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ASARCO 
AMERICAN SMELTING AND REFINING COMPANY 

S O U T H W E S T E R N  E X P L O R A T I O N  D I V I S I O N  

P. O. BOX 5747, TUCSON, A R I Z O N A  85703  

April II, 1572 
I I 5 0  N O R T H  7TH A V E N U E  

TELEPHONE 602-792-3010 

Sr. Larry Chandler 
Domicilio Conocido 
Tubutama, Sonora 
MEXICO 

Dear Larry: 

I t  was a pleasure to have chatted with you on the phone last 
week and I hope this let ter  reaches you at your "well known 
house." 

I have talked with the Southwestern Exploration Manager about 
your proposal and the following point appears. As I explained 
over the phone, ASARCO has many areas of interest in the south- 
west and especially Arizona, and it would be unfortunate if your 
area and one of ours coincided. You mentioned that some Sate 
land was involved as well as private and open ground. We believe 
it would be to the best interest of all concerned if you would 
pick up some part of the ground for your and Mrs. Ford's peace of 
mind. Then we could review all of your data and if an interest 
develops, then we ~ould validate your holdings as well aS pick 
up the surrounding area of interest as you now propose. The 
agreement as to price would be sufficient on the ground origin- 
ally held in your names to satisfy both parties. This would allow 
you to negotiate from the land owners standpoint and you would 
be fully protected during that period and we would have the 
opportunity of evaluation as is normal in our outside exploration 
adventures. 

I hope your trlp into the wilds of the Sierra Madra was successful 
and fu l l  of good beans and t o r t i l l a s ,  along with a good r iding 
mule, and I wil l  be looking forward to seeing you and ta lk ing  
about a l l  the good th ings .  

JDS:sg 

cc: WLKurtz 

Sincerely, 

James D. Sell 
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R,B, 
R,B, 
R,B. 
R,B, 
R.B, 

R I B * •  

R.B. 
R , B .  

92 

I 
i T o t a  
!.cu 

i dG-~ 
i O.D7 
i ~ , 2 i  
_DID 

! j . - -  

I ~ . I ~  I 

~ :  ~i~ l 
~ .  ~ 

~ I 
301,2 
312.5 
32].0 
330. I 

3g67d-  
356T0-  

3 6 3 , 5  
369.7 
Y i 4 ~ -  

393.0 

I n t .  Stag. 
( f t . )  

lO .O 
lO.O 
IO.O 
IO.O 

"l ] 0 . 0  
iO.O 

--T~.. o 
lO.O 
lO.O 
l O . O  
I0.0 
!0 ,0  
I0.0 

- - iV2G-  
--TG.--O-- 
~ - 9 ; - 0 -  

.~' 5.;0 
I0.0 

---/,-4- 
- - -~ . -T8-  

---823- 
- - - 9 _ F  

- - S T ~  
--r0-Tg- 

---o5 ° : 

97' - - - 9 - 9 ~  

- - T O - O ~  

99 
100 

97 
I00 

- - 9 - 6 ~  
- - 8 5 ~  

o mj 

_~o~__J 

~ . ~ S  

. . . . . . . .  -fi9-~: 6- 

395. I 
3-9-9- g 
-~-b?S- 

~- f4 :B -  

- f i~- : -o-  

• ~ .  ~ I r~_ 
~vs-f, g n - ~ - - =  - - -  

46~._7_ t. ~_Z__. 
4 6 4 . 8  . . . . . . . .  ~_&&_£ 
4 U § j F  _ _ _ _ _ _ ~ ! £  

4 7 4 , 3  . . . . .  ____,, f j . .qp.  j7o%--~- 
. . . . . .  ~ a ~ /  

L 7 , 5  

[ - - ~ . T - I  
- - - 2 - T T -  
--~_rl 

7,7 
2,0  
5.1 
~ . .  9 -  

- - s T g  
.___576-  

, !  
2.9 

--- '37,6,-- 

3 . 7  
2,1 

4 .9  

...... 61~-" 

- - 3 3 - - - -  

- -8~  
93 
93 

--33 
- - 2 2 - - ~  

--dL7 

91 

o •  
--~z7 

9O 

. . . . . . . . . . . .  :2 z,~a',, .s-~ 
. . . . .  I 

l Wt Vd 
Assay 

I 
6 . z /  I 

5.o 

0x I Wt'd 
Cu I Assay 

L _ _ _ -  . . . . .  I . . . . . . . . . . . . . . . . . . . .  

- I 

~ _ _ & _ J  .: 

" - -~-- - - -1 . . . . .  ~. /d / 
- k ~ 7 - T , ,  .... - ~  
: ,-i:s9 -LL l 

, / .~3_LL : - d  . . . . .  

,,.~I I _ L .  l . . . . .  

t :I . . . . . .  
L_z.~_o_ _l__t . . . . . .  j 
, , .  

t _ _  
I o . ~ 1 1  ___L . . . .  



ASSAY LOG 

P r o j e c t  SACATON :~'~ I ! I t I I ! ! I I I ! 

Hole  No. S.=!3. ....... 

From, - To 

5o]~ 
506:0 
516.0 
521 .I 
52-2.21 

531 ,5  / 
5 ~ , I T 3 - F - -  
~ 9 ~ ~ , 6 /  
553.O 

.... -~_~5_. ~_ 
559.5 
562.0  
56976- 
g~8.9 
5863.5- 
5-9-0-i-.i 
b3~ .  Z 

606-20- 

~ T ~ r  

:6~ TSZ 

b-33-~ 

67~5T3- 
~5379- 
~-6-6:.~/- 
65~3 -  
-Ed~f3- 
~ : o  
- 6 ~ F  
~;87 .-6-- 
69-271- 
7O-67.o- 
713 .~- 
7T~7¢ 
?~3-5- 
73-.~T, o- 
737.7 

750.5 

Sampl.e Code 

5"398 
_ _ _ _ _ ~ _ ¢ - L -  

• . ¢ ' 6 o o .  

", .f_Y.A_¢2=_ 

. £ 2 9 . #  _ 

d',~.q & 

5"~91 

Int. SpG. 
( f t . )  
~ v ~ -  • t 

~ ) . 2 :  

i 0 . 0  
5.1 
1.]  . . . . . .  
9.3 - ~  . . . . . . .  

~ : 4  3-:-~- 

G 3 . 5  
, -7~o 

9 ,6 - -  

--878 
-T . -8 - - -  

i , 9  

7.5 
7.0 

--ff7~- 
--6~-- ' 

- 3 ; Y - -  

% . - - 5 - - -  
- ~ E ~ - -  

3.5 
7.2 

- - 6 q T - -  
5 . 5  

- - ~ - -  

- 3 V 0 - -  
- ~ : ~ - -  

.... 975 - -  

i ~ 7  - - - -  
5.5 
7.3 

755.0 I 

Z?-----7~<~- I- - -  
~ ' _ - - 3 ~ - G E J T - ,  

. . . . . .  - , - - -  796.2 ] 

10.9 
.... ~C7--  

Sheet... '~2. - . . . . . . . . .  o f . . .  3 . . . . .  

97 
7---89 

55 
~ 7 - 8  ' 

, ~ _  " 

Rec (%) Total 
Cu 

~-- o--~-¢-~ ~ 
!oo .~. /.6/ .. 
99 0,5"5" _ 

i00  o . @ z  

lOO o . ~ q  

" 9; : . 7 ' /  
---8! /,74 
-fCo ,,.oe_]- 
- 55 o : ~ L _ L _  

%8 I , ~ . ~ /  
- 7 ~  - - I  o , ~ j  
8~ _1 ~.~-q- 

55 o. 7ZLL  
- 4 ~  --_,-w/--E 
- F F - - 7 - ~ ' F  
--~_7 / _ z . o  _k 

72 0,52. ) 
. . . .  1 _ _ .  

57 , , ~  , 
- -< t ,  .o.~,f I_ 

~-i ' __¢~J_L 

. . . .  o.7q ! 
O . ~ O  1 

- - 9 - f f  • !. .~ / . l_ 
- - 9 9 - - -  ~ .  ~, 7" _ _ 

97 ~ . f l  __ 
---~8-- o . ~ ' t  

100 D . ~ !  . . . .  

I 0 0 O. ~'3 ' 
I 0 0 ~ ..... 

- t o o - - _ 0 . : , / o : _  
--I "O-O "-- _.~ ~I ___ 

_ _  _G I_~_L__ 
- - - ~ _ _ _  _a~_cL_. 
- -6D __o.4o_ 
--~,~ .o, ~_C_.. 

- g T - - -  o, 4 9°'4-e-- 

1--:o~ -~-~i~-- 
95 o, ~¢ 

--]-o-o . . . .  ~-:~:b- 
9~ . . . . . . . .  ~ - ~  
98 _O_.@_ 
93 a.:/_~_ 

I00 ~ . ~ 0  
. . . .  ~ : T  . . . . . . . .  ~T~- 

--7.2--- 
6.1 

- --g--f-- "-i 

................. <~---L ...... - ~ .  8-- W- 

. . . . . . .  Date  1969 
~ Q e e t  • e o • m e ) e  ) a a i  i e . ) • o • 

Wt 'd 
Assay 

L ,. 

I " 

- -7----- 

i 

h_ 

! 

I 

i- 

0X 

Cu 

u J, 

i 

i 

--! 

. I 

---I 

___I 
I 
I 

I 
I 

I 

___I 

.... i 

I 
.......... F. 

Wt 'd 
Assay 



F r o m :  - T o  

ASSAY LOG 

SACATON 
P r o j e c t  . . . . . . . . .  . . . S h e e t ,  

S - 1 3  . . . . . . . . . . .  IIole No . . . . . . . . . . . .  

• . - . . . . . , . .  . 

Sample Code Int. SpG. Rec (%) Total Wt'd 
( f t . )  Cu Assay 

± 2 2  , " "  ; ' " '  . , . .  

8 ; 1 6 . 0  lO.O - 93 ' 0,47- 
• 8 i 9 . 3  . ' " 3 , 3  . . . .  67 , ~ .~g  . . . . .  

8 2 3 . i  ....... 3 .~  . . . . . .  U7 o,~(~ 

8 2 5 ~  . . . . . . .  2.3 " 7 0  o .~ ,~  . . . .  

° .  . ,  

. . . . . . . . . .  o f . . . 3 .  . . . .  

1 9 . 6 9  
D a t e  I t e l  e • g o g  I B ~ q  e o i • • i t  n q e o 

> o -  

0X 
Cu 

W t  fd  
A s s a y  

" . . . ,  - ~  

! 

I 

,,. !. 

. . . . . . . .  I I . . . .  

i._ I 

~ 3 6 . 0  I O . ~  . . . .  97  . . . . . . .  o,,<z . . . . . . . . . . . . .  

.... ~ " 5.8 :: ~3 -ojs_ " .... i,.- ..... .,, , 
8 ~  . . . . . . . .  2.6 ~ 5  ' o . 2 ~  . 

~r-., .. " ..i . 1 4~ . n .... ~,~' J. ~ " i . . . .  - ~. ~.~ ......... 
-'----'--BOTT (j}~i • ., ~ Is'~ 

• '"i . . . .  

I . , , 



P r o j e c t  SACATON 

, t o i ~  . o . . s . : l . Z  . . . . . .  

A s s a y s ' R e p r e s e n t  

From.- To 

460 
470 

....... 480 
490 

.... 50o 

510 .... 
5 2 1 _  
530 

54o 

55O 
560 .... 
570 

5~o 

6_1_o___ 
6?__O 

"6+3o___ 
640 
.65o___ 
660- 

680 
_@o___ 
7 0 0  
710 
715 
719.5 

---- Ya+Tf 

73!. <.( 
7D~.,_o_ 

7__6o--_o. 
. . . .  .7.6_.6__._O_ 

7_6_.8 ._o~ 
.723-_5_ 

. . . .  7_/3 •__5_ 
782 •6 
785.1 
7-8-7_~7 

.@5_d_ 
. . . . . . . . . . . .  D) 1_.o 

Sample Code 

1968-69 Data. 

l n t •  I SpG. 
( f t . )  i 

I 0 /  i 
vo I 
10 
|0  
|0  
10 
10 
10 
lO 
10 

--I-0---- 
l0 

7 - 0 - - -  

ASSAY LOG 

• • 

~ec (%) 

RockB i t 
RockBit 
RockBit 
RockBit 
RockBit 
RockBit 
RockBit 
RockBit 
RockB i t 

---K6~I~B~ 
---ff6-c-EB-F~ 
---P,-~-RBTf 

" --'-'Ro c - - ~ f  
- - ; ~ B - i  +: 

I 0 RockB i t 
I0 RockB i t 

~, 10 RockBi t 
I 0 RocRB i t 
IO RockB i t 
10 RockB i t 
IO • RockB i t 
10 RockB i t 
I O RockB i t 

.10 
I0 
!0 

5 
6 Z - -  

--6?. ~"--  

5.8 
8.O 

8.0  
~ T V - -  

RockB i t 
P---Eg~,oc - ~  
--~oc~.~-r~ 
-----KB~F.~ 

---+J . - 5 - -  
- - - - J : F 2 - -  

1 0 . 0  93 

91 

2.9 

~o0 
7.1 
2.5  

- T . 3 - - -  

8.5 
5.9 

821 .._! lO,l 

. . . . . .  __B_O T T O t'I 

79 

- - - ' f o - o - -  
+-FdO---+.-.. 

- - 3 g - - - -  
- T D 0 ~ -  

99 
--1-O-O . . . .  

52 

,+ • ~ . 

.......... 2 ~ % .  o ,  5 z A /  
. . . .  2.3 i 2 z,, 72 ~ 

Total Wt 'd 0x 
Cu Assay Cu 

+-~,/I- " ! ~,7~/ ........ 

L / ,  ~/Z 
i. ,:::,.,'.s"l. I I 
i ~.~,':P I ! I 

, - , . ° 7  . . . .  7 I 
, ~ . o 7  . . . .  I ! 

..~ , / ~  I t 
~ , o  7 _ _ - + ~ - - - t  

1~,o~. - - - 1  I 
~ :< ,~  f - _  I , I 
: o ;o  7 i_._~.. +,_ I , ' . ,  I 

j T_ t ; LI 
= + ; i  i 

" I - ]  

I 
, f )  . ~+~  ] ~ . .! 

_~+o~ l+ .:----I. 

+.+':'+I. L . .7  --2J.--ATi 0 

~-~ , ~ - - - ) - T - + - ~ - - I _ _ j  " 

.~. P 2  '. 

D . + Z  I o I 

o . ' ¢ b  I m , I 
___o, ;_<a 

, ~ , ] z  J 

~+,-/,7 t . . . .  
- - -~ , -~___I"  . . . .  - - -  

,,~-.o___a__t I _ _ ~ ]  

,0 - - - - 7 - + - - -  
. . . . . . . .  t 

o,/~" i 

I I 
. . . . .  k - -L- - r .  

S h e e t • .  ..IP . . . . . . . . .  o f  . . . .  1 . . . .  
o .  

Date . . . . . . . . . . . . . . . . . . . . .  

I 
Wt'd 
Assay 

I 

_ 



Pro jec t  SACATON 

Hole No. . .~=~q . . . . .  

Assays Represent 

From, - To 

i00 .0  
i i o . o  
i 20;0 
130.0 
140.0 

. 15o,0 
- .160;0 

17o,o 
I - 8 0 . 0  ' 
190.-i5- 
2 ~ 0 - , - 0 -  

210.0 
215;0 
220,0 
223.0 
22.3 W 

2~FTT- 
238.0 
248.0 
253.~ 2 - - ~ -  

2~7_1- 
275,0 
~-B-2Tg 
285.7 
287.8 
297.6 
3o5.o 

323. ! 
#~8-;8-  
333 .9  

350.3 
3 5 5 T F  
3-67 .--!-- 
368.9 
373.8 
377.7 
385.o 
393-.O 
46~TU- 
-4~-~T8 

iTf4-.-6- 
4-~777U- 

!_~Z,8_ 
b#,,l 

r ~ z . I  5 

452.5 

Sample Co~e 

j 

)ND DRI LL 

ASSAY LOG 

1968-69 Data 
. . . . . . .  I 

Int, SpG. 
( f t . )  
10.0 
10.0 

q o . o  
10,0 
I0.0~ 
IO.O 
10.0 
1 0 . 0  ! 

l O . O  I 
I0 .0  

' T 0 - ~ -  

10.0 
5.0 
5.0 
3.0 
0.0 

6 .9  
I0 .0  

- 5 ~  T -- .  

IO .0 
3.3 
7.9 

I--TTS-- 
3.2 
2.1 
9.8 
7Ji 

--go-4--- 
--8.7 
5.7 
5.1 

10.0 
--6,-4---  
- - 4 . T 8 ~  
"---8 . -0 -~  
_5_ ._8 

4.9  
3.9 
7.3 I 

I . . . . .  
-Tc~.-o----t . . . .  
--3-;-8--- . . . . . .  

~ .~. .$ p Sheet . . . . . . . . . .  o f  . . . . . .  

..... ". . . . .  . l~6p • ." Date . . . . . . . . . . . . . . . . . . . . . .  

• . ~ I ~ 6 , ~ I  ~ - , ~ /  
....... 2 z <s- # z,', ~ . E  i~t.~l, z ~  " 

RockB i t 
RockBit 
RockBit 
RockBit 
RockB i t 

---R-6-EITB-i-t- 

RockB i t 
RooI<B i t 
RockB i t 
RocPB i t 

--P,-b--C-~ff-iT 

97- 
95 
98 

100 

92 

83 
95 

IOO 
97 

" 94 - 

92 
" 96 

-TO~ " 
-700 

94 
92 
50 
97 

I 0 0  _ 
9~ 
98 . . . . . .  

--'IU 
---9~r - 
I00 
9 8  
96 

_1q9 . . . . . .  
96 

Total 
Cu 

0 ,  dO 

O.Io. 

~,oz  
~ . 0 ~  

o , o %  

O,2> 

O, O Z  ,, . _ - 

o . o J  

~ . o Z  
o___~, o__~_ 
~.__~_~ 

o o ~  

O + / ~  . 
O . . / . , o  

0 o ~ '  
0 0 2  

0,7__~ 

f_~, D,3 

__/_~_~ 
6~z. .  

o ._R_~ 

. . . . . .  i 

Wt Id 
Assay 

I0.0 
9.9 

'Ox 
Cu 

J 
I 

. . . .  - 7 _ [ _ - T _ - _  

t 462.4 

8,8 
9.7  

1.2 
- - 6 . - 6 - - -  

° 

Wttd 
Assay 

Rec (%) 

~ockBit 
RockBit 
RockBit 



P r o j e c t . .  SACATON 

I t I c ) l e  I ~ o . . . S " : ~ O  . . . . .  

ASSAY LoG 

... :..° .. °. 

i 

o° 

S h e e t  " ! 2  . . . . . . . .  o f . . . ~  . .-.. 

Date 1969 . 

From• - To Sample Code 

- - - - I  470,7t .' "" 
i i 8 o .  3 

495.i O- 
502 .O 
5"12.0 
5 1 7 . 2  
523.3 

535.0 
5~570- .... ~ 5 C ~ -  

564.3 
5 7 2 . 0  
579.8 

- 5 8 ~ 7 8 -  
. . . .  • - "593.3- 

. . . . .  6IF3.3 
......... 623~7~ ~ ~ 

I ~  

635 8 
645 7 
651 o6 

 o7:. C 
665.0 
D .-78- 
679.5 
68zF, F 

I 17~-~, F 
713.7 
723.5 
733.~- 
741,9 
751.5 
? ~6T75- 
7717r~- 
7E~FZS- 

• - ,  , , , ,  , 

I n t .  
( f t . )  

:'~'.0 
9 .9  
8,4 
6.3 
7.0 

1 0 . 0  

SpG. 

I 00  
t lOO 

Rec (%) Total 
Cu 

O.~,z I 

ioo 1 9 - -  
100 , ~ 3  

1 0 0  i , o - o  

~It 'd 
Assay 

Ox Wt'd 
Cu Assay 

825.0 1 

--- l~l;  f -7-1 

8 i 8 . ~  
s14.9- 
809.9 
802 5 

77 
78 ] 

. . . . . .  4 :  0 I . 

; :9.5 . . . .  
I0.O 

qO.O 
I I ~ 0 J, 0 

-I-~.0--- 
2.5 
9.9 
5.9 
9.0 

-~.7-- 
- - 8 7 8 - -  

5 .7  
"4.6 

-FI .-71--- 
I0.0 

.. ~ . o  

IO.I 
7.9 
lO.O 
lO.O .! 
9.9 ! 

io.-Tr--i 

6 .4  
8 .0  I 

-7,-4--i 
5,0  
7o7 

'-i$-.ZT--- 
~ Z - 8 - -  
5 , 2  
- -~-5- -~  --4..~ .... 

788.1 63 87 

99 
IO01 

- i00 
lO0 
I00 
lO0 
97 
97 
96 
I00 
100 
100 
93 
95 

I ' A ~  

. . . .  /0-0 
-~(~-~ 

97 
i01 

9 8 - ~  

8 9 - - ~  

99 

99 
91 

95 

. . . .  b - ~ i - - -  

89 

0 °02- 

./,~.~ . . . . . . . . . .  
o , ' 7 ~  . . . . . . . . . . . . . .  

/F' . . . . . .  
.7 ;  I 

. , ~ l  ~ ~ . . . . . . . . . . . . .  
z~o ~ i . . . .  

~::), OZ. ; I" 
o , #  

O , o Z  i ~ 

~ ,~  
o.#'/ i o 

o,p.y_ i I ~ " 

<~,...<r~ , -'k S 

. . . . .  f ! ~ :,..* - 

.~,J"z.. ~ . I ~7 __ 
~.o~_t 1 

0,7Yo 

I 

. . . .  

100 
98 

. . . . . .  s . 2  . . . . .  i =94  ..... i 
6. l 83 yJ•J ..... 

: "-5 ' 93 .0 ...... 
6,7 93 

i 0 .0  9~ 
. . . .  IO-ZO ..... 9L~ 

9.3 



ASSAY LOG 

,:rom" To 

-Project  

H01e No. 

SACATON 

S=30 -.. • . . 

Sample Code 

O 
Sheet ' )  " o f  I'41 l t l l l l l l  ! I l l  I i i i  

Date - 1~67 

I n t .  SpG. Eec (%) 
( f t , )  

~ - : 7 t  ~ " ' : ' . . . .  ~ . 9  ..1i . . . . . . .  , ,  l o o  
" 864.8- 6.5 95 

873.5 . . . . . . . .  8 .7 . . . . . . .  90 
8 8 3 ~ -  9 .7  100 
93B-9~. z . . . . .  s,/~" 
9o1.8-- . . . . . .  
911.-8- 9 ~  .......... 

931 ~ : ~: 

!0 .0  94 
8 T 6  " 95 
10.0 100 

941.5 9.9 
951.5 10.0 
. . . . . . . . .  .= , , 

9.9 

93 

b-~-~ -  8,1 

!Total Wt'd Ox 
Cu Assay Cu 

. . . . . .  . _ 

A I D  ; ,  

/ , 21 .  
i -  

I 

F " ' ! 

, / , ~ .  :.! . . . . . . . . . . .  
~.d.< 

O0 /.#¢ 
1oo /_&£, £__ 
!oo I ,~Y 
97 ...... ~ . ~  ' 

:97 /,,~D.. 
97 /,~I 
93 ~.d~ ' 

~7 

. # 2  / r,:, i .  8- 
I0.0 

~71.3 

9 e 0 7 •  . . . . .  9 .3 
997:E- 7.0 79 

92 
98 

5,~- 

97 

1011.3 #21~.  7.9 
1021.2 9.9 
1031.2 i 1 0 ' 0 -  
1037.9 6.7 
Fd~?~2~- " 6 . 6  
lo~-~.~ 9.-~- 

67 
96 
97 

1057.7 3 [~ 95-- 

1072.3 

n - o v f f  
!113.1 
1123.3 
! 1 3 o 3 F  

1151.3 

--lq-6T:-. T 

1167,1 
1173.3 

52. f9 

10.0 99 
-%IC-.6 . . . . .  85 

8.4 97 
-6-79 - - - - - - ~  

-~E4-- ~ 

.%  

10.0 100 
9.8: 1 

Wt ~d 
Assay 

.- 

' ' t " " "  ' 

i 179 :Z~  - 
8o.1~ !i '~---  

119-sTr 
12o3.o 

o ,~0 

o, /Z  

zg:'Z&$ 
; ~ . ~  
0,o-~ 
~ o 0 7  

/,.¢4 

o, Sg 
0.30 

t3 

I 
i - - - 2 1 _ _ !  

8 .9  51 ~.~/  
10.2 9~ o.d~ 
7. ! 99 #. 2# 
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TO: 

FROM: 

W. E. Saegart 

B. E. Kilpatrick 

AHERICAN SMELTING AI~D REFINII'IG COMPANY 
Tucson Ar i zona 

October 5; 1970 ~ R . ~  S~j~_~_. ~_L~.~.C__ " 

• RE D AND R rUR  

PREPARE ANSWERs.~_..HA~DLE ~ 
n L ~  

~INITIAL$~ 

SUBJECT: Review of Santa Cruz Project 
Pinal County, Arizona 

Summar~ 

Deep drilling through alluvial cover on the Santa Cruz Project encountered 
significant alt&ration and chalcocite-enriched copper mineralization that 
warran~additional testing of the area by two new holes. 

Introduction 

Drilling through alluvial cover on the Sacaton Project during 1962-1963 
revealed a concealed zone of alteration and copper mineralization that was 
cut by a series of high-angle faults. These faults caused considerable 
vertical displacement in the secondarily enriched copper mineralization. 
The mineralization terminates against a low-angle fault that has been 
inferred to be a "gravity slide" that displaced the Sacaton deposit from 
a mineralized center to the southwest in the Casa Grande Valley. 

Subsequent deep drilling t h r o u g h  alluvial cover in the Casa Grande Valley 
during 1964-1965 revealed an area of alteration and apparently uneconomic 
copper mineralization that was inferred to be the "root" of the Sacaton 
deposit. A total of 17 holes were drilled on the Santa Cruz Project using 
a rotary drill to penetrate the alluvial overburden and to spot-core the 
bedrock. Drill hole depths ranged from less than IO00 ft. to over 4000 ft., 
with an average depth of 2400 ft. Core runs in bedrock varied from around 
lO ft. to over lO0 ft., although the average run was around 20 ft. Ore- 
grade sulfide copper mineralization was encountered in a short intercept 
in one hole only and the project was abandoned. 

At your request, I have reviewed the drill core in order to re-evaluate the 
alteration and mineralization encountered during the Santa Cruz drilling. 
The lithologies~ structure, alteration and mineralization in each drill 
hole were recorded with special attention being given to the interpretation 
of the indigenous iron oxides in the leached capping that was encountered 
in the core. This information is briefly discussed below and is presented 
on the accompanying illustrations. 
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Lithology 

Five bedrock rock units were recognized during my review of the Santa Cruz 
drill~core: granite, aplite, diabase, biotite quartz monzonite porphyry, 
and andesite. The granite is probably Precambrlan in age and the aplite 
appears to be closely related to the granite. The granite consists of 
coarse-grained intergrowths of quartz and pink microcline, with occasional 
large e~hedral microcline phenocrysts scattered throughout the rock. Bio- 
tite occurs as an accessory mineral. The apllte is a fine-gralned, sugary- 
textured rock that intrudes the granite in minor amounts. The diabase is 
a gray-green flne-gralned mafic rock that intrudes the granite and is 
probably also Precambrian in age. The Precambrian rocks are cut by the 
biotite quartz monzonite porphyry, which is a gray rock consisting of fine- 
to-medi~ grained feldspar phenocrysts accompanied by abundant medium- 
grained euhedral, biotite "books," set in an aphanltic ground mass. The 
andesite was not positively identified as it is pervasively altered wherever 
it occursl however, it is a gray~ aphanitic rock that appears to be intrusive 
in origin. 

Most of the drilling encountered only Precambrtan rocks, predominantly the 
granite (Fig. 4). The porphyry seems to occur as dikes cutting the Pre- 
cambrian host rocks in the central part of the drilling area, but two holes 
(SC-14 and SC-16) encountered relatively thick intercepts of porphyry which 
may indicate that a substantial mass of porphyry occurs in central part of 
the area. The andesite occurs only in minor amounts. 

Alteration 

Alteration in the Santa Cruz area is mainly argillic and chloritic, accom- 
panied by minor amounts of sericite and specular hematite. Pervasive 
serlcitlc alteration was encountered in one drill hole only+ SC-13, in 
the central part of the area (Fig. l). A zone of moderate alteration 
(predominantly argilllc) surrounds this hole and extends in a northeasterly 
direction over an inferred ~rea of approximately two square miles. Altera- 
tion beyond this area consists mainly of weak chlorttization. 

Mineralization 

Copper mineralization in the Santa Cruz area consists of oxides (mainly 
chrysacolla) developed during the leaching of secondarily enriched sulfides. 
Drill hole SC-12 penetrated ~proxlmately 300 feet of bedrock in which 
abundant copper oxides were encountered in the upper:+part of the hole, 
but only traces of copper oxides occur in weakly altered, leached rock 
a t  t he  bot tom o f  t h e  i~ole. 

Short intercepts of ore-grade chalcocite mineralization mixed with iron oxides 
were encountered in the bottom of drill hole SC-13. One 4-ft. intercept ran 
1.05 per cent copper; the next 5 ft. interval 56 ft. lower (separated from the 
first by rock-bit drilling) ran 0.59 per cent copper. %.leak sulfides also occur 
in drill holes SC-14 and 15, with copper values in tile short core intercepts 
running between 0.1 and 0.3 per cent. 



W. E. Saegart -3- October 5, 1970 

The leached bedrock is flooded with exotic red iron oxides that mask the 
ingigenous limonites developed during the oxidation of the sulfides. Much 
of these exotic iron oxides may be developed after specular ~hematite, 
rather than sulfidesi however, some obvious "live limonite" (hematite) 
afte# chalcoclte is apparent in dril] holes in the central part of the 
area. I have attempted to estimate the strength of the original copper 
mineralization from an interpretation of the "live limonite," oxide 

copper, and assay data. The strongest copper mineralization occurs in 
drill holes SC-12 and_SC-13 and the inferred area of relatively high- 
grade copper mineralization occurs in section 13 (Fig. 2). Thls area is 
surrounded by significant, but weaker, copper mineralization in an area 
that roOghly coincides with the area of moderate alteration. 

Structure 

Inspection of the drill core from the Santa Cruz Project reveals that most 
of therock is highly fractured. The core from the drill holes in the 
central part of the area is strongly fractured, but the core in the north- 
east part of the area is even more intensely fractured and sheared, indicating 
a major fault zone. A plot of the intensity of fracturing (Fig. 3) suggests 
a strong northeast structural trend. As this trend coincides with the better 
mineralization, it may represent a pie-mineral trend. However, the intense 
shearing in drill holes SC-14, 15 and 16 suggests a cross-fault or structural 
intersection in the area of these drill holes. 

The shearing in the drill core appears to be definitely post-mineral in age. 
Contouring the depths to bedrock encountered in the Santa Cruz drilling 
yields further evidence for a cross-fault (Fig. 5). The bedrock surface 
forms a broad "high" in Section 13 that drops off abruptly to the northeast 
and southeast, indicating possible fault displacement, with the northeast 
block being down-dropped. Bedrock depths in the central part of the sec- 
tion probably average around 1500 feet, but drop off abruptly to around 
2500 feet to the northeast. 

Conclusions 

Deep drilling through alluvial cover during the Santa Ckuz Project encountered 
a broad area of mineraliz~tion and alteration southeast of the Sacaton de- 
posit, on an extension of the same elongated trend the Sacaton deposit occurs 
on. Hineralogic evidence indicates that the copper mineralization that was 
encountered consists mainly of an oxidized portion of a previous "chalcocite 
blanket"; however, the area was not adequately tested to rule out the possi- 
bility of finding significant amounts of preserved chalcocite enrichment. 
The existence of ore~grade chalcocite in the bottom of drill hole SC-13 
indicates that more of such mineralization may occur in the vicinity. 
Furthermore, the probable existence of post-mineral block faulting in the 
area suggests that additional chaicocite enrichment could have been preserved 
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in a down-dropped block northeast of the area that was tested during the 
Santa Cruz d r i l l i n g .  (This p o s s i b i l i t y  depends on the . re lat ive ages of 
the ox idat ion vs, the f a u l t i n g i  however, for  the fau l t ing  could be post-  
ox idat ion in age.) The northeast trend of the a l t e ra t i on  and mTneral izat ion 
is open-ended and supports the p o s s i b i l i t y  of encountering addi t ional  min- 
e ra l i za t i on  to the northeast,  Bedrock depths in the southwestern block 
(Section 13) should average around 1500 feet ,  but bedrock depths in the 
northeastern block w i l l  be deeper s probably around 2500 feet ,  

Recommendations 

Two add.itional holes have been recommended, one in the NE I/4 of Section 
13, T.6~N, R.4E, and one in the southern I/2 of Section 7, T.6N, RSE, as 
shown on Fig. 5. The hole in Section 13 should be drilled first to test 
the possible extenslon of known chalcorate mineraIizatlon in SO-13 and 
the hole in Section 7 should be drilled next to test the possibility of 
additional preserved chalcocite mineralization in the down-dropped fault 
block. A third hole should probably be programmed to supplement the 
results of the first twoholes. 

BEK:mw 
Art. 

/~/. 
I 

dS~ :<" • ~I ~'~ *~,'~,~ 7~ ~ 

B.E. Ki Ipatrick 
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AMERICA~ SMELTINGAND REFINING COMPANY 
Tucson Arizona 

November 5, 1970 
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TO: W.E. Saegart 

FROM: J. D. Sell 

Re : J. R. Wojcik Proposal 
Sacaton Exp]oration 
Pinal CountyLArizona 

At your request, I have reviewed in a rapid manner the suggestion of 
J. R. Wojcik (August 6, 1970) that additional values of appreciable 
copper is present and possibly expandable below the present pit design 
at Sacaton. 

In addition to the geology and assay files, I have also reviewed the 
computer printout of bench data by C. E. Williams. 

The available information supports Wojclk's suggestion and geological 
and gross mineral trend features suggest continued mineralization in 
the O.3~ to O.5~ copper range under the present plt design with the 
probable extension of such values to the north and northwest. These 
values are averages for thick, 300-600 foot, known sections, and higher- 
grade zones are also present within these thick sections. 

Attachment A is submitted to exhibit the gained information. Of the 
twenty-three holes which penetrate the design pit bottom and are in 
mineralized rock, the following points are revealed: 

a. Only one hole has values of less than 0.15% copper. 

b. Three have only values between 0.15-0.30%. 

c. Eight have values of over 0.3% just under the pit and 
subsequently pass into values between 0.15-0.30%. 

d. Two have values of 0.15-0.30% just below the pit and 
pass into values of over 0.30%. 

e. Eight have only values of over 0.30% copper in the 
drilled columns below the pit design. 

Review of five holes surrounding the bottom area of the pit show the follow- 
ing distribution of values from above the pit limlt and extending to the 
bottom of the hole. 
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Hole 

S-l 2 

Foot age Grade Comme n t 

124.4 0.09 
Pit bottom at 645 feet 

123.5 0.08 ) 
95.5 1.27 ) ) 
43.9 1,18 ) 405.7 @ 1.31 ) 

266.3 0.33 ) ) 
529.2 @ 0.52 

S-30 

S-35 

189.5 1.22 
Pit bottom at 977 feet 

96.4 0,17 ) 
173.8 o.40 ) 270.2 @ 0.32 

59.6 0.95 
Pit  bottom at 563 feet  

452.2 -- 0.19 ) 
44.7 o.77 ) ) 
55.4 0.18 ) 
I0.4 0.74 ) 160.6 @ 0.44 ) ) 
50.1 0.35 ) ) 

612.8 @ 0.26 

S~102 82.0 0.22 
Pit bottom at 755 feet 

192.4 0.26 
64.5 0.58 
69.3 0.33 

) 
) 326.2 @ 0.34 
) 

S-If2 147.3 0.16 
169.1 0.53 

I.I 0.06 
Pit bottom at 783 feet 

3.0 0.07 

The above information suggests that thickness in excess of 200 feet of 
over 0.30% copper is presently under the central part of the pit and extends 
to the north and northwesb, as well as in depth, but its extent is unknown 
for lack of drill data. 

The information further suggests that thicknesses in excess of 200 feet and 
ranging between 0.15-0.30% copper is mainly present in the south and western 
part of t h e  p i t  area. 

No firm facts support appreciable chalcocite values to the north and north- 
west, but the data is certainly open-ended and commercial values and thick- 
nesses are possible. A few deep holes in the area are justified for control 
and information on the mineral distributlon. 

.P) 

James D. Sell 
~r 

JDS:mw 
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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

TUCSON A R I Z O N A  

February 19, 1974 

TO: W.L. Kurtz 

FROM: J. D. Sell 

Balla-Beck Sacaton Map 
Pinal County, Arizona 

The Drafting Department has recently completed the '~Geology 

Map of the Sacaton Mountains ~' at a scale of I"=2000' The map is 

Balla's compilation, revision and remapping of the project initiated 

by D. Beck in 1963-1964. 

JDS:Ib 
Attach. 

- , Z / Y  

..... -' J .  D. S e l l  
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JHCourtright 
FTGraybeal 
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FILE 
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S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

A R I Z O N A  

April 4, 1974 

F ILE MEMORANDUM 

.Saca~ton 

Barry Watson, U.S. Borax, says that their  d r i l l i ng  (near "Y" 

area) indicated B zone in the "Three. Peaks monzonite" that was up 

to 400' wide and about a mile long, that contained .l to .2 copper 

as chalcopyrite. Leaching was up to 300'. 

At a ],000' depth, s t i l l  in Three Peaks monzonite. 

W, L. Kurtz 

WLK: i b 

c c :  RBCummings 

/ 
/ 

/ 

~C 
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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  
TUCSON A R I Z O N A  

A p r i l  24, 1974 

Memorandum to: W. L. Kurtz 

From: F. T. Graybeal 

Sullivan property 
Sacaton district 
Pinal County, Arizona 

On April 23, 1974, J. D. Set1, R. B. Cummings, and I reviewed some 
drill core from the Sacaton Mtns. with Bob Kistler, Chief Geologist and 
Barry Watson respectively of U.S. Borax and Larry Loidolt of California 
Exploration Corp., a consulting company. Borax had recently completed 7 
diamond drill holes in Sect. 7 and 12 about 4 miles NNE of the Sacaton 
mine (between the corundum vein and the~freeway) on property optioned from 
Sullivan. They became interested due to an earlier Sullivan hole which 
averaged 200 ft. of 0.8~ Cu (oxide). 

The drilling was guided by rock chip geochemical sampling partly. 
collected from shallow auger holes through the soil. This work and the 
drilling are said to have defined a zone striking N70°E which measures about 
l mile long and lO00 to4000 ft. wide, although opinions on the width 
differed. Oxidation is roughly lO0 ft. deep with very little leaching and 
only rare traces of chalcocite. Weak iron staining and rare copper oxide 
occurrences are said to mark the zone at the surface which J. D. Sell noted 
was originally mapped by Kinnisonand~ Blucher. 

H~le #4 (1038: ft. d'eep) ° was' al~parently the best mineral ized and is 
located I/2-3/4 mile west of the Silica pit near a bulldozer cut in copper 
oxides. We are not certain of the location and maps were not available. 
The host rock in this hole was a fresh, equigranular or weakly porphyritic- 
looking quartz monzonite with about 7% biotite (5% coarse books, 2% finer- 
grained shreddy material). The rock was we]l oxidized to lO0 ft. with 
spotty azurite-malachite-tenorite and probably averaged about 0.4~o Cu. 
The highest grade primary sulfide interval was from I00-250 ft. and averaged 
0.30% Cu. This zone contained ~ossibiy 0.5 percent irregularly distributed 
quartz and K=feldspar veins. In addition there were several 12" zones of 
massive K-feldspar allteration, with minor associated epidote and chlorite, 
which contained abundant disseminated and vein-controlled chalcopyrite and 
magnetite. Over the interval from I00-250 ft. I estimate about one percent 
sulfides with pyrite:chalcopyrite = :l:l equally distributed as disseminations 
and in veins. Petrographic work reportedly showed that the sulfides were 
often randomly dissemina'ted throughout the rock, and were not spatially 
associated with any one mineral. The chalcopyrite was obviously more 
abundant in K-feldspar-rich zones. Below 250 ft. the grade drops rapidly 
to the bottom of the hole which was very fresh. 

\ 
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The core we saw in the other holes was mostly fresh, somewhat broken, 
with minor pyrite. A number of percussion holes were also drilled near 
hole #4 to test for additional copper oxides, although no significant 
results were found. Some of the later diamond drill holes were angled - 
under hole #4 to determine whether the higher grade zone was dipping, but 
it was apparently a local feature. U.S. Borax plans to drop their option, 
and from what we saw the property appears to be of no further economic 
interest. 

It is interesting, however, that the alteration and mineralization is 
characteristic of deep parts of known potassic alteration zones in other 
porphyry copper deposits. It is also interesting that the shape, size, and 

direction of elongation in this zone are very similar to the Sacaton altera- 
tion zone. The implication is that the SulITvan zone may be the root of the 
Sacaton zone, the latter pos~sibly being emplaced by gravity sliding. This 
would suggest that the. Santa. Cruz zone is also a slide plate rather than 
the in situ root as earlier proposed a~-that other slide plates may remain 
to be foundL 

The exp]oration importance of this hypothesis is obvious and it thus 
becomes important to know the shape and location of the Sullivan zone as 
exactly as possible. We should, therefbre, attempt to acquire the Sullivan 
data and review it in the field. 

FTG: lb 

cc: J D S e l l /  
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April 25, 1974 

American Smelting & Refinery 

P.O. Box 5747 
Tucson, Arizona 85703 

Attention: Mr. James Sell 
Exploration Division 

Dear Sir: 

Mr. Barry Watson, resident manager of U.S. Borax, Tucson, had 
asked permission for you to review the core from the most recent 
drilling of Section 7 and 8, Township 5S, Range 6E, which I 
willingly granted. My reasoning is that I would like to create 
better feelings and establish a more acceptable business relation- 

ship. 

I am at this time very willing to show addi~onal information to you 
in hopes of your considering a joint venture or option. 

IS/ jm 

cc: Mr. Fred Graybeal  
Mr. Robert Cummings 

Respectfully submitted, 

lames Sullivan, Pres ident  
I .  SulI ivan Company,  Inc .  



A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

T U C S O N  A R I  Z O N A  

September I0, 1974 

Memorandum for: H. G. Kreis 

From: W. L. Kurtz 

I should like you to devote the majority of your office and field time to 
a study of the Santa Rosa-Sacaton-Poston Butte-Ray porphyry copper belt. 
Asarco has previously done consTderable work in this belt, but we still 
consider it as a permissive zone for the discovery of new porphyry copper 
deposits. 

Previous Asarco generated data includes gravity, aeromagnetics, I.P., 
water well analyses, geologic mapping, and drilling. Your work should 
synthesize all of this data to help decipher the complex geologic history 
of this region. Of particular importance is the post-Laramide period of 
complex faulting, volcanism, and erosion which has had a profound influence 
on such deposits as Sacaton and Santa Cruz. Your study should be amply 
supplemented with field work. This regional approach should allow selection 
of permissive covered areas for testing with a geologic drill. Currently 
Mr. Cn,artrlght is . . . . . . . . . .  developing a geologic drill ~ p~og-=m and you =,o~ ..!~.~ fr~cly 
discuss your work and ideas with him. 

Your attention is directed to the following reports: 

Table Top Reconnaissance by Sell 
Progress Report on the Structural Geology (Nappe) 

Program by Giesecke 
Sacaton Mineral Belt by Giesecke 
Sacaton Project 
Santa Cruz Project 
Gila Project 
Poston Butte Project 
Blackwater Project 
Red Hills Project 
Ray West Project 
Santa Rosa Project 
Santa Rosa South Project 
Casa Grande Valley Water Well data by James 
Poston Butte Area Water Well data by James 
J. C. Balla's PhD dissertation 

Besides the above l i s t ,  much other information exists in our f i les that 
should help you. 

W. L. Kurtz / / -  
WLK:lb 

cc: TCOsborne~ dHCourtr|ght; 
JDSell; FTGraybea] 
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Exploratio n Department 
Western USA 

January 30, 1976 

/ Y  

Memorandum for T. C. Osborne 
.. • . 

Santa Cruz 
Arizona 

On January 29, 1976, Mr. Graybeal and ! met at Freeport's Reno office 
with Messrs. Cook, Flint, Karras, Buckner, and Cornelius. Though a 
difference of opinion on when to initiate drilling exists, there is 
little difference of opinion on number and location of drill holes needed 
on "The Lands" and on "Peripheral Lands!'. 

The following was agreed upon: 

I. Purchase Dunlap's option now. 

2. Dril]Ahole on "The Lands" east of SC-16 near the National Exhibition 
Company (San Francisco Giants) to evaluate the desirability of 
acquiring this land. Drilling to commence in the Second quarter. 

3. Contact El Paso Natural Gas to determine time schedule and doliars 
relative to moving the pipeline. 

4. Mr. Osborne and/or Mr. Hecox communicate directly with Mr. Cook 
(Freeport Reno telephone #702-323-2251) concerning status of NAAC 
negotiations. 

5. T. D'Ambrosio offer to purchase Mormino's option with Newmont to 
learn terms of option. 

6. Asarco drill a minimum of five holes on "Peripheral Lands". 
Drilling to commence after the anniversary date of the Mormino 
option unless data from 3, 4, 5 above indicate necessity of an 
earlier starting date. Encouraging drill results would lead to 
additional drilling. 

7. D. Cook will send letter to Collins Trust (draft read by Graybeal 
and Kurtz). 

8. Should Asarco's drilling and related expenses not aggregate $300,000 
on the "Peripheral Lands", Asarco will seriously consider drilling 
two or more holes in the oxide zone on "The Lands" (drilling to 
start after anniversary of Collin's option). 

9. Freeport, specifically K. Cornelius, will be consulted prior to 
spudding any hole. 



T. C. Osborne 2- January 30, 1976 

IO. Asarco will provide Freeport with key to core shed. 

Not considering any land payments, the estimated cost for. the minimum.- 
program is estimated at: 

"The Lands" (l rotary hole, spot core) $40,000 Asarco account 

"Peripheral Lands" (5 holes) ~240,000 ($|20,000 Asarco's 
share) 

W. 

WLK: Ib 

cc: D.Cook, Freeport-Reno 
K. Co rne | i us, Freepo rt-Tucson 
FTG raybea | 
RBCrist 
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INTRODUCTION ~-#~ ~ - 6 ~  J~#~3 -~ # ~ ' / ~ # / ~ 7  # ~ 

The Sacaton copper deposit is located in Pinal County, Arizona, about 6 miles 

northwest of Casa Grande and 65 miles northwest of Tucson. The mine is on a gently 

sloping pediment south of the Sacaton Mountains. In the mine area vegetation is 

sparse, the climate is semiarid, and the average elevation is 1,450 feet. 

Early :in 1961 Asarco geologists examined a small outcrop of leached capping 

1.5 miles south of pre-mineral outcrops in the Sacaton Mountains. This outcrop 

forms a low h i l l  about 30 feet high and 300 feet in diameter surrounded by 

Quaternary alluvium. The h i l l  is ~ i - n / b y  granite and thin monzonite porphyry 

dikes and exhibi ts pervasive phy l I i c  a l tera t ion.  Interpretat ion of the leached 

capping suggests the outcrop contained about 2 percent pyr i te  by volume with traces 

of chalcocite. 

With the altered outcrop as a positive exploration lead a drilling program was 

initiated which eventually outlined two zones of ore-gracle copper mineralization. 

The relative position of the ore bodies to the Sacaton Mountains and the discovery 

outcrop is illustrated on Figures l and 2. The West ore body is presently being 

mined by open pit methods; the East ore body will eventually be mined by block 

caving methods. Full-scale production from the west ore body commenced in February 

1974 and currently averages approximately l l,O00 tons of ore per day. 

This paper is based on data obtained from pit mapping at l"=lO0' and diamond 

drill core logging. Because the East ore body is known only through diamond 

drilling most of the discussion and conclusions in this paper relate to the West 

ore body, although generalized comparisons will be made between the two ore bodies. 

GENERAL GEOLOGY 

Regional Setting 

The Sacaton deposit occurs in the Desert Region of the Basin and Range Province 

of Arizona. At the close of Older Precambrian time the Oracle Granite bathoIith 

intruded Pinal Schist. In Younger Precambrian time Apache Group sediments were 
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deposited and igneous a c t i v i t y  resul ted in the emplacement of  the Sacaton Granite 

northwest of the mine and numerous diabase dikes. During the Paleozoic the Sacaton 

Mine area was probably near the northern l i m i t  of the Sonoran Geosyncline. An 

unknown thickness of Paleozoic sediments was deposited and l a te r  eroded along with 

most of  the Apache Group rocks. During the Laramide Orogeny two g r a n i t i c  stocks, 

the Three Peaks Monzonite and the Sacaton Peak Grani te,  were emplaced in the v i c i n i t y  

of  the mine. Cenozoic f a u l t i n g ,  u p l i f t ,  and erosion took place with the deposi t ion 

o f  cont inenta l  sediments and development of  the present topography. 

Rock Types 

The geology of  the Sacaton Mountains is shown on Figure 1. Pinal Sch is t ,  the 

oldest  rock exposed, occurs almost e n t i r e l y  as quartz-muscovite sch is t  roof pendants 

in the Precambrian g ran i te .  

Precambrian gran i te  intrudes the Pinal Schist  as a large mass in the northwest 

port ion of  the Sacaton Mountains. Smailer exposures are a|so found in the central  

por t ion of  the'mountains and j us t  south of  the Sacaton depos!t in the discovery out-  

crop. The rock is coarse grained, cons is t ing of quartz and or thoclase (some of which 

occurs as phenocrysts to 1.5 inches in length) with minor p lagioc lase and b i o t i t e .  

Bal la (1972) cor re la tes th is  g ran i te  wi th the Oracle Granite from the San Manuel area 

~ a u s e - - o f  petrographic s i m i l a r i t i e s .  His K-Ar date of  1240 m i l l i o n  years for  the 

rock is younger than the Orac]e Granite at San Manuel, but he postulates that  th is  

discrepancy is due to an argon loss. 

A younger Precambrian grani te  stock intrudes the Oracle Granite in the southern 

part of  the Sacaton Mountains. Exposures of  the grani te  are elongated roughly 

pa ra l l e l  to the southern l i m i t  o f  the main mass of  Oracle Granite (NGO°E). This 

rock is f ine to medium grained and contains quartz,  or thoc lase,  muscovite, and minor 

amounts of  p lagioc lase.  Bal la (1972) obtained a K-Ar date of  857 m i l l i on  years fo r  

the rock and named i t  the Sacaton Granite. 



Numerous northwesterly-trending diabase dikes intrude the large mass of Oracle 

Granite. A whole-rock K-Ar date of 841 million years was obtained on the diabase by 

Bal la (1972). 

One small exposure of  Paleozoic rocks is found in the Sacaton Mountains about 

3.5 miles northeast of  the mine. The outcrop consists of  quar tz i te  and limestone 

which have t e n t a t i v e l y  been i d e n t i f i e d  as Cambrian Bolsa Quartz i te and Devonian Martin 

Limestone (Wilson, 1969). These rocks contain a small corundum deposit and are in 

probable f au l t  contact with surrounding Laramide in t rus ive  rocks. 

Two Laramide g r a n i t i c  stocks comprise most of  the eastern two- th i rds  of the 

Sacaton Mountains. The Three Peaks Monzonite, o ldest  of  the two rocks, occurs 

d i r e c t l y  north of  the mine and intrudes the Oracle and Sacaton Granites. Bal la {1972, 

p. 27 and 28) s ta tes :  "The Three Peaks stock is a composite, zoned, epizonal pluton 

which is aligned in a northeasterly direction. The stock consists of four different 

facies. Beginning at the contact with the Precambrian Oracle Granite, the facies 

are: a diorite border facies, which is divisible into a fine-grained outer zone and 

a coarser-grained inner zone; an intermediate monzonite facies; and a central, 

monzonite, core facies." Exposures of the core facies are the most abundant. This 

rock is a medium-grained, equigranular, biotite monzonite composed of plagioclase, 

orthoclase, biotite, quartz, and accessory sphene and magnetite. Balla's average 

date on biotite from the core facies in 71.3~2 million years. 

The other Laramide stock, the Sacaton Peak Granite, makes up the eastern portion 

of the Sacaton Mountains. It is similar to the Three Peaks Stock in form (both are 

composite, zoned stocks) and mineralogy, but dis~:inctly different in texture. Three 

distinct facies are present. The border facies is a medium-grained biotite quartz 

monzonite with 15 percent biotite and a gneissic texture. The intermediate facies 

is a medium-grained, slightly porphyritic, biotite quartz monzonite with prominent 

quartz phenocrysts and less biotite than the border facies. The core facies is a 

medium to coarse-grained, slightly porphyritic granite with orthoclase phenocrysts 



up to 1.5 inches in length. The stock is called a granite after the composition of 

the core, but the overall composition of the stock is that of a quartz monzonite. 

An isotopic age of 61.2±1.9 million years was found for the intermediate facies 

(Bal la, 1972) 

Structure 

A major northeasterly-trending structural lineament has been recognized passing 

through the Globe-Miami district toward Ajo. Mayo (1958) named this trend the Jemez 

Zone. Balla (1972) postulates that the Jemez Zone was active intermittently from 

Precambrian to Tertiary time. He feels that this zone controlled the emplacement of 

the Precambrian Oracle and Ruin Granites and the Laramide granitic stocks. 

Knowledge of the major structural features in the Sacaton Mine area is derived 

primarily from drilling information. The Sacaton ore bodies and alteration zone are 

confined to an allochthonous structural block which rests on a low-angle structure 

referred to as the Basement Fault. The allochthon is elongated in a northeasterly 

direction and measures at least 4 miles in length, up to 1.5 miles in width, and from 

1,200 to 2,200 feet thick., Northwesterly-striking normal faults divide the alloch- 

thonous rocks into several horst and graben units as shown on Figure 2. Autochthonous 

rocks below the Basement Fault are part of the Pinal Schist. 

GEOLOGY OF THE ORE BODIES 

Rock Types 

With the exception of the Pinal Schist, found below the Basement Fault, all 

pre-mineral rocks in the vicinity of the ore bodies are pervasively altered. In 

addition, two stages of brecciation are present, often resulting in an intimate 

mixture of rock types. These features have complicated the delineation and identifi- 

cation of the rocks. Figures 3,4a, and 5 show the distribution of rock types in the 

ore bodies, Figures 4b and 6 show the distribution of sulfides in the West and East 

orebodies, respectively. 
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Pinal Schist. A complex of metamorphic rocks which is thought to be Pinal 

Schist is found below the Basement Fault. Rock types include quartz-biotite-chlorite 

schist, metamorphosed granitic rocks, gneiss, and metavolcanic rocks. This diversity 

of rock types is not found outcropping in Pinal Schist exposures in the area, but 

due to the degree of metamorphism they have been assigned to this unit. Similar 

rocks have not been identified in the upper plate of the Basement Fault. 

Oracle Granite. The Oracle Granite varies Tn composition from granite to 

quartz monzonite. The rock is coarse grained, weakly porphyritic, and composed of 

quartz, orthoclase, plagioclase, and minor biotite. Subhedral phenocrysts of ortho- 

clase up to 1.2 inches in length occur locally. A relative increase of plagioclase 

over orthoclase often accompanies the large orthoclase phenocrysts, resulting in a 

quartz monzonite composition. Thin, irregular, and discontinuous aplitic dikes cut 

the granite and are thought to be related to it. Where intense alteration, 

brecciation, and granulation occur the only means of identifying th e granite is the 

abundance of coarse-grained, sheared quartz. 

The granite is the predominate rock type in the East ore body where it occurs 

as a large brecciated mass and as the major constituent of mixed breccias. In the 

West ore body granite occurs in brecciated masses on both the north and south sides 

of the pit. It also makes of varying proportions of the mixed breccias in the 

central portion of the pit. 

Diabase. A tentative age of Younger Precambrian has been assigned to this rock. 

The original composition of the diabase has been masked by hydrothermal alteration, 

but a good relict diabasic texture is present. The rock now consists of lath- 

shaped aggregates of sericite and clay after plagioclase in a matrix of fine-grained, 

shreddy biotite and mafic minerals. 

The diabase occurs as irregular dikes intruding granite and as xenoliths in 

the younger monzonite porphyry. In the West ore body the dikes are generally 

restricted to the large mass of granite on the north side of the pit. The dikes 
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exposed in the p i t  s t r i k e  north to nor th-nor thwest ,  vary g rea t l y  in d ip,  and reach 

a maximum thickness of 30 feet .  

Honzonite Porphyry. Honzonite porphyry in t rudes gran i te  and diabase. Although 

the monzonite porphyry in the mine area cannot be cor re la ted to e i t he r  of  the Laramide 

stocks in the Sacaton Hountains, i t  ~s assumed to be Laramide in age. Var ia t ions in 

the texture and composition of the monzonite porphyry are common. Typ i ca l l y  i t  

exh ib i t s  phenocryst to groundmass ra t ios  ranging from 40:60 to 60:40. The composition 

of  the medium-grained phenocrysts is t y p i c a ] l y  as fo l lows:  75 percent euhedral 

p]agioclase (0.08 to 0 . ]6  inches in length) ;  ]0 to ]5 percent euhedra] b i o t i t e  books 

(0.08 inches in w id th ) ;  ]0 percent subhedra] quartz (0.08 to 0.12 inches in diameter) ;  

and 1 to 3 percent subhedra] orthoc]ase (0.08 to 0.12 inches in diameter).  The 

groundmass is a f ine-gra ined intergrowth of  fe ldspar  and quartz but a l t e r a t i o n  

obscures the i d e n t i f i c a t i o n  of  the fe ldspars.  

Textural  and modal var ia t ions  in the monzonite porphyry include phenocryst to 

groundmass ra t ios  from 70:30 to 25:75, accessory hornblende phenocrysts, phenocryst 

s ize ,  phenocryst composit ion, and megascopic d i f ferences in the appearance of the 

groundmass. The above-mentioned var ia t ions  in the monzonite porphyry may be gradat iona] 

over a few tens of  feet but in the mixed breccias var ia t ions  in texture and composition 

are common from one fragment to the next. 

Intense q u a r t z - s e r i c i t e  a l t e r a t i o n  obscures the quant i t y  of  primary quartz which 

was o r i g i n a l l y  present in the groundmass of  the monzonite porphyry. The o r i g i n a l  

composit ion of the monzonite porphyry may have been. that  of  quartz monzonite. 

Honzonite porphyry intrudes the o lder  rocks in the West ore body forming mixed 

breccias,  monol i th ic  breccias,  large poor ly -de f ined d i k e - l i k e  masses, and th in  we l l -  

def ined but discontinuous dikes. Xenol i ths of g ran i te  are common in the monzonite 

porphyry. D r i l l i n g  resul ts  and p i t  mapping indicate that  the greatest thickness of 

monzonite porphyry occurs in the center of  and to the west of  the West ore body. 

I~onzonite porphyry in t rud ing  the gran i te  masses on the north and south sides of the 



J 
J 

- 7 -  

p i t  occurs as d ikes.  A n o r t h e a s t e r l y  t rend ing  mass o f  monzonite p o r p h y r / i n t r u d e s  

the granite in the southern portion of the East ore body. Elsewhere it occurs as 

moderate to steeply dipping dikes and in mixed breccias. 

Quartz Monzonite Porphyry. This rock intrudes the granite and diabase and is 

thought to be Laramide in age. Texturally and mineralogically the quartz monzonite 

porphyry is identical to the monzonite porphyry. It is distinguished from the 

monzonite porphyry by the presence of I0% or more clear quartz phenocrysts. 

Quartz monzonite porphyry occurs as monolithic and mixed breccias, irregular 

masses, and dike-like bodies in the west and southwest portions of the West ore body 

and in the East ore body. Gradational contacts are common between the quartz monzonite 

porphyry and the monzonite porphyry and definitive crosscutting relationships have 

not been found. Because of spacial relationships and similarities in texture and 

composition, monzonite porphyry and quartz monzonite porphyry are consFdered to be 

comagmatic in origin. 

Mixed Breccias, Both the East and ~,'~est ore bodies contain substantial volumes 

of brecciated rock. The predominant rock types in the breccias are monzonite porphyry, 

quartz monzonite porphyry, and granite. Differentiation of the mixed breccias is 

based on the rock type of the dominant breccia fragment. Following is the mixed 

breccia classification used on Figures 3, 4a, and 5: 

Mixed Granite-Porphyry Breccia. Mixed breccia in which granite 
fragments comprise ~(~ to 84 percent of the total volume of fragments. 

Hixed Porphyry-Granite Breccia. Mixed breccia i~ w~ich porphyry 
fragments (monzonite or quartz monzonite) comprise~O to 84 percent 
of the total volume of fragments. 

Mixed breccias containing 15 percent or less foreign fragments are not differentiated 

from corresponding monolithic breccias. For example, a breccia with lO percent granite 

fragments and 90 percent monzonite porphyry fragments is designated monzonite 

porphyry breccia. Detailed descriptions of the breccias are contained in the 

sec t ion  on s t r u c t u r e .  , ,  
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Contacts between mixed breccias and monolithic breccias are often gradational. 

In places, however, weakly brecciated monzonite porphyry dikes and masses appear to 

intrude the mixed breccias. This relationship suggests that emplacement of the mon- 

zonite porphyry post,dates as well as pre-dates the formation of the mixed breccias. 

Mixed breccias are found throughout the West ore body but appear to be concen- 

trated between the granite masses on the north and south sides of the pit. As 

might be expected, granite-porphyry breccias generally occur in close proximity to 

masses of granite or granite breccia. Drill hole data suggests that the mixed 

breccias grade at depth into monzonite porphyry and monzonite porphyry breccia. In 

the East ore body mixed breccias generally occur in close proximity to monzonJte 

porphyry dikes and masses. 

Dacit.e Porphyry. Dacite porphyry dikes, probably of early Tertiary age, 

intrude older rocks in both ore bodies. The dacite porphyry contains phenocrysts 

of sodic plagioclase, quartz, and biotite Phenocrysts make up 15 to 25 percent of 

the rock and vary from 0.08 to 0.16 inches in diameter. The groundmass is an 

aphanitic granular intergrowth of feldspar, quartz, chlorite, and biotite. 

Two dacite porphyry dikes, about 250 feet apart, •trend N65°E through the 

central portion of the West ore body (Fig. 3). In the East ore body, a single dacJte 

porphyry dike is found south of the block cave limits (Fig. 5). The presence of 

weak alteration and sulfide mineralization in the dacite porphyry suggests that it 

was intruded during the later stages of mineralization. 

Conglomerate. A Tertiary terrestrial conglomerate is found in fault contact 

with the older rocks. The exact age of this unit is not known, but indirect 

structural evidence suggests it is equivelant in age to the mid-Tertiary Whitetail 

Conglomerate. The conglomerate at Sacaton contains sub-angular to sub-rounded clasts 

comprising 40 to 60 percent of the unit in a silty to gritty, moderately well- 

indurated matrix. Clasts in the conglomerate are mostly OracleGranite and Pinal 

Schist with small amounts of monzonite porphyry. Fragments of leached capping are 
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not  uncommon. 

Dips in  the cong lomerate  are v a r i a b l e ,  They average 0 to  2 0  ° tO the no r th  or 

northeast on the east side of the pit and 30 to 60 ° to the north or northeast on 

the west side of the pit. The conglomerate reaches a maximum thickness of at least 

1,750 feet east of the pit and at least 2,500 feet to the west of the pit. 

Alluvium. An average thickness of 100 feet of Quaternary alluvium is deposited 

over the older rocks in the.area of the East and West ore bodies. This material is 

loosely consolidated sand and silt. Occasional fragments of partially decomposed 

Three Peaks Monzonite are found t~oward the base of the unit. 

St ruc t  ure 

Several periods of deformation have produced a complex structural picture at 

Sacaton. Each of the periods is characterized by fracturing, faulting, and 

b recci at i on. 

Fracturing. Rocks occurring in and around the ore bodies are well fractured. 

As a result, much of the rock tends to break into fragments less than 12 inches in 

diameter. Locally, fractures in the leached capping and the upper portion of the 

enriched zone are healed by supergene alteration minerals and the rock breaks into 

coarser fragments. 

Although all possible fracture orientations occur, mapping of fractures 

indicates that two preferred orientations are present. Mineralized fractures strike 

from NSO°E to E-W (Fig. 7) and generally dip greater than 70 ° in either direction. 

These fractures are often well 'healed with supergene sulfides or indigenous l imonite 

and are often unbroken in pit faces. 

The preferred orientation of barren fractures is N-S to N20°W. Most are close 

to vertical in dip, but moderate and low-angle dips are also present. Transported 

limonite often occurs lining these fractures and many exhibit slickensides which 

indicate horizontal movement. Displacements on the barren fractures are thought to 
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be minor and probably resulted from adjustment to more significant displacement on 

faults. 

Faulting. A great number of minor faults are mapped in the West ore body. 

The faults are often variable in strike and dip and are usually difficult to trace 

along strike. The prevailing strike direction is N60°E to E-W. Slickensides on 

some of the faults indicate that horizontal components of displacement are relatively 

common. Generally, the lack of predictable lithologic contacts to act as markers 

makes the direction and magnitude of displacement difficult to estimate. Total 

displacement on most of the faults is thought to be less than lO0 feet. Both 

pre-mineral and post-mineral movement is often present. 

Two post-mineral normal faults control the bedrock-conglomerate contact in the 

vicinity of the West ore body. The Sacaton Fault bounds the ore body on the east 

side. It strikes from N-S to N45°W (the average strike in the pit area is N20°W) 

and dips about 60 ° east. Conglomerate in the hanging wall of the fault on the upper 

benches of the pit is well indurated, but is not crushed or deformed. Chrysocolla 

often cements the conglomerate in this area. In the footwall of the fault pre- 

mineral rocks are intensely fractured. On the south side of the pit these rocks 

are so severely crushed and granulated (for a thickness of up to 40 feet) that the 

original rock type cannot be identified. Vertical displacement on the Sacaton Fault 

is at least 1,500 feet. This fault is of major significance because it divided 

a continuous zone of cha]cocite mineralization into two separate ore bodies. 

The West Fault bounds the west side of the West ore body. It strikes N45°W 

adjacent to the northern portion of the ore body and swings to N20°E adjacent to 

the southern portion. The dip of the fault varies from 10 ° to 30 ° to the west. As 

with the Sacaton Fault, conglomerate occurs in the hanging wall and pre-mlneral rocks 

occur in the footwall. Conglomerate in the hanging wall is well indurated (in the 

upper benches) but is not crushed or deformed. Pre-mineral footwall rocks contain 

numerous fractures which parallel the fault, but crushing and granulation are absent. 
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The amount of  displacement on the West Fault is unknown, but the thickness of  con- 

glomerate to the west of the p i t  suggests that  i t  could be on the order of  several 

thousand feet .  Rotat ional movement is indicated by steep dips in the conglomerate 

of  the hanging wa i l .  

Several minor fau l t s  o f f se t  the Sacaton and West Faults in the area of the West 

ore body. However, the pausity of  these s t ruc tures  compared to t h e i r  abundance in 

the West ore body suggests that  movement on the Sacaton and West Faults post-dates 

the bulk of  the minor f a u l t i n g .  

The South Fault  forms the southern l i m i t  of the East ore body. i t  s t r i kes  E-W 

and dips an average of 45 ° south. The hanging wal l  is conglomerate whi le  pre-minera] 

rocks occur in the foo twa l l .  Maximum ve r t i ca l  displacement is at least 800 feet .  

D r i l l i n g  suggests that  the South Fault is terminated against the Sacaton Fault west 

of  the East ore body. 

The above-described normal fau l t s  and the mineral ized rocks conta in ing the 

Sacaton deposit are terminated at depth on the Basement Faul t .  The f au l t  plane 

(known only by d r i l l i n g )  takes the shape of a shal low trench, the axis of  which 

trends to the nor theast .  Along the axis of  the trench the f a u l t  plane is s l i g h t l y  

undulat ing,  i t  varies in dip from 0 ° to 20 ° and is found at depths of 1,800 to 

2,200 feet below the ground surface. The sides of  the trench dip from 20 ° to 40 ° 

toward the axis.  North of  the ore bodies d r i l l i n g  suggests that  the Basement Fault  

is t runcated against a steeply d ipp ing,  no r theas te r l y  t rending s t ruc tu re  which 

brings the Three Peaks Monzonite in to  f a u l t  contact wi th  the robks of the upper and 

lower p la tes.  

The plane of  the Basement Fault is composed of  sheared, undulat ing zones of 

brecciated upper and lower p late rocks and th in  zones of  f i rm but sheared c h l o r i t i c  

t o  hemat i t i c  gouge. The average thickness of  the fau l t  is about f ive feet .  Lower 

p la te  rocks of  the Pinal Schist complex are often crushed and sheared for  distances 

of  up to 40 feet below the f au l t .  Mineral ized upper p late rocks are crushed and 
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brecc ia ted  fo r  d is tances of  up to 200 feet  above the f a u l t .  

The d i r e c t i o n  o f  movement o f  the upper p l a te  o f  the Basement Faul t  is unknown 

at the present t ime. Lower p la te  rocks are void o f  m i n e r a l i z a t i o n ,  suggest ing tha t  

movement was on the order  o f  several  mi les .  

B recc ia t i on .  Two per iods o f  b r e c c i a t i o n  are found at Sacaton. The e a r l i e s t  

per iod o f  b r e c c i a t i o n  is p re -m inera l .  I t  is re la ted  to the i n t r u s i o n  of  the monzonTte 

porphyry,  and is a major ore cont ro l  in the West ore body. Post-mlnera]  b r e c c i a t i o n  

is superimposed on and is more extens ive than the e a r l i e r  b r e c c i a t i o n .  Both types 

of  b recc ia t l on  are present in the West ore body, but post -minera l  b r e c c i a t i o n  is 

the only type occur r ing  in the East ore body. 

Pre-mineral  ' b recc ia t lon  occurs as mono l i t h i c  brecc ias and mixed b recc ias .  

D iagnost ic  features of  t h i s  per iod o f  b r e c c i a t i o n  are sub t le  and o f ten d i f f i c u l t  to  

recognize because of  pervasive hydrothermal a l t e r a t i o n ,  t ranspor ted  i ron oxide 

minera ls ,  and post -minera l  b r e c c i a t i o n .  The brecc ia  cons is ts  o f  t T g h t l y  packed 

fragments set in a wel l -cemented mat r i x .  Breccia fragments commonly vary from 0.2 

inches to ro feet  in d iameter.  The presence o f  l a r g e r  fragments or blocks is sus- 

pected,  but has not been v e r i f i e d .  Fragments are usua l l y  Subangular to subrounded 

but angular  and rounded forms are also present .  The ma t r i x  o f  the brecc ia  cons is ts  

o f  small rock fragments and rock f l o u r  and usua l l y  comprises 5 to 20 percent o f  the 

rock. Angular vugs are a d iagnos t i c  fea tu re  o f  the pre-minera l  b recc ia .  They occur 

between fragments in the b recc ia  and vary in s ize  from 0.2 to  2.0 inches. Breccia 

vugs commonly occupy 1 to 5 percent o f  the b recc ia  and are p a r t i a l l y  to  t o t a l l y  

f i l l e d  w i t h  one or  more o f  the f o l l o w i n g :  specu lar  hemat i te ,  indigenous i ron oxide 

minera ls ,  hypogene s u ] f i d e s ,  supergene s u l f i d e s ,  and terminated quar tz  c r y s t a l s .  

An in t imate  mix ture  of  rock types occurs as fragments in the pre-minera l  

b recc ia .  The dominant rock types are monzonite po rphy ry  and g ran i t e  w i t h  minor 

quar tz  monzonite porphyry and rare diabase. The l i m i t  o f  sTgn i f i can t  pre-minera l  
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brecciati.on on the 1030 bench is shown on Figure 3, Rock type designations found 

on Figures 3, 4a, and 5 do not r e f l ec t  the i n t e n s i t y  of  brecc iat ion or d i f f e r e n t i a t e  

between pre-mineral and post-mineral b recc ia t ion ,  included in the pre-rnineral 

breccia are the fo l lowing rock type designations in decreasing order of  abundance: 

monzonite porphyry brecc ia ,  mixed porphyry-grani te breccia,  mixed grani te-porphyry 

breccia,  quartz monzonite porphyry breccia,  and grani te  breccia.  The re l a t i ve  

abundance of grani te breccia and grani te-porphyry breccia increases outside the l i m i t  

of s i g n i f i c a n t  pre-mineral b recc ia t ion .  D r i l l i n g  and p i t  mapping suggest that  the 

re la t i ve  abundance of monzonlte porphyry in the pie-mineral breccia increases below 

the 1030 bench. 

The usual measures of  b recc ia t ion  i n tens i t y  such as fragment mixing, fragment 

shape and s ize,  and fragment to matr ix ra t io  do not i den t i f y  a center of  b recc ia t ion  

or a zonation of  b recc ia t ion  i n tens i t y .  However, the quant i ty  of  vugs in the pre- 

mineral breccia defines a zonal pat tern o f  b recc ia t ion  i n tens i t y  cons is t ing of a 

s t rongly  brecciated centra l  core wi th 3 percent or more breccia vugs and a border 

zone of b recc ia t lon  wi th greater than one percent but less than 3 percent breccia 

rugs. The quant i ty  of  breccia vugs is thought to be d i r e c t l y  re lated to the 

intensity of pre-mineral brecciation. Specular hematite is almost always present 

in the vugs and can be used as a gauge of pre-mineral brecciation intensity, 

The breccia core is irregular in plan (Figs. 3 and4a) and measures roughly 

450 feet by 600 feet with a slight elongation to the northeast, Although the out ~ 

line of the core is somewhat variable from bench to bench in the pit, the north and 

south margins have an overall steep dip to the north. _The contact between the core 

and the border zone is usually gradational. The border zone forms an irregular 

sheath which almost completely surrounds the core. The limit of significant pre- 

mineral brecciation as shown on Figure 3 corresponds to the outer margin of the 

border zone or the core where the border zone is absent. Beyond the border zone, 

the effects of pre-mineral brecciation are lost and post-mineral brecciation pre- 

dominates. 
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Post-mineral brecciation has affected the rocks in a number of ways depending 

on rock composition, degree and type of alteration, and relative location in the 

ore bodies. Manifestations of this period of brecciation include shattering, 

crushing and granulation, mixing of rock types, and the presence of linear breccia 

structures containing crushed sulfides. 

Shattering occurs as a random network of closely-spaced, through-going frac- 

tures. It is ubiquitous in both ore bodies, but is more obvious where the dominant 

rock type is monzonite porphyry or quartz monzonite porphyry. In certain dike-like 

bodies of monzonite porphyry post-mineral brecciation consists of thoroughly 

shattered rock. The only significant fragment and matrix development occurs on 

thin (up to one inch) breccia structures. Crushed sulfides occur on some fractures. 

The absence of srgnificant crushing and clast development may be due, in part, to 

r 

less intense phy]lic and argillic alteration in the groundmass of these monzonite 

porphyry bodies. 

Crushing and granulation are pervasive in the granite. These features occur as 

discontinuous fissures which cut quartz and orthoclase grains. Where this type of 

deformation is only weakly developed igneous textures are easily recognizable and 

fragment and matrix development is poor. Crushing and granulation in the granite 

may be equivalent to the intense shattering in the monzonite porphyry. This incipient 

stage of brecciation is usually restricted to the granite breccias. Granite occur- 

ring in the mixed breccias is more intensely deformed. 

With increasing post-mlneral brecciation the igneous textures of the rocks 

involved become obscure and fragment and matrix development increases. Matrix 

commonly makes up to lO to 30 percent of the rock. It consists of gouge, rock 

flour, crushed sulfides, and broken mineral grains. Because of intense cataclastic 

deformation, fragments in well-developed post-mineral breccias are not as well-defined 

as those in pre-mineral breccias. They commonly range in size from less than 0.2 

inches to over 15 feet, and in shape from subangular to subrounded. Mixing of rock 
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types is common in these brecc ias .  They genera l l y  occur as mixed, g r a n i t e ,  and 

monzonite porphyry b recc ias .  

L inear  brecc ia  s t r uc tu res  are an in teg ra l  pa r t  o f - t h e  post -minera l  b r e c c i a t i o n .  

These s t ruc tu res  contain rock and mTneral g ra in  fragments (usua l l y  compris ing 20 

to 40 percent of  the s t r u c t u r e )  in a f i n e - g r a i n e d  mat r i x .  The fragments are rounded 

to  subrounded and vary from 0.05 to 2.0 inches in d iameter .  Frequent ly  the f rag -  

ments are s l i g h t l y  e longated p a r a l l e l  to the s t r u c t u r e  w a l l s .  The mat r i x  cons is ts  

o f  rock f l o u r ,  gouge, crushed su l f i des  and small mineral fragmen~cs. Bands o f  

vary ing mat r i x  composTtion are common in the s t r u c t u r e s  c rea t i ng  a pseudo-f low 

t e x t u r e .  Crushed, con to r ted ,  and sometimes fo lded s u l f i d e  ve in l e t s  o f ten occur in 

the s t r u c t u r e s .  Commonly the brecc ia  s t r uc tu res  reach 6 inches in th ickness .  In 

the leached capping and cha l coc i t e  b lanket  they are "hea led"  by supergene minerals 

(probably s i l i c a  and c h a l c o c i t e ) .  The brecc ia  s t r u c t u r e s  usua l l y  s t r i k e  nor theas t  

w i t h  steep to moderate d ips ,  but low-angle s t r uc tu res  are not uncommon. 

Post-mineral  b r e c c i a t i o n  occurs throughout  the East and West ore bodies.  The 

overa l l  i n t e n s i t y  of  t h i s  b r e c c i a t i o n  is somewhat va r i ab le  but seems to be g rea te r  

on the south side of the West ore body. In the area o f  the East ore body post -  

mineral b r e c c i a t i o n  increases in i n t e n s i t y  toward the Basement Fau] t .  

Alteration 

Hypogene Alteration. Two hypogene alteration assemblages, potassic and 

phyllic, have been identified at Sacaton. Propylitic alteration has not been 

identified. 

Alteration minerals occurring in rocks of the potassic assemblage include 

varying quantities of biotite, chlorite, quartz, sericite, and clay, with traces of 

calcite and anhydrite. Secondary K-feldspar is either absent or identical in color 

and texture to magmatic K-feldspar. Secondary biotite and chlorite characterize 

the potassic assemblage. Since phyllic and supergene alteration are superimposed 
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upon and largely destroy potassic alteration it is uncertain how much of the quartz, 

sericite, and clay are part of the original potassic suite. 

Potassic alteration is often well developed in the monzonite porphyry and quartz 

monzonite porphyry and is a|ways well developed in the diabase. The granite rarely 

exhibits weak potassic alteration. In the porphyries fine-grained biotite with a 

"shreddy" texture, considered here to be secondary, is found disseminated in the 

groundmass. The biotite occurs as discrete grains, irregular aggregates, and as 

fringes around primary biotite phenocrysts. Microscopically, primary biotite is 

brown while the secondary variety has a greenish cast. Disseminated sulfides are 

sometimes found with the secondary biotite. Thin biotite veinlets are rarely 

present. Secondary biotite may make up 40 percent of the groundmass in places where 

later quartz and sericite alteration is not severe. The original mafic minerals in 

diabase are almost totally replaced by biotite. In the granite secondary biotite 

occasionally replaces primary biotite. Intense development of secondary biotite in 

any of the rocks does not significantly destroy primary igneous textures. 

Rocks with potassic alteration may contain chlorite altering from secondary 

and primary biotite. These rocks always exhibit quartz, sericite and clay altera- 

tion of groundmass and phenocryst feldspars. The chlorite is thought to be part of 

the potassic assemblage while most of the quartz, sericite, and clay are probably 

associated with the later phyllic assemblage. Some quartz veining along with traces 

of calcite and anhydrite are also part of the potassic suite. 

The apparent intensity of potassic alteration in the porphyries is variable 

and is attributed to varying degrees of destruction of secondary biotite by subse- 

quent phyllic alteration. In general the intensity of secondary biotite is greater 

in monzonite porphyry breccias and dikes than in quartz monzonite porphyry or mixed 

b recci as. 

Phyllic alteration is characterized by quartz, serlcite, and clay; but quartz 

and sericite predominate. Secondary silica in the porphyries occurs as a fine- 
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grained replacement of the groundmass (intergrown with se r i c l te  and clay).  Minor 

amounts of quartz are also found with se r i c i te  and clay replacing plagloclase 

phenocrysts in the porphyries and granite. Quartz-sulf lde veinlets are associated 

with the phy l l i c  assemblage, comprising up to one percent of the rock by volume. 

$er ic i te  is the major a l terat ion product of the phy l l i c  assemblage, cons t i tu t -  

ing.up to 50 percent of the rock. In the porphyries ser l c i te  replaces plagioclase 

phenocrysts, b i o t i t e  phenocrysts, secondary b i o t i t e  grains, and the groundmass. I t  

replaces plagioclase, b i o t i t e ,  and orthoclase in granite. Gray a l terat ion selvages 

bordering quartz-sul f ide and sul f ide veinlets occur in a l l  the mineralized 

rocks. The selvages are commonly up to I inch th ick and are composed of f ine- 

grained intergrowths of se r i c i te  and quartz with some clay. Within the selvages 

igneous textures are often totally destroyed. 

Clay minerals make up varying amounts of the phyllic assemblage. Clay generally 

occurs with sericite in the grounclmass of the porphyries and as an alteration of 

feldspar in the porphyries, granite, and diabase. Kaolinite is thought to be the 

major clay mineral, but others are also present. 

Intense phyllic alteration occurs locally in the granite and monzonite porphyry, 

but where present it almost totally obliterates igneous rock textures. Igneous 

textures are preserved in most of the altered rock although quartz is the only 

original mineral remaining. With decreasing alteration fresh orthoclase is 

observed in granite and fresh biotite phenocrysts are found in the porphyries. 

The presence of fresh biotite is interesting because the same rock will exhibit 

extensive replacement of the groundmass by quartz and sericite and total replace- 

merit of plagioclase phenocrysts by sericlte and clay. 

The major occurrence for both alteration assemblages is one of, pervasive flood- 

ing of the rock. Fracture control of alteration minerals occurs rarely in the 

potassic assemblage but may make up to lO or 20 percent of the alteration minerals 

in the phyllic assemblage. Occasionally the presence of phyllic selvages seems to 
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be obscured by brecciation and supergene a l te ra t ion .  

The phy l l i c  assemblage c lear ly  postdates potassic a l terat ion as evidenced by 

the a l terat ion of secondary b i o t i t e  to se r i c i te  in phy l l i c  selvages of sul f ide 

veins, Balla (1972) reports a K-Ar age of 64.5_+l.4 million years for drill core 

containing sericite and kaolin from the hypogene sulfide zone in the vicinity of 

the deposit. 

Hypogene Alteration Zoning. The classical hypogene alteration zoning pattern 

found in some porphyry copper deposits has not yet been recognized at Sacaton, perhaps 

due to the limited area of available information. Potassic alteration in the Laramide 

intrusive rocks was originally widespread and probably well developed in both ore 

bodies. Variations in the intensity of potassic alteration appear to be related to the 

effects of later phyllic alteration and not to a hypogene zoning pattern. The intensity 

of phyllic alteration does exhibit a crude zonal pattern. A zone of strong phylllc 

alteration occupies the south and central portion of the West ore body and all of the 

East ore body. This "zone has a northeasterly trend and is continuous between the two 

ore bodies. At right angles to this trend the intensity of phyllic alteration 

• gradually decreases. 

Supergene Alteration. Supergene alteration associated with the process of 

secondary enrichment of sulfides has modified the suite of hypogene alteration 

minerals. Effects of this supergene overprint are not always assessable because 

post-enrichment oxidation and leaching often penetrate the chalcocite blanket into 

the primary sulfide zone, 

Erratically distributed silicification of probable supergene origin is found 

in the oxidized zone and the upper portions of the enriched zone. In areas where 

supergene silicification is well developed the rock is very competent and fractures 

are Well healed. Some parts of the chalcocite blanket are well healed enough to 

prevent oxidation and pods of supergene sulfide ore Up to 100 feet in diameter are 

left perched in the leached capping. 

An undetermined quantity of the sericite and clay appears to be of supergene 



- 19 - 

origin. The main evidence for this assumption comes from differences in the mega- 

scopic appearance of rocks from the oxidized zone and enriched zone compared to 

rocks from the primary sulfide zone. Igneous textures and phyllic selvages are more 

readily visible in the primary sulfide zone. It is thought that the selvages and 

textures are preserved because the rock has not been flooded by supergene solutions. 

Minor quantitites of supergene alunite are present in the enriched zone. The 

alunite occurs as fracture fillings and pods up to O.l inches in thickness. 

Mineral ization 

Nature of the Ore Bodies. The West ore body is contained within the limits of 

the horst formed by the Sacaton and West Faults. Within this horst block is a 

northerly dipping zone of chalcocite enrichment which has been disected and partially 

destroyed by post-enrichment oxidation. Ore grade primary mineralization is present 

below much of the chalcocite mineral Tzation. Both types of mineralization are mined 

in the West ore body. 

The West ore body is roughly oval in plan and measures approximately 1,4OO feet 

by l,O00 feet with a slight north-south elongation. It varies in thickness from 

less than lO0 feet at the margins to over 700 feet in the central portion. Before 

mining was initiated ore reserves were estimated at 33.0 million tons of 0.76 percent 

copper with a cutoff of 0.30 percent copper. The overall waste to ore ratio is 4.8:1. 

The East ore body occurs in the graben on the east side of the Sacaton Fault. 

The bulk of the material to be mined is part of the south dipping zone of chalco- 

cite enrichment. Primary mineralization does not reach ore grade and will be mined 

only in order to obtain the overlying chalcocite mineralization. In plan the East 

ore body measures approximately 750 feet by 850 feet. The thickness of ore varies 

from about 100 feet to 400 feet. Ore reserves are estimated to be 12 to 14 million 

tons of +l.O percent copper. 
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H ypogene Mineralization. The major hypogene sulfide minerals are pyrite, 

chalcopyrite, and molybdenite. Traces of bornite and sphalerite have been observed 

in concentrate samples but have not been identified megascopically. Minor quan- 

tities of gold and silver are also present along with occasional magnetite veins. 

Quartz occurs as terminated crystals in breccia cavities and as veinlets which 

usually contain sulfides. 

Hypogene sulfides occur as disseminated grains, veins, and vug fillings. Dis- 

seminated sulfides are more abundant in granite and strongly brecciated rocks than 

in the porphyries and weakly brecciated rocks. In the West ore body disseminated 

grains usually comprise less than 50 percent of the hypogene sulfides, but in the 

East ore body, where granite breccia is the main rock type, disseminated grains make 

up over 50 percent of the sulfides. Locally, disseminated sulfides are more abundant 

in phyllic alteration selvages and in secondary biotite sites. The intensity of 

breccia vug mineralization is directly related to the volume of breccia vugs in the 

rock. In the core of the pre-mineral breccia, sulfides filling these cavities may 

comprise 30 percent of the total sulfide content. 

Four types of sulfide-bearing veins occur at Sacaton. The type which is 

responsible for the bulk of vein mineralization contains pyrite and varying quantities 

of chalcopyrite and quartz. Chalcopyrite usually comprises 0 to 40 percent of the 

veins and quartz is generally less than lO percent. These structures commonly vary 

from discontinuous paper thin veins to semi-continuous veins up to O.l inches in 

thickness and rarely they reach a thickness of 6 inches. The thicker veins are more 

continuous along strike. Quartz-pyrite-+chalcopyrite veins up to one inch in thick- 

ness are common but are relatively unimportant to the total sulfide content of the 

deposit. Occasional quartz-pyrite-+molybdenite and quartz-molybdenite veins postdate 

the other vein types. 

The total sulfide content for both ore bodies is quite variable, ranging from 

about l.O to 4.0 percent by volume. Rock type and pre-mineral brecciation cannot be 
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d i r e c t l y  c o r r e l a t e d  to v a r i a t i o n s  in t o t a l  s u l f i d e  con ten t .  North and south o f  the 

ore bodies the t o t a l  s u l f i d e  con ten t  decreases in a fash ion s i m i l a r  to the o v e r a l l  

a l t e r a t i o n  i n t e n s i t y .  D r i l l i n g  and p i t  mapping have def ined a zone w i t h i n  which the 

grade o f  hypogene m i n e r a l i z a t i o n  is a t  l eas t  0.40 percent  copper as c h a l c o p y r i t e .  

As seen on F igure 2 t h i s  a rcua te  shaped zone is cont inuous between and unde r l i e s  

most o f  both ore bod ies .  Copper grades approach ing 0.70 percent  are found w i t h i n  the 

zone in the v i c i n i t y  o f  the p re -m ine ra l  b r e c c i a .  Outs ide the zone the copper grade 

g radua ] l y  drops o f f  to  less than O.lO percent  copper.  The p y r i t e  to  c h a l c o p y r i t e  

r a t i o  var ies  from l : l  to  3 : l  w i t h i n  the zone and increases to lO: l  o r  more o u t s i d e  

the zone. Molybden i te  occurs in qua r t z  veins and as smears on f r a c t u r e s .  The 

molybdenum con ten t  averages approx ima te l y  0.010 percent  f o r  the West ore  body and 

0.025 percent  f o r  the East ore body. 

Supergene Mineralization. Chalcocite and covellite are the only supergene 

sulfides recognized at Sacaton. Covellite constitutes less than 5 percent of the 

supergene sulfide content and is generally found near the base of the enriched zone. 

The paucity of specular hematite below the zone of secondary sulfide enrichment 

suggests that it is also of supergene origin. 

The intensity of secondary enrichment is greatest at the top of the enriched zone 

and decreases gradually toward the base. In the upper portions of the enriched zone 

chalcocite completely replaces chalcopyrite and partially replaces pyrite. Toward 

the base of the zone chalcopyrite is partially replaced and pyrite is rimmed by thin 

coatings of chalcocite. The enrichment factor (the ratio of supergene copper grade 

to hypogene copper grade) varies from 3:1 to 5:1 for bQth ore bodies. 

The most important control for supergene enrichment is the grade of primary 

mineralization. The bulk of economic supergene mineralization is underlain by 

primary sulfides averaging at least 0.40 percent copper. The mode of occurrence of 

primary sulfides also appears to control the intensity of supergene enrichment. 

Higher grade chalcocite mineralization in the East ore body is assocTated with a 
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high percentage of disseminated sulfides. Rock type and structure locally exhibit 

control over supergene mineralization but predictable patterns have not been 

recogn i zed. 

The chalcocite blanket in the West ore body is irregular in thickness, grade, 

and continuity. These irregularities are caused by tilting, post-enrichment oxidation, 

and possibly by fault offsets. In the south and central portion of the ore body the 

base of the blanket dips gently to the north (Fig. 4b). Drill hole data suggests that 

the dip steepens abruptly or that the blanket is downdropped on the order of 200 to 

300 feet on the north side of the breccia core. It Ts not known whether this has 

been caused by a fault offset or if some unrecognized control has allowed enrichment 

to penetrate deeper into the primary zone. On the west side of the ore body the 

blanket dips to the west. The blanket varies in thickness from less than 50 feet on 

the margins to 500 feet on the north side of the breccia core. 

The chalcocite blanket in the East ore body varies in thickness from 200 to 400 

feet. On the east side of the ore body the thickness of supergene sulfides is 

reduced by deep leaching. The top of the blanket on the south side is displaced by 

the South Fault. The base of supergene enrichment dips 20 ° to 30 ° to the south. 

Leached Cappi.ng and Enrichment History. A typical suite of ]eached capping 

minerals is found after the oxidation and leaching of primary and secondary sulfides. 

Hematite, goethite, and jarosite in varying proportions occur as indigenous minerals 

filling former sulfide sites. Transported iron oxide minerals are common in the 

leached capping, usually making up a greater volume of the rock than their indigenous 

equivalents. They commonly occur as fracture fillings and as a flooding of the rock. 

The intensity of transported iron oxide has complicated rock type identification 

and leached capping interpretation. The highest grade supergene mineralization is 

overlain by leached capping in which the indigenous iron oxides are relatively rich 

in hematite and exhibit a "live" or pulverulent texture. A relat!vely high ratio of 

indigenous iron oxides to transported iron oxides is also indicative of good enrichment. 
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The thickness of leached capping varies from less than 100 feet to over 650 feet 

in the West ore body. The thicker intercepts of capping are found on the north side 

of the ore body. Over most of the East ore body the capping varies from about 15 feet 

to 225 feet in thickness. The thin intercepts occur in the southern portion of the 

ore body where the South Fault displaces the bulk of the capping. On the east and 

north margins of the ore body where greater thicknesses of capping are preserved, up' 

to 650-foot intercepts are found. 

Where thorough leaching has occurred, the capping assays between 0.03 and 0.10 

percent copper. Substantial quantities of oxidized copper minerals are found errati- 

cally distributed through the capping of both ore bodies. In the East ore body the 

oxide minerals usually occur just above chalcocite mineralization and are thought to 

have resulted from in-place oxidation of chalcocite along zones of deep oxidation. 

Copper grades of over 1.0% are common. In-place oxidation is also found in the West 

ore body but generally the oxides occur over a greater horizontal range and the copper 

has probably been transported from the point of oxidation. Chrysocolla, brochantlte, 

and malachite are the most common oxidized copper minerals. In upper portions of the 

capping chrysocolla predominates while brochantite and malachite predominate in the 

lower portions. Other oxidized copper minerals present in the capping include 

atacamite, azurite, antlerite, cuprite, native copper, and neotocite. Metatorbernite 

and pseudomalachite are rare. 

The ore bodies at Sacaton have undergone two periods of oxidation and leaching. 

The first period resulted in the formation of what was probably a uniform high grade 

chalcocite blanket that was continuous through the East and West ore bodies. Although 

the absolute age of enrichment is not known, clasts of leached capping in hanging wall 

conglomerate of the Sacaton and West Fault indicate that at least some and probably 

all of the original blanket formed prior to movement on these faults. 

The second period of oxidation and leaching modified and partially destroyed the 

original blanket. In the East ore body the effects of this period of post-enrlchment 
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oxidat ion were less severe than in the West ore body. Deep zones of  ox idat ion cut 

into the chalcoci te blanket on the eastern margin of  the East ore body. The bulk of 

the copper that was oxidized remains in s l t u  as oxldized copper minerals, Some of 

the copper was leached and deposited as cha lcoc i te .  The major port ion of  the area 

to be mined was unaffected by th is  process and remains as the economic core of  the 

depos i t .  

Within the l im i t s  of the West ore body the e f fec ts  of post-enrichment ox idat ion 

are diverse and are d i s t r i bu ted  in an e r r a t i c  fashion. A comp|ete range occurs from 

to ta l  ox idat ion of su l f i de  minerals to pa r t i a l  ox idat ion where only 10 or 20 percent 

of  the su l f ides  are destroyed. Total ox idat ion of the blanket occurs in zones ranging 

in width from 650' feet to less than B feet .  Comp]ete leaching is common but in 

places copper remains as oxides. 

The ver t i ca l  extent o f  thorough post-enrichment ox idat ion (where at least 75~o of 

the su l f ides have been oxidized) is shown in Figure 4b. South of the pre-minera] breccia 

core occasional " f i nge rs "  of  thorough ox idat ion penetrate the blanket.  Most of  the 

blanket and upper por t ion of  the hypogene zone exh ib i t  a pervasive, pa r t i a l  ox idat ion 

of suf ides.  Copper is general ly leached in th is  area. Within the breccia core 

thorough post-enrichment ox idat ion penetrates and destroys a s i g n i f i c a n t  por t ion of  

the blanket.  Thorough oxidat ion has penetrated to depths of at least 550 feet below 

the pre-mine ground surface. Some coppe~ was deposited as oxides but the bulk was 

leached. North of  the breccia core i r regu la r  zones of ox idat ion cut the blanket .  These 

zones penetrate up to 1,150 feet  below t.he pre-mine sur face.  

As a resul t  o f  the second period of ox idat ion and ]eaching~ the cha]coci te blanket 

in the West ore body is extremely e r r a t i c  and discont inuous. Mineable zones of  high 

grade chalcoc i te  minera l iza t ion  are often surrounded by completely leached mater ia l .  

This feature requires careful  grade contro l  and sor t ing  of the ore during mining. 

The fact that  post-enrichment ox idat ion is much more severe in the West ore body 

than in the East ore body suggests that i ts  i n tens i t y  is related to movement on the 
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Sacaton Fault. Up l i f t  of the West ore body along the faul t  probably raised the 

or ig inal  chalcocite blanket above the exist ing water table. At that time oxidation 

and leaching took place in the western bIanket and penetrated the margin of the eastern 

blanket along permeable structural  zones. Pre-and post-mineral brecciat ion acted as 

local controls for this destructive stage of oxidation and leaching. The abundance 

of thorough oxidation in the pre-mineral breccia core (Fig. 4b) suggests that the 

permeability of this zone was a major control. 

Much copper leached from the original blanket in the West ore body was probably 

flushed completely out of the mine area by ground water. The possibility also exists 

that some copper was redeposited as chalcocite. Deep chalcocite mineralization on the 

north side of the deposit could have resulted from oxidation and redeposition of the 

central portion of the original blanket. 

Geologi c Hi..s...tor.y 

In chronological order the major geologic events in the Sacaton Mine area include 

the following: 

Formation of the Pinal Schist; 
Intrusion of the Precambrian Oracle Granite; 
Intrusion of diabase dikes; 
Intrusion of monzonite porphyry and quartz monzonite porphyry; 
Pre-mineral brecciation; 
Hypogene alteration and sulfide mineralization; 
Intrusion of dacite porphyry dikes; 
Erosion cycle with formation of original chalcoclte blanket; 
Subsidence and deposition of Whitetail(?) conglomerate; 
Normal faulting (West, Sacaton, and South Faults) and post-mineral 

brecciation; 
Post-enrichment oxidation; 
Movement on Basement Fault and further post-mineral brecciation; 
Quaternary alluvium. 

Rather than being discrete events, the intrusion of the porphyries and pre-mineral 

brecciation were probably intermittent events which overlapped in time. In addition 

post-enrichment oxidation may have taken place in several cycles starting before 

deposition of the conglomerate and continuing through large scale displacement on the 

.Basement Fault. 
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Discussion 

Although the Sacaton porphyry copper deposit is similar in many respects to 

other porphyry copper deposits in southwestern North America, significant differences 

do exist. Any comparison of the Sacaton deposit to the "typical" porphyry copper is 

complicated by the fact that much of the deposit and surrounding alteration zone is 

known only through drilling. In addition, post-mineral faulting displaces portions 

of the mineralized system relative to originally adjacent portions of the system. 

With these limitations in mind, the model presented by Lowell and Guilbert (}970) wil] 

be used to compare the Sacaton deposit with the "typical" porphyry copper. 

The main pre-ore host at Sacaton is Precambrian granite. The composition, age, 

and controlling structures of the igneous host rock are similar to the model of 

Lowell and Guilbert (1970). Drilling suggests the igneous host at Sacaton occurs as 

a northeasterly elongated stock which measures at least 1000 by 2000 feet. The West 

ore body occurs at the northeastern end of the stock around the zone of pre-mineral 

brecciation. The present levels of exposure in the West ore body are thought to 

represent the apex of the stock. 

At Sacaton the shape of the deposit, type of deposit boundaries, hypogene plus 

supergene grade, and hypogene grade ave similar to the model of Lowell and Guilbert 

(197C)). Roughly equal proportions of ore occur in the pre-ore host and the igneous 

host at Sacaton. In most porphyry copper deposits the bulk of the ore is in the 

igneous host. With total mineable reserves of less than 50 million tons, the Sacaton 

depoi~t wou]d appear to be smaller and contain less tonnage than the typical porphyry 

copper deposit. However, prior to normal faulting andpost-enrichment oxidation the 

deposit may well have contained over 200 million tons of ore grade material. 

Although the gross aspects of hypogene alteration at Sacaton are similar to the 

model of Lowell and Guiibert (1970), substantial differences do exist. Potassic 

alteration is present, but secondary K-feldspar has not been recognized. The potassic 

assemblage is not recognized as a discrete zone due to partial destruction by a later 
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pervasive phyllic assemblage. The intensity of phyllic alteration decreases away 

from the center of mineralization. Argillic and propylitic alteration assemblages 

have not been noted. 

Hypogene sulfide minerals at Sacaton are similar to the model except that 

bornite, sphalerite, and galena are virtually absent, even on the margins of the 

deposit. Chalcopyrite mineralization is zoned, but is not related to a discrete alter- 

ation zone. The lowest pyrite to chalcopyrite ratios occur in both the phyllic and 

potassic assemblages. As is typical of most porphyry deposits the total sulfide 

content is lower in the potassic assemblage than the phyllic assemblage. At Sacaton 

rocks exhibiting potassic alteration commonly have a total sulfide content of l.O to 

2.0 percent by volume (1.8 to 3.6 percent by weight) while rocks with phyllic altera- 

tion vary from l.O to 4.0 percent by volume (1.8 to 7.2 percent by weight). The zone 

of better chalcopyrite mineralization does not appear to be surrounded by a halo of 

abundant pyrite. 

Although mineralized breccia zones are common in porphyry copper deposits, the 

breccias usually do not make up a signTficant proportion of the ore in the southwestern 

United States. At Sacaton a significant proportion of the ore in the West ore body 

occurs in the pre-mineral breccia. 

Supergene enrichment at Sacaton is typical of most porphyry copper deposits. 

However, the post-enrichment history of the deposit is much more complex than the 

typical case. Two generations of faulting and tectonic brecciation followed by 

destructive oxidation and leaching modified the chalcocite blankets in both ore 

bodies. The extent and complexity of this activity does not often occur (or evidence 

of it is not preserved) in porphyry copper deposits. 

Pertinent features which must be considered in order to develop a theory of 

-origin for the pre-mineral brecciation are as follows: 

I. Pre-mineral brecciation does not occur as a well-defined pipe but as a rather 

poorly-defined zone. Generally the contacts of the zone are gradational. Radial 
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f ractures do not occur around the zone. 

2. Contacts ind ica t ing  that  the pre-mineral brecclas are in t rus ive  have not been 

found. 

3. Certain phases of  the monzonite porphyry l oca l l y  intrude the pre-mineral 

b recci a. 

4. The percentage of monzonite porphyry fragments in the pre-mineral breccia 

increases with depth. 

5. Most breccia fragments are subangular to subrounded and are t i g h t l y  f i t t e d  

together.  

6. Linear breccia s t ructures described as part of  the post-mineral b recc ia t ion  

contain pseudo-flow textures which may have resul ted from f l u i d i z a t i o n .  These s t ruc-  

tures are considered to be post-mineral due to the presence of crushed su l f i des .  How- 

ever, i t  is possible that  the l i near  breccia s t ruc tures or ig inated with the pre-mineral 

breccia as f ] u id i zed  zones, were l a te r  mineral ized, and f i n a l l y  re-brecciated during 

post-mineral brecc iat  ion. 

Pie-mineral b recc ia t ion  at Sacaton resul ted from a complex series of events and 

probably involved a number of  d i f f e r e n t  breccia-formlng mechanisms. Subsidence and 

col lapse are thought to be the primary mechanisms of breccia formation. A f te r  

in t rus ion of  the monzonite porphyry the over ly ing grani te  e i t he r  collapsed into a 

void created by exsolut ion and entrapment of  vapors from c r y s t a l l i z a t i o n  of  the 

magma (Norton and Cathles, 1973) or subsided due to temporary re t reat  of  the magma. 

In e i t he r  instance breccias may have developed in the manner envisioned by Gates 

(1959, p. 812) fo r  breccia pipes in the Shoshone Range, Nevada: 

"The pressures of  magma and gas open cracks overhead; gas rushes into some 
of these, tear ing fragments from the wal ls which, in turn ,  ass is t  in 
fu r the r  brecc ia t ion by abrasion, a t t r i t i o n ,  and wedging; magma rushes into 
others,  qu ick ly  c h i l l s  and evolves more gas which brecciates the rocks 
ahead; s t i l l  others may be f i l l e d  with breccia formed by rock bu rs ts . "  

I f  the void was formed by magma re t reat  caving and rock burst ing would have cont r ibuted 

s i g n i f i c a n t l y  to the f i l l i n g  of the cav i ty .  Several periods of  col lapse probably 
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occurred along with i n te rm i t ten t  in t rus ive  pulses. During the intrusTve pulses 

"minera l i za t ion  stoping" (Locke, ]926) may have contr ibuted to the brecc ia t ion .  

The resul t  was a zone of thoroughly mixed and brecciated grani te and monzonite 

porphyry which was subsequently a l tered and mineral ized. 

Post-mineral brecc ia t ion is thought to be tec ton ic  in o r i g i n .  I t  is associated 

with large-scale normal f au l t i ng  in the area and with movement along the Basement Fault .  
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Figure 6 

Figure 7a & b 

- Generalized geologic map of the Sacaton 
Mountains. 

- Generalized plan and section showing the 
limits of the East and West ore bodies. 

- Geologic map of the 1030 bench, West ore 
body. 

- Section B-B' through the West ore body show- 
ing rock types. 

- Section B-B' through the West ore body show- 
ing distribution of sulfides. 

- Section C-C' through the East ore body show- 
ing rock types. 

- Section C-C' through the ~W~%Tt Ore body show- 
ing distribution of sulfides. 

- Strike frequency diagrams for veins and 
fractures from the 1070 bench in the West 
ore body. 7a shows the strike frequency for 
292 veins and mineralized fractures. 7b shows 
the strike frequency for 152 unmineralized 
fractures. The length of each 10 ° strike 
segment is proportional to the percentage of 
total strike measurements. 



~r ^ 4  • 

~."~'4 WEST ORE BODY~:~ Q~EAST ORE BODY 

~ ' ~ ° , ~  4 SACATO H DEPOSIT 

. 

I-7 
D 

-,1- 

HORTH 

GEHERALIZED GEOLOGIC r, IAP OF THE SACATOH MOUNTAINS 
M O D I F I E D  AFTEA J . c . e A L L A  

Alluvium 
Three Poaks Monzonite: 

Oracle Granite 

Sacaton Peak Granite o i z 3 4 miles ~ ! ]  $acaton 
m 

Granite 
I l ~ l ; I I 

' - l 1 
! -  

i 

.F/-~o /_./,~c_-~ ~7-l/S 

. . . . . . . . . . .  L . . . . . .  

i 

: 



• ~ ~'~"~ ,.,,.- , , ' "  , , , " " " ~ " ~ . ~  

- 7 "~ ,~ -  ~ . . . . . . .  

. 4 j~ ( ,  . - '~ / ' . , .~  ~ -  . ~ 4~t"f~, ~4 



I t . . _  -~.._-- ,w 

_ _  N O R T H  

A 

I 
M.J 

,=, 

LIMIT OF PRIMARY MII'~ff:dIZATION 
(CHALCOPYRITE) >0.40% Cu 

24,000 N 

. /  APPROXIMATE LIMIT OF 
l E A S T  ORE BODY 
I • ,..,,.-. ~-,,~ 

Final Pit Limits 

APPROXIMATE LIMIT OF 
WEST ORE BODY / 

22,000 ~l 

Discovery Outcrop ./-'---~, 

O 500 1000 FEET 

150 300 METERS 

PLAN 

Original Surface t 

I l~ '-~. E:-- - SECTION 

/ fILL.uV ic; ~vi"- 3 A, 

i %%. 

~ WEST'ORE CODY ' 

~{..,]omO~" A ~  CONGLOM E R 

F hal P~I t m~ls ° c ( 7 _ ~ _ - _ , n o _ ~ . ( 7 ~ 0 o  

CLOCK CAVE LII';IITS: 

o,~,) 
GRAIIITE AND MORZORITE PORPHYRY 

.~.,..,,..,~ ? - , - , - . . _ _ . _ .  
• ~;.. , . , - . , . . . . . , .= , t ' ,  

~ ~ ,  ~0 . ~ ' . S U ~ < ~ # t : - - c - - - - - - - - ~ - 7  - - .  Sea Level - - ~  

I 
a ~  Z 7 o ; $ "  " . . . . . . . . . . . . . . . . .  -= . 

.7 . _  A . .  ,..,o " "  : Piihi-L" SCHISl 1 



t - ;  
t - l ' !  

- i ~ i - i  

* * + + . + . +  
• * * * * * ¢ .  

° • ° o ' . • o °  ~' , . '  
" , + . ' . +  . '  , ~ : , :  

I : : : : : :  

. + , , * * o o  
**-,•¢*•**+**•+ 
¢ + * * * * * * .  

. . . . . .  • • • • . . ~ F ' : ;  

""'"'"r:<"'":"Lc';:'~;!~!i!iii~ii!i:.:.:.'.'f" " " " " : : ' " ' " : . "  " "  ~+;"-"~',-,-~-,. 
% ' 4  ,'. ..... •.....,&:.:::.:::.+/+:+,..).:.::: : - : .  

"'"'""3":':." 
+ * * * +* . . . .  / * - , . % ' . ' , z *  ,%. . ;  

r ,  , +'l " "  
LI / ,~ iT  OF SM~ F I C / u , T - : .  

PRE'~IIPIEI}AI. I~RECCIAT~O.' ;' 
• . : . : . : .  ' : . ' : : . . ' . ,  

• * *  • • ' . ' . - t . t : : d :  ......./~.:.: ::.:::::j.:-:.:.:..:,~,.:, 
. . . .  . ~:,..X-'-.': ~ : . : . : . ' . ' ; (~  

. . . . . . .  :/r It; 

* * * • • / o  

1-i. 

. ,+'̂ .+~. _ _ _ _  _ _  PRE'I+II,-~ER 
,+ :~ ,<+:  ~ECCI,51~II :: 

F , \ x  

J I f - . . -  . . - . . . - . / . + . ~  • . . + . l+m~.w.m--'~ . + + , , 

'~,%-:,'.~:~.-L:." .V~;~+ ++ " + + ~ . + + + + "  ...'4.'-.-'-~!~':* 
" ; - ~ / 7 , " .  " + ' - ' . ' ~  . . . . . . . . .  - "  + ~ - - ~ . r . e + +  ' ~ F <  ^ ~  " ,  

: ; ' , , - ? . ; p ,  : .:',,++- + +. • .+ + "+ + + " .  ~,.,¢'*" + .f+~;~+;+~+ "~ + ,  + > 
: = ' C , , - , , .  " . : ' ~ +  . ++ ++++" . ' + + , + ,  + + < ~ ; "  + + • ++ + ° "  + , '  
" , , -7- - - .~ ; : . , , '  . . . . . . .  # '+ ++'  + +.C~. +> , ~ <  + . + +  + " • + + 

;, . + . . + + . + . + + + . + + + . + + ; , +  " ~ . + : . - ; ; + ~  + + + + + + ~  • , . .  
+ . • + + + + + + . + <  ~ . ~ * . . ' * ~  + + ^ ~ ^ , ~  a + + + <  t 

. . . . . . .  . + • + ~ ~ ' + - - ~ . - - + P + ~ 2 +  + + + ^  + ^ +  ~ + ,  

. + • + * + * + • + + ~ ' ~ - I + ~ . ~ ( <  + ' r v r + + ~  + < - +  + r  + + ,  

• + * + "  * * + + + ' . ' + + . + ~ + ~  + . . . .  . + . ~ _ ~  . . . . .  " +  + ' + i -  

.a t. • .~ ~ ^ r l*. '~ . . . . .  . . . . . .  ( .  

1 + ,+~,  , -_z.!~(!lh+I{~ " . * *  . . . . . . . . . .  i - *  ,ti.tLu~. + ~ . . . , / ~ ;_ -  : : : : : : : : : : : : ; ' : ' . ,  

+++4iiiiiiii 

• COI~GLOMERATE . . . . .  

~ DA[:ITE PORPHYRY 

MI)',ED PORPI+IYRY-GRANITE BRECCIA 
MOIIIIIIL|I ~+{phl{ ~ i~,~ / i i [  ~uit(it  lm+111+l~tts |(l{~h}ly |i'I|I'~IIP,(I, ~{ll+Ol~|ll l | l  

~ +,~IXED GRAPIITE-PO~PP, YRY BRECCIA 
~ l l n + l l  l l l l m l M $  p+¢domln l l l  

F[[T 
+,. 0 I00 200 300 400 

"" { I ....... i , , ,  I I 

+: : : : : : ;  METERS 
, ~ : : : : : : ~ , , .  

;"~, ++ : : :+~L:", .~ +~+: : 
• . - :~ ' . 7 .  . . . . .  ~ ~ ' * +  : : : . . . ~ . : : ' . ' . ' . . - - % ~ "  • ,  

~.+, ~..:. :. ~..~,+.: : .: :. :,,.~: :....,. k~i~ 
•: J:h~:",".':. ~" :'" "" :....;~:::::::::~': :'."!...~..::'.: 
5ii~¢i!ii!iiii~'i, ~ :,.- :LX--- 
; :  : : : ' ~ ; : : : : : :  :1" ' + ' < ~ ' " + ' : ' ~ : : ' - "  ' - ' ~ .  
' + . . . . . . . .  ",~°- . . . .  " :+" "" ~ - ' "  " V  " ~ " - "  I ° 0 '  

• : :,::,- 

+ + . ' + y , .  

" ;  :::'L:~'>- V 
2 j2,..'-" ,,..e • 

au z. !! +,L P,°+i P, l!Y  
wp Io I$~,, fanelen ftJlm+nf~ 

~ MONZOI~ITE PORPIIYRY 
MIp i+c+ude ~+nzcnl t l  9orphyr~ ~ ; e c d l  wl l5  

Ip  I0 ]+*/, lorl+In l ( l l m l A l S  

~ DIABASE 

~ GRANITE 
forIJlS l + i l m l ~ s  

~ _ _ _ _ _ Z , _ Z _ "  :J 



• .o .. . . _  

r 

\ 
\ 

/ C.¢..~,,.~ R , :  i [, , , . , [ :  c ,  C . l "  [ := } t  £~ I ' l "  

/ ) 
ORIGINAL SURFACE I 

;i{:; ..+;..,-..-: ~ :..: . ' . . . . .  ; ! ~ : : :  . : . . f . . . :  L;. ; ... :.; :-.",..:1~:....+~:i: . ;..-?i ~, ~.~:i:~`.~::~:::~!:~!~:!~!~L::!~.~v:.:~:~!i~.~..~ii~i;:.!~:~!~i~:::!:~.~...:~i~: -<.~.:.i".::.:i:: . : ! . : ~ : ~ : ~ i ; ~ ; ! ~ : i . : : 5 ; . ~ ; : ~ v . . " . : : ; ~ . . - : . ~ L ! { P C ; - : ~  

2 . ! " . "  .. ,!--.!;:: . :  ~; :4V E~;f : ;  . !  ::.": ;:::~ i;; : : "  ~ I (~ [~  : ' : :  : ; ;~.:~ i .~.::: i;~:;';i! : :'! ;}i ::" ::.::~.:~ ;:  ~;:. : : ;  :~:" ;'.; ":. ::i: . i . . ,  : :: :. !:: ::.: .:; ':, :~:. :.~'.~:: ;: . . . . . . .  --..,-.:, . . . . .  - - - -  - - -  - + + ~ _  
~ . . . . ~  • . . . .  " . . . , . .  ~ . - :  . .  ~ .  . .  . . ;  ....: . . . . .  : ' : . .-: . .~.. : + . - : 1 " : . . . : , . ' . . .  " ~ : : . .  . . . .  ; - - . . . . ! . . . . .  ~," ~ . .  ' @ ~  . . "..7. ' ,", '~ ~ ~ ~ ~ - '? "~ 'T ' - - f , ' - - ' ,  - ' t ' ~ -  , - " . ~ ,  . . ' :"~)"'~'+,~',~;.R.: " * " : . r ' ~ " ; : : . . t . ? , ' " t ~  . . . . . . .  " j ' ~ ' ~ - ' : x ' ~ ¢ ~ " , ~ , ~ , " ~ " , Z ' , + ' - ~ : p ~ ' , ~ ' ~ " ~ ' ; C ~ . - , ~ ' . ' ~ t  ". . . . . . . . . . . . . . .  . p ~ .  

+-. . . . . .  , , . . ~ - ,  • ~,~-:r~.; ,_ ' , , . , :  :_ ~- , , .~ ' ;  , , ,  ~-------?,, . . . . . .  ~ :  ' ~  +e:-+, , )  . . . . . . . . . . . . . .  , . ,  . . . . . . .  ._...:')dr.'.+-'.: 
L + ' J - ~ ' - ~ ' C . " ,  ~ ; ' : ' : : : P ,  ".,,.' . . . . . . .  " - ' , . , . ~ ' , . '  " ~ "  _"<r : : .  ~ " ~ <  ~ ~ ~ ' ~  - ~  - ~ " " ~ '  " ~' I '  ~' ~- ,,- / '  ,-' , , - '  , . c u u  +,+,a,,. 

. \  l ~ l - j  - -  ~ i .  4 + + ~ , * + , + + + , . + . + . ,  ,,+~.~+ ,2~ < r .~++  4 ---,-4 ~ + + +  1 .  . . . v  - ~ .  + ,  " , . ~  + +  • l ~ l ~ ' l + / + l + l ~  + I  ~ + I +  , X - + + - - - , - - - , - , - +  '-v-..-...:-..--.+ . . . . .  ,~, , . .~.m~+m,~,.~; , : , ,  ~ - - +  ++.:'.;-,-:;,. '% +- . - ; . . - '+  ,<:,+ , + - +  . . . . . . . .  ; -  . . . .  -~ ,v , / , ' , .  ,.,.; - - ; ; '~  

... :. :.:+ :+. + .: +. + ... ,ooo.,  

. . , . ,  . . . . . + .  ~ . ~  " PiT OU'ILINE~ +" 

CORE OF PRE'MINERAL 8RECCIATIONP" 

AUUmM ~ MIXED GRAmWPORPHYRY BRECmA 

CONGLQP~ERATE ~ MONZONITE PORPHYRY 

MIXED PORPHYRY-GRANITE BRECCIA GRANITE - , - - .  

_ . (  MINERALIZED RDCKS r - l  SULFIDES -> 75~'o OXIDIZED, NON-~ULFInE COPPER"~ 0.40~o ) 
~ [ ]  SULFIDES e'~5~'o NON-SULFIDE COPPER l~ 0.40 

. /  

• . - P l E S - T  " --.-FAUL-I _~CORE OF PRE-MINERAL BRECCIATION I ~  , - - - - -  
I "L'f" ~'IP' " m "  " ~ " +  ~ " * I " '  m~"+ l..,m I,'W'+ ~ imNm ,~a . l  l l i "  m"~' 

i " 4 )  ~ ~ , . . .  , . . s  . 

, ? " * " - . ,  - . ,  ~ . -~:~'.+++ L'~ "~ ., , : _ ~ y ,  .K ~ . . . . . . .  -+-VT,2oo' As~ 

• ~ ~ ~+~+ . :  , .  ~ ,  ~ t ~, ~ ~ ' , . . . - ' +  + ,  

"-"+'+'-'- ....... " ..... " x + " " ~  " ', ,~'+~,',-"' ~'" PiT OUTLINE +'" . . 
• "-~.-.:.:.~ ; - - ' - - 7 - : : £ L . ' - + ; - - ' ~ - ~ - ; - ~ ' ~  " ..." \ 

/ C l t A L C ~ C , ; - ~ "  r~ v,~J'~'~'6" £ ~ 
/ ' ~  u~: .~ SOUTI-IERN LIMIT OF 0.40°,o COPPEll 

% ..~ PRIMAR~ MINERALIZATION 

0 100 200 300 400 500 600 FEEl 
- I 'iT [ • ~ I ~ "[ 

O ~0 'qO 90 120 150 180 ~ETER$ 

4 

'+.! 



C 
S,137 S.B9 

o ~{projec: 
-J:; ;  O-~. ~5' w~ 

; l 0 , 0 " ~ * G# ~ "  0 I~ 

~; ..... ~ 7 °. ~ ,~ L~ 

o'o o. ~. ° o 7: 

.o:~O~ 
,°o, ".~dbsS"t To< 
~uu #a¢~ t_O_°J 

Cig   47o. , 

SEA ~,,-~:}'-: 

; ,.<',i L-'> 

, " ~ . ~  ~ 

S'I05 S.121 

~ CO~GLO~ERATE "" ..... 

~ DACITE PORPHYRY 

D MIXED PORPHYRY-GRANITE BRECCIA 

~ IXED GRAHITE-PORPHYRY BRECCIA 

~QUARTZ MONZONITE PORPHYRY 

~MONZONITE PORPHYRY 
~ DIABASE 
D GRANITE 
'~SCHIST 

0 100 200 300 400 FEET 

0 30 60 90 120 METERS 

0' 
I 

, L  

i D , , . ,  



' I "  

400' 

C 
S 137 

, /  

S 89 
pro acted 
85' west 

/ 

/ E 

S 123 . S B6 
projected 
120' east 

" \  
\ \  

S 139 S lOS =]/ 
/ 

, 1 
BLOCK CAVE LIMITS - -  I 

".,,, 

°°," 

S 121 
projected 
150' east 

J " " l \'~~ / ,. ....\ . 

cl t-. \ @~,. E7 .......... 

::::::i:" " " ", Y--..", ,--,2 ,,~,< 
,. : : ! . . . - \  ' . "  , /  

."::" ~ " V ""~. "-~5:::'-. 
• . . . ,  - .}. \ \  

LEVEL" . . . . .  "" ; " " ' ~ "  / " ~ ;" '" 
I /..-"! ",,:::. ~- /  ... :..'~ i"-~,,"... ' 

L ! :::L.i -".:?'. I :.:::"'I 1 ......... "~- - ,  \ ---] ........... "-.', ".. .. .................. ! "'... ~ x K...x,. 
l .,,~ '." ...... ".! bAsE "? oF ' '" ~ "- ~' 

-3oo' I .~ .......: -." I - .... ,:~.c~A~o~ i .... '. .-"."?:~" 
--" .L ~ -  :" ~" ". a,, ." .," "-,,,,~.~UCl~ "*,., ",, .,," UNDERCUT LEVEL.L "-,.3,~: ,, : ,," -,.~,~ E t . . . . . . . .  ": ~"'" 

- ~ "  SEMEHT FAULT " ~ . . .  *~',"~[#j-, " . . . . . . .  %" • 400 BA - " " " ' " - . . . ,  ' " "  ~.I~'~ "" 
"~,~'~,"- ' ~'C"'. " 

UNMINERALIZED ROCKS ~ ?"~"~ 

MINERALIZED ROCKS ~ SULFIDES -.¢ 75°,o OXIDIZED, NON-SULFIDE COPPER ,~ 0.40% 

! - - I  " SULFIDES =" 750/0 OXIDIZED, NON.SULFIDE COPPER ~:0.40%o 

" - - ' ~  SULFIDES "= 75% OXIDIZED 

O 109 200 300 400 500 FEET 
I '1 t 1, l I 
O 30 60 90 120 150 METERS 

C 
; 



': e N~'o 



:ii~!!?:~;..~:,: ~z ,  z.~, ?,-~ ~ / . ¢ d - >  . 

- £ ~  # ~ '  ~ .  
. . _ _ . . ¢ ~ = - f f ~ - ~ - - - / - ~ - - -  - 

I ~?, z ~ ,  _ ~  

# , / . ~  ~ , ~ _ ~ _  ~._.._- _:._, 

# 

..... ~ ~ ) ~  ~_..,~/~ ~J-~.~,.;  

........ ( i  

~ . r+~ " .  



. . . . . . . . . . . . . . .  ~E,~. <j_-->q~ ...... ~-<~./~--~. -~'~---~V-~, ....... - ~ ~  ~ ~ <.¢z_.~.p_~. f . . . . . . . .  

-C~O.~;:~-~ . . . .  - , ~ - - " / -  ........ ~ - ~ - ~ - - ~ - - , - ¢ - - ~ - ~  . . . . . . . . . . . . .  ~ - - - ~  ~ . 

• , , e , ~  ~& ~ D_S_~IeL.D-~_,___~ ~, ,___._T__~_--. _~; ~_.P~_- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........... ~ ~  _~_~_ _. ~ _  ~ _  ~ ~ _ ~  . . . . .  ~ _ ~  <,--.~.,1._~_.~x~/~><-_ 

~ -  _ ~ -  ~ i ~ - , , ' . , 7 _ ~ _ ~  ~ _,~.~"~__~~.,.,~,~>~., ~ . . . < .  

7?: . . . . . . . . . . .  

~ m ¢ ,  ~ -  ~ ~ ~ - ,  __ i~___~. ~ , '?  ~ _ } - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

: ~ ~--- ~v<,,_ ~ ~,  ~_<.~_'.__ _ ;~___~ . ,<~_~~ ~/~..~.:.!_-~__,~_ . ~ ~  

~ _ .  .. "~.~,t~.-~~_dc~~, • . . . .  _ ~ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

;~"~ ,,~0/,.~/-/~ ~ 4,.<"A._~//<.f~,,' ~ ..m_=.~.,_z-.s--s, ~.r-~ 
i: '~ ~ " 7  ~ , 

~<i'* '~., ;~,~&,. • ' i ~  • ~ ; ;;<i.,"~ ~. 



_ ~_.~, ~?_~ ...................... 

.................... ~ _ ~ / ~ _ _ ~  ~'~_'/~_.,~c~.~.~ ..~., T.¢4~_X__~ .................... 
~, " ~ _ _ ~ .  

. . . . .  _ _ _  ± . . . .  _ _ _ _ _ _ / _ _ ~ 2 _ _ ~  . _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P 

~:~:'-~" . -~_H_~_v___~J ~_.~_~..~_...~__ ~.~,.~. ~_ v ....................................... 

__: ..................................... d . ~ ~  
iS' 

• :!°o 



. " . - 

~:~S.:". ,~ -, - 

i ~  - ~... %-~- , .  

!:",:..:'i~'#~. ,~ . .  

g - s e  ';,, 

Z;  .F~- SS- 

..... _C ~s- ; 

i!  ̧ : 

7 



............................. '~ . . . . . . . . . . . . . . . . . . . . . . . .  " " , ~ , - - A Z , ~ ° ~ - " ~ ' ~  . . . .  . . . . . . . . . . . . . . .  Southwestern Exploration Division 

June 8, 1983 

To: F.T. Graybeal 

From: ~ 

Block Cave-ln Situ Leaching 
Some Thoughts 
Sacaton-Santa Cruz Area 
Pinal County, Arizona 

H. G. Kreis has released three papers expressing thoughts germane to the 
topic of Block Cave-ln Situ Leaching which I believe you will find more 
than interesting. The papers are: 

I) Percentage of Draw to Block Cave a Leach Column (May 31, 1983); 

2) Mining of the Hanna-Getty Deposit, Pinal County, Arizona 
(June I, 1983); 

3) In Situ Leaching, Sacaton-Santa Cruz Area, Pinal County, Arizona 
(June I, 1983). 

To add my 2-copper-cents, I believe: 

I) ASARC0 should acquire a portion of the Hanna-Getty deposits, such as 
the Hanna position; 

2) the use of Northrop Services should be at the reduced rate as HGK 
suggests, and rapidly move into a ful], 3 hole to 5 hole test when 
appropriate; 

3) Sacaton East, with its shaft in and a level started, has a good per- 
centage of the cost already in and is a 1ogica] and very useful area 
to test either a straight leach or the block cave-in situ leach param- 
eters before committing the mega-bucks for the Santa Cruz area. 

JDS/cg 

cc: HGKreis 
JRStringham 

z _ . ~ J J a m e s  D. S e l  1 



Exploration Department 
Western USA 

June 8, 1983 

F. T. Graybeal 
New York Office 

In-Situ and Block-Cave Leaching 

Concerning the recent memoranda on this subject by you, Sell and Kreis and 
the Davidson unsolicited report I have the following comments: 

I) The Hanna-Getty deposit is, in my mind, the best oxide/cc deposit for 
either block-cave leach or in-situ leach. H. Kreis' proposal for a 
block-cave leach utilizing the Sacaton mill might mak~ this deposit 
competitive at lower copper prices than he states. I would encourage 
Asarco ~o acquire this deposit. The chances of discovering a better 
grade deposit in the southwest are slim. I believe our test money 
would be better spent here than on our Santa Cruz deposit. 

2) Sacaton being above the groundwater table would not be a particularly 
good deposit for in-situ testing but would be an excellent block-cave 
leach candidate. 

3) SX-EW has to be favored over cement copper. 

4) Present Federal underground injection control regulations and the 
proposed State of Arizona regulations will add to the cost of an 
operation but it is unlikely that they will prevent an operation. 
Good PR will be needed. 

5) I agree with Kreis' comments concerning Davidson. 

k-.~' 

W..L.  K u r t z  

WLK/cg 

CC: JRStringham 

HGKreis 
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A,SARCO Southwestern Exploration Division 

December 15, 1983 

H, G. Kreis 
J. R. Stringham 

Santa Cruz Project 

Alan Parks, District Manager, Freeport Minerals will arrive in Tucson 
January 3, 1984. You will give him a thorough tour of Santa Cruz- 
Ollerton Farm-Amoco on Wednesday, January 4th. 

On Thursday we will hold a formal meeting which Mr. Cook of Freeport 
will attend. 

Alan Parks may want to spend Friday here to further discuss the Santa 
Cruz Project. 

Mr. Stringham should call Parks to work out the details of Parks' 
schedule. (Freeport, Reno 702-323-2251) 

WLK:mek W. L. Kurtz 

CC: R. L. Brown 
J. D . Sell 
D. R. Cook - Freeport, Reno 
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ASP.qCO Southwestern Exploration Division 

May 22, 1986 

FILE NOTE 

Santa Cruz Project 
Pinal County, Arizona 

The U.S. Bureau of Mines has sent out a RFP (Request for Proposal) for 
a "Generic In Situ Copper Mine Design Manual." 

One such site, for work that is part of the RFP, is at the Santa Cruz 
Project. 

Thus contractors bidding on the RFP may be calling Asarco for information 
-- No information should be given other than to refer them to: 

Contract Specialist David J. Askin 
Phone: (303) 236-0291 
Bureau of Mines, Branch of Procurement 
Room A-1608, Bldg. 20 
Denver Federal Center 
Denver, CO 80225 

JDS:mek 

es D. Sell 

CC: F.T. Graybeal 
W.L. Ku rtz 
W.D. Gay 
H.G. Kreis 
M.E. Kavanagh 
F.R. Koutz 
T. Dalla Vista 
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Exploration Department 
Southwestern United States Division 

ASA  

,._7 
December 19, 1985 

Dr. William C. Larson 
U.S. Bureau of Mines 
Twin Cities Mining Research Center 
5629 Minnehaha Ave. S 
Minneapolis, Minn. 55417 

Santa Cruz Project 
Data t0 USBM 

Dear Bill: 

I enjoyed meeting with you in Tucson, and I was pleased to review our 
Santa Cruz Project with you. 

Fred Graybeal wants you to have more data on the Santa Cruz Project, 
and he asked me to send you the data shown in the following list. All 
of this data accompanies this letter. 

- Data to USBM - 

- List of Santa Cruz Rroject data (H.G.K., 8/27/82 report, Table 21 
with H.G. data deleted) 

- List of core that was photographed 
- Detailed geologic logs with explanation sheets / 
- Reconn. geologic logs with explanation sheet / 
- Rock structure - strength logs with explantation sheets / 

Assay sheets with interval-grade computations / 
- Drill hole directional survey reports I 
- List of drill hole surveys projected to T.D.'s 
- Temperature survey of SC-36 (att. to direct, survey report) 
- Acid leach tests (T.D.H. memo of 12/11/79). 
- Table 18, sulfuric acid-bottle leach tests (H.G.K. report of 7/27/82) 
- Plan map of drill holes (MN-6298 w/some fringe holes deleted) 
- Memo on copper oxide assays (H.G.K. memo of 12/30/81) 
- Chalcocite, native copper, and cuprite (A.R.R. memo of I/5/82) 
- Figure 36, continuity of copper oxide mineralization (H.G.K. report 

of 7/27/82 with CG-7 deleted). 

1. For drill holes SC-19, -24, -35, -36, -37, -38, -39, -40, -46, 
-47,-49, -51, -52, -58, -59, -60, -61, and -64. 

V 

ASARCO Incorporated P.O. Box 5747 Tucson, Az 85703-0747 
1150 North 7th Avenue (602) 792-3010 



Dr. William C. Larson December 19, 1985 
Page 2 

If you have any questions or want to discuss ways to evaluate the data, please 

give me a call. Also, I would be glad to make a geologic presentation and/or ~ 
show the Santa Cruz drill core to all the USBM people who are interested. 

Best wishes for the holidays. 

HGK:mek 

Sincerely, 

Henry G. Kreis 
Senior Geologi st 

cc" F. T. Graybeal 

bl.cc: W. L. Kurtz 

N.Y. 

P.S. Bill, with the holidays, vacation time, and year end work commitments 
on other projects, I won't be available to work on Santa Cruz until 
early January. At that time I'll call you to let you know I'm 
available. 

The accompanying data is your copy to work with, and I can easily 
supply you with another copy. 

' • -, ' -" ~ ~ ,~ • . ~ ~,~ ~. ":. • ~-~ "~' • • , •, ~ - ,~. ~ ,  ~. ~.'.'i ~.~,' ...~ ~,.~, ' ~ ~ k ~ . . . .  ' . . . . .  ,' ~. , • ~.~. ~.~ ~ R_~w~ : ~  . ~ c , ~  ~ . ~  . . . . . . . . . . . . .  
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As/ q¢o Southwestern Exploration Division 

June 2, 1986 

F. T. Graybeal 
New York Office 

In Situ Field Review 
for Contractors 
Lakeshore & Santa Cruz 
Pinal Co., AZ 

The day of May 29, 1986 was spent with the potential contractors bidding 
on the USBM Proposal of the in situ generic study. The contractors had 
been invited for a field inspection of the two site areas at Lakeshore 

and Santa Cruz. 

List of Participants: 

Jon K. Ahlness, Mining Engineer, USBM, Minn., MN 

*Clement Chase, K.D. Engineering, Tucson, AZ 
Tom Clary, ? Independent ?, Miami, AZ 
William M. Greenslade, Dames & Moore**, Phoenix, AZ 
Brent Hiskey, UofA, Tucson, AZ 
Roy Huff, SAIC**, McLean, VA 

*Rudy Jacobson, In Situ Inc., Laramie, WY 
John McDonald, Mt. States R&D, Tucson, AZ 

*W. Joseph Schlitt, Brown & Root, Houston, TX 
Randy Scott, Pincock, Allen & Holt**, Tucson, AZ 
Ralph Weeks, Sergent, Hauskins, & Beckwith, Phoenix, AZ 

*Phillip M. Wright, UofUtah Research Inst., SLC, UT. 

*Indicates person was at the preproposal conference in 

Milwaukee on May 15, 1986. 

**Indicates company representative was at May 15, 1986 meeting. 

At Lakeshore the meeting was conducted by John T. Kline, Chief Metallurgist, 
along with Paul Musgrove, Manager, and Ernie Ahrens, Chief Geologist. A 
slide presentation was made emphasing the ore zone and the best method for 
obtaining core, i.e., by drilling underground from a drift beneath the oxide 
orebody. Drilling from the overlying fanglomerate is undesirable as the 
hole must pass thru a heavily weathered paleosol with added costs and 
sometimes failure to penetrate! They also mentioned that a $I000 fee is 
collected by the Tribe before outside contractors can do any work on the 
land. Also "a working agreement" would be necessary for any underground 
drilling so as not to interfere with Noranda's crews and work. Also, as 
Noranda only works an 8 hour shift and locks the gates, any further work 
would involve "extra security," and, if underground, "support people," 
all to be paid by the contractor. 



F. T. Graybeal 
New York Office 

June 2,1986 
Page 2 

Of course they did mention that office space, telephones, core shed, water, 

electricity, and air was available at some consideration. 

A few minor pieces of core were shown. 

Two maps were passed out: i. Drill-Hole Location Map with surface 
geology and topography (1"=200'), and 2. Development composite of 

underground mine (i" = 200') (in Tucson file). 

Kline also made a strong pitch on the availability of the in-place 
extraction plant, etc. All in all, the presentation was for the benefit 

of the USBM and not for the contractors. 

Questions were mostly on drilling costs, and then engineering parameters 
such as water flow, permeability/porosity, and plant costs. No answers 

given except to say that any Noranda data available to the USBM was 

releasable. Jon Ahlness said that he hoped to have some data out by next 

week. 

At the Santa Cruz area, I took them to the quarter section above H-G, 
which is the best drilled area B, and showed them the drilling plan 
(revised 9/85, #6298) and the cross-sections A-A' and B-B' (#6310). I 
also read off the footage figures for bedrock and top of oxide inventory 
and noted the depth increase from north to south. I said that some holes 
may be available for reentry (as did Lakeshore), but said that rotary 
drilling to within the inventory, cased and sealed, with coring and testing 
below would be less risky and cheaper in the long run. Those like Clary 
who have had experience with reentering holes tended to agree. At the 
core shed, holes SC-19, -46, -52 and -61 were already laid out in parts of 
the mineral zone and I had stood up the lids on two or three boxes spaced 
six to seven boxes apart. I mentioned that they could look at any box. 

About a 20 minute look-thru was the average. A few questions were asked: 
a. what was the total calcite content? (Answer: Can't answer that from 

experience, but it was not much as it was not added to the logging form.) 
"b. permeability/porosity, and geophysical logs? (Answer: Not run as 
such, except for hole deviation measurements.) Clary added a few questions, 
such as, how firm is the reserve estimate? (Answer: From plan map figures 
and the number of drill holes/spacing.) Does Hanna-Getty still own the 
adjacent parcel. (Answer: Now part of Texaco and I've not heard of any 

sale.) 

It was apparent that it was "old homeweek" for the Greenslade, Huff, 
Jacobson, Schlitt and Wright group, with the rest out for the exposure. 
As the day was quite warm, and the core shed was hot, the GHJSW group left 

for a beer after the meeting was terminated. 

JDS :mek ~ 'James D. Sell 
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ASARCO Southwestern Exploration Division 

, jbs 

June 4, 1986 

J. D. Sell 
W. D. Gay 

Santa Cruz 

A Peter Fratt (263-7629) of Phoenix called to inquire if any lands 
in Trust 1270 were for sale. I told him not at this time, but some 
might be for sale before the end of the year. He said he would 
call again in several months to inquire if any land is for sale. 

I told him some of Sacaton Mine land was for sale. 

WLK:mek 

W. L. Kurtz 

cc: T. E. Scartaccini 



Exploration Department 
Frederick T. Graybeal 
Chief Geologist 

June 5, 1986 

Mr. W. L. Kurtz 
Tucson Office 

In Situ Copper Mining 
Santa Cruz Project, 
Arizona 

Dear Mr. Kurtz: 

Bill Larson and Dan Millenacher of the USBM will conduct 
a meeting in Tucson Tuesday, June 17, 1986 at 8 A.M. in the 
Tucson office to discuss: 

i) 

2) 

the current RFP for design and engineering 

environmental permitting for both the RFP 
and a later pilot-scale demonstration test, 
and 

3) the actual demonstration test including 
construction, prQduction of copper, restora- 
tion and wrap-up. 

Mr. Larson thinks the meeting will take all morning and that 
we will need an overhead projector. 

Please reserve the conference room and advise Messrs. 
Scartaccini, Burrill, Martz, Crowell, Anzalone, and Sell 
of this meeting. Freeport will probably not attend. 
Mr. Muth will attend the meeting, but may not arrive until 
9 A.M. or so. Mr. Millenacher will try to have a draft of 
the envionmental permitting flowsheet to you before the 
meeting which should be circulated to at least Messrs. 
Burrill and Martz. 

FTG:mr 
cc: R. L. Brown 

R. J. Muth 
R. J. Kupsch 

Very truly yours,, , ~  

F. T. Graybeal~J 

R E C E I V E D  

JUN 9 1986 

r~P/ORA]I#N nEP~T~'.n~ 

ASARCO Incorporated 180 Maiden Lane New York, N.Y. 10038 (212) 510-2000 
Telex:lTT 420585 RCA 232378 WUI 62522 Cables: M1NEDEPART Telegrams: WU1-25991 



A..RPJRCO Southwestern Exploration Division 

June 27, 1986 

Verle Martz 
Tucson Office 

Santa Cruz Joint Venture 
Permit Phase II 
USBM In Situ Program 

The Phase II program, scheduled to start on or about January I, 1987 will 
consist of drilling one or more (probably less than four) holes in the 
NE¼, Sec. 13, T6S, R4E, Pinal County, Arizona. These holes will be rotary 
dri]led with a five or six inch bit through 600-1,000' of alluvium and 
moderately indurated conglomerate into a bedrock of Precambrian granite 
and Laramide intrusives where they will be cased with the casing cemented 
into the bedrock. Beneath the casing 200-1,000 feet of 3" diamond 
drilling will be done in each hole. 

Water, probably obtained from nearby water wells, may be injected into the 
bedrock and pumping from bedrock may also occur. I doubt pumping and 
injecting will exceed 50 gpm with disposal of all pumped water back down 
the cased hole. This testing will not affect the ground water level -- no 
draw down will occur. 

Drill contractors have not yet been selected. They will be registered in 
Arizona. 

The Santa Cruz Joint Venture has 3609 acre feet per year of grandfathered 
Type I non-irrigation groundwater rights, Certificate No. 58-110104, dated 
22 December 1983. 

Please determine what permits we need and then let's discuss them before 
filing. 

WLK:mek W. L. Kurtz 



ASARCO 

Exploration Department 
Western USA 
W. L. Kurtz 
Manager 

June 27, 1986 

Mr. James Marie 
USGS, Water Resources Div. 
Federal Building 
301W. Congress 
Tucson, AZ 85701 

Dear Mr. Marie: 

Per instructions of Dan Millenacher, USBM Twin Cities Research, we are 
hand-delivering to you Santa Cruz Joint Venture geologic logs for holes 
SC-24, 35, 36, 37, 38, 47, 52, and available driller's reports; also 

a geophysical log by Birdwell for hole SC-24. 

Please return all items. 

WLK:mek 
enos. 

Sincerely, 

I./A t/m, Z-/--<--',,:.!Z 
W. L. Kurtz 

cc: D. Millenacher, USBM 

ASARCO Incorporated P.O. Box 5747 Tucson, Az 85703 
1150 North 7th Avenue (602) 792-3010 




