide Mine in Arizona have been brought into production solely 
as heap leaching operations. 

The most successful variation from traditional heap-vat leaching practices 
is Cities Service's leaching of block caved ground at Miami, Arizona. 
Down-thc-drill hole in-situ leaching has yct to be devc]oped, but multi- 
million-dollar expenditures to pilot test this leaching method have been 
made in the last few years. Kennecott initiated a pilot test to leach 
primary copper sulfides at its Safford dsposit, but abandoned the project 
earlier this year for reasons of corporate business rather than technological 
difficulties (rumored information). Occidcntal Minerals Corporation is 
attemptTng down-the-drill hole in-situ leaching of copper oxide reserves at 
Miami, Arizona. Occidental reported initial success and is now attempting 
a much larger pilot test (five drill holes). If Occidental is successfu| 
with their larger pilot test they will have accomplished a major technolog- 
ical achievement Tn the field of leaching, 

There are major copper oxide reserves in Arizona, New Hexico, and Nevada. 
Large reserves of copper oxide mTneralTzation occur in the Casa Grande- 
Miami-l-~orencT area of Arizona and i11clude those reserves shown on the attached 
plan map and table. Those reserves having tonnage and grade figures in the 
attached table amount to 2 billion tons at 0.54% copper. About half this 
tonnage averages 0.6.~ copper and either is being mined or is thought to be 
reasonably committed to being mined under more favorable economic conditions. 
The other, half of the tonnage appears much less favorable to mining in the 
near future, and of this amount 800 rail|ion tons at 0.4-O.5% copper are 
located in four separate deposits, all more than lO00' deep to the top of 
copper mineralization. These four deep copper oxide deposits are Santa Cruz, 
Poston ButLe (~,lest), Van Dyke, and Safford. Asarco's posTtion in these four 
deposits amounts to ownership of a possible reserve amounting to 175 million 
tons at 0,46% copper at Poston Butte and ,~ 502~ undivided owne,'ship of a 
probable-possible reserve of 200 million tons at 0.51% copper at Santa Cruz. 
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The economic value of these four deep copper oxide deposits lies in the 
development of suitable in-situ mining technique(s) and a reasonable copper 
price. In the period from 197l to I974 Occidental made comprehensive 
feasibi l i ty studies on its Van Dyke deposit (100-150 million tons at 0.4-0.5% 
copper). These studies were offered to many mining companies, including 
Asarco, for purposes of joint-venture discussions. These studies concluded 
that limited block cave mining (enough to generate a broken leach column) 
and subsequent leaching of the block caved ground could yield a favorable 
rate of return on a relatively small capital investment; furthermore, the 
studies concluded with a recommendation for an underground pilot leach test 
utilizing such a leach method. Apparently the unfavorable copper market 
has rendered this proposed mining technique uneconomic. Consequently 
Occidental has initiated a down-the-drill hole in-situ pilot leach test, as 
previously mentioned. If the technique is developed successfully, Occidental 
p~ans to sink a shaft and do the down-the-drill hole leaching from drifts 
below the Miami townsite. Asarco is currently evaluating the economics of 
down-the-drill hole in-situ leaching of the Santa Cruz deposit and the Poston 
Butte (West) deposit. 

Host of the copper oxide reserves listed in the attached table are hosted by 
Precambrian Oracle granite with Cretaceous intrusive rocks or Precambrian 
PinaI schist with Cretaceous intrusive rocks. Copper oxide reserves at 
Lakeshore, Safford, and Sanchez are hosted by Cretaceous andesitic volcanics 
and Cretaceous intrusive rocks. Copper oxide reserves in altered Precambrian- 
Paleozoic sediments and altered diabase occur at Ray and Vekol. Almost all 
the copper oxide reserves listed in the table are thought to have resulted 
from the oxidation of either chalcopyrite or chaicocite depending on the 
particular deposit. Copper Butte, with copper oxide mineralization in 
Tertiary(?) conglomerate, is the only exotic copper oxide deposit. Slightly 
less than half of the listed copper oxide reserves exhibited explorationally 
significant copper oxide mineralization in outcrop, and virtually all the 
reserves are associated with evidence of alteration-mineralization in outcrop. 

The listed copper oxide reserves were discovered either in the process of 
drilling for sulfide copper deposits or by following a few million tons of 
outcropping copper oxide mineralization. Future exploration for non-exotic 
copper oxide mineralization will be done similarly. However, when copper 
oxide mineralization is encountered it will be explored more aggressively 
than in the past. Companies that produce excess acid from their smelters 
have an added incentive to find copper oxide reserves. 

There appears to be sufficient leachable copper reserves within the mining 
industry to justify the research and development of in-situ mining techniques. 
The advantage of in-situ leaching would be smaller capital investments, 
lower operating costs, and larger profit margins. Low copper prices and the 
risk of developing a mine on unproven mining techniques are obvious dis- 
advantages. If profits are to be made by in-situ leaching in the future, 
those companies that will profit the most are those that presently hold the 
copper oxide reserves and have kept abreast of the advancement of in-situ 
leaching technology. For those companies holding major copper oxide reserves 
the risk capital involved in the research and development of in-situ leaching 
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might be comparable to risk capital in exploration for porphyry copper 
deposits: high risk, high total cost, numerous '~faiTures, t' and an eventual 
discovery that will pay back the exp|oration-development costs and yield 
profits commensurate with the risk. 

HGK:~b 
Arts, 

H, G. Kreis 
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MOST MAJOR COPPER OXIDE RESERVES IN CASA GRANDE-MIAMI-MORENCl AREA OF ARIZONA 

Tons Grade 
(ml t l lons)  (~ Cu) 

I03 0.96 

207 0.71 
20O o.51 

No Information 
ZO 
40 

zo0(+7) - - - - ~ F - - - -  

175 
10-60 
156 
IOO 
4o 

35-55 
If9 

I00 0.5 
substantial 

substantla| 
13o 0,70 

5-15 0 . B * ~  
250(+) 0.4 

,i~ 0~6 

/ 

Reserve Dominant Cu Major Host 
C lass l f l ca t lon  __Mineralogy . . . . . .  Rock Type 

1978, probable dlabase, p£ ~nd 
Paleoz. sed. 

1969, probable chry. and., porphyry 
1978, probable chry. p atacam., Oracle granite 

a_....gO..~_dRo~slble brochan. 
ava i lab le .  
I,O 1978, probable brochan., e¢, Oracle granite 
0.4 1978, rumored ¢hry, ,  neotoclte Oracle granite 

0.4 1978~_pro_bboble ehry. Oracle_.qranlte 
"F~7-'8, probable c h r y . ~  Oracle gr,, granodlo, 

0.46 1978, posslble chry. Oracle at.,  granodlo. 
1978, rumored C u O x  Tert iary(?) conglom, 

0.9 19777z_p.~Oyen _. chry. schist,  db., q tz l te  
1-~8, specuTaatlve CuOx schist 

0.7 1978, probable chry. ,  ec, schist 
0.4 1972, probable chry. schist, granite 
0.5 1974, probable chry. schlst, grqnIte 

1978, probable chry . ,  az.~ rnala, schist 
pro=mlnln9 

pre-mlnlng 
1969, probable mixed, 0.47~ Oracle gr., porphyry 

1978, possible chry. qtz. l a t l t e  
1978, probable chry, ,  brochan, andeslte 

1978, proven chry. andeslte, mOnz, porph. 

Depth 
(Ft . )  

< 1300 

O-lO00; 500 av. 
1200-2200 

1000-1800 
c r o p s  o u t  

40o-790 
1200-2200 
1200-2000 
crops out 
croDs out 

200-700 
crops out 
O-IO00 

lO00-2000 

300-1500 

crops out 
1000-2000 to 
top of  CuOx 

0-1100 to top 
of CuOx 

8 m ~  
r 3 0  

Thickness ~.~ 

14 

550 av. I0 
700 av. 7 

2 
14 

100 
up to 800 8 
700 av. 8 

are-~s >300 
37 

100-500 6 
16 

500 av. ~ 
1z 

400 av. 13 
11 

up to ]000 15 

3 
40o (av.7) 5 

~ 8 0 0  1 
13 

N. Krels 
October, 1978 
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To: W.L. Kurtz, F.T. Graybeal ~TR 
D.P. Cadwell, J.C. BaIla, 
J.H.G. Fuchter, D.M. Fletcher 

July 30, 1976 

EXOTIC COPPER DEPOSITS 
L(LITERATURE SEARCH). _ 

Enclosed is Mr. Giesecke's brief comment on an article, ~'Copper Silicate 
Deposits of Northern Chile" with a copy of the summary attached. The 
author concludes Lhat such deposits are restricted to arid or semiarid 
regions. 

La Exotica, containing )50 mi) l ion tons of }.6% Cu, is perhaps the largest 
known occurrence of this type in South America. I t  is a~so unique in that 
two-thirds of the deposit is in bedrock beneath the gravels. Apparently, 
copper-bearing meteoric waters (derived from erosion-oxidation-leaching of 
the chalcocite enriched Chuqui ore body) moved down slope (2 kms.) into a 
basin wh~re copper precipitated as silicate in pervious bedrock as well as 
in overlying gravels. 

The source of the Sagasca (85 kms. east of lquique) copper is not so readily 
evident. The nearest known porphyry copper occurrence, Cerro Colorado, is 
25 kms. NE .... and in another drainage system. The Sagasca deposit 
(12 million tons of 2.5% Cu) occurs in flat-lying conglomerates of probab|e 
Late Tertiary age, which have been exposed by erosion. In contrast, 
La Exotica was tota~|y concealed. Reportedly it was discovered during the 
course of drilling for water. 

Several exotic copper deposits are known in Arizona, such as EmeraTd Isle 
(near Ithaca Peak), Copper Butte (near Ray) and Superior East (west of 
Miami). All were derived from the weathering of porphyry copper deposits 
and no doubt there are others that remain to be discovered under covered 
areas. But, the search for them wil] involve rather high risk exploration 
in most cases. 

Fred Graybeal has estimated (memo of I-2-75) that the ET Tiro-North Silver 
Bell zones have had some 4 biliion tons of .2~£ Cu removed by erosion and 
that most of this copper, transported in solution and/or mechanically, 
could be contained in the north-striking graben lying (down slope) to the 
west. 

A|though to date the exotic deposits have not proven profitable producers 
(except for a few very sma|| operations), they may become so in the future with 
their advantage over sulphide ores environmentally in conventional treatment. 
And, being in general re|atively permeable, they may be more amenable to in- 
situ leaching. La Exotica (open pit) encountered metallurgical problems and 
is currently inoperative. 

~J.H. Courtright 

JlIC:vh 
cc: TCOsborne w/attach. 

RBSprague 
JJMerz 
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Direc|or of Exploration 

A. Giesecke 

Chief Geologist 

June 30, 1976 

Literature search 

Title: 

Author: 

Publication: 

"Silikatische Kupferlagerstaetten in Nordchile." 

Gustav Roethe 

Geologische Rundschau, 1975, Voi.64, N°2. p.421-456 

Above article on Copper silicate deposits in northern Chile 
is of special interest to anybody dealing with secondary 
Copper deposits (Exotica type). 

Three individual prospects are described: 

!. Sagasca, Tarapac~ Prov. 

2. La Exotica, Antofagasta Prov. 

3. Venado, Atacama Prov. 

Geology, mineralogy (Chrysocolla, Copperpitch), and genesis 
are discussed. Microfotos, X-ray studies, and chemical 
composition are enclosed. There are~geological maps and 
sections to show the general situation. Some data on grade 
and tonnage are given. 

The article is in german but carries an english summary. 
Explorationwise, it is of definite importance to anybody 
assessing the mineral potential of =post-mineral" cover 
rocks. 

,,-?~.3',r, =, " 

A'J Giesecke 

x-c: R.B. Sprague 
R.L. Brown 
J.H. Courtright I// 

A S A R C O  Incorpora led y Cia.. S. ,It. C.. Av. General is imo. 52, Madr id  1G, Spain. Tel. 457 77 67 
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Abstract 

2"]1o Ionnation of isolated si4ic:~crrrs coppet~deposits is controlled by t'~x'o main con- 
ditions: 

1. ovcrsaturation of groundwa(ers in silica 
latcra[ inflow of copper bt';iring altd slightly acid solutions originating from the 
oxidation of primary sulfide deposits. 

The basic copper silicate eh|Tsocolla is formed by cllemisorption nf copper ions by 
disilicic acid with a net-like structure. Under t'avourable conditions copper silicate 
deposits arc feinted which contain up to several million tons of copper as for example 
the La Exotica deposit in Northern Chile. 

Tile copper values el  these deposits sometimes exceed |hose of the primat3, sulfide 
deposits Thus the oxidation o[ sulfide deposits the migration of COl)per bearing i: 

] solutto~ls and the <qaemisorphon of copper ~ons by tile dtsthetc acttl can result an 
] workab]e new copper concentrations originating from sulfide protores. 
• High concentrations of sitica in gromtdwi.~ters and thus the chemisorption of eoppt-r 

ions by tile disiticic acid as an ore i'onniug process is restricted to :lrid or semiarid 
regions. Therefore it is proposed"~o-c~dl such d e p 6 s i t s a r i d  s i l i c a t o o u s  i n -  
f i | t  r a t i o n  d e p o s i t s .  

tnfihratiotl deposits art~ related to weathering processes. "They comprise products 

of weathering by v,,hld~ vatual~le substances were leac]xed from |he ]lost rocks, mlgratcd 
in groundwalers and were redeposited in otht'r neigh]muting rot.ks" ($r,~mr, lov, 1970, 

I'- Z~).  
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AMERICAN S~LTINGAND REFINING CO~ANY 
Tucson Arizona 

September 14, 1971 

TO: W. L. Kurtz 

FROM: J. C. Balla 

OXIDE COPPER DEPOSITS 

There are a number of oxide copper prospects in Arizona; some of 
which have been examined in detail, while others are still raw 
prospects. At the present time, I do not know the ownership sit- 
uation on very many of them. Our belated interest in these types 
of deposits is unfortunate since several other companies have 
already surveyed them (Humble Oil & Refining Co. in 1969, Du Pont 
in 1971, Essex International in 1970-1971, to name a few). 

The following list is in no special order since the potential 
and/or ownership is somewhat in doubt. 

i. Copper Springs, south of Miami. This area was 
drilled by Kerr-McGee and subsequently Humble 
Oil (1969). Good potential but ownership uncer- 
tain. 

. Copper Butte, west of Ray. Mentioned in my memo 
of March 12, 1971, this deposit has been purchased 
by Kennecott. Reserves are uncertain, either 
16,000,000 or 60,000,000 tons of leachable copper. 

. 

4. 

Southwest of Granite Peak mountain, Whetstone 
mountain. Granite Peak may represent the roots 
of a porphyry copper deposit which has been eroded 
away. Adjacent to it are a sequence of Cretaceous(?) 
sandstones which contain azurite and malachite, 
exposed in a dozer cut. The amount of copper in 
idle prospect is unknown. The prospect has been 
rumored to be controlled by Humble Oil. 

Red Hills-Price prospect, east of Florence. This 
property is currently in production by Red Hills 
Mininq Corp. We have looked at it a number of 
times, but have never adequately examined it and 
the apparent amount of oxide copper ore appears to 
continue to increase. 

It may well be the upper plate of a flat fault and 
the source of the mineralization has still not been 
found. 
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. Red bed copper deposits of the Colorado Plateau. 
Thw White Mesa prospect is the best known but 
numerous other occurrences are known but have not 
yet been tested for size and grade. 

. South side Silver Reef Mountains, Papago reser- 
vation. ~ attempt to leach oxide copper occuring 
inaa fault zzone in post mineral volcanics was tried 
several years ago. The prospect may be more of 
interest as an indicator of a nearby porphyry 
copper deposit than as a leach caddidate. 

. Dragoon, Cochise County. Phelps Dodge drilled a 
series of altered limestone thrust slivers immedi- 
ately west of the town of Dragoon. T~e limestones 
contain oxide copper. Superior Oil may currently 
own this prospect. 

. Courtland-Gleeson, Cochise County. There are 
several oxide copper deposits in limestone in these 
districts. Land ownership is unknown. 

. Planet-Swansea districts, Yuma County. These dis- 
tricts in northern Yuma County, along the Bill 
Williams River, contain copper in limestone. Owner- 
ship is unknown. 

I think the best way to examine these prospects is to have a geol- 
ogist assigned specifically to this program as opposed to having 
various people cover various parts of the state. By having one 
person doing it, that person can become more fmmiliar with the 
geology and economics of these deposits than several geologists 
who only examine a couple or so deposits. 

JCB:sg 
John C. Balla 



AHERICAN SHELTING AND REFINING COMPANY 
Tucson A r i zona 

Hay 17, t971 

TO: 

FROH: 

C. K. Hess 

R. Van B]ar|com 

Re: DECAY CURVE HEASUREHENTS FOR THE 
SOUl]WEST EXPLORATION DEPARTHENT 
GILA RIVER 
HI~ERAL HOUNTA I N 
WEST WATERHAH 
CASCABEL PROJECT AREA C 
CASCABEL PROJECT AREA B 
POSTO~ BUTTE 

i | m  I I  I I  I I I  l 

INTRODU CT I ON 

This report covers the decay curve measurements that were made for  the 
Tucson o f f i ce  over several IP anoma|ies. Mr. Jon Ktngman and Frank 
B|ackham of the Salt Lake o f f i ce  took the actual f i e l d  data. 

S_.UHI~RY AND RECOHHENDATIONS 

I would s t rongly  recommend that th is  pa r t i cu la r  set of  equipment be pre-  
served for  decay curve measurements. I would also recommend taking decay 
curve measurements as a rout ine evaluation of a l l  IP anomalies, 

Recomme,ndatf,on s 

! would recommend that fu r ther  work be done on the Cascabel Area C and 
the Gila River area. These two areas have the charac te r i s t i c  curve of 
sulfTdes. The West Waterman, although i ts  curve is qu i te  high, I t  is much 
higher than that of S i l ve r  Be l l .  I would say the response is from 
syngenetic py r i t e  and carbonaceous mater~a] and is not of i n te res t .  

R,ES.ULT5 

The equipment was ca l ibra ted at S i lver  Bell and Ryan F ie ld .  Comparing 
th i s  data wi th previous surveys i t  was decided to adjust the readings so 
as to make them compatible wi th previous readings. To do t h i s ,  take the 
NDC value and mu l t i p l y  I t  by I . | 4 .  

S i l ve r  Be!! 

The areas tested gave an IP responce of 25 HV/V. There was l ' i t t l e  noise 
and the normalized decay curve (NDC) values were 24.6%. This w i l l  be 
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assumed to represent a va l id  value for the NDC of su l f ide ore deposits. 

Ryan Field 

This value was also nomallzed to prevTous results and gave a NDC of  18.6%. 
This represents a ctay response above the water table. 

Mineral Hount,ai, n (PIq,te 1) 

The NDC values as fol lows: lO00'a N-l, 19.9%, ]O0~a N=2, 18.66~, 
2000=a N-l,  18o9%. This is de f i n l t e i y  a clay response. 

Cascabel ProJect Area B (,,Plate, 2) 

The NDC values are; 500=a N=i, 16,08%, 10001a 
N =!,, 17.65%. This Is also a clay response. 

N=l, 18.18%and 2OOQ~a 

Casc, abel Project Area C (Plate 3) 

The NDC values ere; 500=a N=I, 23.19%, 1000=a H=l, 23.65% and 2000=a 
N =1, 21.17%. This response is much higher than a normal clay response 
and Is probably due to su l f ides.  

West Waterman :(Plate 4) 

The NDC values are 250=a N=I, 27,07%, 500=a N=I. 27.94%and lOOO~a 
N -1, 26.86~. Thls is an extremely high response. From my know|edge 
of the area | would say the response Is from syngenetlc py r i te  and 
carbonaceous mater ia l .  The extremely high r e s i s t i v i t y  of  the rock may 
have some ef fect  on the response to make i t  so high. The response could 
also possibly be from sul f ide mineral izat ion.  

G,,lla River, (Plat,e,,5) 

The NDC values are 250'a H=l, 20.54%, 500'a N-l ,  23.88% and lO00'a N=l, 
23.31%. This response Is probably from sul f ides.  The r e s l s t l v l t y  of  
the area is somewhat higher than would be expected from gravels, f would 
recommend fur ther work be done on th is  anomaly. 

Poston Butte (Plate 6) 
i 

The NDC values are 100'a H=I, 16.34%, 500'a 14=1, 20o75~ and IO001a N-|, 
22.O1%. This |s a good case history area showing the t rans i t |on  from a 
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character is t ic  clay curve at shallow depths to a curve that Is more 
s u l f l d e - l l k e a t  depth, 

Prate 7 

This shows a] l  of the NDC values. There ls a t rans| t ton zone from 20.5% 
to 21.5%; any value above 21.5% should be v|ewed as posslbty represenL- 
|ng a su| f ide response. 

RVB:sh 

cc: WESaegaet 
~Far ley  

R. Van Blarlcom 



AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

Apr i l  6, 1971 

TO: W.L. Kurtz 

FROM: So J, Bellock 

Re: OXIDE COPPER OEPOSITS 

In reply to your March 4th memo concerning the consumption of 
su l fu r ic  acid In oxide copper prospects, I b r i e f l y  examined the 
Sl iver  H i l l  deposit on the south side of the Waterman Mountains 
on the Papago Indian Reservation adjacent to the S| lver  Bell 
D is t r ic to  

The Si lver  Mil1 deposit ts a shallow (maximum depth of mine work- 
ings approximately t400 feet) oxide deposit consisting of veins 
and str ingers of copper carbonates and sulfates In limestones, 
Gangue is almost exclusively calcareous in nature, however, l imlted 
and occasional zones of skarn mineral assemblages do ex is t ,  

The mine workings consist of two main tunnels with associated adits 
and rooms connected by a 200 foot ve r t | c le  shaft, that reaches 
bottom at the /400 foot level ,  In plan the workings cover an area 
approximately t50-200 yards by 100-150 yards, 

The average grade of the deposit ls low but cer ta in ly  more than 
o2~ (persona] observation). 

This deposit, not withstanding the problems Involved in i ts  loc- 
at ion,  may warrant further consideration as a source of economic 
d~pposal of su l fu r ic  actd, 

Other deposits tn the area that may also deserve eventual cons|der- 
ation include the Arizona-Indiana, and Squabble deposits. 

SJS:sh 
S, J, 8ellock 



Af4ERiCAN SMELTING ¢ REFINING COMPANY 
Tucson Arizona 

March 12, 1971 

MEMORANDUM 

TO: W.E. Saegart 

FROM: John C. 8alla 

Oxide Copper Deposits 
wqrth~ O f Review ..... 

I agree with Kurtz that we should review a l l  of the known 
oxide copper deposits to determine the i r  attractiveness in 
l igh t  of the acid disposal problem. 

Specific area of interest that I know of are the red bed 
copper deposits of the Colorado Plateau; the Copper Springs 
deposit south of Hiami; a copper in sandstone deposit soeth 
of Granite Peak In the Whetstone=s, and Copper Butte (along 
the Gila River east of Ftorence). 

i suggest that a geo|ogist be assigned spec i f i ca l l y  t o  th is  
review programt as opposed to having various people cover 
var&ous portions of the state. 

JCS:van 

John C. 8alia 



AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

March 8, 197] 

f k  

TO: W.E. Saegart 

FROM: J. D. Sell 

Re: Oxide Co p~er Depgs|ts 

In response to your request on oxide copper deposits as suggested In the 
memo by W. L. Kurtz, three areas are known in the v ic in i ty  of the Superior 
East Project. 

. The Carlota area presently being drilled by Homestake 
Production Company. Reported figures are given as 8.6 
mT|lion tons at + l~ nonsulflde copper. EstImated re- 
serves may amount to I5 million tons (See Carlota Drilling 
memo of January 18, 1971). ASARCO has initiated contact 
with llomestake for logging and evaluating their new and 
previous driliinfi but to date the work has not been started. 

. The Powers Gulch area presently controlled by Inspiration 
has an unknown amount of nonsu~fide copper whTch extends 
under the dacite to the west CDoug Frlel will report on 
this in his memo). ASARCO will continue to test the west- 
ward extension and potential source area during the drilling 
program projected for Superior East. 

. Bellevue area, Section 21, TIS, RI4E, Pina} Ranch Quad- 
rangle, has a small heap leaching workings coming from 
several small areas. No fu r ther  information is known at 
th i s  time. 

JDS:mw 
cc: W. L. Kurtz 

James D. Sell 



August 31, 1965 

~. E. P. Cadwell 
Treadwell Corporation 
277 Park Avenue 
New York, N. Y. 10017 

Dear Pete: 

I have been out of the country since the end of June 
so your letter of August 3 only came to my attention today. 

Over the past years I have seen many of the ~op~er 
sandstone deposits throughout the Southwest but don t have 
a thing in the form of samples. 

I had heard that you left Occidental but did not 
know Just where you moved. Dawn and I were in New York 
recently; I came up from Central America on business 
snd she flew east to spend a couple of weeks. We are 
both leaving shortly for another Central American trip 
and I'll be gone a couple of months but Dawn will probably 
return somewhat earlier. 

I have Just noticed that the AIME Phoenix meeting 
will be in October so neither Dawn nor I will be in the 
States, and, of course, the same for the Mining Congress. 
So far this year I have been away over five months but 
Dawn did spend a few weeks in Dominican Republic earlier 
this y e a r .  

Sorry that I can ' t  help on the oxide copper business. 

Best wishes to all from both of us! 

S i n e  e r e l y  j 

L. P. Entwistle 

~E:bam 
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August 3, 1965 

Mr. Lawson Entwhistle 
American Smelting & Refining 
Valley National Bank Building 
Tucson, Arizona 

Dear Lawson: 

As you will note from the letterhead, I have 
changed jobs again and am now back in the New York area. 
The Occidental job went bad when they discovered that 
even though you drilled thirty or forty holes, none of 
them could be connected to amain and they could start 
producing. This was one oil company whose temperment was 
not suitable to the mining game. Unfortunately, I didn't 
find this out until after I had been with them about a 
year. I am now the Manager of Mining and Metallurgy for 
Treadwell Corporation and this is a real live-wire group-- 
interested in manufacturing, engineering, research and 
development. We have a very nice laboratory and plenty 
of capable people with good ideas and background. 

I have talked with Lyman Hart about the Red Beds 
of Arizona and New Mexico. He suggested that I should 
write to you and perhaps you would have a sample I could 
get for test purposes. We are not interested in entering 
the mining game as such, but in our company we have some 
new approaches to both leaching and precipitation. Our 
thought is that we would like to attack some of the ores 
from the famous Red Beds and see if this would lend itself 
to our processes. The Sagasca ore from Northern Chile 
lends itself very well, that is, the Chrisacolla 
dissolves and we are able to make a chemical precipitation 
and a subsequent copper product which compares favorably 
with electro-winning. If you have a sample of from five 



T R E A O W E L L  C O R P O R A T I O N  

iiiii:ii!i~:i!i~ 

i iiii!iii!iiii: 

ii!i!:ii~ i ! , ~ 

iiiii! i 
i!ill 

to ten pounds of this material which you could afford to 
let us have for a preliminary examination, we will be 
happy to accept it (Express, collect) and talk over the 
results with you upon completion. Incidentally, are you 
planning to attend the American Mining Congress in 
Las Vegas? If so, I'ii plan on seeing you there. How- 
ever, the thought occurs to me that you will, in all 
probability, attend the Northwestern Mineral Conference 
in Phoenix the week prior to the Mining Congress and I 
plan on being there also. 

In the meantime, the best regards from the 
Cadwells to both you and Dawn. I remain, 

EPC/alf 

Yours very truly, Yours very truly, 

r 
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Tucson, Arizona 

June 27, 1958 

Hr. H. P. Harman 
226 S.W. 44th St. 
Oklahoma City R, Okla. 

Dear Hr. Harman: 

This is in reply to your letter of June 23rd 
advising that you and Mr. James Pratt hold a lease 
on sevent~ acres of land showing mineralization similar 
to the small specimen samples you sent me. 

Before assaying these samples it would be of 
interest to us to know what each represents in the way 
of thickness of mineralization and the area over which 
the samples were taken. 

None of these samples represents material that 
could be shipped to the smelter. As for our possible 
interest in the property for copper recovery we would 
need to know more about the extent of the mineraliza- 
tion. 

Yours very t~lys 
~RIGJ,~AL SJ~NED ~ 
~O F. W~.LCH 

~D F. WELCH 

bc:KERichard j 
~MMcGeorge 
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Mr. W. P. ~tt 
Western Minln~ DepartmentL 
American Smelting and Reflnin~ Co. 
600 Crandall Building 
Sal~ Lake Ct~ , .  Utah 

Dear Sir= 

T,A.s., J,H.C. 
K. Ft.  e14 rues 

Denver, Colorado 
APR 1 5 ~958 A~rll i0, ~958 

[~ s. ~. 

~La._ 

Herewith is my report: of an. 
luvesti~a~on of sandstone-sopper deposits in New Me, co, 
Arizona, U ~ h ,  and Colorado.  

~-~,~ ~ 

A. C, H.": 

~. • 

j • : 

' :C "/ 

; . : . .  

The work was started an the 
wlnter of 1955-57) during our search fo~ uranium deposlts, 
with instruc~ons to consider copper as well as uranium. 
The ¢c~pleti~ of the field work and the report were 
delayed by t/~e inaccessibility of some areas durin s the 
wlnter monks and by other asslgr~nents. 

~though some areas  known 
to c o n t a i n  s~dstone-copper deposits have n o t  y e t  been 
investigated, t h e  n~re  ~im~or~mt ~es were visited. No 
deposits that would be of interest to the Company were 
£ound. 

% * 

Yours very ~ly, 

• ,, R. %.. KZRKPATRXOK 

CO: ! ext',:a ~report to W.P.H, 
~:. ~chardv~. ~th--'~ report: 

/< 

{ 
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REPORT ON 

SANDST~- COPP~ DEPOSITS 

NEW MEXICO i ARIZONA, UTAH~ and COLORADO 

R. K. ~zkpatrlck 
December, 1957. 
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! TRODUCTIO  

By a lette= dated September 6~ 
1956, Mr. L. R. ~art assigned to me "a broad study of sandstone- 
copper deposits (consxderzn= both copper and uranium possibilities)". 
The work was to be undertaken during the winter months when field 
work in much of Colorado is generally not possible. However, some 
sandstone-copper deposits in Colorado and in northern New Mexico 
occur at higher altitudes and are inaccessible during winter 
months due to snow. Field work in New Mexico and Arizona was 
done in the winter of 1956-57; during 1957 several areas in 
Colorado that were known to contain copper in sandstone were 
visited. Work on the project was interrupted by other assign- 
ments during the spring and suEmer of 1957. 

A review of the literature of 
sandstone-copper deposits was first made and from this study it 
became apparent that copper occurrences in sandstone, and allied 
sediments, are widespread in several states. Also apparent was 
the fact that many if not most of the deposits are unimportant 
and insignificant except from a scientific standpoint. In 
consultation Mr. ~art suggested that the examination should be 
confined to the larger deposits or more promising areas. 

r- 

i~ ii ~¸ 
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• DrS IBUTION 

Sandstone Or "Red Bed" copper deposits 
are widespread in the southwestern b~ited States; deposits occur 
in New Mexico, Arizona, Colorado, Utah, Texas, Oklahoma, Wyoming, 
and Idaho. The most important deposits are found in the first 
four states and at the localities shown on the accompanying 
index maps. 

PRODUCTI  
The production of copper from deposits 

in sandstone in the southwestern United States has been relatively 
small. Although reasonably complete statistics are available for 
New Mexico, only a rough estimate of total production from all 
states can be made. From the states of New Mexico, Arizona, 
Utah and Colorado~ I estimate that about 16~000 tons of copper 
has probably been produced from the sandstone-copper deposits. 
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Of the total, about ll,000 tons has come from New Mexico. I 
estimate that about 500,000 tons of crude ore has been produced 
from deposits in the four states. 

0nly two deposits, the Stauber mine 
near Santa Rosa, New Mexico, and the Big Indian mine near l~ab, 
Utah, are believe to have produced more than i00,000 tons each. 
These two deposits appear to have yielded abo~t half of the 
copper produced from the sandstone-copper type of deposits. 
Probably only five or six other mines in addition to the two 
mentioned above have produced more than 5,000 tons each. 

~ I U M  IN THE COPPER DEPOSITS 
J , , , , , L  , , 

One of the purposes of the investi- 
gation was to look for uranium in association with copper. None 
of any consequence was found in areas or deposits that were 
examined during this investigation. 

When the }~ppy Jack mine in White 
Canyon, Utah, which was first prospected as a sandstone-copper 
deposit, was found to contain rich uranium ore, the attention of 
uranium prospectors was naturally directed to other deposits of 

l 

copper in sandstone. No doubt, in the late'40s and early '50s 
known deposits of sandstone-copper were carefully scrutinized 
for uranium more than once. Many of the deposits in sandstone 
that have been mined for uranium, of course, contain copper. 
However, most of the sandstone-copper deposits do not contain 
detectable uranium. 

Because of the common association 
of uranium and copper in several of the commercial uranium 
deposits of the Colorado Plateau, a reconnaissance of copper 
disseminated in sandstone was made by the U. S. Geological Survey 
on behalf of the Atomic Energy Commission in 1951. The results 
of this investigation were reported in Geological Survey Circular 
:219. 

4' 

GEOLOGY 

Copper deposits as they have uxu~,o~en caliea~ i n cne wes=ern 
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United States occur in beds that range in age from Upper 
Carboniferous to Cretaceous. The majority of the d~posits 
are in formation of Permian or Triassic age that are commonly 
called "Red Beds". Although the general color of the rocks 
within which the copper deposits are found is reddish, the 
actual rock containing the copper is Usually light-colored 
or buff and, consequently, the term "red-bed" is something of 
a misnomer. 

The ore occurs in sandstone, arkose, 
conglomerate, and shale, and is commonly associated with carbonaceous ~ 
trash or plant remains in the sediments. The beds are generally .... 
of the type t~mt are considered to be continental origin and to 
have accumulated rapidly as shallow water or subaerial deposits. 
Sedimentation is generally irregular and crossbeddlng a c ~  
feaDare. 

The deposits are typically tabular 
in shape and essentially parallel to the strata in ~@nich they 
occur; in detail they are usually irregula r and spotty. In 
areas where more than one deposit occurs, the several deposits 
are generally in the same stratigraphic horizon. The deposits 
range in size from a few cubic feet of sandstone or shale con- 
taining a small amount of copper to the few~ such as the Stabber 
deposit, that contained over 100,O00 tons of ore. 

% 

The most abundant copper minerals in 
the deposits are malacI~ite, chrysocolla, azurite and chalcocite. 
The most typical ore consists of disseminated specks of the 
oxidized copper minerals in sandstone. Undoubtedly, chalcocite 
was the primary copper mineral in practically all of the deposits. 
It occurs as discrete grains in the sandstone, as nodules, 
typically about one-half inch in .diameter, and as a replacement 
of carbonized vegetal remains. Lead occurs in at least two 
sandstone-type deposits in appreciable quantities, the Warnock 
mine in the Sacramento district, New Mexico, and the Copper King 
mine, near McCoy, Colorado. The Warnock mine was mined principally 
for lead; the ore of the Copper King mine contains about 1.5 per- 
cent lead, which is about the same as the copper content. Lead 
may be more prevalent in sandstone-copper deposits than it is 
generally thought to be. The near surface ore is usually so 
oxidized that the lead-bearing mineral is not readily recognized 

%" 
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and probably little assaying of the ore has been done for lead. 

The grade of the average sandstone- 
copper deposit is generally low when the material is considered 
in ruinable quantities, and is estimated to be well below one 
percent. The Stauber mine, which has probably been the most 
productive sandstone-copper, is estimated to have yielded about 
200,000 tons of 3.5 percent ore. Selective mining or i~and- 
sorting generally would be necessary to obtain a grade of three 
percent or better from most of the deposits that were e~xamined. 

SU~6~Y AND CONCLUS I (~ S 

An znves=zba=1on of copper deposits 
in sandstone revealed no significant uranium mineralization in 
any of the deposits, other than in those already Being mined or 
explored fur uranium. After the discovery of associated copper 
and uranium in sandstone in t/~e Pmppy Jack mine, the type of 
occurrence has been the sub#oct of scrutiny for several years 
past. 

No sandstone-copper deposits of 
a size and grade that would be of interest for operation or 
ex~!oration by the Company were found. The average deposit is 
low-grade and insi=~nificant from the standpoint of tonnage. 

Many of the sandstone-copper ores 
are desirable as a siliceous flux at the copper smelters and it 
is for this use that the deposits have been of value in the past. 
l~owever~ most deposit8 can be worked economically only at times 
of high copper prices, 

No important potential sources of 
fluxing ore were found during the investigation. The Stauber 
mine, in the past an important source of this ore for the E1 
Paso smelter, is now depleted and no deposit to Bake the place 
of this source appears to be in sight. Deposits near Cuba, New 
Mexico, such as the Conglomerate and San M~guel mines, may be a 
source of ore again at high copper prices. The Copper King mine 
in Colorado may likewise furnish siliceous ore to Garfield at 
• high copper prices. 

The outlook for siliceous copper 
ore from the sandstone-copper deposits at normal copper prices 
isbelieved to be poor ~ 
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Descriptions of some of the more 
important and relatively larger deposits follow. 

- • - .  
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NAVAJO INDIAN ~SERVATION 
DiSTR CT 

. l J  . . . . . .  i , , , , J m , =  

LOC~TION 

The  ~te Mesa copper district, 
on the Navajo Indian Reservation in northern Arizona, is 
approximately 60 miles north of Cameron. A new highway from 
the Gap on U. S. Highway 89 to the Glen Canyon Dam passes 
~ough the district, ~.fnich is about 25 miles north of the 
Gap~ the Glen Canyon dam is estimated to be 20 to  25 ,north 
O f  the distric=° ' ~  

Copper mineralization extends over 
an area which is about four miles long in an east-west direction 
and two miles wide in a north-south direction. The principal 
deposits are in the western part of the area. 

GEOLOGY 

The bedrock in the district is 
the Navajo sandstone of Jurassic age. The sandstone, which is 
eolean in origin, is several hundred feet thick, light-colored, 
strongly cross-bedded, and essentially horizontal. T'ne topo- 
graphy is rolling with a few low hills, and a large part of the 
area is covered with a thick veneer of windblown sand, although 
knolls and some hillsides are bare rock. 

A System of faults and sheeted 
zones that strike about N. 20 degrees W. in the western part of 
the district and a northeasterly striking joint system are the 
principal structural features. The northwesterly trending 
fractures are characterized by silicifled breccia and siliclfied 
zones that commonly stand out as low ridges. 

The most abundant copper minerals 
are malachite, chrysocolla (?), and chalcocite. Most of the 
copper appears to be in a chz-ysocolla-like material which 
replaces the cement of the sand grains, and may be a mixture of 
copper carbonates and silicates. ChalCocite, which is not 
common, generally occurs as residual nodules and spe~s. The 

4 
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two most characteristic forms of mineralization are disseminated 
discrete ~razns of the oxidized copper minerals in the sandstone 
and a flooding of the cementing material of the sand with a 
,bluish-green copper-bearing material. In detail the mineralization ' ~ 
is usually spott-y and erratic. " 

The ore of the district is generally 
associated with fractures but occurs in the adjoining and nearby 
sandstone rather than in the actual fractures. As a rule. the 
ore is not controlled by bedding like the ore of typical sand- 
Stone-copper deposits. No fissure-type ore was seen in the / 

district. Most individual deposits are small and limited to an 
area of a few hundred square feet. The Copper World and Little 
Dick workings, the ~o largest in the district, are shown on the 
accompanying map, and illustrate the extent of two of the better 
deposits. Spots of fairly intense copper mineralization are 
~dely distributed in the district but most of the individual 
deposits contain only an insignificant tonnage. 

Thomas V. Keams and compmnions 
prospected the region in 1882 and located 40 claims. Numerous 
examinations have been made of the district since then and 
~everal attempts made ~o produce ore or concentrates. The lack 
of water, low grade of the ore, and long haul (110 miles) to 
the railroad at Flagstaff have prevented a profitable mining 
Operatlon, 

The Navajo Copper company in 1917-18 
made an attempt to develop high-grade copper ore; t/~e CocorLino 
Copper and Chemical Company attempted to operate a leaching 
plant in 1939-40; and the Mardun Company attempted a dry tun- 

Star[= Lathing Company of centration process in 194!. The 
Prescott, Arizona, was the last company to try to exploit the 
deposits. This company's rather elaborate dry concentration 
plant, erected in 1955-56, is still on the property. No record 
is available 4f the total copper produced from these various 
~era~s o 

ShaEDack-Denn Corporation, the Mard%m 
Company, and Coronado Copper Zinc Company are among the companies 
that have conducted exploration and drilling on ~ the properties. 

k~ 
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ORE 

Cut Samples and drill holes indicate 
that the average grade of material in the mineralized zones is 
in the neighborhood of 0.75 percent copper. Estimates of the 
assured and indicated tonnage range up ~ a maximum of 2.5 
million tons for the district as a whole. Obviously, without 
the benefit of specific drill hole information~ it is impossible 
to estimate the available tonnage. On the basis of exposures 
of ore in the various open-cuts and prospect pits, an estimate 
of I00,000 tons of indicated ore wlth a grade of less than one 
percent would seem to be a liberal estimate. 

The ore of the district would be a 
desirable siliceous flu~ng ore for the copper smelters, and 
by selective mining a grade in the range of 2 to 3 percen~ 
copper could probabliT be produced. However, the deposits are 
not presently economic for this purpose due to the distance to 
smelters. 
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The Futurity prospect is aDo%~t 15 
airline miles north of Salida~ and is estimated to 5e in Section 
13~ T° 15 S.~ R. 77 W, ~=cess is %<a a Forest Service road 
~-e~i~ south from }~gh~y 285 from a point abou~ four miles 
~¢eSt ~ OE Trout Creek Pass. 

Copper minera l i za t ion  occurs in 
~sa~dst~ne and shale ~e4s of the Penusylvani~  ~,;~ber formation 
~h~t stz~/ce nor~h~es~er!y and dip abo~t 40 degrees ~o the 
no~:theast. Exposures in ~ur~ace c~ts sho~ coppe~ s~a~ning in 
looa!lized areas in the sed~ments~ commonly in a 2 or S-foot 
band~ in material on a d~mp ~orni~e iS closely associated with 
~ssur~.n~ in the sandstone and shale. 

Alth~agh the ~turi~2y prospect 
occurs in sedim~ts and on casual inspection appears to 5e a 
typical sandstone-copper=~ype of deposit= ~here as clear 
evidence that copper sulfide ~,ms deposited in fZssures ~/mt 
in p!aces are closely parallel to ~he bedding, 

PRODUC 0N 

An i~aecesslble, i~elined shaft~ 
P~he ~ of ~a~%ch indicates at least 200 or 300 feet of ~.2ork 
iS the prlnelpal working. No record of production ~s known, 
but it iS possible C~at a small tonnage of sorted or selected 
ore may Imve been shipped in the past. 

The small amount of copper showing 
in surface exposures m~d dumps indicates ~mt no future pro- 

" du¢~.~ ¢an be expected. A few ~ns of I ~o 2% copper could 
be so=ted from ~/~te dump, 

L • 
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COLORADO, ZAG'LZ, q0um  
Mccoy ARFA 

The Copper King mine is near the 
north boundary of Eagle County, about two miles east of the town 
of McCoy, and is estimated to be in Section 33, T. 1 S., R. 83 W. 
A spur of the Denver and Rio Grande Railroad is only two or three 
miles from the mine, a factor Which has been of some aid in 
shipping the low-grade ore of the mine. 

The mine is in rolling hills 
formed on a thick section of Pennsylvs=~ian "Red Beds", consist- 
ing principally of arkoslc sandstone and conglomerate with a 
m~erate southeasterly dip. The ore deposit is in a bedded, 
ilght-colored, medlum-gralned sandstone about 10 feet thick; 
individual beds vary from a few inches to a few feet thick. 

~ About equal amounts of lead and 
copper (1.4 and 1.3%) were contained in the last ore shipped from 

C" ~ ' the mine. However, no lead minerals were recognized in megascopzc 
eX~mlnation of the ore and it is likely that the lead is present 
as Oxidized minerals that are more or less masked by the general 

~ oXlda~on of the deposit. 
i- 

' Oxidized copper minerals occur in 
~ ~ streaks and disseminated in the sandstone. The principal mineral- 

ization is concentrated in a zone 2 to 4 feet thick hue copper 
minerals have flooded into adjacent sandstone for a greater, but 
variable, t/~ickness. The deposit, as presently developed by stoping, 

• is a narrow manto extending from the outcrop down the dip for 
~ about 400 feet. Mineralization is present on the edges of most 

of the ~mrkings but presumably the best part of the ore body was 
"n ~ followed ~th the stopx g. 

i~ PRODUCTI~ 

Full production records are not 
available, but the total ore shipped from the mine is estimated 

i ;:~ ;to have been less than 6000 tons. 
= 
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In 1956, the following tonnage of 
ore was shipped to the Garfield smelter: 

Tons Oz. Au Oz. Ag % Pb % Cu % Si02 

4146 .005 0.32 1.4 1.3 88.5-89.0 

ORE POTENTIAL 

The ore at the Copper King mine 
is not e~d~austed and £~are production under high copper prices 
can be expected. The ore could be obtained by extending the 
stopes laterally, probably with a diminishing grade and t/~c/~- 
ness~ and by deeper exploration of the ore-slioot. A tonnage of 
ore comparable ~o that already produced m~ght be a reasonable 
expectation for the mine. 

L . . .  • 
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COLORADO', FREM(~T COUNTY 
DEPOSITS NEAR H(Y~ARD - -  

LOCATION 

Copper deposits in sediments occur 
in western Fremont County about four miles southeast of the 
small town of Howard. The deposlts are north of the Rio Grande 
~iver and in the ~mstern part of T. 48 N., R. ii E. 

 EOLOGY 

A section of Permian red-beds, 
consisting of shale~ sandstone, arkose and c~iglomerate, 
possibly as much as several thousand feet thick exists in the 
area. In the vicinity of =he deposits the beds strike north- 
easterly and dip steeply to the northwest. The copper is in a 
fine-grained silty arkosic bed three to five feet thick s~dch 
is enclosed in coarser az~¢oslc sediments. Chalcocite and 
malachite are the principal copper'bearing minerals. Mineraliza- 
tion on the outcrop is spotty and dfscon~inuous for a length 
of at least 1500 feet along the strike of the bed. Prospecting 
has been by shallow open-cuts and short shafts. The grade of 
the 2~4 foot bed~ where mineralization is most inte~ise is about 
!. 5 percent copper. 

ORE POTK~ 

The deposits are too small and low 
grade to be profitably mined except by close hand-sbrting, and, 
consequently, the area is not considered t o  have a reserve of 
any importance. 

i 
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"Z J" 



i 

-13- 

COLOP, AD0,. FREMONT 
RED  LCH AREA 

LOCATION 

The Red Gulch area is about nine 
miles due north of the small town of Cotopaxl on U. S. Highway 
No. 5. The deposits are in Section 13, T. 49 N., R. IIE. 
Although the area is mentioned in the literature on red-bed 
Copper deposits, the mineralization evident at the present time 
is insignxficant. 

GEOLOGY 

Along a major north-south fault of 
the region the block on the west side has been dropped relative - 
to the block on east side of the fault. In the v_cinxty of Red 
Gulch upper Paleozoic red beds are faulted against lower Paleozoic 
limestones - as shown on the accompanying sketch. A thick section 
of Permian red-beds, consisting of reddish conglomerate, arkose 
and shale dips easterly toward the fault. 

A bed of conglomerate four to five 
feet thick that outcrops about 2000 feet west of the fault 

"n contaz s, at the outcrop, scanty patches of oxidized copper 
minemls. The copper content is very low in all of the exposures 
and careful sor~ng would be necessary to produce even a few 
tons of ore-grade material. 

The relationships in the area (see 
map) suggest that the mineralizing agencies are probably closely 
related to the fault. 

PP, ODUC ON 

Several carloads of ore are reported 
to have been produced from the shafts near the fault, but no 
substantiating records are available. 

No future production can be expected 
from the area on the basis of the evidence exposed at the~ surface. 

q, 
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STAUBER MINE 

LOCATI  
i w,l 

The Stauber mine in northeastern New 
Mexicoj in Section 6, T. 7 N., R. 20 E., is about 12 miles south~est 
of Santa Rosa. The mine is 2 miles from a loading dock on the 
Southern Pacific Railroad, a factor of prime importance in enabling 
operators to ship relatively low-grade ore to ~he E1 Paso smelter. 

GEOLOGY 

The ore at the Stauber mine is in the 
4: generally ~lat-ly~ng Santa Rosa sandstone member of the Dockum 

" 
formation of Triassic age. The sandstone is fine to medium g_a~ned~ 
crossbedded~ and relatively clean. The mineralized part of the 
sandstone that has been mined is reported to have ranged from 2 to 

underlazn by a 17 feet ~hic1¢, The ore bearing sandstone is ~ mud-" 
stone~ and is overlain in part by sandstone and zn part by mudstone. 
Practiea!~ all of the ore deposit has now been strlp-mined and 
~mste stacked in the area formerly occupied by the deposit; con- 

~ Q  sequently~ the detailed geology of the depooxt is m~sslng or 
obscured. Various reports and publications on the mine are 
availabie ~. 

rR UCTION 

The Stauber mine has had the largest 
production of any sandstone-copper in New Me~ico. Appreciable 
produc~on started in 1925 and has continued sporadically until the 
present time. The mine has been an important source of fluxing 
ore for the ~ Paso smelter. 

The deposit was first mined by under° 
ground methods, but during ella last year the 5 to 40 feet of over- 
burden ~s been stripped from the deposit to recover the pillars 
and ~ned remnants of ore. The underground worklngs extended 
over an area about 350 by 850 feet in size. 

The grade of ore that has been 
shipped from the mine has ranged from one t o  five percent. ~aring 
1956, about 24,000 tons of 2.6% copper ore was mined in the 
stripping operation. I estimate that the total production has 

k • r I 
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been about 13 million pounds of copper from 150,000 to 200,000 
tons of ore. 

ORE RESERVE 

~le ore deposit of ~he Stauber mine 
is largely depleted. ~e current operator, Q. M. Drunzer~ estimates 
only a few thousand £ons of ore remain to be mined by stripping. 
Drilling in the past to find m~ ~xtension or other ore bodies in 
the area has not been successful. Windblown sand covers ~he 
surrounding surface and the remains of surrounding drill holes. 
It is reported ~hat the area immediately surrounding the deposit 
has been rather extensively drilled. 

Note= Previous reports on ~he mine are in the files at the 
Tucson office. 
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LOCATIC~ 
ii _ i l 

NEW MEXICO,, RIO AR~IBA CouNTY 
Co cL  Zz 

The conglomerate mine is about 6 
miles due east of the to~ of Cuba in northern New Mexico. 
It iS in Section 32, T. 21 N., R. 1 E., about one mile north 
of State road No. 126. 

GEOLOGY 
= , , L 

The Poleo sandstone of Triassic age, 
estimated to be about 75 feet tl~ick= forms a rim at the top of a 
canyon in which the mine occurs. The dip is about I0 degrees 
westerly in the vicinity of the mine. The Poleo sandstone is 
generally light-colored, medium-grained, and crossbedded. At 
the mine, a conglomeratic sandstone lens with pebbles up to 
1 inch in diameter forms the lower part of the Poleo formation. 
The conglomerate has a maximum thickness of 15 feet and a length 
of 300 to 400 feet at the outcrop of the sandstone bed. Most of 
the copper mineralization is in the lower part of the conglomerate 
but copper also occurs in non-conglomeratic parts of the sandstone, 
Chalcocite and copper carbonates are the ore mine~:als. 

At this ~%ne ~/~e conglomerate appears 
to have been important in locallizing the copper mineralization. 
Carbonaceous trash in the sandstone also appears to have had 
some bearing in locallizing the ore. A few pieces of high grade 
chalcocite that replace woody material have been found in the 
deposit. 

_PRO CTIO  

The Conglomerate deposit was opened 
by an acl!t some years ago but the principal production from t~e 
property has been since R. D. Morton started mining at the 
beginning of 1956. In the first eleven months of that year, 9,860 
tons that averaged 2.3% copper and about 83Z silica were shipped 
to the El Paso smelter. 

I estimate ~hat about 8,000 to I0,000 
tons of ore, comparable in grade to that produced, is indicated 
by the present m~ne wo~ings. There is a good possibility that 
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additional ore ~II be £ound by an extension o£ 
into unexplored ground. 

the ore s h o o t  

r~ 
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NEW MEXICO, OTERO COUNTY 
SAC  SNT0 DIStriCT 

LOCAT~O~ 

The deposits are in a north-south 
belt on ~he west side of the Sacramento Mountains, about 7 m~les east 
of Alamagordo. They are reached by procee41ng easterly from 
Alamagordo on State Highway 83 for 9 miles to ~ligh Rolls, and 
thence south from High Rolls on a Forest Service road. Deposits 
are from 1.5 tO 10 miles south of High Rolls. They are in the 
western part of To 16 N., R. 11 E. 

GEOLOGY 

The Abo formation, dipping east at 
about I0 degrees, outcrops as a belt on ~/~e west side of the 
Sacramento Mountains. The Forest Service road, mentioned above, 
more or less follows the base of the formation in which the sand- 
stone copper prospects are located. 

The copper mineralization occurs in 
arkose, and sandy shale as nodules of chalcocite that have been 
oxidized to copper carbonates near the surface. 

womb, 

Workings consist of numerous small 
pits, generally with insignificant showing of copper mineralization, 
and several larger workings shown on the accompanying map. 

i 

The Adycopt mine, I0 miles south of 
High Rolls by road, has an Incline, not e~tered due to bad ground 
condition, reported to be !200 feet long. The dump from the incline 
is nearly barren. 

The best known mine of the district 
is the Warnock (or Holmes) mine containing sandstone-lead ore. This 
property was examined for ASARCO by B. N. Webber in 1948. He report- 
ed in detail on the mine after 33 days of field work. 

ORE 

Small shipments of sandstone-copper 
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ore will probably be made from the district from time eo time but 
pro~ction will probably be inslgnlficmnt° Sorting will be necessary '~ 
to Produce even a low grade of ore. The ~ose in which mineralization 
occurs does not make the ore desirable as a flux; 
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DepoSitS are approximately 5 ~leS 
northeast of Tularosa in the southern part of T. 13 S., R. 10 E., 
in the drainage of Coyote CreW=. They are reached by going nor~ 
on U. S° ~£ghway 54 abou~ 1.5 miles from Tularosa, thence tu~nlng 
on a dirt r~d just before the railroad overpass, and traveling 
northeast for 4 miles. Topography is rol!ing hills. 

The Abo formation dips 10 degrees to 
the northeast. Several basic dikes, I to l0 feet wide, vertical, 
and trending northeasterly traverse the area. The dikes have 
indurated the sediments very slightly at their contacts but have 
otherwise produced no alteration. No evident copper minerallzation 
is in or associated with the dikes. Ho~ever~ the presence of 
copper in sediments at various stratigraphic intervals in ~e 
general vicinity of the dikes suggests the possibility of a genetic 
relationship. Copper sho~_ngs in the area consist of small 
quantities of malachite and azurite in sha!y sandstone. 

WQ NGS 

In a distance of 1.5 miles along 
Coyote Creek are ~ caved adits and seven or eight shallow open 
pits. Most of the prospects are practically barren. One pit of 
recur origin has an exposure of 2 feet of black gypslferous shale 
with malac.~dte staining that m~ght carry as much as 1% copper. 

insignificant and unimportant. 
from the area. 

The deposits of the district are 
No production should be expected 
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LOCATION 

DEPOSIT NEAR BENT 
(nr a osA COFPER 

~i 

The mine is about one mile southeast 
o£ Bent~ a post office on ~ghway 70 about 10 miles east of Tularosaj 
in Section 26, T. 13 S., R. I0 E. It can be reached by crossing 
the river at Bent and following a dirt road for abou~ one mile up 
the south bank of the river. 

~OLOGY ¸ 

The copper deposit near Bent is 
principally in an intrusive diorite porphyry although some copper 
mineralization is present in overlying shaly sandstone. A thick 
mass of diorite porphyry~ probably a sill, has intruded sediments 
of the ffhupadera forma~on. The base of the diorite is not exposed 
in the vicinity of the mine. Steep, northeasterly-striking stringers 
of barite-dolomlte containing chalcocite occur in the diorite but 
do not continue into the overlying sediments. The stringers are up 
to one inch wide and are bordered by weak alteration. A shaly 
sandstone overlying the diorite has been chloritized. Sparse 
oxidized copper minerals occur in the overlying sediments. The 
deposit is ~questlonabl7 hydrothermai in origin. 

WORKING 

The principal accessible working is an 
open pit about 60 feet in diameter and 30 feet deep. Underground 
workings ~ich are not safely accessible extend from the pit. A 
large dump of diorite indicates that possibly a I000 feet under- 
gr~rund workings may be present. Apparently production from the mine 
was obt~ned by handsorting the stringers from the barren rock. 

The chalcoclte stringers are too narrow 
and widely spaced to make ore of the general mass of diorite. Altl~ugh 
handsorting might produce some copper ore, the potential of the 
deposit is considered practically nil. 

L, 
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MEXICO, socom . COUNTY 
RAYO DISTRICT 

L OCATION 

The deposits of the Rayo district, 
about 8 miles southwest of the town of Scholle on U. S. ~ighway 
60~ are in the western part of T. I N.~ R. 4 E. Two areas of 
prospects are about two miles apart in a north-south direction. 

The copper occurs in a light-colored, 
c1"oss-bedded, medlum-grained sandstone near the top of the Abo 
formation of Permian age. The beds in the area are flat-lying 
and the surface generally covered with windblown sand. 

The copper in the sandstone occurs 
in chalcOcite and malachite. At the north end of the distric~ 
only sparsely disseminated malachite is present in prospect 
pits; at the south end of the district in recently mined shallow 
pits of the Meader Corporation, chalcocite and malachite both 
are present. Most of the chalcocite occurs as nodules up to 
a half inch in size but in one of the pits a layer of nearly 
solid chalcocite about one inch thick is present over an area 
of a few square feet. Mineralization generally extends through 
a thiclrness of 3 or 4 feet of sandstone but is spo~ty and 
locallized as shown on the accompanying map. 

WORKINGS 

: At the north end of the area are 
the Parker-Doyle prospects where wo~¢ consists of a few shallow 
pits scattered over a wide area. The largest pit is about 75 
by 15 feet and six feet deep. No copper m~-neral~zation that 
would approach one percent in grade was Seen in any of the pits. 
The maximum copper content in 29 wagon drill holes of the Bureau 
of Mines was reported to be 0.37 percent. 

The Meader Corporation pits at the 
south end of the district from Which ore was mined and trucked 
to the Meader plant near Scholle are shown on the attached m~. 
Possibly 300 or 400 tons of ore that might average between 1 
and 2 percent copper was mined from the pits in the latter part 
of 1956. 
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ORE POTENTIAL 

The ore potential of the Rayo district 
is be3~ieved to be very low. The ore would be a desirable siliceous 
flux ~ the deposlts are small, relatively low grade~ and too far 
from copper smelters to be profitably shipped. By sorting, a 
few tens of tons of ore that w o~Id probably support the cost of 
freight, could be produced from the Meader pits. 
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The Scholle district is in southeastern 
Valencio County about 60 miles southeast of Albuquerque. Prospects 
of the area are accessible by dirt roads leading from the town of 
Scholle on U. S. Highway 60. Most of ~he prospects are north of the 
~ghway. 

GEOLOGY 

The deposits occur in ~e lower part 
of ~e Abe formation not far above the Magdalena limestone. The 
beds ~ich contain copper are shaly sandstone, shale, and arkose~ 
The original mineralized bed appears to have been a shaly sandstone 
a few inches thick in which disseminated chalcoclte occurs in 
irregular patches and lenses. Individual deposits are small and 
range from a few feet to a few tens of feet in lateral dimensions. 
The copper in most of the workings is now present in oxidized 
minerals: 

w iN=s 

Numerous small workings and pits are 
present along the outcrop of the mineralized bed for a distance of 
about 5 miles north of Scholle. The workings show that the copper 
mineralization is spotty and lacks continuity. 

Meader Corporation. Along the highway one-half mile west 
of Scholle the Meader Corporation (of Houston, Texas) has built a 
plant to treat copper ores of the area. Equipment consists of a 
portable crusher~ and two flat concrete ~miks. An attempt is being 
made to produce copper by leaching the ore with acid and precipitating 
the copper on tin cans, Several hundred tons of ore from deposits 
in the Scholle and Rayo districts had been stockpiled at the mill 
site in December~ 1956~ but no copper precipitate profitably produced. 
The plant is reported to have closed shortly thereafter. 
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UTm , 
BZC COP ER MINE 

The Big Indian Copper mine, in 
Section 27, T. 29 S., R. 24 E., northern San juan County, is 
about 35 miles southeast of Moab and on the east side of Big 
Indian Wash. The district is~ of course, now famous for the 
large deposits of uranium that have been found in recent ye&rs. 

[ GEOLOGY 

' In the Big Indian district the 
sequence of formations ranging from the Pennsylvanian to the 
Cretaceous that is common to most of the Colorado Plateau is 
present. The beds are folded into the Lisbon Valley anticline 
with a northwest trending axis and faulted by the Lisbon Valley 
fault which is roughly along the axis of the anticline. The 
beds northeast of the fault have been dropped about 2000 feet 
in relation to those soukhwest of the fault in the vicinity 
of the mine where the Dakota and Morrison fmrmations northeast 
0fthe fault are against the Cutler formation southwest of the 
faul t. 

The copper ore of the Big Indian 
mine is in a flat-lying sandstone bed about 15 to 20 feet thick 
and lies a few hundred feet northeast of the fault. The ore 
zone has been removed by open-pit mining over an area about 400 
feet in diameter (see map); only sparsely disseminated malachite 
and azurlte are present in the sandstone at the edge open-cut. 
All of the sandstone now exposed in the pit is very low grade 
and will probably not average over one or ~wo tenths of a 
percent copper. Presumably the principal part Of the deposi~ 
~ich was treated in a mill contained several pe~e~t copper. 

is presently available to me. 

-k 

No record of the production of the mine ~ 
A production in the range of lO0,O00 

to 150,000 tons is estimated from the size of the open pit. 

P nmTIAL 

Drilling in recent years has failed 
to find any ore of commercial grade on the property. However, I 
understand that some copper mineralization in the range of a few 
tenths of a percent copper has been found in drill holes. 
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TO: F.T. Graybeal 

FROM: G. J. Stathis 

"Stratiform Copper Deposits" 
An Address by Felix Mendelsohn 

Enclosed is a copy of an interesting Society of Economic Geologists Vice 
Presidential address entitled "Stratiform Copper Deposits" that was given 
by Dr. Felix Mendelsohn on February 23rd at the 1976 AIME Annual Meeting 
Tn Las Vegas, Nevada. 

Dr. Mendelsohn is currently the SEG Regional Vice Presrdent for Africa. 
Apparently he has spent the bulk of his career working on Stratiform 
Copper deposits. 

have transcribed the address from the tape recording I made at Las Vegas. 
Editing of the text has been minimal. 

GJS:Ib 
Att. 

cc: JHCourtrTght - w/art. 
WLKurtz - w/att. 
JCBa|la- w/art. 



"STRATIFORM COPPER DEPOSITS" 
by Felix Mendelsohn 

I feel a bit hesitant about talking about stratiform copper deposits in 
sedimentary rocks, because from what I've heard this morning, it seems that I've 
stumbled onto a veritable hotbed of magmatic and hydrothermal activity. However, 
the stratiform copper deposits in sedimentary rocks are in fact a major group of 
deposits constituting perhaps 30% of the world's copper production. There are 
certain favorable point characteristics in these stratiform deposits. First, the 
important factors of size and range. These deposits range from 0.5% or less to 
around 5~o copper and from rather small, less than 10 million tons, to approaching 
a billion t~Qns~ A substantial number of large deposits, having more than a hundred 
million tons, contain more than I percent copper. The first thing we notice about 
these deposits is that they occur dominantly, almost entirely, in intercratonic 
basins, so that there is very little association with geosynciinal or ? 
structural events. 

The first of the sedimentary copper desposits are dominantly the rocks that 
were deposTted in an ocean edge environment. In this, I include all deposits that 
could occur along close to the ocean edge dominantly though; they are lagonal or 
deltaic deposits and many of them are associated with conditions where circulation 
with the open ocean was somewhat restricted. As a consequence of the ocean edge 
depositional environment, we find that there is a distribution and, in many cases 
elongation, of the stratiform deposits along the ancient shorelines. A very 
important association is the red beds association. There has in the past been 
identified a small class of redbeds copper deposits, but I think, in fact, we 
have to abandon this particular group because it turns out that the majority of 
ore deposits of stratiform deposits are in association with redbeds, either above, 
below, or interlaminated. The redbeds themselves tend to be very low in copper 
and the redbeds are dominantly again in a continental environment. The ore 
deposits occur in the adjacent rocks, green to gray colored rock~, which again are 
those close to the continent and therefore in an ocean edge environment. One word 
of caution here and that is that where the rocks have been metamorphosed to a 
sufficient degree, the hematite that forms, or derives the red color, can become 
recrystallized and this color could be lost, so that the 75% of the stratiform 
deposits that are associated with redbeds is, I think, probably a mTnimum. 
Evaporites, anhydrite, gypsum, rock salt are very commonly associated with 
stratiform deposits and also such minera]s as scapolite indicate probably high 
sal inity. 

Volcan ics ,  as I ind ica ted e a r l i e r ,  are remarkab]e by t h e i r  absence. There are 
f i r s t l y  very small amounts associated w i th  some depos i ts ,  but there is one p a r t i c -  
u l a r  ctass tha t  is very i n t i m a t e l y  associated w i th  vo lcan ics .  Many o f  these 
depos i ts  occur c lose to o v e r l y i n g  e i t h e r  major or  minor uncon fo rm i t i es ,  o r  in some 
cases, both.  Again, a l l i e d  to th i s  is the r e l a t i o n s h i p  to the Paleogeographic 
sur face.  Commonly s t r a t i f o r m  deposi ts  occur on the f lanks or  between basin and 
t i d e s ,  t ha t  is depos i t iona |  highs tha t  could be r idges or i so ]a ted  high po in ts .  
This would be expected to a f f e c t  p a r t i c u l a r l y  depos i ts  occur ing very c lose to the 
basin.  The e f f e c t  does seem to move somewhat up in to  the sequence, so tha t  the 
deposi ts  occur ing some midway up s t i l l  can seem to have a s i m i l a r  r e l a t i o n s h i p .  



-2 - 

The depositional environment is commonly that of a transgression. In other 
words, the ocean transgressing across the land and getting such strat[graphic 
sequences as conglomerate, sandstone, algal dolomites, stromatolitic structures, 
and shales commonly carbonaceous shales. In part, I suspect that this relation- 
ship with transgressions, particularly at the base of major sequences sh~qn in the 
course to be transgressive sequence, is well preserved. If there was a regressive 
sequence at the base, it could happen that the rocks would be removed and would not 
be preserved. Another interesting observation is that the rock sequences, this is 
talking about the overall rock sequence, commonly exhibits cyclic sedimentation and 
this cyclic sedimentation could be on a major scale, thousands of meters down to 
tens of meters involving indTvidual ore bodies or even less as approximate ore 
bodies. Associated with this in many cases, particu]arly with the smaller scale 
cyclic activity, it can be noted that there is an improvlshment upwards, in other 
words, the lowest body associated with the lowest particular cycle is likely to 
be the biggest and best of the deposits found. There is one exception that I know 
of on a very larger scale, but we'll see that a little later. In general, strati- 
form deposits in Se<Jimentary rocks are noteworthy for the broad equilibrium that 
is exhibited. The rocks and minerals, on the broad scale, exhibit a substantia] 
degree of equilibrium quite different from that might be expected; e.g., such 
places as Butte where there is a marked change in and adjacent to the actual vein 
deposits. 

The common minerals are cha l copy r i t e  and b o r n i t e ,  qu i te  o f ten associated w i th  
p y r i t e ,  o r  in some cases cha lcoc i te  w i th  copper. The noteworthy assoc ia t ion  o f  
stratiform deposit host rocks is that of biologic activity. There Ts extensive 
and, in many places, intensive biologic activity associated with the deposition of 
these host rocks. We see these now in such forms as reefs, other bioherms, 
biostromes, algal mats, and carbonaceous formations. In general the organisms 
that created these formations in the Protozoic were blue-green a]gae. ~4hereas we 
move up into the Paleozoic, particularly after about 500 million years, the 
organisms instead of the plants are more animals, such as corals and stromato- 
poroids. There is a very strong time dependence of stratiform deposits of copper 
and of other minerals. I won't go into this in too much detail, except to point 
out there is a fairly strong antipathy between iron, particularly the chemical iron 
formations, and copper in these stratiform deposits. The ages, in which we find 
the host rocks do" contain stratiform deposTts, are the Lower Protozoic, the Upper 
Protozoic, there are a few in the Middle Protozoic, but not too many. Again there 
is a gap, and we find abundance again in the Upper Paleozoic, and then after another 
gap, during the Mesozoic, in the Cretaceous-Tertiary. And you will, I'm sure, all 
remember that in general iron is found in many of the vacant slots that I've 
mentioned the re. 

I have attempted to c l a s s i f y  s t r a t i f o r m  depos i ts .  The reasons are ~evera l .  
F i r s t l y ,  i f  i t  can be es tab l i shed that  a p a r t i c u l a r  type o f  s t r a t i f o r m  deposi t  has 
a p a r t i c u l a r  s ize and grade, then i d e n t i f i c a t i o n  of  the type w i l l  give an i nd i ca t i on  
o f  the s ize  and grade tha t  might be Found. Secondly, there is the innate des i re  
to in t roduce some order  and to look f o r  the pa t te rn  that  nature normal ly  seems to 
e s t a b l i s h .  To a] low comparisons between the deposi ts  and, in the end, to d iscover  
more about them. The c l a s s i f i c a t i o n  I suggest is based pure ly  on the i n t r i n s i c  
p r o p e r t i e s  and you w i l ]  no t i ce  I haven ' t  used the word genesis,  i am avoid ing 
t h i s  at t h i s  stage. The l i s t  o f  deposi ts  or  types o f  deposi ts  tha t  I have at the 
moment, which is pu re iy  p rov is iona l  as any such c l a s s i f i c a t i o n  must be, and runs 
in to  the normal problem of  t r y i n g  to f i t  i n to  s p e c i f i c  pigeon holes - -  what Ts in 



-3- 

actual practice a widely and gradually changing spectrum of deposits. However, for 
what it's worth, the classification I am proposing, at this stage, is the African 
copper belt -- naming them after prominent examples; e.g., Jupf~erschiefer, Udokan, 
in Russiz Djezkazgan, White Pine, the [nt~raformational -- this one would be not 
named after particular deposit, might be the middle ? . We will see some- 
thing about these shortly. I basically refer to intraformational as those deposits 
which appear in the within rock sequence without any really obvious reason for their 
being there. No specific sequence of rocks or sedimentary phenomenon, etc. 
This is an interesting group. Most of them you do know. The broad size and grade 
that are |ikely to be found. The intraformat[onal in general are small to medium 
in size and likely to be fairly low in grade, less than l~o. Another type is the 
Creta type, Colorado Plateau, and Mr. Isa. I will now show you a few slides. We 
can't go over all the detail characteristics of these deposits, but as we go thru 
the slides I think you will recognize many of the features that I am describing. 
First slide. 

This is Africa', showing the distribution of the Katanga formations of Late 
Protozoic age. In the north there is the Congo Basin in which there are some 
small stratiform deposits. Farther south is the major African copper belt in 
Zambia and Aire, and this broad trough of deposition extends to the southwest 
underneath cover of Cretaceous and more Recent sands into Southwest Africa on the 
coast here. 

This illustration is merely to show the broad stratigraphic division of these 
rocks. In yellow at the base - dominantly ciastic formation. ]n the center, at 
different stratigraphic positions in different areas, but always in the approximate 
center of the formations of dominantly carbonate formations commonly with till ires. 
Two tillites in most areas, which are the ones that have provided the basis for 
this stratfgraphic correlation. The upper part of the formations are fine clastic, 
sha]y rocks. The stratiform copper deposits are dominantly in the lower clastic 
formations near the base. This is an illustration of Mufulira and the 3 super- 
imposed bodies of the 3 Mufulira oreshoots. (Note: missed a sentence.) The 3 
ore bodies, the major one is the "C" ore body and progressively they become 
smaller. The "C" ore body does continue off to the left. Specific rock sequence 
again; ~g., barren quartzite, quartzite, at the bottom argillaceous quartzite, 
and then an argillaceous greywacke overlain by limestone. The same sequence thru 
the '"B '~ ore body with an algal bioherm forming on the one side, again, over the 
hill of schist in the basement. This is just an indication of the rock types found 
on the left of the barren footwall quartzites at Mufulira. On the right, massive, 
darker colored cupiferous sericitic quartzite. This is a reconstruction of the 
conditions of deposition of the footwall and the ore body formations at Mufulira. 
On the ~eft is the uplift area where all the deposition was taking place and this 
deposition was dominated by currents down into the ocean and aTso longshore 
currents. An area can be seen of hills and basement or sand shoals formed the 
barrier between the depositiona] area and the local scene and the ? . 

The footwall formations and then the carbonaceous quartzTte of the ore body 
were deposited in somewhat restricted anerobic conditions. Moving across to the 
ore shale deposits. This is a section thru the ore shale at Roan Antelope. 
Quartzites on the lef~ topped by a footwall conglomerate. Then an algal schistose, 
in this area, dolomite overlain by pyritic shale here and these well-bedded shales 
are the actual ore body containing about 3 to 4% copper. Again barren shales up 
on the right. This is a picture of the ore shale underground in a slightly more 
highly metamorphosed state than the one we saw in the previous picture. This 
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shows the ore shale itself, together with metamorphic veins and these veins contain 
feldspar, quartz, carbonate, and sulfide. Together with a good deal of biotite. 
You will notice that around the vein there is a leached area, and it is concluded 
that the material concentrated in the veins was derived from the wallrock in the 
immediate vicinity. So there has been a fairly |im[ted amount of migration. This 
gives you a picture of a portion of the Roan Antelbpe ore body. A hill, a basement 
here, is overlain by this barren dolomite which is considered to be an algal bioherm 
completely barren of copI~er. Around that, very much richer than normal, we see a 
plume of bornite spreading across, followed by chalcopyrite, and eventually by 
pyrite which reaches the hanging wall and then occupies the whole thickness of the 
ore body. Near the base is an a]gal mat. Continuing out there which in other 
areas is mineralized ? . This is a picture at NKana mine showing, at 
the top, a pyritic, hanging wail argi|lite. On the right is the south ore body of 
carbonaceous shales. Elsewhere the normal argil]aceous rock together with, colored 
in normal blue~ the various types of algal siliceous dolomites. 

This is a geologic map of the copperbelt. We have been looking at Mufulira 
over there and Roan Antelope and NKana on this side. And if we look along this 
side from the Roan thru NKana and up the Chambishi and probably beyond, we have a 
zone there with barren formations including stromatolitic bioherms on the right and 
then a zone about a mile wide containing the ore bodies and beyond that a zone about 
]0 miles wide consisting of barren, pyritic, carbonaceous shale. The distance from 
there to there is about 40 miles, and similar conditions probably carry on for 
another 30 miles. These rock types are described and the dimensions are very 
characteristic of the interdeltaic lagona] deposits and these are what E believe 
these formations consist of. 

Moving north into Shaba province of Zaire; again the stratigraphic column, we 
don't need to look into it in detail. The bottom, Fn yellow, indicates arenaceous 
formations at the same stratigraphic horizon as the ones we just looked at in 
Zambia. About that is a dolomitic formation containing the lower ore body, then a 
stromatolitic dolomfte which is barren, and over that an ore body of dolomitic 
shale very simi]ar to that we looked at Roan Antelope. The red is the copper 
content. This is a photograph of a polished prece of the lower ore body -- a 
siliceous dolomite, finely bedded and cuperiferous ? . We will refer 
back to this. This shows the internal dolomite -- with the stromato]itFc dolomite -- 
with the reef that projects up into the dolomitic shale of the upper ore body. Now, 
moving up north in Europe, this illustration shows the depositional basin. Again~ 
you will note the intracratonic depositional basin of the Permian Kupferschiefer. 
The ore bodies are distributed along the southern flank of this basin. From East 
Germany perhaps to Poland. This is a section thru the KupferschEefer and under- 
neath are the red rocks known as the Rote Fau]e which are'barren and around which 
the copper is normally found. Again you will notice here the zoning of copper- 
rich to lime-rich, depending on chalcopyrite. Then lead and zinc moving commonly(?) 
into the basin. The Kupferschiefer is found at the base of one of the 4 major 
cycles in the Permian formations. Just above the Kupferschiefer is a second minor 
cycle which is different than the first. Of the major cycles, the Kupferschiefer 
occurs as the base of the lower one, the next one has some enrichment in copper 
but does not reach ore, and others are barren. That is just a picture of the foot- 
wall conglomerate, the Kupferschiefer itself is about 20 centimeters thick and 
underlying the limestones. 

This is a p ic ture in the Polish Kupferschiefer showing the varied construct ion 
of the deposi t ional  condi t ions.  Note there is a lagoon with a h igh ly  sal ine 
l i t t l e  pond being r e l a t i v e l y  open ocean on the r igh t  and a sand bar r ie r  between 
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them. In the lagoon, lead and copper are present in this dolomitic formation at 
the base. Along the barrier, copper spreads down into the sands and forms very 
much thicker ore bodies than normal -- perhaps several meters, and copper then per- 
sists out into the open ocean which, in this case, must call for deuteric and 
reducing conditions to promote. 

o 

This is a section at Udokan. You'll notice the yellow is arenaceous formations 
which predominate the uncolored shales and schists and the blue dolomite. The 3 
mineralized horizons. There is one there with the second body above. Again another 
with the 2 bodies there and here the main Udokan horizon. The scale here, each of 
these major divisions is several thousands meters thick. So this is quite large 
scale cyclic activity, and this is the one where I mentioned that the major ore body 
is in tl~e top Cycle. However, looking at each cycle, there is a copper ore body 
in deltaic formations overlain by shiny black here, a more widespread but lower 
grade lagonal deposit. The same there and the same thing occurred at the Udokan 
deposit itself. With a more widespread, lower grade lagonal deposit at the top. 
This does show some characteristics of the intraformational deposit. Although we 
get rather an unconformity there, but unfortunately I don't know enough of the 
detail of the geology to be able to analyze this any further. 

Moving across the Udokan is another Protozoic deposit. One of the biggest 
of the Lower Protozoic copper deposits known. At Djezkazgan carboniferous forma- 
tions, overlying limestones, contain the various copper horizons of which there are 
multiple horizons, 20 or 30. This shows a typical lens, a fairly large lens, but 
unfortunately I can't give you the exact scale. Redbeds and within the lens, con- 
glomerates and the yellow showing sands and the various shades of orange and 
black, richer and richer ore grades. So that the ? lens-like arrangement 
to the ore deposit itself. This just shows the detail section thru Djezkazgan 
illustrating the intimate interlaying of graybeds and cupiferous rocks. The 
stratibound ? are cupiferous and the red color are the red beds. 

Moving across now into North America, at White Pine we have the one class of 
deposits that is intimately associated with basic lavas, and overlying this, thick 
sequence of lavas and a conglomerate with another lavas intermingled. Within 
the first shaly sequence in this broad redbed sequence we find the White Pine 
deposits. This is a detailed section thru the White Pine just illustrating again 
the association between copper and these black beds and also the cyclic nature of 
the development with copper in the lowest redbed and lesser copper in the graybeds 
-- none in the sands and then again in the upper black formation representing the 
next cycle. This shows an interpretation of the depositional conditions at White 
Pine. With an alluvial fan on the southwest, a delta on the southeast, and a sand 
bar in the ore bed giving restricted circulation within this embayment. It is 
this embayment that contains the ore deposits of the White Pine mine. The embay- 
ment is opened to the northeast. The White Pine belongs to the vague or dominant 
group of Upper Protozoic stratiform copper deposits. 

In the Belt, the lower Belt formations are virtually barren of copper, aTthough 
we know they do have some lead-zinc deposits. The yellow coloring here indicates 
rather siltstones and sandstones and the deformation here which contains the one 
known ore body in the Belt, is also the base of most of the mineralization. All 
these black lines indicate some degree of mineralization. The Belt is one I would 
classify as an intraformationa] deposit. Although there are some doubts about the 
exact origin, as there are in many of these, there seems to be some fairly intense 
metamorphic activity which has also locally altered the red color to brown. This 
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is the same sequence of rocks in Canada and again equivalent to the Revett is the 
Valley group -- the Grinnell, again containing stratiform copper deposits with some 
zinc and iron in succession, again intimately associated with redbeds. However, 
s tratiform small copper deposits. 

The Creta deposit, Permian in age, Tn the Southeast is found Tn the Flowerpot 
shale, and this illustration shows the transgressive nature of the deposition of 
the Flowerpot; sea off to the left, land on the right, and transgressive sequence 
within which these little deposits are found. This is a photograph of the formations 
immediately above the Creta ore body, showing the finely bedded nature of gypsum 
and shaly redbeds with the copper deposit near the base of that sequence. Again 
this having intraformational characterTstics with no particular reason that is 
evident as to why it should occur at this particular horizon. The several Colorado 
P]ateau deposits which have been in the past referred to as the redbeds are found 
in the upper Paleozoic formations, Permian, and also Triassic within channe|s, 
sandy channels of fluvial or shoreline formation, and a]so in quartzites a little 
more wide and evenl.y spread, also in shoreline deposits. 

NOTE: End of 30-minute tape run - changed tape. 

..... 47 copper. At the corner some of those blue colored formations I showed 
you. They contain 31.6 silica, 47.8 carbonate. At time Roan Antelope in a forma- 
tion which again is very different in appearance, ranging from a biotite-tremolite 
schist to a paragneiss to a schistose dolomitic rock. We have very simFlar 
chemical composition again. So that the conclusion se~__ab__L~_~JcLaJt__tb~ 
silica dolomite bod!es are of similar oriqirl, ft has been suggested, for example, 
at Mt. rsa that these are in fact reef deposits or reef debris that has accumulated , , , 
and as you recall, I suggested a similar origin, in other words an alqal originu~~ 
for these formations in these other deposits. So it looks here as though we have ,j' 
a siliceous do|omite with algal affinities that does contain very substantial 
quantities (of copper ore?). At Mt. Isa, for example, there is perhaps 140 million 
tons that's quoted. At Shaba province, generally of Zaire, probably half their ore, 
which amounts to many hundreds of millions of tons, consists of the silica dolomite 
and at NKana, Roan Antelope, Chambishi. Again, .there are several hundred million 
tons of this same ore. 

These photographs have illustrated some of tile characteristics of these 
deposits and J would just like to finish with a few, very few words on the genesis. 
The bulk of the evidence in a large number of these deposits indicates that the 
mineralization took place early in the history of the rocks. That is during 
deposition -- during diagenesis in the Main. There are some where later activity 
is aIso very obvious. Such as the Belt. So my conclusion is that we have, in 
fact~ a fairly wide spectrum of genesis of these deposits; that you did, in fact, 
get syngenetic deposits or some sedimentary deposits that formed during l:he time 
of sedimentation of the host rocks. The copper could have been derived from 
volcanic emanations, hydrothermal emanations, or from the erosional hinterland. 
Subsequently, diagenetic processes could have led to the development of ore bodies, 
concentration of widespread copper in the rocks, and to modification of the existing 
ore bodies and similarly metamorphic processes, rather epigenetic processes could 
easily have resulted in ore bodies and could also have led to the modification of 
preexisting bodies of ~either the syngenetic or diagenetic type. So that, in fact, 
we have quite a range of possible genesis for these bodies and the only debate 
would be on a particular genesis for the individual bodies.. Thank you. 
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One question from the floor (Enaudible) ........ during which the host rocks 
deposited in particular times tend to have concentrations of copper. There are, 
in general, other times during which there are concentrations of lead and zinc. 
So there fs this differentiation and, although I wouldn't dare to substantiate 
this, F do have the impression that where there are lead and zinc deposits around, 
the silver is more likely to be with them. But where there isn't much in the way 
of lead and zinc, or particularly lead, there is more silver with the copper. 
But this is just an impression. 
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COPPER 
0 x i d e / N o n - S u l f i d e  Problems .W.E.$. 

MAR 1 3 1970 
Often g e o l o g i s t s ,  o r  o t h e r s ,  reques t  o x i d e  copper o r  n o n / s u ] f i d e  
assays, but do not specify the procedure for us to use which would 
be best suited to their partTcular requirements. (When the method 
is not specified we use a sulfurous/sulfurfc acFd leach, and deter- 
mine the copper content of the resulting leach solution.) The 
geologist may also have other laboratories assay the same material, 
but unless the same method is used by each laboratory, the results 
most likely will not agree, and further, may not meet the minera- 
logical and metallurgical requirements of the customer. Metallurgist, 
mineralogTst and assayer may unwittingly be working at cross purposes-- 
hence this bulletin. 

STnce the copper oxide analysis is a metallurgical problem rather 
than one of strictly analytical chem!stry, it must be approached on 
that basis. Each ore body is to a certain extent a new and distinct 
one and has Tts own particular mineralogical make-up. It therefore 
should become a joint effort of metallurgist, mineralogist, and assayer 
to determine what type of recovery can be expected from the ore, and 
therefore what oxide method should be used. 

When separating copper minerals by means of any solvent (H2S04, H2S03, 
etc.) that will dissolve some and not others, it must be understood 
that few such separations are absolute, and that practically any mineral 
present will be attacked to some extent. Also, in some copper mineral 
separations special solvents must be used that will dissolve the copper 
oxide minerals but not those of other elements. If compounds other 
than copper are dissolved, a new chemical can be formed which may dis- 
solve minerals that should remain undissolved, or some constituent of 
the ore may re-precipitate the dissolved copper. 

Two examples o f  t h i s  a re  as f o l l o w s :  In o re  c o n t a i n i n g  o x i d e  and 
s u T f i d e  copper  a good s e p a r a t i o n  can be made by means o f  d i l u t e  s u l f u r i c  

THE SOUTHWEST'S L E A D I N G  ASSAYERS AND REPRESENTATIVES 



acid, but if limonite, 2F20~.3Ho0 , is present it will form ferric 
sulfate, which with t!he H2S04 wfll ]each both the oxide and sulfide 
copper minerals. The ot:her example deals with failure to remove 
metallic iron in a non-reducing solvent. Sulfuric acid, as already 
mentioned, is a good solvent for copper oxide minerals, but any 
metallic iron present will re-precipitate t!he copper as metal almost 
as soon as it is leached from !the ore. Hence, it either must be 
removed or some reducing agent such as sulfurous acid must be added. 

T~he various copper oxide minerals do not leach equally well in any 
given solvent system. Cuprite for example, is leached to the extent 
f o • ~ ' o ~ dilute sulfuric acld, whi~ie azurite, malachite, and chryso- 

col|a approach 100%. C uprite, malachite and azurite approach 100% 
leachability in an ammonia-ammonium carbonate system, while chryso- 

oJ (See tests on the following page colla is only about 60~o soluble. -- 
U.S. Bureau of Mines RI 3228, prepared by W. A. Sloan of the Kennecott 
Research Center.) 

I This all points to the fact that only with advance mineralogical and) 
metallurgical help can the analyst give a proper evaluation as to ! 

what constitutes a suitable copper oxide assay. 

O 

O 
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COPPER 

Oxide/Non-SulfTde Determination 

Weigh a I gram sample for concentrates, 2 grams for headings, or 
3 grams for tailings into 250 ml beakers. Add 50 ml of concentrated 
ammonium hydroxide and 5 grams of small lump ammonium carbonate to 
the beakers and cover. Swirl the mixture in the beakers by hand every 
ten minutes for two hours. The leaching should be carried out at room 
temperature. Exactly two hours after the reagents were added, filter 
the samples through double Munkte11 #0 filter papers. Wash the samples 
from the beakers and wash on the paper five times with cold distilled 
water. Evaporate the filtrates to dryness on a hot plate. Dissolve 
the residue with lO ml of concentrated nitrTc acid and a little bro- 
mine water, take nearly to dryness, and dilute with water. Add I:1 
ammonium hydroxide until a permanent blue color is obtained. Boil 
until all of the ammonia is removed, add 7 ml of acetic acid and heat 
until the copper is dissolved. Cool and titrate in the usual manner 
with standard sodium thiosulfate solution. 

Comparison of Western Methods for Determination of Oxidized Copper in 
Ores. By W. A. Sloan RI 3228 

A) I to 5 g, 75cc 10% (wt) H2S04, just to boiling. 
B) 2 g, 25cc 5% (vol.) H2S04, 93°C, 20 minutes. 

C) 2 to 5 g in 100 cc bottle, lO cc 5% (vol.) H2SO4/g , agitate l hr., 
filter and wash hot water. 

D) 2 to 5g, 250 beaker, lOcc H_O, remove Fe with magnet, volume 
75 ml, add equal volume 5% ~vol.) H~SO~ sat. with SO?, sit I hr. 
rm. temp. (80°F) stirring freq. WaSh Hot H20. 

E) 5 g, 250 beaker, 50cc, 10% (vol.) H?SOL, brTng to boil wTthin 
2-3 min. Boil 3 min, filter, wash.- - 

F) 3 g ore, lO g tail, 250 beaker, 40cc boiITng H20 , remove Fe wTth 
electromagnet, 10cc 20% H2SO 4 (vol.) leach l hr. stirring freq. 
Filter and wash H20 hot. 

G) 0.5 to 5 g of ore or tails into 8 oz. oii sample bottle, 100cc 
4-~ S02, cork tightly, roll 2 hrs, filter and wash with dTi. SO 2. 

H) 5 g ore or taTls into 8 oz. salt mouth bottle and ground glass 
stopper, 100cc of 2.5 to 3% SO 2 stopper and seal with parafin. 
Agitate 2 hrs, filter and wash wTth SO 2 solution. 

I) 2 g ore, 3 g tails, l g conc., Tnto 250 beaker, 5 g lump (NH4)C03, 
50 ml NH~OH, leach rm. temp. 2 hrs. shaking occasionaTly. 
Filter add wash well. 

J) 2-5 g into 250 beaker, 50cc of 5% (vol.) H^SO, sat. with SO 2 heat to 
boiling and boil 2 min. Filter and wash h~t ~20. 

(See page 4 for solubility of selected copper minerals) 
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Total Copper Disso!ved, %, by Method 

I 

4~ 

I 
j> 

Mineral 
Oxides 

Azurite 
2CuCO3.Cu(OH) 2 

Malachite 
CuCO3.Cu(OH) 2 

Cuprite 
Cu20 

Chrysocolla 
CuSiO3.2H20 

Native Copper 

% Total 
Cu as 
Oxide A B C D E F G H I J 

100.00 98.28 99.72 I00.00 

I00.00 I00.00 100.00 lO0.O0 

I00.00 62.82 67.15 59.56 

I00.00 99.66 I00.00 i00.00 

3.72 4.47 5.95 3.82 

i00.00 I00.00 I00.00 99.95 i00.00 

100.00 100.00 100.00 100.00 100.00 

63.85 67.90 61.62 74.83 7i.02 

I00.00 

I00.00 

98.29 

99.91 

100.00 

66.34 

I00.00 99.66 98.66 99.00 99.68 59.20 99.33 

3.62 4.90 5.19 9.8O 7.25 i5.1o 4.46 
& . f  

Su l f i des  

Chalcocite 
Cu2S 

Bornite 
CusFeS 4 

Chalcophrite 
CuFeS 2 

Covellite 
CuS 

1.55 1.42 1.42 1.16 

0.46 0./+6 0.61 0.46 

0.35 0.95 1.27 0.63 

3.15 3.31 3.77 3.16 

1.66 1.68 1.94 1.42 I. 16 3.24 1.55 

0.92 0.92 0.92 0.61 0.61 3.82 0.30 

0.32 0.63 1.27 ].27 1.27 2.24 0.63 

3.31 3.77 3.92 3.63 3.46 4.67 3.16 
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~ECEtVED 

SEP 2 2 1988 

New York, N.Y., September 19, 1988 

TO: R. L. Brown 

Oxidized Porphyry Copper Deposits in the USA 

In keeping with the enthusiasm for acquisition of open 
pit porphyry copper reserves in the USA, I attach a list of 
oxide (non-sulfide) deposits which might be candidates for 
in situ mining. I excluded deposits owned by Cyprus, 
Kennecott, Magma, and Phelps Dodge, small deposits of the 
type being reviewed by Mr. Anzalone, and oxide deposits 
which might be open pit mined (Blackwater). 

The only deposit I could recommend acquiring with some 
enthusiasm is Casa Grande West. Ownership of Oak Flat 
would enhance our position at Superior East; whether Magma 
would be a potential competitor for this ground is unclear. 

F. T. Graybeal ~ 

FTG: mc 
Att. 

CC: W, L. Kurtz (w/att.) 
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IN SI~U MINING CONFIGURATION (OXIDIZED) 

Deposit 9wn~r 

Santa Cruz Asarco- 
Freeport 

Casa Texaco- 
Grande W. Simmons 

Reserve (M=mill ion) 

Sacaton Asarco 

Van Dyke unknown i00 M tons-0.5% Cu 

Miami E. Miami (?) 200 M tons-0.6% Cu 

Sanchez 

Superior E. 

Powers Gulch 

Florence 

unknown 

Asarco 

unknown 

see open 
pit list 

130 M tons-0.4% Cu 

I00 M tons-0.39% Cu 

Michigan 
Copper 

Amoco 

Yerington 
Area 

UOP- 
Homestake 

Asarco- 
Freeport 
trade to 
Simmons 

unknown 

+i00 M tons-+l% 

+I00 M to~-0.3% 

unknown 

? 
Pine Flat (?) 40 M tons-0.4% 

Comments 

Oxide reserves are present 
on ground E. of SC-58 
which would not presently 
be acquired through the 
Simmons deal. 

May be some current 
leaching from under- 
ground workings, 
1,000-1,500 ft. deep. 

Reserve unknown, 1,500 ft. 
deep. 

1,000 ft. deep. 

Need Oak Flat. 

2,000 ft. deep. 

Oxides may be too shallow 
to keep leach solution 
confined. 

Native copper. 

500~/f, 000 ft. deep, thin 
zo~ of CuOx, not well 

Either Mickey Pass, Tail- 
ings Pond, or Ann Mason 
may contain large oxide 
copper tonnages. 

Largely under post-mineral 
volcanics. May not be 
oxidized. 

FTG-9/19/88 




