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Ar~zo~. 
October 17~ )-960 

Eise~b_~er Group DFii!ing 

Ceurtright an~ I bzie~y ex~in~ some of the recent dzi!l 
c.zes~ east of B~u~v's Fslo Vezde sh~:~t~ October 17, !960~ 

DDH ~ 

736 = 766' 
766 - 8o0' 

800 ~ 867' 
867 - 97!' 

Arg. Some cpy~ lo~=g~ade 
t~actlte~ Wesk cry.. 
.A_Tg. LoOks llke -~l~go fm -- but ~ybe 
"~he C~!e~ arg. Of the Pimp® 
Tactlte° W~k cpy® ~f,adesi%e e:h ~ottom co.tact. 

Bottom 

9z~ e46 

Logged @tom840 ~ 1075 ~ 
re,Tweak. 

Mdn~ralizat~au 

B~ttcm 

DD~ m~8 

Logged from 600 = 6240' 
640  - 7~' 

738 ~ 817' 

Arg° Wee~k ci~j"~ no ore-F_~.vade° 
Taetite and diop. hr. Spotty el~ 
lo~lly ~lus i% C~a est. 

DDH 2~ 

Zogged from ~80 = 670' 
670 - 800= 

A.~g. Wes~ c~j -= probably no ore. 
Tactite, G~le~_~sphs!erite near ~ b ~ .  

~ttom 

[ 



h 

-2- 

DDH ~50 

i~ed f&'~562 - 638' 
638 - 98~' 

98# -i027' 

lOZ[..-I086' 

Met~Dor. Some wesk cpy. 

tO 8'hO', Below 8~0' ab~uh l~ C~. est, 
_acti'6e. S'~zong bornite sn~. e Dy, 
Plus ~ es%, 
Mb, 

Bottom 

DD~ 263 

Imgged from 500 - 560' Az-g, %Tesk c~#~ NO ore. 
560 - ~66' Taetite° Py plus s~ li%tie cpy. 

Trace sph~le~ite, 
940 -1116' . Sam..dy arg snd ~rkose, Tr, py~ 

!116 -IIS9: Black llmmmtoneo 
1129 - 1171' G~anite~ shea~ed~ 

DDH 265~ drilling 

At almut ~00 - 450' s~x~ met~por~ and s, rg~ weak cpy. 



"Tucson Arizona 
J~!y ~ 19~0 

j. ~,~io ~ ~ 

JUL 1 8 19 0 

Mro To A. Sne~den~ Manager 
AmericS~ Smelting znd Eefisln~ Company 
Seuthw®stern Mining D~p~rtment 
Tuc~n~ ArlSo~ 

. B A ~ B  D~XLL DATA 

Dea~ Sir: 

Attached is ~ memorandum, by ~o Cour'~i~ht ~cn~ " ~ ~on~ 
t~ins ~ de, ailed ~.nalysis of ~nne~s ~or.e ~nd sludge re~@veries 

• . ~% i s  ~omcluded ~hat ~ h e  ' " a c C e p t e d  ~' ass~y~ derived b ~  ; 

B~er using the L~ngy~ar .~ormula are too ~+~v,; We are u~grading 
t h e s e  assays on o ~ m ~ o s t t e  l o g s  n ~ w  being ~repa:~ed. 

Courtrlght ~ s m~m@ran~um ~ : ' "  "~ was ~n.~ended for a~ta~h~ment t o  ' 
the set @~ ~om~osite logs when ~hey ~re ~empleted. Eoweve~ X 
sm dist~ib~%i~ copies 0~ i% now because i% poem% s out "~h~ 
B~e~s d~illing and s~p~img procedures should be ~p~oved~ 
Si~e we doubtless will h~ve %@ use their d~a e v e ~ ' ~ u ~ ! l y "  ~ la 
m~k!n~ de%ailed opes pit mining plsss ~nd ~e reserve estimaees~ 
we: shomld mt'~empe now %0 pe~sm~d~ B&~er ~@ ~henge Zheiz drilli~ 
~nd s~mpl!ng te~hnlques~ Esseneisliy this would eonsist of (I) 
usi)~ swivel b~rreAs~ (S) inereasi~g their eo.~e si~e ~rom AX '~ ~ 
EX "~o I~PX, and (3) using mud Ci~cul~ion entirely w!~h ~bandenme~t 
@~ sludge recovery~ Although this will increase their ~osts 
S~mewh~% it should improve ~heir ~re ~e~overy in low-grade ere 
t@ the pea_n% that sA~ge assays will net be ~eeded. 

Yours ve~ truZy~ 

EENYON ~ XCI~%ND 

CG : 
Cour~r!ght ~amo 
DJPope - W / A t : ~ .  

R B ~ e e n  ~ " ( 3 )  
ACHali - " 
J X { C o u r t r i ~ h t -  " 

8 V o . u F a y  - " 
J S K ~ n n i s o n  ~- ~ 



A~EBXCAN SMELTXNG AND ~E~NXNG COMPANY 
Tucson Arizona 

July 7, I%~0 

m  0 2mD a 

~ ~  DE XLL DATA 

Ou~ s t u d i e s  o~ B~nne r  d r i l l  i n ~ o ~ t ~ o n  i n ~ i c ~ e d  ~ h ~ t  
many o~ ~ h e i ~  c o m b i n e d  ( c o r e ~ s t u d g e )  a s s a y  v ~ l u e s  ~ e r e  e r ~ o n ¢ o u s ~  
l y  low+ Ce_~t~in a d j u s t m ® n t s  h~ve  b e e n  made by u s  t o  c o r r e c t  
this condition; these revised v~lues a r e  Incorporated an the set 
o~ Ba~er composite logs whloh we are now'compiling~ The upward 
revislono~...v~!Ue @ smo~..~%@ 9@ ~s much as 20W I n  s slnglecivill 
In%e~cept.~ b u t  the overall e~ec% Is a s  Increase OX ~mere ~asm 
o03% Copper £s ~he sveraSe.gr~e O~ the ore In She E~senhower 
~up~ C~mer~l information o~ B~nne~'s s ~ m p l l n S  p~amZiee a~d o~ 
Our 8n~!ys~S o~ their ~esul%S' as ~ive~ an ~he ~ol~ins: 

Banner's D~illnS and S~ li~S Prao%ice , 

(1) All holes ~o~ ~h~h we have l@Es ~e~e  4rifled w~h 
s~m~r~AXor EX size ba~reis.~ 

(S) Sludges were ~olle~ted in 3 ~mpa~tmen~ steel tanks 
(15" ~¢ep~ ,~1- wide~ end~ ~ long) holding about 90 g~llonso The 
Sludg® s~ple W~S passed ~h~ou~h 3-tier sp!i~te~ (churn dril~ 
type)~ Th~s I/S product w~s ~iltered and d~ed~ %hen passe~ twi~e 
through s Jones splat%or° The assay sample Zhus represented ~/SS 

.@~ %he @rlS~l sludgeo S l ~ e  ~eigh%s (dry WZo ~ i/8 splIZ) 
were ~eco~e~ ~or part o~ the d~illing,~ b~% ~eooverles were no~ 
e~l~Ul~ bY %hem. 

(3) Accord£n~ to Ma~enzie~ Banner's geo~@gist~ a secon~ 
sluase ~snk was. normally used es s sump ~om wh£~h ws%e~ w~sp~mp~ 
ed bac~ ~OWS %he hole~ 

(4) Percentage c~e r~covery was determined by linear 
me.staTement. Cores were lo~e~ ~hen spli~ one-h~l~ g o i n ~  to 
s~or~e~ ~he o~her heine c~ush~ ~nd spii~ ~or ~sSSyo The ~e$~h~ 
~ the crushed core sample was recorded in a~l but the earlier 
ho!e~ as In %he ~ase o~ %he sludge samples° 

(5) ~ o r  e~ch d~ll £n%e~cep~ Banner's ~OgS show s ~ore 
a~say~ a sludge ~ssay~ ~nd ~n "accep~e~ assay'. This lat~er v~lue 
was determined by comb£ni~ ~o~e and sludge assays according %o 
~he L o n g y e ~  Sozmula am ~ll u~ses where ~he core rec~)very w~s less 
than 85%~o Where c o r e  ~ecOVery ~S 85%~ or hi~he~ the core 
assay be~mme the accepted asS~yo 

o~¢ we ~ ~s no~ a - ~ ~ e s  82, 84~ 89~ SI~ ~S~ ~S~ 95~ SS~ 
104~ ~07~ lOS and l lO..  

•¢Very approximate. In many c~ses~ %he cuto~ point ~as either 
higher~ or lower~ ranglnghetween 80% and ~0% recovery. 
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File  ea oran u l  a 
' B a n n e r  Drill D~" -2- -- Ju l y  7, 1960 

our Anal   cal_ 
As a ~i~st s~ep~ ~ ~vai1~ble c o r e  ~nd sludge weight~ 

w e r e  o b ~ s i n e d  ~ o ~  B s n n ~ .  S ~ e c l ~ i c  g r s v i ~ e s  were sssigned ~o 
~he~rlous rock ~ypes ~slnd~a~ed by Mission ~ These~ 
sn~ ~he se~le ~elz~s~ ~ereuSea  ~o c~Icul~e sample ~ecoveries° 
~ was'~ouna~ha~ m~ny .~ Ba~mer~s c . r e  reCOveriee (based on 
llnes~ m®~su~emen~) were erroneously high= 

To evaluate sample ~ c u ~ s c y ~  samples hsvln~ core assays o~ ' 
o8~. @oppe~ or more~~(SSS s~ples repmese~Isg~54' OZ dril~ing) 
were se~egs~e~ i n t o  gr@ups~@p~esen~i=s v~~ious ~ore ~e=ove~y  
~an~es ~-IOOW~ 85 ~o ~ 9~ ~0 ~o 84%, e~e0 ~@~ each group ~he 
di~e~e~ee~be~ween ~he ave~e~ ~he ~ore ~ss~ys"and %he ~ve~a~e 
o~ %he.siu~ge ~sssys ~ss ~e~O~:~d ~S a pe~Oen~sgSo Fez example~ 
in Table ~%here ~e 5@ EX s~mples hewing I0~ code.recovery; ~he 
~Ssa~s o~ sludges in %he g . ~ u p  ~verage 14% less ~han ~he cores. 
Xi Table ~X%he samples ove~ io0% eo~pe~~-~e ~g~ouped sepsr~%ely 

T~e~ reveals ~ b~s in ~h~ coreT~lu~e assay rela~ion- 
shIp~ ~he:slud~es beln~ consistently low in.~ll ~o~e ~ecove~y 
~S~Se~sb@~e5~0 1{ow~ %he ~o~e sample h~vis~ I@~ ze~ove~y is 
%he%he@~e%-ieslly ~er~ece s~mp~eo Xn a n y  @~ i=%e~sl %he CO~ 
respon~In ~ sludge sample mi~ be high or Io%~ bu~ ~hese differ= 
antes Should b~lance O u ~ . i n  ~he average o~ s n~umber ef sempleS"=~ 
i~~he sludge s~mples ~e~cC~e. Thus~ ~he ~~nd EX 1 0 0 ~  
~ecOVe~y g~Oups indicate ~ sludge error o~ ~ %0 .14% on ~he low 
s ide, -  The discrepancy iS mOm@~% g~es@e~ on ~he everage~ be- 
tween ,89W..snd ? ~  ~eco~ezyl Below 7~ ~ h e ~  is s Sharp break 
in-~he ~end~ ~he difference bg~oming negligible under 5 ~  ~e~ov~ 
e~y° T~le ~ shows ~h~ ~he. sludge e~o~ ~ s  p~in~ipally in 
~he s~r@n~e~ c@pperm~ne~liz~%ion ~nd %ha%' i~ is ~c~ually ~4%~: 
r ~ e r '  ~h~n 12% t o  14%~ X n ~ e  low-grs~e (i~nus 1;S% Cu),  e e r e  
an~ s l u d g e  ~ r e  i n  close c @ r ~ n ~ e n e e  (&n~zl~  ' r ~ g e s  o~ eo~e  ' 

minersi~Se~ ro~M eo~ed much b~%%e~ ~h~n %~e ' l a w - g r a d e  ~OCMo 

: Banner sludge recoveries were ~ene~sl!y poo~ ~angin~ 
m a i n l y  between 50~ and 80~°. 'T~e e~oneouS.ly Io~ sludge v~lues 
a r e  p r o b s S i Y  due  i n  p ~  ¢ .  i o ~ s  o~ s u l p h i t e s  %hrough c r a c k s  xn 

wSilS ehe drill hole  when S!udge velocity is 
reduced ~o s cere~tn  ~ o i n t  by ~ i e ~  i n  ~he ~ole w~l i~ the  s u l -  
phi:des~ being he~vier~ ~en~o se~le ~nd be d~ined o2~ ~h~le 
%h~ gangue'con%inues ~o ~ise; ' 

~ is %o be  no~ed  ~ha~ ~he relationship be%wean B~nner 
slUge an~ ~ore values is ju~ ~e reverseo~ ~h~.cOmmonly encoun~er- 
ed~/~ha~ tS•~ %he sludge usu~iiy assays hi~he~-%h~%he core. i~n" 
mos~ ~ses~ however~ ~he prin~£p~l owe mlmema~ isehalc~i~e.(Sil- 
ve~i:Bell~ Bagdad, Toguepal~ e%¢o), a rela%ivelyso~ mineral 
~h!chIsSus~ep~ible ~o selective grindingin %he ~ore wi~h con= 
seq~en~ en~ i c~en~  o~ ~he s~u~geo A lso ,  ch~ icoc l~e ,  p ~ i c u l m ~ l y  



e ..... e F i l e ,  Memorandum 
Banner D r i l l  Data - 3 -  July 7~ 1960 

t h e  s o o t y  v~,~lety~ mlngles wi~ ~he s l i m e  i ,n ~;he Sludge and I s  
no~ s u b j e c ~  ~o o l a s s i ~ i c a ~ £ o n  as  in  t h e  c ~ e  ~ o~ c h a l c o p y r i ~ e  

ReC~roul~tlon o~ s~$mes may have been in pa~ responsible 
~o~: Bsn~e~s slu~e er~oro As no~ed on o~e occasion In ~he 'sield, 
sl~me~be~in~ ~e~ ~s berne p~mped down ~he hole ~om one en~ 
o~ .s ~a~ while sludge ~om ~he colla~ o~ ~he hole ~s be~n~ d~s~ 
ch~ge~ ~n~o ~he other end. AAso~ B~nne~.S d~lll logs show nm~e~ 
cub instances ~he~® ~he slud~. ~ss~y values "I~ behind" ~he oo~e 
values. Th'is iS evlden~¢ o~ ~ncomple~e cle~nlng o~ ~he hole ~ 
~h¢ es~ o~ a slu~g~ ~Uno 

Sl~ge e~ro~ ~s COD.:~ined lar~e!y "~O ~he s~on~e~ ~oppe~ mlne~al~ 
:~z~:~ion, ~hus~ only a mSnO~ pS~'~ O'S ~he ~ssay~esUl~s nee~e~ 
~eV~s~o~ We employed ~ ~a~he~ simple me'~ho~ ~hereln i~: ~S 
~S~e~' ~;h~% oo~e s~mples h~V~n~ re,creoles as low ~s ~0% ~ere 
more ~ei~le ~han ~he ~or~espondlng sludge s~m~!es.0 Aocor~ingly~ 
in :~;13, resul~s re~resen~ng oo~e re~ove~eS o..:f 70%~ o~ hi~her~ ~he 
co~e aSSay  ~'~s subs '~l~u~ed ~0~ ~he c¢~$n~d~ o~ ~cOep~ed ~ss~y 
us~~ ~y':Banner~ Thi~ ~n~olv~d only "~hoseS~'~le~ ~be~een 70% a~ 
85%: ~eoove~y~ ~s Bnnne~ h~d ~l~eady ~pplle~ ~is me, hod ~o ~hose 

Th~o~e~Ically~ ~h~ ~o~U~acy o~ ~ O0~e s~ple ~eoreases .~s 
%.he ~ e c o v ~ y  ~ali~ belo~ l O ~ ,  T h e  Lon~ye~w ~o~ul~ ~a~es ~ h i s  

~ i ~ m ~ i n ~  ~e~os~ such ~ ~ e  ~ i s s i o n  (~nd ~ a ~ e r )  wh~re ~h~ 
OW~ m~ne~xs a r e  no~ rel~ive~y SO~'~ an~ ~:~!~b~, ~S c o m p a r ~  ~O 

:o s o -co e by 

wi~hSn ~n ~ccep~able ~ange d~ ~ccur~cy even~hOu~h ~he core recovery 

asSay..s-"~,s ~¢~¢~v~; a~'b i '~ . r .y -~: :  :~e ~o no't; ~ e ~ r ~  ~he r e v i s e d  

u o ~  closely the ~;rue v a l u e °  " " " ~: 
: . . . : .  

jr.. H~ OOUI~IG~ 

A t ~ a c h -  T~bXes I and .II 



Core Re~ ~umber o~ 
% Ou % Cu 

1,17 lo00 -14% 
°69 063 -08% 
,82 °58 -29% 
,85 o71 -16% 

40 o 8 9  o 78 
192 o ~'1 ,, 59 
127 ,86 o 65 
126 o 5~ o 52 
.358 ,47 , ~ 7  

- 1 7 %  
~24% 

0 

T A B ~  I I  

85% ~ o  99% 

5:1% t o  6 ~  
o% ~.o 50% 

PLUS lo0% CU. AX ~ EX HOLES CO~I~D 

2% 2116 1 o 65 -24% 
45 1 ~.59 o 98 .-38% 
38 1 o 9 4  1 o 17 -40% 
22 1o 68 I o 21 -28% 
32 1,43 o 91 -36% 

~X~US Io0~ CU. AX ~ EX HOLES ~CO~I~D~ 

100%. 4~. 056 . 5 6  0 
s5% -to 9 ~ ,  1 4 ~  .52 o 48 --oS% 
• o% ~o  a 4 ~  72 o 4~ . 4 4  ¢02% 
51% t o  69% 1~:~ . ~ 2  . 4 8  .-o8% 

O~ ~ o  50% 2 7 8  o 4 7  o 4 2  - 1 1 %  
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w~L~h ~he a~taohe~ ~tO~ On o:~ ~Se~es o~ ~he Banner pro!oeety 

~atio in oonne~on°w~h ~he Ba~e~ o~e ~ch has b~en d~i!led so 
far, X s~spee~ ~ha~ ~s same tendenc~ w~il ~en~In~e .In ~he un- 
d~ie~ ea~emn psz~len Of ~hei= E~Sen~we~ Stoup of claims, As I 
hay% men$1one~i .by ~e.iephon~ ~O r~aily appi~a~se 5hls ma~e~ a ll~tle 
be~%er~ ~ ~ we nee~ a~,ional de~ai!ed information, in~lu~ng 

~lear-~o me whe~heP he ~e~if had used ~hesm same me~.~s, 

no~ ~ case, ~n v~w ~f ~P, SohUbel s ~ma~s on pa~es l 

~0 '~ ~ ~ha~ e~f~cSen~ ~U~io~ a.~llow~ee ha~ b~en made 
whe,.r~ ~he ~ I y ~ o n s  ~ e ~  ~ n  p o l y g o n s  Of waste. Ae we 

C~$1n~ a dllu~on based on ~eoio~ical. iate~pre~£ons, 

2., " Z w o ~  1 ~  ~ ] ~ e ' S ~ :  ~ha%Mr. Ri~hara 'he,~ oheeked 
~he ¢ a t c u l a ~ i o n e  s u f £ i . o t e n ~ i ~  ~ o  e~o~se them ae be~n~ 
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- 3 .  t,B 
much iQwe~ g~e ~han ~la~ of ~he ioweP levels whene oer- 
~n h~h gPa~e plum~ O(~oUr. In o~er ~o estimate how we 

involve ~ash a~$anees~ we nee~ e ~ p e ~ . a l l y  ~o  know ~he ~ o n n a ~ e  i :~ 
~i ~e Of On lerVel~ even ~is~rSbu~Ion ~Pe each an~ in 
dISfePen~ PaP~ Of each level, ThePefo~ i n  a~i~ion ~0 a 
S~~ .Of O ~  ~ d  ~ S ~  r~  levels, we also nee~ ~he level 
plans w~ 8~adeofea~h ~l~8on shown ~he~eon. T~s will 
also b~$~ ou~ ~'~ al1~an~% ham been made f~ di!u~i~n. 

t;o ~z',ee ~o ~ne  onty a i ~ t ~ e d  !~onna~e. of #he h~gh ~,=de 
undergz~r~nd o~e ~m ~I~e Pale Ve~e s~¢~ 80 on ~he level 
plans we shall even~l~ wish ~o de~e ~a~efull~ wh.%uh 
area ~hey will be allowed ~0 ~e~ %~iS ~.onna~e from. 

" :  " ,~10r~he~ Pea~on ~ha¢ we nee~ ~he level plans is t o  
demesne how mu~h of ~h~ m t n ~  clalm a~ i s  Sn~luded in 
~he p~esen~ o~e r ' e ~ e ~ e ~ : ~  how ~ueh oS i~ ~emalnm s~111 ~ 
be d~lled ou~Ide O[ ~he p~sen~ ore ~se~'e° YOU mentioned 
~h~ ~e could ge~ ~hls f~m ~he ~Ompos!~e pi~ plan map 
Attachmen~ "A"~ bu~ I fin~ ~ha~ ~l~t-Sp~t plan does no~ include 
~he ~anne~ ore bu~ Includes only ~he ore of ~he Asa~o claims 
wl~h ~he pi~ slopes ex~ended b ~  ~n~o ~he Banne~ ~oun~. 

~:. AS I men~i~ned~ we need ~o h~ve ~ .  Rioh~'m opin ion  
and ~e~ommenda~n on ~he o~e posslb$11~ie~ oS ~he e~e~n 
a ~ a  .aS ~oon a~posSible~ I~ $s my und~Ps~sn~:n~ ~h~ i~ is 
e~c~ed ~ ~h~s will be ~en~ ~u~in~ ~he pre~en~ week 8o 

~. ~e have no w~y df ~elli~ whe~he~ o~ no~ ~he Bsnner 
~pan~ ~eall~ mea~8 busi-ness now. • In ~he pa8~ ~hey have . 
delayed and ~h~e~ ~he~ m~n~s ~on~nu~u~ly. ~ ~ot ~he ~J~- 

whe~ ~he~" reali~ me~ ~ ~e~ d~n ~o business. P~Icula~,l~, 
wish $0 s~ee~ ~hem ~am~ ~e ~s~ from ~h~ir s~ away 

f~ ~he area of  %he ~w~ open pi~ ore. I believe ~he~ h~ve 
d~llie~ some fairly ~ ) d  ~rade ore ~;0 ~he ~eS~ in addition 
~o wha~ ~hey ha~-before ~ ' ~ ~  "P,h~i~ P~I~ Ve~e Shaft. So 
~b£n~ t*ha~ 't~e~ are ~I~ mo~ ln~e~s~ed Sn iea si~ ~zhe. 

~e~',Eround~ ore wh~eh ~ o,~¢~ ~n ~he S ~ e  No. i an~ ~o ~o 
No. 3 m l ~  ¢IaimS.. ~ aonnec~ion w ~ h  l e a s i n g  '~heme ~wo 
elai~s~ I would llke ~oUP O p i ~ e n  on whether  o r  not; we ~hou td  
li~i~ ~he upper elev~i~ a~ which ~hey w~,ll b e  allowed ~o 
mine. I~ ~ ~he~ i~a~Ion~ on ~hese ~wo elalm~ oceu~ ~O 
~U~ ple~e ~e~ .m e Rn~r ~b:~ ~hem also. 
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MINING COMPANY 
Tucson, Arizona 

August 29, 1959 
TO : GmneralManager 

FROM : Mine Engineer 

SUBJECT: Methods Used in Calculating Ore Reserves in the Eisenhower Group 

GENERAL: Diamond and churn drill holes are being drilled on approximately 250 foot 
centers. By the polygon method described below, each hole is given an area of 
influence and the volume of ore is calculated from the thickness of ore cut by 
the hole. The various factors applied in these calculations and the methods by 
which they were obtained are as follows: 

DILUTION: All mineralized sections were expanded to a minimum thickness of 25'. If 
the section would not exceed the 0.50% cutoff selected, it would be classified 
as millable capping or waste, millable capping being between 0.36% copper and 
0.50% copper. Millable capping and ore are then combined by tonnages to give 
an average grade of about 0.82 to the orebody. 

POLYGONS: The method of construction~ras to erect a perpendicular to each line drawn 
between a hole sad the other adjacent holes, at the midpoint of the line. 
In connecting these perpendiculars, the polygon is formed. As the polygon is 
not a perfect hexagon, a planimeter was used to measure the area. 

TONNAGE FACTORS: The tonnage factors for each of the rock types carrying ore were 
calculated from the core and sludges of 5 diamond drill holes and averaged. 
beam balauce and a 500 cc graduate were used to compute specific gravity by 
Archimede's Principle. Factors are: Graywacke, 12.15 Cu Ft/Ton; Tactite, 
10.89 CuFf/Ton; and Porphyry, 12.48 CuFt/Ton of ore in place. 

A 

GRADE: Drill sludges and core were weighted byLongyear tables for a combined assay 
for each run. For core recoveries over 804 drill sludges were not considered. 

The follo~ring formula was used in connection with the tables: 

FcAc + FsAs 
Aw = 100 , where Aw is the combined or weighted assay, 

Ac sad As are the assays of th~ core and sludge respectively, Fc and Fs 
are the factors for core and sludge obtained from the tables knowing the 
core recovery in % and the size of bit used. 

Each ore zone was averaged separately by weighting the footages of the runs. 
Tonnages were computed for each ore zone and the final grade obtained by 
weighting with tonnages. 

NH:d 

/s/ Norman Harvey 
Mine Engr 
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Tuc~on~ Arizona A st 29 195  

TO 

FROM .~ 

SUBJECT: 

Oener~l Manager 

Mine Engineer 

Methods Used in Calcula~iog O~e Reserves in the Eisenh~er Group 

OE~EP~L: Diamond and churn drill hole8 are being d~illed on approximately 250 f0~t 
"=~----~enterSo By the polygon ~ethod described bel~ each hole is ~iven an a~a of 

influence and %he :volume of ore is calculated from the thickness o~ ore cut by 
the holeo The ~various factors applied in these calculations and the ~ethods by 
which they were obtained are as follows: 

ION All ~ineralized sec~ion~ were e~panded to a minimum thickness of 25~o If 
"='--'-'~he sec ~on wou!d no~ e~Deed theO~50% cutoff selected~ it ~ould be classified 

as millable capping orwas~e~ millable capping being between O~36% c o p p e r  and 
0°50% copper~ ~illable capping and ore are then combined by to~nages to give an 
average .grade of about 0,8 to the orebody, 

~ Y ~  ~ The method of c o n s t r u c t i o n  was ~ erect a pe~pendiculer t o  each line drawn 
"=~tweeu a hole and the. other adjacent holes~ at the ~idpeint of the li~eo,.i:  . 

In connecting these perpen~icu!a~s, %he pol~Eon is fon~d° As the polygon is 
n o t  a perfect hexagon~ a pla~imeter was used ~o measure the area. 

TONNAGE FACTORS = The ~age, factors for each of the rook types carryi~ ore were 
....... c~Icula~-ed from the core and sludges of ~ diamond drill holes and averaged~ A 

besm balance and a 500 cc gradua~ ~ere used to c~mpute specific ~avity by 
Archlmede~s ~inciple° Factors are~" Graywacke~ 12~15 Cu Ft/Ton~ Tactit~ 
I0~89 Co F~%o~ and Po~ph~ry~ I~8 eu ~t/~on ~f ore in place° 

GRAD~,~ Drill sludges and core were weighted by Loogyear tables for a combihed assay 
for e~ch r u n , F o r  c o r e  recoveries o v e r  80% d~ill sludges were not considsredo 

The foll~ng formula was used in connection with the tables- 

FcAc * FsAs 
Aw = I0-------~ ~ where Aw is the combined or weighted a~.say~ 

Ac & As are the assays of the c ore & sludge respectively, Fe & Fs are ~he 
factors for core ~ sludge obtained from the tables kn~i~ the core recovery 
in % and the size of bit used~ 

Each o r e  zone was averaged separately by weighting the footages of ~he runs~ 
Tonnages were computed for each o ~  s o n e  and the final gAmde obtained by 
welghting ~ith tonnmgeso 

NHzd Mice Engr 
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SUMMARY AND INTRODUCTION 

This paper, which describes mining methods and practices at the Mineral Hill 
copper mine, is one of a series being prepared by the Division of Minerals of the 
Bureau of Mines on mining methods, practices, and costs in various mining districts 
of the United States. 

The Mineral Hill mine is situated on the northeastern piedmont of the Sierrita 
Mountains at an altitude of 3,650 feet in SeCo 35, T. 16 S., Ro 12 E., and SeCo 2, 
T. 17 S., R. 12 E., Pima mining district, Pima County, Ariz. (fig. i). The claims 
(figs. 2 and 3) are in a gently rolling area with only scant desert vegetation. The 
average annual precipitation is about ii inches. The nearest surface water is the 
Santa Cruz River, an intermittent stream 8 miles east of the mine. The property is 
owned by the Banner Mining Co., a Nevada corporation. 

This report presents a brief history of the mine, describes the geology of the 
area and the ore deposits, outlines methods of prospecting and exploration, and gives 
methods of sampling and the estimation of ore reserves and values. Development and 
stoping methods are explained, and methods of underground transportation, ventila- 
tion, mine drainage, and safety measures are described. The concluding section of 
the paper is a section on milling. 

The Mineral Hill mine is an old mine that was reopened in 1951 after having been 
closed for 30 years. 

ACKNOWLEDGMENTS 

Acknowledgment is made to the executives and staff of the Banner Mining Coo for 
permission to publish this paper and for their valuable assistance° Special acknowl- 
edgment is due Boyd W. Venable, mine superintendent, and Wallace Boyd, mine geologist. 
The assistance of mining engineers of the Bureau of Mines Southwest Experiment Sta- 
tion in preparing this paper is also greatly appreciated. 

HISTORY~_~/ 

The lode-mining claims at the Mineral Hill property originally were located 
about 1882o The Emperor Copper Mining Co. developed the copper deposits from 1882 
until 1884, when the decline in the copper market forced it to close. It is reported 
that the Mineral Hill Mining Co. was formed in 1889 and took over the property. In 

3/ Wilson, Eldred Do, Arizona Zinc and Lead Deposits, Part I: Arizona Bureau of 
Mines Bull. 156, 1950, pp. 39-50° 

4/ Weed, Walter Harvey, The Mines Handbook: The Mines Handbook Co., Tuckahoe, N. Y., 
vol. 13, 1918, p° 548; vol. 14, 1920, po 292; vol. 16, 1925, pp. 107, 385. 

Neale, Wo Go, The Mines Handbook: The Mines Handbook Co., Inc., New York, No Yo, 
vol. 17, 1926, p. 319. 

Randy Lo H., and Sturgis, Eo Bo, The Mines Handbook: Mines Information Bureau, 
Inc., Suffern, No Y., vol. 18, 1931, po 375. 
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1894 this company consolidated with the Copper King Co.~ which operated the mine 
until 1897. In 1897 the consolidated company was reorganized as the Azurlte Copper 
& Gold Mining Co. 

In 1898 the Azurlte Copper & Gold Mining Co. constructed a small furnace at the 
Mineral Hill mine and produced copper for about a year. The mine then remained idle 
until 1904, when the company was taken over by the Mineral Hill Consolidated Copper 
COo, which operated it until 1907. It then was closed because of the financial 
panic of that year° The mine was operated again in 1912 by this same company but 
was closed again in September 1913. In 1916 the old smelter was enlarged~ and pro- 
duction was resumed for a few years until the mine finally was closed in 1921. It 
remained shut down until 1951. 

About 1914 the Barnsdall Corpo of New York City acquired control of the Mineral 
Hill Consolidated Copper Co. The last production evidently was done under the di- 
rection of this company. In 1929 the charter of the Mineral Hill Co. expired, and 
the total assets were taken over by the Barnsdall Corp. 

Early production records for the Mineral Hill property are scarce. Copper ore 
was produced from the mine by the Mineral Hill Consolidated Copper Co. Ore also 
was produced from the nearby Plumed Knight mine by the Pioneer Mining & Smelting 
Co. This mine was sold about 1917 to Barnsdall and later acquired by the Mineral 
Hill Consolidated Copper Co., which he evidently controlled at that time. 

It is reported that 9~000 tons of high-grade copper ore was produced before 
1889. From 1889 to 1894, 4,000 tons, averaging 12.5 percent copper, is said to 
have been shipped to E1 Paso; from 1895 to 1897, about 2,500 tons was shipped, 
reportedly ranging from 10o7 to 20.0 percent copper. From 1898 to 1899~ 9,600 
tons of ore is said to have been smelted in the small furnace of the Azurite 
Copper & Gold Mining Co. This ore is supposed to have produced 800~000 pounds of 
copper matte, ranging from 65 to 70 percent copper. 

No production records are available from 1899 to 1915. It is said that from 
1915 to 1917, about 46,000 tons of ore was mined, which averaged 3.8 percent copper 
and 0°77 ounce of silver a ton° From 1917 to 1921 the lower levels of the mine were 
developed, but evidently little or no ore was produced° 

The Mineral Hill mine remained closed from 1921 until 1951, when the Banner 
Mining Co. obtained an option on the property and reopened it with Government ex- 
ploration assistance under the Defense Production Act of 1950. From August 1951 
to December 1952 this company pumped out the mine~ rehabilitated most of the old 
underground workings, and thoroughly sampled them. With indication of enough ore, 
the company started to construct a 400-ton flotation plant in 1953 with the assist- 
ance of the Defense Materials Procurement Agency. It was completed and placed in 
operation in June 1954. The Mineral Hill mine began production early in 1953, the 
ore was stockpiled on the surface until the mill could be completed. 

Meanwhile, the Banner Mining Co. had located another ore body by geophysical 
means some 3,000 feet east of the Mineral Hill incline and had explored it by sur- 
face diamond-drill holes. In 1953 a vertical shaft, the Daisy, was sunk in this 
ore body. A considerable amount of oxidized copper ore was shipped to International 
Smelting & Refining Co. Inspiration smelter. Sulfide ore from this shaft later was 
treated in the company flotation plant. The concentrates are shipped to the 
American Smelting & Refining Co. E1 Paso~ Tex.~ smelter° 



GEOLOGY 

General Geolog 5/ 

The Pima mining district is on the eastern margin of the Sierrita Mountains 18 
to 30 road miles south-southwest of Tucson. It includes the subdistricts of Mineral 
Hill and ~in Buttes. A plain, ranging in altitude from 4=500 feet on the west to 
about 3,000 feet on the east, slopes gently eastward toward the Santa Cruz River 
(fig. 3). However, this plain is surmounted by Mineral Hill: Helmet Peak, and Twin 
Buttes, which rise prominently abo~e the piedmont° Drainage is eastward to the 
Santa Cruz River. 

In general, the Sierrita Mountains are composed of a granitic core with meta- 
morphosed sedimentary rocks on the west slope and much less altered sediments on the 
east (fig. 4). Coarse-grained intrusive igneous rocks, ranging from granite and 
quartz monzonite to granodiorite, underlie much of the eastern piedmont, Some in- 
trusive dikes cut the sediments and probably are related to the granitic intrusion, 

The regional structure has been complicated by folding~ overturning~ low- 
angle thrust faulting~ and steeply dipping faulting; however, nr~ch of the complicated 
structure has not been worked out. 

Ore De~oaits 

Sedimentary rocks, ranging from Cambrian to Cretaceous in age and consisting 

principally of limestones, shales, and quartzites, outcrop in the vicinity of the 
Mineral Hill mine (fig. 5). Farther eastward these rocks are covered by surface 

material, which is some 150 feet deep at the eastern property line. These sediments 
have been intruded by granite s which underlies much of the area, and cut by several 

porphyry dikes° 

A large east-west preore thrust fault, the Mineral Hill fault, transverses the 
claims for almost 5~500 feet. At places this fault strikes almost northwest: but 
its general trend is east-west. It dips about 35 ° southward° Ore mineralization 
occurs along this large fault, usually at intersections with cross faults, or at 
or near intrusive contacts with limestone or quartzite. 

Copper-ore deposits at the ~neral Hill mine are of the contact metamorphic 
type; the deposits ~sually occur sporadically along shear zones in the limestone 
and also disseminated through the contact silicates. Chalcopyrite is the principal 
ore mineral~ although small amounts of chalcocite and bornite also occur. Some 
magnetite, pyrite~ and small amounts of sphalerite, molybdenite, and scheelite are 
found. The gangue consists of limestone~ quartz, pyrite, hematite, calcite, and 
contact silicates. 

Two ore bodies are being mined at the Banner property, the Mineral Hill and 
the Daisy (some 3,000 feet east of the former). 

At the Mineral Hill deposit some of the ore on and above the 300-foot level 
is very fractured and chloritic~ and the ground is heavy. Below the 300- and above 
the 500-foot level the ground is better in some sections, but stope walls still re- 
quire support. On the 600-foot level some of the ground is fairly strong~ and some 

r 

~/ Work cited in footnote 3. 
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stopes stand open with only chain pillars on 35-foot centers and roof bolts on a 5- 
foot pattern on the hanging wall to hold the back. The ground in chloritic areas 
on all levels is soft, weak, and heavy; in clay-garnet areas the ground is medfum 
in strength but still requires sand fill to support the stope walls; in garnetite 
areas on part of the 600-foot level the ground is strong, and stopes may stand open 
after ore has been extracted. 

Many ore shoots dip about 35 @ and are very erratic, both in dip and strike. 
Many shoots do not continue from one level to the next but pinch out, usually 
against a fault (see fig. 6 and 7). 

The Daisy ore body was developed first by diamond-drill holes from the surface, 
then by a 450-foot vertical shaft. Bedrock was covered by 25 feet of overburden, 
mostly sand, gravel, and caliche. Ore came within 25 feet of the surface. It was 
localized along a northeast to east striking fault, which probably is a segment of 
the main Mineral Hill fault. Ore cccurs in sedimentary rocks in a zone near the 
contact between Permian limestone and quartzite; the best ore is in the limestone. 

PROSPECTING AND EXPLORATION 

The Mineral Hill mine originally was located in the 1880's and by 1921 had been 
developed by several shafts and several hundred feet of underground workings° It 
would seem that all prospecting and exploratory work before 1951 was done by actual 
shaft sinking, drifting, and crosscutting. 

The mine was reopened in 1951 and 1952 by the Banner Mining Co. after it had 
been idle since 1921o The water was pumped out, and all principal underground work- 
ings were rehabilitated. Since that date considerable exploratory work has been 
done by drifting, crosscutting, and diamond drilling, chiefly on the 600-foot level 
(fig. 8). 

The area east of the Mineral Hill mine also was explored by diamond-drill holes 
before and after a geophysical survey had indicated possible ore in that area. Ore 
was discovered by this drilling under 25 feet of surface alluvium, about 3,000 feet 
east of the Mineral Hill mine. This ore body then was developed by the Daisy shaft. 

SAMPLING AND ESTIMATION OF ORE 

When the Mineral Hill mine was reopened and rehabilitated in 1951-52, all 
underground mineralized areas on the several mine levels were carefully cleaned and 
sampled. The assays of these samples then were plotted on large-scale level maps. 
From these sampled areas a number of ore bodies were outlined and plans made to 
mine them. 

After production from the Mineral Hill mine began, only mine cars and develop- 
ment workings were sampled. Samples from mine cars, as ore is pulled from stope 
chutes, are taken for stope control. No actual samples are taken in the stopes, as 
all ore areas merely are checked "by eye." Channel or chip samples are seldom taken. 
Drift or crosscut faces may be channel-sampled, although much reliance is placed on 
car samples from those workings. 

In estimating ore: (i) Plans and sections are drawn on each ore body on each 
level; (2) the area of ore on each level is measured; and (3) the cubic feet and 
tonnage in the block between levels are calculated, using 10.5 cubic feet per ton 
of ore. Many ore bodies pinch out between levels, but company engineers and 
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geologists have found that enough new ore usually is discovered to make their calcu- 
lations nearly correct. 

DEVELOPMENT 

Two separate ore bodies have been developed at the Banner Mining Co. property - 
the Mineral Hill and the Daisy deposits. The former was explored and developed be- 
fore 1921 by at least i inclined and 4 vertical shafts, with many hundred feet of 
drifts and crosscuts; the latter was developed only recently by a 450-foot vertical 
shaft and some 2,500 feet of underground workings (see fig. 2). 

Shafts 

Shafts i, 3, and 4 were sunk on 3 different mineralized outcrops at Mineral 
Hill for exploration purposes. Shaft 2 and the 54 ° inclined shaft were sunk to 
develop the main ore body. The former is a 2-compartment vertical shaft from the 
surface to the 500-foot level, a distance of 468 feet. The latter is a 2-compart- 
ment 54 ° inclined shaft from the surface to about the 800-foot level. Four levels 
have been developed from the inclined shaft - the 300, 500, 600, and 700. Only 2 
of these levels, the 300 and 500, join No. 2 shaft. The 300-foot level is 348 feet 
vertically below the inclined shaft collar and 316 feet below the No. 2 shaft collar; 
the 500-foot level is 152 feet vertically below the 300; the 600-foot level is i00 
feet vertically below the 500; and the 700 is about 90 feet vertically below the 600. 

Both No. 2 and the inclined shaft have two compartments, the second compartment 
in each contains manway and pipes. The main compartment in the inclined shaft con- 
tains a 2-1/2-ton self-dumping skip running on 20-pound rails; the main compartment 
of No. 2 shaft contains a small cage used for men and supplies and sometimes for 
caging cars of muck to the surface. Both shafts were sunk before 1921 (the inclined 
shaft was sunk an additional i00 feet in 1955) and only recently were rehabilitated 
by the Banner Mining Co. Neither is completely timbered, the rock section in No. 2 
being too small in places to hold anything except stulls for cage guides and for 
ladder and pipe supports. The inclined shaft is completely timbered only where the 
ground is heavy, otherwise track, ladder, and pipe are supported by stulls or sills 
across the incline bottom, or footwall. 

The vertical Daisy shaft was sunk by the Banner Mining COo after the ore de- 
posit had been explored by surface diamond-drill holes. 

Drifts and Crosscuts 

All drifts and crosscuts are at least 5 by 7 feet in the clear. Haulageways 
usually are 7 by 8 feet. Timber is used only where necessary. Roof bolts are 
used where the ground is not too heavy but where some support is needed. 

In developing the No. i ore body on the 600-foot level (fig. 6) a 12- by 12- 
foot haulageway was driven along the hanging wall of the ore shoot. Roof bolts, 
i inch in diameter and 6.5 feet long, were used to hold the back. They were spaced 
on the corners of a 5-foot square pattern, with 3- by 12- by 36-inch headboards and 
8- by 8- by 3/8-inch washers. The bolts were of the slot-and-wedge type and were 
tightened by an impact wrench on the 1-inch nut° Roof bolts also are used in the 
smaller drifts and crosscuts where some support is necessary but where timber sets 
are not needed. 
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All drilling in drifts and crosscuts is done with medium-weight jackhammers on 
3- and 4-foot feed legs. In both the Mineral Hill and Daisy mines, 7/8 inch, hexag- 
onal, alloy-steel drill rods are standard and are used with 1 3/8-inch, detachable~ 
tungsten carbide, 4-point star bits. Some drill steel has 1 9/16-inch tungsten 
carbide chisel bits formed directly on the end of the rod. 

Drill rounds vary with the kind of ground encountered. Usually a burn cut is 
used, although a bottom or side wedge cut may be used in difficult rock, Forty- 
percent ammonia gelatin is used with 9-foot fuse and No~ 6 blasting caps in dry 
headings. Where much water is encountered, regular-delay electric caps are used. 
Usually a 5-foot round is pulled in 7- by 8-foot drifts and crosscuts. All mucking 
is done by mechanical shoveling machines. 

Raises 

Raises at the Mineral Hill mine usually are driven at a very flat angle, so 
are stulled only. Manways and chutes through stope fill are cribbed, the inside 
of each being 4 by 4 feet in ~he clear on the inside. 

MINn~G (STOPn~G) 

At least four different methods of stoping are used by the Banner Mining Co. 
At the Mineral Hill mine both ore and country rock vary from soft and fractured to 
very hard and dense. On and above the 300-foot level much of the area is soft and 
badly brecciated and contains considerable soft gouge and chlorite. Between the 
300- and 500-foot levels the ore and country rock are more firm outside of chlorite 
areas° On and above the 600-foot level much of the ore is hard garnetite- 
chalcopyrite. 

In chlorite ore a system of slot mining is used; the clay-garnet ore is mined 
in long, narrow, cut-and-fill stopes; and on and above the 600-foot level in the 
No. i ore body a modified system of shrinkage stoping was used° 

At the Daisy mine the ore is fairly har d~ so it is mined chiefly by cut-and- 

fill st0pes. 

During December 1955, 12~800 tons of sulfide ore and 1,.600 tons of oxide ore 
were mined. About two-thirds of this tonnage came from the Mineral Hill mine, the 

remainder from the Daisy. The average daily production is about 550 tons of sul- 
fide-oxide ore, 

Slot ~nin$ Method 

Much of the ore that remains above the 300-foot level is fractured and broken, 
with much chlorite and gouge. To mine this ore with least danger to miners, a slot 
system of mining was devised (see figs° 9 and I0). 

First a 7- by 8-foot haulage drift was driven near the footwall side of the 
ore body° Next, square-set slots~ 2 sets wide, were driven on 30-foot centers from 
the footwall for 35 feet~ or to the hanging wall if the ore was not over 7 sets wide 
(it was seldom over 35 feet)o The pillar between the two slots then was drilled and 
blasted out and the broken muck removed with a scraper attached to a double-drum 
slusher hoist. The slots were raised another set, a chute and manway were built into 
the first set off the haulage drift, then the haulageway was carefully lagged~ and 
the t~o sill slots and the pillar were filled with sand prepared from mill railings. 
No floor was used on this type of fill. 
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The slots now were advanced i set upward; then the pillar was drilled and 
blasted (see fig. 9) in successive vertical sllces~ the pillar face being kept about 
normal to the slots. The broken ore in the pillar was scraped to one of the slots, 
then moved to the chute by a second scraper, operating within the square sets. This 
cycle was repeated until the top of the ore body had been reached. Only alternate 
pillars were mined and filled as the slots were raised; the other pillars were re- 

covered after the slots had been completed. 

The chute and manway were carried up on an incline so the bottom usually rested 
on the square-set caps~ as shown on figure I0. Figure 9 shows a plan of this type 
of stope~ and figure I0 shows a cross section through one of the stopeso 

Medium-size jackhammers with feedlegs were used for drilling, the same as in 
drifts and crosscuts. Hexagonal alloy-steel drill rods (7/8-1nch) were used with 
detachable, l-3/8-1nch, tungsten carbide, $-point star bits. Forty-percent aumonia 
gelatin was used with No. 6 caps and fuse for blasting. About 0.15 pound of powder 
was used per ton of ore broken. Production was i0 tons per man-shlft, including 
mining, stope filling, and repairs. 

All broken muck is scraped to the chute with scrapers pulled by double-drum 
hoists. When the distance for the muck to be moved is less than 40 feet, a 5-hp. 
double-drum air hoist with a 30-inch scraper is used. When this distance is ever 
40 feet, a 15-hp. double-drum electric hoist is used with a 36-1nch scraper. 

Cut-and-Fill Mining Method 

Between the Mineral Hill 500- and 300-foot levels the ore and country rock 
stand better than in the area above the 300; but the wall rock still needs some 
support, as does the ore. In this area horizontal cut-and-fill stopes are used 
with roof bolts to temporarily hold up bad ground, and sands prepared from mill 
railings to fill the stopes as the ore is being extracted. 

On the 500-foot level a 7- by 8-foot, timbered haulage drift was driven length- 
wise through the ore body; then raises were driven up on the approximate dip of the 
ore body to the 300-foot level. A 20-foot pillar was left above the haulage drift, 

then a stope was silled out from the raise~ 20 feet wide, 8 feet hlgh~ and approxi- 
mately i00 feet long across the ore body. A 15-hp., double-drum electric hoist with 
a 36-inch scraper was used to scrape the broken muck to the raise. Medium-welght 
jackharmners on feed legs were used to drill horizontal holes, first from the raise 
to start the stope and thereafter from the stope face. Drill steel and bits were 
similar to those used in drifting. 

At first conventional detonators were used in the stope blast holes, but con- 
siderable trouble was encountered as the ore broke with many large boulders. These 
large pieces of ore caused trouble in slushing in the stope~ in the chute pockets 
above the haulage level, and also at the grizzly over the shaft pocket. Millisecond 
electric blasting caps were tried and solved this problem. Much finer fragmentation 
resulted from the use of these millisecond caps, thus speeding loading at all points. 
Powder consumption in these stopes is about 0.65 pound per ton of ore broken. 
Ammonia gelatin, 40 percent strength~ is used. 

After the stope was silled out about 20 feet above the level~ another 8- or 10- 
foot cut was taken, starting from the raise. The chute and manway then were raised 
to within 3 feet of the stope back (see figs. ii and 12), and the stope was filled 
with sand from mill tails to this level. Chute and manwaywere cribbed, the chute 
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being 4 by $ feet on the inside, and lined with 2- by 12-inch boards. The chute- 
manway usually was inclined at about 55 ° with the manway above the chute. Produc- 
tion was 14 tons per man-shift, including mining~ filling, and repairs. 

Horizontal cut-and-fill stopes also are used at the Daisy shaftj although the 
hanging wall usually is very weak. Ordinary waste rock and alluvium are used for 
stope fill instead of sand from mill tails~ as at the Mineral Hill mine. A floor 
of 2- by 12- or 3- by 12-inch boardsj 5 feet in length, is laid on the waste fill. 
Production here was only 7 tons per man-shift, 

Shrinkase Stopes 

The No, I ore body on the 600-foot level of the Mineral Hill mine was mined by 
shrinkage-stoping methodsj as the ore was a hard mixture of chalcopyrite and garnet- 

ite, The ore body was about 300 feet long and 80 feet wide and dipped at about 300 . 
It was developed by a 12- by 12-foot, double-track haulage drift along the hanging 
wall (see figs. 13 and 14) j with raises near the ends of the ore body and sublevel 
drifts connecting these raises about halfway between the 600- and 500-foot levels. 
The main 12- by 12-foot haulage drift was rock-bolted and did not require timber. 

At 30-foot intervals along the drift, as shown on figure 13, 8- by 8-foot stope 
openings were driven into the ore about 4 feet above the track level. These open- 
ings were widened to 25 feet and continued to the footwall of the ore. Broken muck 
was scraped from the stope with a 42-inch scraper pulled by a 3-drum, 25-hp. elec- 
tric slusher hoist. This hoist was set up on the outer track in the 12- by 12-foot 
haulage drift and fastened temporarily to the drift wall by rock bolts. A portable, 
steel chute plate then was placed from the stope opening out over the in~er track, 
so that muck could be scraped directly from the stope opening into 1-ton cars on 
this inner track. 

After the stope had been silled out to a height of 8 feet, a second slicej 
about 6 feet thick, was taken from the stope back. Enough broken muck was left in 
the stope for miners to work upon. Jackhammers on feed legs were used for drilling; 
8-foot horizontal holes were drilled after the cut had been started. As shown in 
figure 14, about 4 such 6-foot slices were taken from the stope back. Only enough 
broken ore was scraped out to allow working space above the muck pile. A 45 ° cut 
then was started a short distance from the stope opening and driven up to the hang- 
ing wall. This cut was enlarged the full width of the stope; then successive cuts 
were taken, as shown in figure 14, until the hanging wall had been reached. The 
hanging wall then was roof-bolted for safety. Only enough broken ore was pulled 
from the stope to allow space for miners to work° Access was either from an adjoin- 
ing stope or from the inclined raise at the end of the ore body. 

After this hanging-wall ore had been mined, slices again were taken from the 
back of the footwall section until the ore body had been mined out. The excess muck 
in this section was scraped down to the haulage-level opening~ but difficulty was 

experienced with the hoist cable when broken ore was scraped from near the f0otwall. 
Because of this~ some footwall ore was left in the stope and will be recovered later. 
Openings were broken through the pillars that separated the stopes for access and 
ventilation, 

Forty-percent ammonia gelatin was used for blasting in these stopes with milli- 
second electric blasting caps. About 0.75 pound of powder was used per ton of ore 
broken. 
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Stope Fill 

Horizontal cut-and-fill stopes at the Daisy mine are filled with waste from 
development openings and with alluvium. In the Mineral Hill mine stopes are filled 
with sand from mill tails. 

On the surface at the Mineral Hill mine, mill tails to be used for stope fill 
are pumped to a 14- by 16-foot tank near the collar of the inclined shaft. The 
tails first go to a 10-inch, single-stage cyclone mounted on top of the tank and 
are pumped into this cyclone with a 3-inch sand pump at 30 pounds per square inch. 
The slime part of these mill tails, containing about 97 percent mlnus-325-mesh, is 
taken off in the cyclone and returned to the tailing thickener for transfer to the 
tailing pond. The sand part, or underflow of the cyclone, containing about 50 per- 
cent of the total tailing to the cyclone, falls into the 14- by 16-foot tank, which 
is equipped with a heavy-duty, propeller-type agitator. Sands are kept in agitation 
before a pour into the mine at about 78 percent solids. 

A 2-inch, victaulic pipeline leads from the agitator tank down the inclined 
shaft to the several mine levels° Only one valve is in this line; this is a rubber 
pinch valve at the tank to control the sand flow. All pipe bends are of the sweep 
type to keep pipe friction at a minimum and lessen pipe wear. An independent tele- 
phone llne leads from each level to the agitator tank. Underground portable, Army 
field-type telephones with long extension cords are used, so that they can be taken 
into stopeso 

When a stope is ready to be filled (either one of the square-set slot stopes 
or a cut-and-fill stope), the 2-inch victaulic pipeline, which already has been 
run up a manway to the stope, is extended into the stopeo The cribbed chute-and- 
manway, which has been raised to the proper level for the fill, is sealed thoroughly 
all around with burlap° Quick-setting cement is used for sealing difficult joints. 
The man in the stope then telephones the man at the agitator tank, and the fill is 
started. Water drains from the sand fill quite rapidly, so a man may walk out on 
the fill within an hour after it has been poured. Within 8 hours the miners can 
begin work again as the fill has solidified by that time. 

Separate water and compressed-air connections have been installed in the 
sandline at the surface, so that more water may be added to the sand if needed and 
the line may be washed out; compressed air may be used to clear out obstructions 
in the line. 

TRANSPORTATION 

At the Mineral Hill mine ore is hoisted in a 2-1/2-ton skip in the inclined 
shaft. Men and supplies are hoisted and lowered in No. 2 vertical shaft, and 
occasionally some waste rock is caged to the surface there. 

The inclined shaft is equipped with a 250-hp. slngle-drumhoist and a 2-1/2- 
ton self-dumping skip, which can hoist 50 tons per hour from the 500- and 600-foot 
levels. A 100-ton ore bin and a 75-ton waste bin are installed on the surface at 
the inclined shaft headframe. Material from these bins is loaded into 18-ton dump 
trucks and hauled either to the mill or to the waste dump. 

NOo 2 shaft is equipped with a 75-hp., gear-driven, double-drumholst and a 
1-car-capacity cage. A 45-foot wooden headframe has been constructed over this 
shaft. 
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Undergroundj all transportation on the levels is by trains running on 18-inch- 
gage tracks, with 20-pound rails. One-ton~ 20-cubic foot~ side-dump cars, pulled 
by l-I/2-ton storage-battery locomotives haul the muck to the inclined-shaft loading 

pockets, which are below the 300-, 500- and 600-foot levels; one is now being con- 
structed below the 700-foot level. Each such pocket contains a measuring pocket 
for loading the skip. Battery-charging stations are on each level near the No. 2 
shaft. 

A telephone on each level at Noo 2 shaft connects directly with the hoistman. 
Electric signals also are used to signal the hoistman from each level. 

VENTILATION 

Forced ventilation is provided in the Mineral Hill mine by a 36-inch fan driven 
by a 30-hpo electric motor on the 500-foot level near the NOo 2 shaft° This fan has 
a capacity of 25,0.00 cubic feet per minute. Air is drawn down No. 2 shaft and blown 
out through the 500-foot level and down to the 600=foot level through raises, then 
back to the surface up the inclined shaft. Dead-end workings and some stopes are 
ventilated by small blowers with vent tubing° 

MINE DRAINAGE 

All water in the Mineral Hill mine drains to a sump below the 600-foot level, 
then is pumped to the surface by either of 2 routes. One pump is installed so that 
water may be pumped directly to the surface. An alternate method is to pump from 
the sump below the 600-foot level to one at the 300-foot level, then from there to 
the surface. Average water pumped is about 140 gallons per minute although water 
pockets often are encountered by development workings~ especially on the 600-foot 
level, which increase this amount to approximately 400 gallons per minute° 

SAFETY MEASURES 

At the Mineral Hill and Daisy mines a first-aid box is provided on each Level 
and a stretcher at the collar of all shafts. The Banner Mining Co. owns an up-to- 

date ambulance, which is stationed at the company office a short distance from the 
Mineral Hill mine and about i mile from the Daisy shaft. This ambulance contains 
complete first-aid equipmentj stretchers~ etc. 

All key personnel has taken first-aid training and is qualified to give aid 
to the injured. 

As has been previously mentioned, a 400-ton flotation plant was constructed 
during 1953-54 at the Mineral Hill mine with the assistance of the Defense Minerals 
Procurement Agency° Recently the daily capacity of this mill has been increased to 
500 tons by the addition of a middling regrindunit. 

Ore is trucked from the Mineral Hill and Daisy mines to a 50-ton truck scale 
on the hillside above the mill. The ore is weighed and dumped into three 180-ton 
coarse-ore bins through grizzlies spaced II inches apart. From these bins, the 
ore is fed by three 36-inch apron feeders to a 30-inch conveyor belt feeding a 2- 
inch vibrating grizzly. The plus-2-inch material goes to a 30- by 18-inch jaw 
crusher. The minus-2-inch joins the crushed ore on a belt passing under both the 
vibrating grizzly and the crusher and is carried to a 4- by 8-foot~ double-deck 

r 
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vibrating screen. The top deck carries a 3/4-inch scalping screen and the lower 
deck a 3/8-inch finishing screen. After passing an automatic sampler, the minus- 
3/8-inch material goes to the three 500-ton ore bins by means of a bucket elevator 
followed by a shuttlebelt conveyor. The plus-3/8-inch material is returned to a 
4-foot cone crusher discharging onto the belt passing under the vibrating grizzly 

and the jaw crusher. 

Each flne-ore bin is equipped with a volumetric feeder~ so that ore c a n  be fed 
from any bin or combination of bins. The feeders discharge onto a collector belt~ 
which in turn discharges onto the ball-mill feed belt. This belt passes over a 
weightometer and discharges into an 8 by 6 ball mill. A 5-foot classifier is used 
to close the mill circuit. 

The classifier overflow is pumped to the flotation section, which consists of 
sixteen 44- by 44-inch flotation machines divided into the following subdivisions: 
Cleaners~ 2 cells; first roughers~ 4 cells; second roughers, 3 cells; and scaven- 
gers, 7 cells° The concentrate from the first roughers goes to the cleaners. The 
concentrate from the second roughers goes to the head of the first roughers. The 
concentrate from the last seven cells (the scavengers) goes to the regrind, as does 
the cleaner tailing. 

The regrind unit is a 42-inch by 7-foot ball mill operating in closed circuit 
with a 6-inch Dorrclone. The reground middling is returned to the head of the 
first roughers. 

Final concentrates go to a 30-foot thickener from which they are pumped to a 
6-foot-diameter~ 4-disk filter. The filter concentrate discharges into a storage 
bin. 

The final tailing goes to a 60-foot thickener, then to the tailing pond. 

Water from both thickeners is returned to the mill Steady-head tank. 

Automatic samples are taken of the classifier overflow, taillngs, and final 
concentrate. 

About 95 percent of the copper is recovered in a concentrate assaying 25.50 
percent copper. 

INT.'BU.0FMiNESoPGH,oPAo 8306 
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%~ae ~e~e-nt dlS~ve~ ~ ~e ~en m~ne by drilling has 
now been expeSed by d~~, and COu~r1~t est~ates the ore 
will be abeu~ ~5 fee~ wi~e When f~llF e~osed~ wi~h an %Inde~er~Ined 
s~rike er~ ver~i~l e~e~. D ~  ~ss~ys Of ~.7~ oo~e~ have 
~ees assi~led ~e ~ e  o~e e~se~. ~s is a vez~ ~n~ePes~in~ 

and at. pre~en~ they are ~P~.i~ent. ~ e ¥  w ~ l  be able ~o finance 
~he vent~t~e by O b ~ l ~  a .~o~e~e~t l~an of abou~ $~O0~OO0. at 5%. 

date, F~. ~ Bowman has ~% glven us his permission for a 
etalied examination of ~hei~ Awi~ona proper~les~ h~ever~ we should 
ave ~he ~l~Z~OVal by th e  ~ ~ ,  Ke~,~on R i ~ a ~ d  ~nd ~ ,  C01~,~i~ri~t 

are. ~ available f~ ~hls Work C IO d~). 

~c ~ 

_J 

enali,~ mem~v~ 

(I) 

Ver~ truly y~B, 

T. A° SNEDDEN 

k . .  ~ V - .  . " 

L 

• ~ , ~ l V .  ~ • • 
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~'<i~"~m"" " : " '~ICAN, SMELTING,~ND REFINING" COMPANY " 
~;.~_.Li ~ .... Tucson / '>~ i -,: ~-, ;- Arlzona " 

~%~':",,~-~. ~, -~ -, .... ~,- • .. April i, i953 

i;'-i<!:>:, . . . . . . .  

-- - ,. Mr. T; A. Snedden : ~' ~ TWIN BUTTES DISTRICT 
"" ~,. . ~,~ Copper. ,Quee n Mine 

_ " " .0n March 29th Mr. Keith Papke and I made a-tri°p to the 
Twin. Buttes a~ea to examine a 'new showing of coppe r bre recently 

~- -~pened up'by the Banner" Cempany in t~e Queen mine, previously 
reported by Reed Welch on February 27, 1953. Mr. Alan Bowman, 

= :~! Manager, spenb<%~e day'with us on surface and underground. 

Queen is one 6f<five, limestone i~eplacemen.t, deposits 
'-i..@ (the other fouri Copper Glance, Minnie, Copper King and Copper 

BuIlion) Whichoccur, alo~ an east-westerly, trending, granite " 
.... " conta,ct .over a ~distanc~-of 9000 fget The mines, have been 

ope~i~map compiled by L.K.Wilson " plot~e'd on the attached pr 
;~'. • Reported total- produoti0fi~< • " ~ : 

" 30G~ t0ns: at-6.0% cu . . . .  " " - , :  " ~ - 0 0 0  . . .~ . 

~' " " Prlnci~al~prod~cers in the past: : :- - 
" " " • • L " " :' + • - - 

- ' " '  " " " - T o n s  - ~  . ' :  C ~ : " %  " 

-~ : ~ Copper Glance. .... ~ 0 0  
• Copper Que~n ..... 75, OOO 7.0 
,~ i Minnie ............. 62~, 000 ~. 7 

. . . . . . .  [ - i 

-! Maximum vert!ical :,depth:! of" Workings: 7oofeet,~ ' ~ - 

• ~i~ ..... " " THe Banner Compahy re¢&htly ~bpened up theGlance vertical 
.... " shaft and the 500 level extending'some 1U00 feet to the Queen shaft 

~ inclined 72,degreessouth .They-,found that the open stope in the 
" Queen terminated on the~west :against a steep, north-striking fault. 

-Fot{r •holes were drilled"southwest~erly to prospect for a possi.ble 
displaced segment: of the ore; ~wo ~.holes cut ~0-foot intercepts of 
5,0% copper, according to 'Mr. Bowman., To date they have driven 
a distance of ~2 feet westerly beyond the fault, apparently along 
the-:ha~ging wail of'~bhe Ore, which is a more or less massive pyrite 

- replacement of chloritic .limestone. Copper occurs as intermingled 
Chalcopyrite; >°~dri~t assays average 4.75% copper.- NO maps were 
available, but-judging from the pos~itions an~,.angl-es of the drill 

: .ho,les.~ arid _.the exposure in the prospect drift, the ore shoot is at 
:,least 25 Teet thick, dips steeply south with undetermined westward 

~" ,,and verticai ek~ent. The fault shows post-mlneral movement and 
there~.,seems tobe i'!ttle<doubt that the ore is a displaced segment 
,of the:main ore shOot:m~ined ou:~ in ~the p~st. 

• ~ • .,, : ~ "" 

4 :  " , . ' " 

J 
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Memorandum to T.A.Snedden • -2- April I, 1953 

Pr@~Mfneral~fissure~ ~ere also noted. These cut at various 
angles across the contact zone~'and may have exerted some~control on 
ore deposition. ~ Steep-dipping fissures striking nearly parallel 
to the contact appear'to be the principa~l ore controls. 

Currently, a dimmo~d drill is being used to explore the 
granite-limestone c0ntact~ast of the main shoot. No ore has 
teen encountered here so far. 

Th@ old stopes in the Glance and Queen mines are for the most 
part still open. In the Queen the stopes are as much as 50 feet 
wide, extending horizontally some 400 feet and vertic~lly about 200 
feet (dippingsoUth 50 to 7~ degrees). Those in the Glance are 
Somewhat ~ narrower. 

T~e mineralization (pyrite-chalcopyrite replacement of 
metamorphosed l~mestone), is similarto that at Mineral Hill and 
,Pima; however, the ~round is more firm in the Twin Buttes mines. 

on the surface around the ~ Queen and Glance mines there is 
~ •. ~ - . • 

little or ~n0~evidenc~ Of gosSanderived from sulphides. Apparently 
these blind deposits 300 to 400 feet below the surface were 
discovered by sinking on small copper carbonate seams in garnetized 
limestone near the granite contact. At the Copper King a carbonate 
vein twO or three feet ~ wide ~as been stoped to the surface. This 
reportedly bottomed at 300 feet depth . . . .  

in general, oxidation extends to around ~00 feet depth, 
the~esent~iwater 'table. According toMr. Bowman, ~°the Glance 
shaft is, making~less thani~5o ~allons per minute. 

The M0rgan mine~ i another contact type copper deposit lying 
one mile southwest of t~e Queen, and the Mirnqie, were operated by 
the A~S~.&.~.Co~ around 1917. • 

~The Banner Company is continuing magnetic andself-potential 
s~veys by S.H,KelIy. ~t Twinbuttes proper (one mile northeast of 
the copper Queen) they have foun~a strong magnetic anomaly bver 
aliuvial cover,~ru~i~hgwest-nor~hwesterly across the southwest 
corner of~Section 30. The width of the anomalyis 150 feet~ 
length, pI~S I000 feb.t; magnitude, ~00 to 5~0 gammas. 

In the Mineral Hill area a series of magnetic anomalies 
have been obtained, extending over alluvium 3000 feet northwesterly 
from their first drill hole ~6cated JU~St west of Pima~s property 
and west of the~Alpha shaft. As reported0by Reed Welch, the 
first hole•cut 4o feet~of5.o% copper ore. ~ third hole is now 
drilling in V~ ~hls area which is covered by l~0 to 150 feet of gravel. 

.~i~ Information on the second hOle, other than that "it cut low grade 
~ copper mineralization" was not ~obtained. 
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Memorafid.um...t.o~"'T.A. She dden - 3 -  A p r i l  l ,  1 9 5 3  ' 

-E~glePiCherhas reportedly engaged United Geophysical 
to' survey ~e.ir ground, around Helmet Peak. .~ 

COncluding,.. ~t seems a rat,her safe prediction, assuming 
continued heavydemand for copper, that additional new discoveries will 
belmade in"thePima and Twin Buttes Districts. While no one of these 
i~ ~ikely ~to be ~articularly large •(judgingfrom the ore habits 
characteriStiC.of the area) the aggregate may reach a size of con- 
siderable importahce., - -  

M r . B o w m a n  stated that he ~uld inform us after consulting 
with members of his company regarding our request for permission 
to:make a detailed eXamination'of their holdings. " 

attaching pro~er~'y m&p - /s/ J,H.C0urtright 

J!L~~I " ~:%':j~ ~ .;~: c c :  D J P o p e  ~ ( 2 . )  ~ " 
• " ~ichafd~ I ) 

i ! f ' : : .  :. -JHCourt~ight ( .1.)-  . 

• ' k .  

k _ ~ ,  , 

- ~ .  - " 
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. . . . .  The Bo~,ym~ns se?u~ed the prOpe~%,y ab~9,{~""~o y~a~s a~o ~ud JUSt 
~'ee~n~.!y have c0m~!e~ed ~aterlng ~'.~ S~plim~ of old worki,~ZS on 

@ th~ 3004 "0O ~u;d 800 levels~ Ne~ ~Velo~% has been sts~-e-d on 
'~.he 700 i~'~91, "." Access 9~' t he  f~ t~  : leVels  i~. t h r e s h  a s h a f t  

" ~e :..~%~Was opened up a ~  !~0, P~odt~et!on ~mounted to 
" S~.~eth!~ le~s.i t~ea% 100,JO0o t.ons~ ~st o.~ ~.leh was oxide ore fm@m 

z0ne of ~a~ne~i~e~ I ~ ~ ,  i~±ppln~ ~.o~ ~0 ° sou%ho In 91sn the 
zone iS abO~ i O ~ ' " b  x 3 ~ " ~ Z  wi~h %h~ long eXlS ps~allel ~..~ but 
w@Ii in ~'~. h ~ ~  Wall of' the eas~.-west .Mineral ~ill fault, 

produceE b~ p~!i~ ~~!¢~p~ite and m~net~ ~e.~.~ ~h.%eh o~ct~y Io~al 
ZO~ O~ ~heet~n~,, 80~ Of th~ eoppe~ i~ d=~emlnated th~o~ ~he 
a~net, in senegal, c~.!~Iti~ed l~/~e~tone ~,we~e~ alte~a~clon) oceur~ 
in the %r~nsiti0nal SO.~-e~ between o~e and ba~en limestOn~o ~e dis- 

but no p~rtlcul~l~ ~los~'~patla! ~!atl.onsh,~p'~ %o %he o~e zone is 
..e..vlde, nt, ~Inolpalc0n~0~ of Ore deposi%iion appears to be affected 
b~ • a se~-i~s Of .e~st-i~S$ fa~t8 CUt b~ nt~e~ous eross-breaklr<~ f~a~s, 

. .  ~ ~ . ~  . , . . . .  , . ~ ~ . . . .  Oxld~n..., .. ex~end~.., . to the, ,~T5 level~ com~e~pond~n~ anp~ox~/m%te_, . y 
to ~he, W ~  %~ble, . . ' ~O,S~  Of the ¢opp~ Was converted in place to oxides 
~%%% S ~  ~,%S oa~ied ~W~md as e~i£enced by O~c~s!onel ¢~alco¢Ite 
f~m'~, on cha!~op~ize !~ ~he S~Iphlde s0ne. Thls ch=Icoc!te may accoD.nt 
fore the Sl!~h@!~ hi~e~ ~ %~a~ ave?s4~e g~ade on. ~he 300 level, - 

~oppe~o " ~e Schee!ite" i~ m~.~e abt~an~ in ~meas of quartz ve~n~,~, 

S~p!~S ~#ere 0~5 afte~ pose-mine oxld~tion p'~od~ts had been 
~.l~,~ned off th~ ~¢~k s~face, Non-s~Iphlde ~oppe~ d~%~r~%inatlons 
w@~e.mot avallaDie~ h~v~ oxld~ion .othe~"t.han post-mine appea~s to 

. =  

- - 1 %  . 

~ q " '  . . 
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: ~ e  ~ee S ~ve !ne.1~e ~ f~ a few f e ~  

>, _ , h ., ...<,.,~.~ . ., /, ::.~:!i~ I 

~%~n~ ~ ~-~ ~ ~  '~'~X'I~'~ ~ the ~. e!i~e.~. ~%£~ 0~e ~o~ ~s. ae~c.vz~,~ 
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