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BLOCK-CAVING COPPER MINING METHODS AND COSTS A T  THE MIAMI 
MINE, MIAMI COPPER COMPANY, GILA COUNTY, ARIZ. 

by  

W. R. Hordwick ' 

ABSTRACT 

This Information C i rcu la r  descr ibes  the  development of block-caving 
methods and p r a c t i c e s  by t h e  M i a m i  Copper Co. a t  t h e  Miami mine i n  G i l a  
County, Arizona. It i s  one of  a  s e r i e s  published by the  Bureau of  Mines 
on mining methods, p r a c t i c e s ,  and c o s t s  i n  var ious  mining d i s t r i c t s  of che 
United S t a t e s .  

This r e p o r t  g ives  a  h i s t o r y  of  the  d i s t r i c t  and o u t l i n e s  e a r l y  prospect- 
ing and explora t ion  including methods of  sampling and es t imat ion  of  o r e  
tonnage and value a t  the Miami mine. Ear ly  mining methods a r e  descr ibed ,  
p a r t i c u l a r l y  those t h a t  influenced developments i n  the  caving method. Mine 
explora t ion ,  development, and opera t ing  methods fo r  block caving a r e  described 
with p a r t i c u l a r  a t t e n t i o n  t o  those f a c t o r s ,  phys ica l ,  economic, engineering,  
and managerial t h a t  have improved e f f i c i e n c y  i n  the mining opera t ions  over a  
long productive per iod .  Ext rac t ion ,  v e n t i l a t i o n ,  wage system, s a f e t y ,  water 
supply, power p l a n t ,  and shop f a c i l i t i e s  a r e  discussed.  The l a s t  s e c t i o n  
gives a  b r i e f  summary of such c o s t s  a s  a r e  a v a i l a b l e  f o r  publ ica t ion .  

INTRODUCTION 

A wealth of information about the underground mining opera t ions  a t  the 
Miami mine i s  s c a t t e r e d  through t echn ica l  l i t e r a t u r e ,  but  a  comprehensive 
account of the  d i f f e r e n t  mining methods used and the  r o l e  of the e a r l i e r  
methods i n  developing block-caving techniques has not  been published.  The 
purpose of  t h i s  paper i s  t o  descr ibe  the noteworthy Miami block-caving system 
and i t s  development, including e a r l i e r  mining methods. Many important modi- 
f i c a t i o n s  and improvements made during 60 years  of opera t ion  before suspension 
of underground mining i n  1959 a r e  descr ibed .  

l ~ i n i n ~  engineer ,  Bureau of Mines, Area V, Tucson, Ariz .  

Work on manuscript completed December 1964. 
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FIGURE 2. - Location of Miami Block-Caving Mine, Gila County, Ariz. 

Near the  Miamimine, annual p r e c i p i t a t i o n  of about 20.31 inches occurs 
c h i e f l y  a s  v i o l e n t  e l e c t i i c a l  storms in Ju ly  and August. The mean annual 
snowfal l ,  about3.6 inches,  occurs i n  December, January and F e b r ~ a r y . ~  
Temperatures range from 13' F i n  winter  t o  110' F i n  summer. 

HISTORY AND PRODUCTION 

The f i r s t  mining claims i n  the  Globe-Miami d i s t r i c t  were located i n  1872 
by a p a r t y  of prospectors  from Florence,  Ar i z . ,  the  nea res t  permanent s e t t l e -  
ment a t  t h a t  time. Copper lodes were found near  Globe, but  the  hope of f ind-  
ing s i l v e r  was the  incent ive  f o r  e a r l y  explora t ion  of the a r e a .  Eventual ly 
the l a rge  copper depos i t s  were recognized and developed. 

I n  1873, r i c h  s i l v e r  veins were discovered a t  McMillanville,  12 miles  
north of Globe. Bamboz Camp was founded i n  1875, and o the r  s e t t l emen t s ,  
Cottonwood Springs,  Richmond Basin, and Watsonville,  served mines t h a t  f u r -  
nished high-grade s i l v e r  ore  from the  oxidized por t ions  of  the veins i n  the 
Globe H i l l s  and the  nearby Apache Mountains. About 1878, Globe became the 
p r inc ipa l  se t t lement .  Ear ly  s i l v e r  mining reached a peak i n  1883, with 12 
m i l l s  reported t o  be working i n  t h e  a r e a ,  then decl ined and f i n a l l y  ceased 
l a t e  i n  1887, when the l a s t  opera t ion ,  the Fame mine, was closed.  

2Smith H .  V. The Climate of Arizona. Univ. of Ar iz .  Agr i cu l tu ra l  Exp. S ta .  
Bul l .  197, Ju ly  1945, p.  98. 





Afte r  1881, s eve ra l  smelters  were b u i l t  t o  t r e a t  the r i c h  c h a l c o c i t e  and 
carbonate o r e  from the f i s su re -ve ins  of  the  Globe a r e a .  By 1905 much of  the 
high-grade,  d i rec t -smel t ing  o r e  had been mined and the  f i r s t  copper concen- 
t r a t i n g  p l a n t  began t r e a t i n g  lower grade o r e  a t  the  Old Dominion o ~ e r a t i o n . ~  
When t h i s  mine was closed i n  1931 a f t e r  some 49 years  of  opera t ion ,  t h e  d i s -  
t r i c t  had produced metals  valued a t  $166 m i l l i ~ n . ~  Since 1931, only minor 
production by l e s s e e s  has been made on the  ve in  depos i t s  e a s t  of P ina l  Creek. 

The successfu l  e a r l y  explora t ion  of  t h e  small  s i l v e r  mines near  Globe had 
encouraged explora t ion  of the mineral ized outcrops i n  the  Miami a rea  8 t o  10 
mi les  west of  Globe. Copper carbonate and s i l i c a t e  minerals  were recognized 
i n  P ina l  s c h i s t  near  i t s  contact  with Schultze g r a n i t e  i n  the  v i c i n i t y  of Live 
Oak Gulch and on Pin to  Creek near  the  mouth of  Cottonwood Gulch. The f i r s t  
mining at tempts  were not  too success fu l .  I n  1881, a pocket of o r e  mined i n  
the s c h i s t  west of the  Miamimine was smelted i n  a small  copper furnace b u i l t  
by the  Old Dominion Co. 6 miles  west of  Globe and one-half of  a mile  no r theas t  
of Bloody Tanks. This p l an t  was moved t o  Globe a f t e r  the pocket was exhausted. 

I n  1901, the  Keystone mine, west of t h e  p resen t  Miami mine, produced 
chrysocolla  o r e  from a f i s s u r e  i n  porphyry above the  Pina l  s c h i s t .  M r .  3. 
Parke Channing, an engineer  f o r  the General Development Co., i nves t iga t ed  the 
a rea  i n  1904, and, i n  1905 and 1906, acquired opt ions  on most of  the ground 
l a t e r  included i n  the  Miami Copper Co. 's block-caving mine and s t a r t e d  system- 
a t i c  explora t ion .  A s h a f t  on the Red Rock claim penet ra ted  s u l f i d e  copper ore  
a t  a depth of 220 f e e t  i n  1906, and t h e  Miami Copper Co. was incorporated i n  
1907 t o  develop and mine the  ore .  Mine development was s t a r t e d  i n  1910, 
followed by production i n  1911. 

The r a i l r o a d  was extended from Globe t o  the  town of  Miami i n  1909, and by 
Apr i l  1911, the  f i r s t  t h r e e  sec t ions  o f  a concent ra t ing  p l a n t  were i n  opera- 
t i o n .  I n  the f i r s t  year  445,036 tons of o r e  with an average copper content  of  
2.48 percent  was mi l led .  The f i r s t  concent ra tes  were s e n t  t o  a Globe ~ m e l t e r , ~  
but  i n  May 1915 a smelter  was completed by the  I n t e r n a t i o n a l  Smelting Co. near  
the Miami mine t o  smelt concentrates  from both Miami and I n s p i r a t i o n  Consoli- 
dated Copper Propert ies ."  Af ter  the Old Dominion smel te r  was closed i n  1931, 
t h i s  was the  only opera t ing  smelter  i n  t h e  d i s t r i c t .  It was acquired by the 
I n s p i r a t i o n  Consolidated Copper Co. i n  1960 and i s  now operated a s  an i n t e -  
gra ted  u n i t  by t h a t  company. 

The capaci ty  of the Miami concen t ra to r ,  2,000 tons per day a t  t h e  s t a r t ,  
eventua l ly  reached 18,000 tons.  I n  1956, t h e  Miami mine produced 3,812,165 
tons of  o r e  t h a t  averaged 0.67 percent  copper, about 12,000 tons per opera t ing  

3 ~ o r r e s t e r ,  D. J., and W.  B.  Cramer. Mi l l ing  Methods and Costs a t  t h e  Concen- 
t r a t o r  of t h e  Old Dominion Co., Globe, Ariz.  BuMines I n f .  C i rc .  6467, 
1931, 31 pp. 

4Peterson ,  Nels P. Geology of  the Globe Quadrangle, Arizona. U.S. Geol. 
Survey, Geologic Map GQ41, 1954. 

' ~ u n t ,  H .  D. Mi l l ing  Methods and Costs a t  the  Concentrator of t h e  Miami 
Copper Co., Miami, Ariz .  BuMines I n f .  Ci rc .  6573, 1932, 26 pp. 

"Weed, Walter Harvey. The Mines Handbook. V. 13, 1918, W. H. Weed, 
New York, p .  265. 



day. On t h e  bas i s  of  successfu l  recovery of molybdenum s u l f i d e  i n  p i l o t  t e s t s  
i n  1937, byproduct molybdenum was saved and marketed t h e r e a f t e r  a s  molybdenum 
t r i o x i d e .  Production f igu res  f o r  t y p i c a l  y e a r s ,  1945 through 1950, a r e  shown 
i n  t a b l e  1. 

TABLE 1. - Product ion of copper and molybdenum, 1945-50 

The t o t a l  production of  copper from t h e  Miami mine from incept ion  t o  1925 
was about 446,000 tons.7 Block caving was s t a r t e d  a t  t h a t  time, and, by 1951 
1,050,000 tons of copper had been produced from 123 mi l l i on  tons of o r e .  By 
July 1, 1959, when underground mining was terminated,  production had t o t a l e d  
1,186,500 tons of  copper from about 153 m i l l i o n  tons of ore .  The tonnages 
mined by the  seve ra l  methods used a r e  a s  fol lows:  

Mining method Short  tons 
Square s e t  and top s l i c i n g  ................. 4,500,000 
Shrinkage s toping  with sublevel  caving ..... 2,200,000 
Undercut caving with hand tramming ......... 15,400,000 
Block caving ............................... 130,900,000 

Year 

1945.. ....... 
1946 ......... 
1947. ........ 
1948 ......... 
1949. ........ 
1950 ......... 

Solut ion  mining, the  in-p lace  leaching of  mined a reas  by f looding  wi th  
a c i d i f i e d  water ,  was introduced i n  1940 and has  been continued s i n c e .  It has 
accounted f o r  more than 30,000 tons of  copper during 1940-56, and t h e  mine 
continues t o  produce about 9,000 tons of copper per  year  by t h i s  method.' 

Byproduct metal product ion has  t o t a l e d  more than 10 mi l l i on  pounds of 
molybdic t r i o x i d e ,  4,427 ounces of gold ,  and 636,492 ounces of s i l v e r .  A 
t r a c e  of rhenium was contained i n  the  o r e  and tended t o  concentrate  i n  the  
f l u e  dus t  from the  molybdenum p l a n t ;  a l i t t l e  was recovered f o r  use i n  exper i -  
mental work. The gross  value of a l l  minerals  produced from the  Miami mine has 
been est imated t o  exceed $450 million.' 

Molybdenum 
t r i o x i d e  
produced 
(pounds) 
619,000 
697,000 
534,000 
386,000 
503,000 
627,000 

Ore mil led 
(shor t  tons)  

4,003,000 
4,223,000 
4,557,000 
4,198,000 
3,844,000 
4,003,000 

Copper produced 
(pounds ) 

The production from the underground mine, tabula ted  by period and o r e  
type ,  i s  a s  follows: 

Copper 
content  

(percent)  

0.644 
.734 
.695 
.679 
.735 
.667 

To ta l  

43,537,000 
52,485,000 
51,216,000 
46,922,000 
47,304,000 
44,331,000 

'Parsons,  A .  B. The Porphyry Coppers i n  1956. A m ,  New York, 1957, p. 97. 
'Larson, L. P. The Mineral Indus t ry  of Arizona. BuMines Minerals Yearbook, 

v. 111, 1961, p .  105; 1962, p. 106. 
'Tuck, Frank J. S t o r i e s  of Arizona Copper Mines. Arizona Department of 

Mineral Resources, Phoeniz, Ar iz .  1957, p. 15. 

Per ton of ore  

10.9 
12.4 
11.2 
11.2 
12.3 
11.1 



Period Tons of o r e  ZYPS 
1910-25 .................... 24,200,000 High grade 
1926-54 .................... 101,000,000 Low grade 
1936-43 .................... 9,800,000 Mixed o r e  
1954-59.....  ............... 18,000,000 Low grade 

Tota l .  ................ 153,000,000 

I n  add i t ion  t o  the Miami mine, t h r e e  o ther  disseminated porphyry copper 
type depos i t s  i n  the  a r e a  have been developed: I n s p i r a t i o n ,  Cas t le  Dome, and 
Copper C i t i e s .  

Formed by merger of the  I n s p i r a t i o n  Copper Co. and the  Live Oak Develop- 
ment Co. i n  1912, I n s p i r a t i o n  Consolidated Copper Co. has developed and mined 
l a rge  copper o r e  bodies ad jo in ing  t h e  Miami mine. Production, s t a r t i n g  i n  
1913, has  t o t a l e d  more than 3 b i l l i o n  pounds of  copper from 165 m i l l i o n  tons 
of o r e  through January 1, 1960.10 The mine continues t o  produce and has  
reserves  f o r  many yea r s .  

The Cas t le  Dome mine, a porphyry copper depos i t  about 5 mi les  west of 
Miami, was purchased by Miami Copper Co. i n  1941 and operated from 1943 t o  
1953 when i t  was closed.  A t o t a l  of 48,484,188 tons of waste was moved to  
mine 41,442,617 tons of copper o r e  wi th  a recovery of about 12 pounds of 
copper per ton.ll 

Af ter  the  Cas t le  Dome mine was c losed ,  Miami Copper Co. began opera t ing  
the Copper C i t i e s  mine a t  12,000 tons per  day. This disseminated porphyry 
ore body i s  about 4 miles  nor th  of  the  Miami mine. Between 1954 and 1957, the 
mine produced 12,566,600 tons of o r e  a f t e r  removing 31,613,000 tons of  waste.  
It continues t o  produce a t  about 3 m i l l i o n  tons of copper o r e  per  year .  

DESCRIPTION OF THE DEPOSITS 

The Globe-Miami a rea  (see f i g .  3)  was divided i n t o  two p a r t s  by Pina l  
Creek, a small  stream t h a t  flows nor theas t  from the P ina l  Mountains and jo ins  
the S a l t  River .  East  of  P ina l  Creek the  lodes were genera l ly  f i s s u r e  veins.  
Hundreds were found i n  the  region;  many were smal l ,  some contained high-grade 
s i l v e r  ore  and some, f o r  example the Old Dominion, were extensive and con- 
ta ined copper ore .  

The o r e  bodies west of P ina l  Creek were gene ra l ly  disseminated o r  por- 
phyry type a s soc ia t ed  with igneous i n t r u s i o n s .  The h o s t  rocks f o r  t h e  ore  
bodies of the Miami mine were P ina l  s c h i s t  and a po rphyr i t i c  border f a c i e s  of  
the Schultze g r a n i t e  s tock .  The s c h i s t  and g r a n i t e  cropped out  i n  the  mine 
area where younger overlying formations were removed by erosion.  A substan- 
t i a l  thickness of  the h o s t  rocks a l s o  was removed. 

1 ° ~ a r d w i c k ,  W. R.  Mining Methods and Costs ,  I n s p i r a t i o n  Consolidated Copper 
Co. Open-Pit Mine, G i l a  County, Ar i z .  BuMines I n f .  Circ .  8154, 1963, 
65 PP- 

llHardwick, W. R . ,  and M. M. Stover.  Open-Pit Copper Mining Methods and 
P r a c t i c e s ,  Copper C i t i e s  Divis ion ,  Miami Copper Co., Gi la  County, Ariz .  
BuMines I n f .  Circ .  7985, 1960, p. 4 .  



Remnants of  d a c i t e  flows and diabase s i l l s  were exposed nor th  of  the  mine, 
and the  ore-bearing formations were c u t  o f f  on the  southeas t  by the  no r theas t -  
t rending  Miami f a u l t  t h a t  placed them i n  contac t  with t h e  outcropping Gi l a  
conglomerate. 

Precambrian sediments were metamorphosed by in t ense  fo ld ing  and recyrs-  
t a l l i z a t i o n  accompanying extens ive  igneous a c t i v i t y  t o  form P ina l  s c h i s t ,  the  
basement rock of the  region.  The Schultze g r a n i t e  s tock  was intruded i n t o  t h e  
s c h i s t  a s  were qua r t z  monzonite and o the r  igneous rocks.  These belong t o  the 
per iod  of p lu ton ic  a c t i v i t y  and mountain bui ld ing  during which mine ra l i za t ion  
a t  Miami as  wel l  a s  o the r  Arizona base-metal d i s t r i c t s  was bel ieved t o  have 
occurred.  

P ina l  s c h i s t ,  Schultze g r a n i t e ,  and Gi l a  conglomerate remained near  the  
Miami mine, and a d d i t i o n a l  geologic h i s t o r y  of the  region was obtained by 
s tudy  of  the s t r u c t u r a l  r e l a t i o n s h i p s  of the  remnants of sedimentary and 
igneous formations i n  the genera l  a r e a .  I n  the long period between the 
metamorphism of the P ina l  s c h i s t  and the  p lu ton ic  a c t i v i t y  of  l a t e r  t imes,  
a t h i c k  sequence of sediments was l a i d  down on the basement rock over wide 
a r e a s  and l a t e r  removed by e ros ion  i n  p a r t s  of the  Miami d i s t r i c t .  Thick 
d a c i t e  flows and a s  much a s  2,000 f e e t  of Quaternary Gi la  conglomerate, a 
con t inen ta l  sediment derived from eros ion  of l o c a l  i n t r u s i v e s ,  covered the 
a r e a  and were subsequently removed over the  Miami and I n s p i r a t i o n  ore  bodies 
by eros ion .  

The geology of the Miami d i s t r i c t  was described i n  d e t a i l  by Ransome.'' 
The genera l  r e l a t ionsh ips  of  the h o s t  rocks and t h e  ore  bodies of the  Miami 
mine a r e  shown i n  f igu res  4 and 5. 

P ina l  s c h i s t  was a l i g h t  gray t o  blue-gray rock,  sometimes coarse ly  
c r y s t a l l i n e ,  containing abundant qua r t z  and s e r i c i t e .  The s e r i c i t e  o f t e n  gave 
i t  a lu s t rous ,  s i l v e r y  appearance. Schultze g r a n i t e  was a l ight -colored  rock 
t h a t  weathered t o  a pa le  yellow. It was d i s t i n c t l y  po rphyr i t i c  near  t h e  
per iphery  of  the s tock  and exhib i ted  t h i s  c h a r a c t e r i s t i c  i n  the Miami ore  
body. It approached quar tz  monzonite i n  composition. 

Both P ina l  s c h i s t  and Schultze g r a n i t e  contained many c l a y - f i l l e d  
f i s s u r e s  and a network of  small quar tz  s t r i n g e r s  where mineral ized,  and the 
o r e  was s o f t  and f r i a b l e .  The g r a n i t e  tended t o  be harder  than the  s c h i s t ,  
b u t  both rocks broke up more o r  l e s s  e a s i l y  when d is turbed .  Eight percent  
o f  the  Miami o r e  a s  mined passed through a 10-inch g r i z z l y .  Broken o r  caved 
o r e  tended t o  pack when damp, p a r t i c u l a r l y  the s o f t e r  v a r i e t i e s .  This was a 
disadvantage i n  mining because the  ore  sometimes hung up i n  t h e  s topes  o r  o r e  
passes .  

The capping above the  o r e  was leached s c h i s t  o r  g r a n i t e  porphyry. I n  
a d d i t i o n  t o  undergoing hydrothermal decomposition by t h e  primary minera l iz ing  
s o l u t i o n s ,  the leached pro tore  was subjected t o  the a c t i o n  of s t rong s u l f u r i c  

12Ransome, F. L. The Copper Deposits of  Ray and Miami, Arizona. U.S. Geol. 
Survey Prof .  Paper 115, 1919, 192 pp. 



FIGURE 4 .  - Geologic Plan a t  the 420 Level ,  Miami Mine. 

0 500 

N ~ P W  w WE Scale, feet 

NO. P SWIFT 

NO. + SHAFT 

SECTION A-A (See Figure 4 ) 

LEGEND 
L l n l r s  OF OXIOIZEO ORE :-;=;z,:; 
LlHlTS OF SULFIOE ORE - - - - -- 
FORYITDN M I I T W T  - - - - - - - - - - -  
bLTlTUDE OF THE 410 LEVEL 3310 

teolopy oftar U. S. Gcol. Survey Prof. Wper 115 

FIGURE 5.  - Generalized Section of the Miami Mine. 



a c i d  so lu t ions  generated by oxid iz ing  s u l f i d e  minerals  during copper removal 
and r edepos i t ion  i n  t h e  zone of secondary enrichment below. The capping was 
converted i n t o  a rusty-brown, very f r i a b l e ,  and uns table  ma te r i a l  t h a t  broke 
i n t o  f i n e  p a r t i c l e s  under s t r e s s .  This cap rock flowed more e a s i l y  than o r e  
and c rea t ed  a con t ro l  problem i n  mining t h e  ore  below. 

The minera l iz ing  so lu t ions  t h a t  emplaced t h e  metal  s u l f i d e s  i n  t h e  Miami- 
I n s p i r a t i o n  a rea  were bel ieved t o  have r i s e n  through channels i n  a s t r u c t u r e  
i d e n t i f i e d  wi th  t h e  contac t  between P i n a l  s c h i s t  and t h e  Schultze g r a n i t e  
i n t r u s i o n .  The s u l f i d e s  were deposi ted i n  permeable ground i n  both rocks.  
The primary m e t a l l i c  s u l f i d e s  of  the  Miami pro tore  a r e  p y r i t e ,  cha lcopyr i t e ,  
and molybdenite deposi ted with qua r t z  i n  small  s t r i n g e r s  and disseminated 
through the  rock. Minable o r e  occurs only  where t h e  secondary enrichment had 
deposi ted a d d i t i o n a l  copper minerals .  The chief  secondary s u l f i d e  was chalco- 
c i t e ,  deposi ted i n  t h i n  v e i n l e t s  o r  a s  a coa t ing  on p y r i t e  and chalcopyr i te .  
The o r e  a l s o  contained small amounts of b o r n i t e  and c o v e l l i t e .  

Minor p y r i t e  was disseminated i n  t h e  ground mass of  the  s c h i s t  p ro to re ,  
and p y r i t e  w i th  very small  amounts of cha lcopyr i te  and molybdenite was d i s -  
seminated i n  g r a n i t e  porphyry o r e .  

The secondary s u l f i d e  o r e  had much the  same appearance as the  p ro to re  
with some darkening caused by specks and v e i n l e t s  of cha lcoc i t e  introduced 
i n t o  the s u l f i d e  zone by domward-percolating copper-bearing so lu t ions  from 
the  leached over ly ing  pro tore .  The upper por t ions  of the  l a r g e r  Miami o r e  
bodies and t h e  mineral ized Pin to  f a u l t  zone contained var ious  proport ions of 
a z u r i t e ,  malachi te ,  chyscol la ,  c u p r i t e  and na t ive  copper a s  wel l  a s  s u l f i d e s .  
I n  the  P in to  f a u l t  zone, the  carbonates  and s i l i c a t e s  were bel ieved t o  have 
r e s u l t e d  from p a r t i a l  reoxida t ion  of secondary s u l f i d e s .  

For a l l  p r a c t i c a l  purposes, the  M i a m i  depos i t  cons is ted  of t h ree  separa te  
o r e  bodies ( f i g s .  4 and 5 ) .  The Main M i a m i  o re  body was i n  P i n a l  s c h i s t .  The 
Captain o r e  body i n  Schultze g r a n i t e  porphyry extended westward i n t o  the 
ad jo in ing  I n s p i r a t i o n  mine. The Pin to  o r e  body i n  s c h i s t  l a y  between t h e  
o the r  two and connected with both. 

Post-mineral displacement along a s e r i e s  of northwester ly t rending f i s -  
su res  i n  a f a u l t  zone roughly i d e n t i f i e d  with the contac t  between s c h i s t  and 
g r a n i t e  porphyry dropped t h e  Pin to  and Main Miami o r e  bodies i n  r e l a t i o n  t o  
the  Captain o r e  body. 

The o r e  bodies were i r r e g u l a r  i n  shape. The o u t l i n e s  i n  f igu res  4 ,  5 ,  
and 6 i l l u s t r a t e  the  i r r e g u l a r i t y  both l a t e r a l l y  and v e r t i c a l l y .  The ore  was 
c u t  off  a t  some poin ts  by f a u l t  planes,  but  along o the r  boundaries it blended 
gradual ly  i n t o  the pro tore .  Neither  the  upper nor  lower l i m i t s  of the s u l f i d e  
zone were f l a t ,  and o r e  extended both i n  peaks i n t o  the  cap rock above the 
main bodies and i n  pendants and troughs i n t o  the  p ro to re  below. 

I n  p lan ,  the  M i a m i  o r e  body i n  f i s s i l e  quartz-mica s c h i s t  ( f i g .  6 )  was 
roughly t r i a n g u l a r  with a base of 3,700 f e e t  and an a l t i t u d e  of 2,500 f e e t ,  
maximum dimensions, and apex t o  the south.  The average thickness was about 





350 f e e t .  The top port ion,  sometimes ca l l ed  the northwest ore  body ( f ig .  4 ) ,  
projected beyond the main body and was mined separa te ly .  Three peaks of good 
ore  projected above t h e  Main Miami o r e  body i n t o  the barren cap rock, a s  indi -  
cated by the  contours i n  f igure  6. 

The Captain g ran i t e  porphyry ore  body was about 500 by 500 f e e t  i n  ho r i -  
zon ta l  dimensions and averaged 350 f e e t  i n  thickness.  

The Pinto s c h i s t  ore body ly ing  within the Pinto f a u l t  zone was a miner- 
a l i z e d  connecting l i n k  between the o the r  two ( f ig .  5 ) .  It contained mixed 
(partially reoxidized) s u l f i d e  ore  with good copper content t h a t  was mined 
separa te ly .  

The capping over the o r e  bodies ranged from 245 t o  500 f e e t  i n  thickness.  
I n  sec t ions  where i t  approached the maximum thickness,  the higher ground pres- 
sures  developed i n  the underlying mining operat ions increased support problems. 

PROSPECTING AND EWIORATION 

Copper s u l f i d e  ore  f i r s t  was discovered by the General Development Co. 
i n  1906 a t  a depth of 220 f e e t .  Other d iscover ies  followed rapid ly ,  and i n  
1909 t h e  i r r e g u l a r  ore  bodies were explored by churn d r i l l i n g .  D r i l l  holes  
were put down a t  the comers  of 200-foot squares t o  an average depth of  640 
f e e t  f o r  the f i r s t  117 holes .  By Ju ly  1912, a reserve of 20,800,000 tons ore  
averaging 2.48 percent copper has been outlined.13 

Af ter  t h i s  f i r s t  o re  (cal led the high-grade ore body) was e s s e n t i a l l y  
mined ou t ,  the downward extension below the  720-foot l e v e l  was explored. The 
o r i g i n a l  churn d r i l l  holes  could not  be deepened because the sur face  had caved. 
However, they provided worthwhile information because many had bottomed i n  
1.00 percent copper ore ,  considered the cutoff  grade a t  the  time they were 
d r i l l e d  ( the cutoff  point  was l a t e r  reduced t o  0.6 percent copper). Develop- 
ment planning was based i n  p a r t  on information obtained from t h i s  e a r l i e r  
d r i l l i n g .  A new, deeper l e v e l ,  ca l l ed  the 1000-foot l eve l ,  was opened, and 
ore  was explored by r a i s ing ,  d r i f t i n g ,  and diamond d r i l l i n g  from both the  
1000- and the 850-foot l eve l s .  

SAMPLING AND ESTIMATION OF TONNAGE AND VALUE 

Ore reserves were divided i n t o  assumed ore and proven ore .  Assumed ore  
p o t e n t i a l  was infer red  from geological  i n t e rp re t a t ions  and from sca t t e red  
workings o r  d r i l l  holes  i n  which sampling r e s u l t s  were n o t  conclusive enough 
t o  confirm extent  and grade of ore .  P rovenore  was estimated from the  dimen- 
s ions  and grade of ore  bodies as  determined by information from a l l  types of 
explora t ion  work, including d r i f t i n g ,  r a i s i n g ,  diamond d r i l l i n g ,  churn d r i l l -  
i n g ,  and percussion d r i l l i n g .  

Stope boundaries were defined by the r e s u l t s  of sampling explorat ion 
openings driven t o  f ind the l i m i t s  of  ore  zones. The boundary d r i f t s  used t o  
ou t l ine  s tope blocks i n  the f i r s t  use of block caving were an exce l l en t  source 

13Page 97 of work c i t ed  i n  footnote 7. 



of data for  reserve calculations.  After development by boundary d r i f t s  was 
abandoned, data from undercutting operations, although not as  complete, was 
used for  the same purpose. 

Drif ts  were sampled by cutt ing continuous, waist-high, horizontal chan- 
nels 1 to 2 inches deep and 4 to  5 inches wide i n  both walls. Material cut 
from opposite walls i n  5-foot intervals  was combined to  form a sample repre- 
senting that  in terval .  

Sludge from churn-dril l  holes was sampled i n  5-foot intervals .  I n  most 
cases, only the sludge from diamond-drill holes was sampled. Core recovery 
was only about 15 percent, and the core was generally ground and added to the 
corresponding sludge. 

Sludge from percussion-dril l  holes across major seams i n  the walls of 
development workings was sampled i n  2%-foot intervals .  Assay resu l t s  were 
recorded on the d r i l l  logs made for each hole. 

Occasional samples of some 6 to 8 tons were mined i n  25-foot cutouts i n  
the backs of development workings, and i n  one case, a 1,500-ton sample was 
mined from a narrow shrinkage stope and put through an automatic sampler. 
Samples of broken ore were taken as cars were loaded i n  development headings. 

I n  grade calculations,  car-sample assays were used as  reported, as  were 
churn- and percussion-dril l  resu l t s .  Channel-sample assays were considered 
13 percent high and diamond-drill sample resu l t s  10 percent high. Reported 
assays were corrected on t h i s  basis for grade estimation purposes. 

A l l  samples were plotted on plan maps and sections through the ore 
bodies drawn on a scale  large enough, generally 50 fee t  per inch, to  provide 
space for  entering each individual assay. Data concerning geologic s t ructure  
and locationof inclusions of oxidized ore o r  waste as  well as  assay values 
were recorded on maps. 

The ve r t i ca l  map sections were para l le l  and usually 50 fee t  apar t ,  
divided into  blocks for  convenience i n  calculation.  Each section represented 
a %foot s l i c e  through the ore body, 25 f ee t  on each s ide of the plane of the 
section. I n  d r i f t s  tha t  crossed a section,  the average assays for  25 fee t  on 
each s ide of the section were used a s  representative of the corresponding 
s l i ce .  Recorded assays were grouped i n  blocks to f a c i l i t a t e  reserve calcula- 
t ions.  The average grade of copper i n  a block was the summation of a l l  the 
assays, including a l l  adjusted r e su l t s ,  divided by the number of samples. 
Ore tonnages were calculated by volume estimates based on the dimensions of 
ore bodies as established by development, using factor  of 12% cubic f ee t  per 
ton for ore i n  place and 20 cubic fee t  per ton for  broken ore. The indicated 
factor for the material  packed i n  a mined-out stope was about 16 cubic fee t  
per ton. 

EARLY MINING METHODS 

A number of d i f fe ren t  mining systems preceded block caving a t  the M i a m i  
mine. Some of the features of block caving as  f i na l ly  developed can be 



recognized as  closely related to  ea r l i e r  methods. The management of the mine 
was outstanding i n  developing improved operating methods and adopting new 
equipment. More than 50 years of research and development by company engi- 
neering and operating personnel went into  the design of the f i na l  mining 
method. 

Square Set Stoping 

The f i r s t  mining system was square-set stoping and was used to mine the 
peaks of ore that  extended above the Main Miami ore body into  the cap rock. 
This costly method was feasible  because the ore was re la t ive ly  high i n  grade. 

Wide Shrinkage Stope and P i l l a r  Caving System 

Mining by the wide shrinkage stope and p i l l a r  system was done i n  the 
upper par t  of the Captain ore body. The granite porphyry ore was re la t ive ly  
hard, and stopes 50 fee t  wide could be carried safely.  A t o t a l  of 2,300,000 
tons of ore was mined by t h i s  method, as  described by Scott.14 

The following description of wide shrinkage stoping and p i l l a r  caving 
method i s  included i n  some d e t a i l  because of the s imi la r i ty  i n  development 
with that  of the l a t e r  block-caving system. The tramming level ,  pocket ra i se ,  
drawing off level ,  stope r a i s e ,  and stope f loor  of the ear ly  system served 
purposes similar t o  the respective haulage leve l ,  transfer r a i s e ,  grizzly 
control  level ,  control ra i se  and under cut level of the block-caving system. 
Furthermore, i n  the ea r l i e r  system, ore was broken on the mining level  i n  the 
50-foot-wide stopes by d r i l l i n g  15-foot horizontal  b l a s t  holes from each edge 
toward the center and depending on the principal of caving to  break the long 
r i b  l e f t  i n  the center of the stope. 

Application of the system provided for  a l ternat ing stopes and p i l l a r s  
across the short dimension of the ore body, each 50 f ee t  wide and 200 to 500 
f ee t  i n  length, according to  the width of the ore body (f ig .  7 ) .  The height 
of stopes depended on the distance to the upper ore l i m i t ,  a maximum of 125 
fee t .  Necessary development consisted of a t raming  leve l ,  drawing-off level ,  
and sublevels with the required r a i s e  work to  connect the several  levels .  Of 
these openings, the t raming and drawing-off levels and the pocket ra i ses  
between were timbered. The level openings were supported with 10- by 10-inch 
s e t s  with 2-inch lagging on 5- to  6-foot centers. 

A new and d is t inc t ive  feature of the method a t  the Miami mine was the 
drawing-off l eve l ,  between the haulage level  and the floor of the stopes used 
to  handle a l l  the ore broken i n  both stopes and p i l l a r s .  Paired ra i ses  a t  
25-foot intervals  were inclined up on both sides of the drawing-off d r i f t s  
under the stopes and belled out to a diameter of 20 f e e t  a t  the stope f loor  
level .  This l e f t  a p i l l a r  d i rec t ly  over the drawing-off d r i f t .  However, 
fa i lu re  of the p i l l a r  often occurred during the l i f e  of the stope, and a 
drawing-off d r i f t  was protected more by timber support than by a p i l l a r .  

14Scot t ,  David B. Stoping Methods of Miami Copper Co. Trans. AIME, v. 55, 
1916, pp. 137-153. 





V e r t i c a l ,  cr ibbed pocket r a i s e s ,  a l l  placed a t  one s ide  of t h e  tramming d r i f t s ,  
were dr iven  through t o  the  drawing-off l e v e l ,  one t a i s e  f o r  each p a i r  of s tope 
r a i s e s .  G r i z z l i e s  with an 18-inch opening were i n s t a l l e d  a t  the  top of  the 
pocket r a i s e s  i n  the  f l o o r  of the  drawing-off d r i f t s  d i r e c t l y  under the  con- 
t r o l  chutes  of the s tope  r a i s e s .  

Broken ore  passed i n  t u r n  through s tope  r a i s e s ,  con t ro l  chutes  a t  t h e  
drawing-off l e v e l ,  g r i z z l i e s  i n  t h e  f l o o r  of the  drawing-off l e v e l ,  pocket 
r a i s e s ,  and f i n a l l y  the chutes a t  the  haulage l e v e l  i n t o  ca r s  f o r  t ranspor ta-  
t i o n  t o  the  s h a f t .  

Development i n  the  p i l l a r s  was s t a r t e d  a s  quickly as  poss ib le .  Ver t i ca l  
r a i s e s  a t  50-foot i n t e r v a l s  were dr iven  from the  drawing-off d r i f t  t o  t h e  
upper l i m i t  of  t h e  ore  body, and sub leve l s  2 5  f e e t  a p a r t  were developed with 
c e n t r a l  d r i f t s  dr iven t o  t h e  o r e  l i m i t s  and crosscuts  a t  50-foot i n t e r v a l s  
i n t o  t h e ,  a s  y e t ,  unmined s tope  blocks. None of  the  sublevel  openings were 
o r d i n a r i l y  timbered. The sublevel  development was necessary,  not  only  f o r  
breaking t h e  p i l l a r s  l a t e r  but  f o r  access  i n t o  the s topes  a s  they were 
advanced, and was kept ahead of s toping .  

When prepara tory  work had advanced s u f f i c i e n t l y ,  s toping  by the  shrinkage 
system proceeded u n t i l  the  upper o r e  l i m i t  was reached. About 39 percent  of 
t h e  ore  was drawn t o  provide working space. A s h e l l  of o r e  was usua l ly  l e f t  
under the  bar ren  capping t o  form a cushion and minimize d i l u t i o n  when t h e  
s tope  was drawn. Sustained drawing was n o t  s t a r t e d  u n t i l  p i l l a r s  were broken. 

Mining of p i l l a r s  was undertaken a f t e r  breaking i n  t h e  s topes  was 
f in ished .  Breaking i n  the p i l l a r s  proceeded from the top down by d r i l l i n g  and 
b l a s t i n g  from sublevels .  Mining was s t a r t e d  a t  one end of  p i l l a r s ,  r e t r e a t i n g  
toward the o t h e r  end, and a t  s tope  edges, r e t r e a t i n g  toward the  c e n t r a l  d r i f t .  
Using mounted d r i f t e r s ,  successive rounds were d r i l l e d  and b la s t ed  i n  the  
backs and wa l l s  of sublevels  u n t i l  t h e  openings holed through t o  the  next  
sublevel  above o r ,  i n  the uppermost sub leve l ,  reached the  capping. The l a s t  
5 f e e t  of  ground usua l ly  caved. The back i n  t h i s  type of  s tope  opera t ion  was 
c a r r i e d  on a s lope  of  about 45O. With proper  scheduling, a l a rge  number of  
o r e  faces on seve ra l  sublevels  could be a t tacked a t  once. An important d e t a i l  
i n  the r e t r e a t i n g  system was temporary bulkheading of  r a i s e s  j u s t  under each 
sublevel  a s  work on t h a t  l e v e l  was completed t o  avoid any uncontrol led move- 
ment of o r e  o r  waste capping through open r a i s e s .  

In  t h e  l a s t  s t age  of p i l l a r  mining, prepara t ion  f o r  drawing the  ore  was 
made by d r i v i n g  and enlarg ing  a d d i t i o n a l  r a i s e s  from t h e  drawing-off d r i f t  
i n t o  the base of  the  p i l l a r  t o  provide con t ro l  f a c i l i t i e s  s i m i l a r  t o  those 
under the shrinkage s topes .  

As much a s  one-third of t h e  t o t a l  tonnage i n  a block of o r e  mined by the  
wide shrinkage s tope  and p i l l a r  system was removed i n  prepara tory  work o r  by 
drawing during s toping  and p i l l a r  mining t o  compensate f o r  the  a d d i t i o n a l  
volume (shrinkage) occupied by broken ore .  



Systematic drawing of o re ,  o the r  than t h a t  requi red  t o  provide working 
space,  was not  s t a r t e d  u n t i l  about  70 percent  of  s tope  and p i l l a r  o r e  had been 
broken. Drawing was c a r e f u l l y  con t ro l l ed  t o  b r ing  down t h e  over ly ing  capping 
evenly and minimize t h e  chances of the  f i n e l y  d iv ided  capping running i n t o  any 
c a v i t i e s  t h a t  might form through "arching" o r  "piping" i n  the  broken o r e  
column. Drawing was not  permit ted wi th in  100 f e e t  of  a po in t  where d r i l l i n g  
was s t i l l  i n  progress .  When drawing was s t a r t e d ,  some d i f f i c u l t y  was exper i -  
enced i n  making ore  run s t e a d i l y .  Hard o r e  could be d r a m  with comparative 
ease ,  but  o r e  with a high content  of s o f t  c l ay  minerals  tended t o  pack a f t e r  
s tanding  f o r  more than a s h o r t  period.  This tendency of s o f t  o r e  t o  pack 
under compression, p a r t i c u l a r l y  when damp, was shown by the  f a c t  t h a t  sub- 
l e v e l  c ros scu t s  occas ional ly  d r iven  from p i l l a r s  i n t o  t h e  broken ore  i n  
shrinkage s topes  would s tand  open without  t imbering. Movement of o r e  some- 
t i m e s  had t o  be induced by d r iv ing  in termedia te  r a i s e s  from t h e  drawing-off 
d r i f t s  t o  break up packed ma te r i a l .  

Under c e r t a i n  condi t ions ,  f a i l u r e  of  timber support  on the  drawing-off 
l e v e l  under extreme weight was a problem. I n  t h e  nor thern  p a r t  of t h e  o r e  
body, t h e  capping above the  o r e  averaged 340 f eec  i n  th ickness ,  which, with 
125 f e e t  of  broken o r e  i n  a completed s tope  o r  p i l l a r ,  gave a t o t a l  column 
of  about 465 f e e t  of  ground i n  a mobile condit ion.  Crushing i n  t h i s  s e c t i o n  
necess i t a t ed  complete ret imbering i n  some s tope  l i n e s .  I n  t h e  southern p a r t ,  
t h e  capping was about 250 f e e t  t h i c k ,  and the  broken o r e  i n  a completed s tope  
100 f e e t  t h i ck ,  making a t o t a l  of 350 f e e t  of  moving ground. The weight i n  
t h i s  s e c t i o n  was n e g l i g i b l e  and only minor r e p a i r s  were requi red  during the  
l i f e  of  t h e  o r e  body. A d i f f e rence  of about 100 f e e t  i n  t o t a l  he igh t  of the  
ore-and-waste column was c r i t i c a l .  

I n  a small  a r e a ,  when blocks of  unbroken p i l l a r  ore  were unavoidably 
l e f t  above the  drawing-off d r i f t ,  the  weight of such blocks tended t o  con- 
c e n t r a t e  on a few po in t s  with r e s u l t a n t  f a i l u r e  of support  underneath. Af ter  
drawing had progressed on a l a r g e  s c a l e  over a l a r g e  a r e a ,  t h e  weight problem 
i n  heavy ground tended t o  decrease.  Apparently t h e  weight became more uni- 
fonnly d i s t r i b u t e d  a s  a s t a t e  of equi l ibr ium was approached. 

Not a l l  of  t h e  broken o r e  i n  a s tope  o r  p i l l a r  could be drawn without 
a d d i t i o n a l  work. A t  the  end of  the  r egu la r  drawing per iod ,  a wedge of  broken 
o r e  always remained on top of  t h e  p i l l a r  forming t h e  back of t h e  drawing-off 
d r i f t .  Most of the o r e  was recovered by breaking t h i s  p i l l a r  (of ten p a r t l y  
o r  completely crushed) through t o  t h e  broken o r e  above, and drawing the  mate- 
r i a l  i n t o  the pocket r a i s e s  i n  a r e t r e a t i n g  procedure. 

Blocks of  s o l i d  o r e ,  t r i a n g u l a r  i n  cross  s e c t i o n ,  between adjacent  l i n e s  
of  drawing-off d r i f t s  and below the  junct ion of s topes  and p i l l a r s  a l s o  
remained a t  the  c lose  of  r egu la r  drawing opera t ions .  Most of t h i s  ore  was 
recovered by dr iv ing  timbered in termedia te  d r i f t s  between the  o r i g i n a l  drawing- 
o f f  d r i f t s ,  i n s t a l l i n g  a l i n e  of chutes ,  and d r i v i n g  small  shrinkage s topes  
u n t i l  broken o r e  was encountered, o r  t h e  remaining ground caved. The o r e  was 
trammed along the  d r i f t s  t o  pocket r a i s e s  dr iven from crosscuts  on the  tram- 
ming l e v e l  below. 



Extract ion by the wide shrinkage s tope and p i l l a r  system was about 95 
percent  of the calculated tonnage. Data kept on each s tope and p i l l a r  i nd i -  
cated t h a t  ex t r ac t ion  i n  the  stopes was about 10 percent b e t t e r .  

Top S l i c ing  

When the  upper p a r t  of the  Captain ore body had been near ly  mined out  a s  
f a r  as  s h a f t  depth a t  the time would permit,  preparat ions were made t o  continue 
mining the Main Miami ore  body below the e a r l i e r  square-set  s topes.  The s c h i s t  
ore  was too s o f t  t o  mine by the  wide shrinkage s tope and p i l l a r  system, and top 
s l i c i n g  was adopted. The col lapsed timbers i n  the abandoned square-set  s topes 
above reinforced the heavy mat necessary i n  top s l i c i n g  t o  i s o l a t e  the working 
l e v e l  from the overburden. I n  t h i s  case,  the overburden was f r i a b l e  cap rock, 
which, when dry ,  would r e a d i l y  s i f t  down and mix with the  o re ,  unless 
cont ro l led .  

I n  the f i r s t  attempt,  s l i c i n g  faces from 50 t o  severa l  hundred f e e t  i n  
length were used, r e t r e a t i n g  along the ore  body toward a serv ice  s h a f t  outs ide  
t h e  s l i c i n g  area .  The method was unsa t i s fac tory .  Working faces  advanced so 
i r r e g u l a r l y  tha t  cont ro l  of operat ions was d i f f i c u l t ,  and the long connecting 
d r i f t s  required excessive maintenance. As a r e s u l t  mining cos t s  were high.  

Long s l i c i n g  faces were abandoned i n  favor of a more successful  block- 
s l i c i n g  system.15 I n  t h i s  system, haulage l eve l s  were opened a t  v e r t i c a l  
i n t e r v a l s  of 150 f e e t  with two sublevels  between t o  f a c i l i t a t e  dr iv ing  ore  
r a i s e s  and d i s t r i b u t i n g  v e n t i l a t i n g  a i r .  The haulage l e v e l  d r i f t s  were 
spaced a t  50 f e e t  and o r e  r a i s e s  were put up a t  50-foot i n t e rva l s  along the 
d r i f t s .  Two-compartment supply r a i s e s  were put  up t o  the  top of the ore  body 
i n  the center  of square blocks t h a t  were 250 f e e t  on a s ide  ( f i g .  8). A t  the 
top ,  four bulkheads were b u i l t  i n  a square t o  pro tec t  the r a i s e .  D r i f t s  were 
extended on the long a x i s  of the supply r a i s e  t o  within 25 f e e t  of the block 
l i m i t s .  Crosscuts 125 f e e t  long were driven each way from the ends of these 
d r i f t s  and l a t e r  from the supply r a i s e  to  t h e  block l i m i t s .  Ore broken i n  
dr iv ing  was disposed of through the  r a i s e s  with which connections were made 
a s  work progressed. 

Mining was car r ied  on simultaneously i n  a l l  quadrants of a block. S t a r t -  
ing a t  the ends of the outer  c rosscuts ,  25-foot s l i c e s  were taken between 
these  crosscuts  and the block l i m i t s .  When the f i r s t  s l i c e  had advanced a few 
f e e t ,  a second was s t a r t e d  and so on. When work i n  the outer  rows was well  
underway, s l i c i n g  i n  i n t e r i o r  rows was s t a r t e d  a t  the outer  ends of the 
i n t e r i o r  c rosscuts ,  always r e t r e a t i n g  toward the c e n t r a l  r a i s e .  S l i ces  were 
12% f e e t  wide and 10 f e e t  high.  Except i n  the ex te r io r  rows, s l i c e s  were 
50 f e e t  long. 

Caps and posts  were used fo r  ground support.  I f  the timbers showed s igns  
of taking weight before a l l  the ore  was removed, bulkheads were b u i l t  from old 
timbers i n  the mat. As soon as  the ore had been removed the  timbers were 
d r i l l e d  and shot  out  and a new s l i c e  was s t a r t e d  below. 

1 5 ~ e a n ,  E .  G .  The Block Method of  Top Sl ic ing  of the Miami Copper Co. Trans. 
A m ,  v.  55, 1917, p.  240. 



Mining was 
c a r r i e d  on a s  
r ap id ly  a s  poss i -  
b l e  t o  minimize 
support  problems 
and maintain a 
high r a t e  of  pro- 
duct ion.  Produc- 
t i o n  ranged from 
9 t o  20 tons  per 
mucker-shif t and 
from 5 t o  10 tons 
per manshif t .  The 
250-foot-square 
s l i c e  block 
yielded a n  aver- 
age of  877 tons 
per  day f o r  the 
l i f e  of t h e  s l i c e .  
This method had 
the advantages 
t h a t  100 percent  
of  the o r e  was 
recovered and 
d i l u t i o n  was 
avoided; c o s t s ,  
however, were 
h igh .  

Narrow Shrinkage 
Stoping 

. . 

BLOCK BULKHEAD A system of 
narrow shrinkage 

MINING COMPLETED s tope  and p i l l a r  
mining replaced 

TYPICAL SLICE the  more c o s t l y  

[ ORE IN PLACE 
block method of  
top - s l i c ing  i n  

ORE RAISES FROM HAULAGE LEVEL the  Main ~ i a m i  

FIGURE 8. - Block Method of Top Slicing. 
o r e  body. The 
system was an 
adap ta t ion  of the 

wide shrinkage s tope  and p i l l a r  method used i n  t h e  Captain ore  body but  with 
stope width reduced t o  8 f e e t  and p i l l a r s  t o  25 f e e t  i n  the  s o f t  s c h i s t  ore .  
It had been found t h a t  some of the 50-foot p i l l a r s  l e f t  between s topes  i n  the 
hard Captain ore  body would s t a r t  t o  cave before  they could be d r i l l e d  and 
b las ted .  Caving of  the  25-foot p i l l a r s  i n  the  s o f t  s c h i s t  ore  of the Main 
Miami ore  was e a s i l y  induced by undercut t ing a lone .  This system could be 
classed a s  t h e  f i r s t  Miami caving opera t ion ,  i f  t h e  narrow shrinkage s topes  
are considered a s  p a r t  of  t h e  necessary prepara t ion .  Some reduct ion  i n  mining 
cos ts  was achieved by t h i s  system. 



Panel Caving with Hand Tramming 

Panel caving evolved o u t  of  an unsuccessful  a t tempt t o  use a caving 
system t o  mine an e n t i r e  ore  body a s  a s i n g l e  s toping  u n i t .  S t a r t i n g  a t  one 
end of the ore  body, the ore  was under cu t  and caved f o r  i t s  f u l l  width,  the  
undercut r e t r e a t i n g  toward the  o t h e r  end. This approach was u n s a t i s f a c t o r y  
because i t  was impossible t o  maintain good draw con t ro l  over a l a rge  mining 
a rea .  Consequently, the  waste capping broke through and prevented s u b s t a n t i a l  
tonnages of ore  from reaching many draw po in t s .  

For optimum r e s u l t s ,  two condit ions a r e  necessary i n  drawing caved o r e .  
F i r s t ,  t h e  r a t e  of drawing must be ad jus ted  t o  t h e  na tu ra l  r a t e  of  caving. 
I d e a l l y ,  the caved ore  is drawn a t  a r a t e  t h a t  permits t h e  s o l i d  o r e  t o  
"work" and cave f r e e l y ,  but  not  so r ap id ly  t h a t  l a rge  c a v i t i e s  a r e  formed 
above the caved ma te r i a l .  Second, drawing should be continuous r a t h e r  than 
i n t e r m i t t e n t  s o  f a r  a s  poss ib le ,  because, i n  periods of r e s t ,  caved o r e ,  
p a r t i c u l a r l y  s o f t  s c h i s t ,  tends t o  pack, and then hang up when drawing i s  
resumed. The draw should be uniform across  the e n t i r e  s tope width s o  t h a t  the 
waste capping w i l l  s e t t l e  evenly and remain above the  o r e .  

These ob jec t ives  could not  be a t t a i n e d  a t  Miami i n  a l a rge  s tope  because 
t h e  ore  was not  uniform i n  hardness and consequently i n  caving c h a r a c t e r i s t i c s .  
S o f t  ore  caved more e a s i l y  than hard ore  and more r e a d i l y  near the  cen te r  of a 
s tope  than near  the  margins. The f r i a b l e  waste capping above the o r e  broke up 
i n t o  f i n e  ma te r i a l  t h a t  r an  much more e a s i l y  than caved o r e .  Consequently, 
i r r e g u l a r i t i e s  i n  t h e  draw permit ted waste t o  descend more r ap id ly  i n  one sec- 
t i o n ,  and t h e  free-running waste was l i k e l y  t o  break through t h e  contac t  
between capping and o r e ,  and d i l u t e  ad jo in ing  sec t ions .  Under these  condi- 
t i o n s ,  waste ,  moving l a t e r a l l y  a s  wel l  a s  downward, would reach draw po in t s  
ahead of the  o r e  d i r e c t l y  overhead. When waste appeared i n  a draw po in t ,  the 
o r e  drawn t h e r e a f t e r  was d i l u t e d ,  i f  it could be recovered a t  a l l .  

Another disadvantage of l a rge  caving u n i t s  was the  heavy maintenance of 
ground support necessary t o  keep e x t r a c t i o n  workings open during long periods 
of  operat ion.  The heavy ground pressures  encountered a t  many po in t s  caused 
support f a i l u r e s  before e x t r a c t i o n  openings could be abandoned, and timbering 
i n  haulage d r i f t s  had t o  be repa i red  o r  replaced seve ra l  times during t h e  l i f e  
o f  a l a rge  s tope .  Maintenance was not  only c o s t l y ,  but  i n t e r f e rence  with 
drawing schedules aggravated the problem of draw con t ro l .  

To solve the  problems of poor draw con t ro l  and high maintenance c o s t s ,  
t h e  ore body was divided i n t o  panels 150 f e e t  wide extending across  the  width 
o f  the o r e .  A l t e rna te  panels  were mined, leaving intermediate  panels a s  p i l -  
l a r s .  The p i l l a r s  were mined a year  o r  so l a t e r  a f t e r  t h e w a s t e  f i l l i n g  i n  
the  e a r l i e r  s topes  had consol idated enough t o  s tand  when the p i l l a r s  were 
caved. Panel caving was f i r s t  appl ied  i n  the  i s o l a t e d  Northwest s c h i s t  o r e  
body, but  the system was app l i cab le  t o  both hard grani te-porphyry and s o f t  
s c h i s t  o re s  .l" 

I6Hensley, 3. H., Jr. Mining Methods of  Miami Copper Co. Trans. AIME, v .  72, 
1925, pp. 78-99. 



Prepara tory  work f o r  panel caving i s  i l l u s t r a t e d  i n  f igu re  9.  To keep 
development a t  a minimum, the ho r i zon ta l  spacing of haulage d r i f t s  was s e t  a t  
150 f e e t ,  and the 150-foot v e r t i c a l  i n t e r v a l  between main haulage l e v e l s  used 
wi th  t h e  b lock-s l ic ing  system was se l ec t ed .  Haulage d r i f t s  connected t o  main 
haulage l a t e r a l s  outs ide  the  o r e  body. A s i n g l e  haulage l e v e l  was designed t o  
se rve ,  i n  tu rn ,  two caving l i f t s  of 75 f e e t  each. Each l i f t  was served 
d i r e c t l y  by p a r a l l e l  tramming d r i f t s  on 25-foot cen te r s  on a tramming o r  
t r a n s f e r  l e v e l  25 f e e t  below the  undercut o r  mining l e v e l .  

Pa i red ,  diverging t r a n s f e r  r a i s e s  on 100-foot cen te r s  were dr iven  from 
both s i d e s  of haulage d r i f t s  t o  connect with and se rve ,  wi th  branches, the  s i x  
tramning l e v e l  d r i f t s  f o r  the upper caving l i f t  of  each panel .  The des ign  of 
the  r a i s e  complexes, shown only i n  an end view i n  f i g u r e  9 ,  was s i m i l a r  t o  t h e  
pa i r ed ,  branching r a i s e s  described more f u l l y  i n  t h e  s e c t i o n  on block caving. 
D r i f t s ,  both on upper tramning l e v e l s  and haulage l e v e l s ,  were p a r a l l e l .  The 
150-foot spacing of the haulage l e v e l  d r i f t s  was f ixed  by the  minimum s lope  on 
which o r e  would run (53") and the  d i s t ance  t o  the  upper tramming l e v e l  (100 
f e e t ) .  

The d i s t ance  from the  haulage l e v e l  t o  the lower tramning l e v e l  was only 
25 f e e t ,  i n s u f f i c i e n t  f o r  an inc l ined  t r a n s f e r - r a i s e  system. To u t i l i z e  the  
same haulage d r i f t s ,  the  lower tramming l e v e l  d r i f t s  were o r i en ted  a t  90" t o  
the  haulage d r i f t s .  Short v e r t i c a l  r a i s e s  where tramming d r i f t s  crossed over 
haulage d r i f t s  then provided enough o r e  passes t o  l i m i t  the  maximum hand- 
tramming d i s t ance  t o  75 f e e t .  Crosscuts between tramming d r i f t s  were dr iven  
a t  100-foot i n t e r v a l s .  Crosscuts were a source of t rouble  l a t e r  because they 
tended t o  co l l apse  when drawing operat ions reached them, but  they were neces- 
s a ry  t o  furn ish  access  fo r  men and supp l i e s .  They had t o  be completely f i l l e d  
with waste timber a s  drawing progressed. 

Next, pa i red  inc l ined  r a i s e s  were d r iven  on oppos i te  s i d e s  of a l t e r n a t e  
tramming d r i f t s  and widened t o  14 f e e t  a t  the  l e v e l  of  the  under cu t  25 f e e t  
above. A l l  the r a i s e s  on one s i d e  of a tramming d r i f t  were then connected a t  
the  top t o  form a d r i f t  a t  t h e  undercut l e v e l  p a r a l l e l  t o  and o f f s e t  halfway 
between l i n e s  of  tramming d r i f t s .  The undercut l e v e l  d r i f t s  were enlarged t o  
8- by 8- foot  s e c t i o n s ,  and the  p i l l a r s  between d r i f t  l i n e s  were d r i l l e d  with 
fan-shaped rounds of ho le s  2 t o  3 f e e t  a p a r t  and b la s t ed  i n  25-foot s e c t i o n s .  
A t  t h i s  po in t ,  only a l t e r n a t e  tramming d r i f t s  had been connected t o  the  under- 
c u t  l e v e l  d r i f t s .  The f i n a l  s t age  i n  undercut t ing was opening 8- by 8-foot  
d r i f t s  immediately above the  l e v e l  s e t s  i n  a l l  tramming d r i f t s  and i n s t a l l i n g  
a l t e r n a t e  drawing chutes a t  6k-foot i n t e r v a l s  on both s i d e s  (chutes on one 
s ide  of a d r i f t  were the re fo re  12% f e e t  a p a r t ) .  From these  intermediate  
d r i f t s ,  the  s tope- f loor  p i l l a r s  between the  undercut l e v e l  and t h e  tramming 
l e v e l  were d r i l l e d  and sho t  o u t ,  l eaving  unobstructed passageways f o r  drawing 
the o r e .  The d r i f t  work on the undercut l e v e l  was c a r r i e d  on a s  f a r  i n  
advance of  mining opera t ions  a s  tramming l e v e l  development permit ted.  The 
undercut t ing phase began a t  one end of  the  panel and was completed on a sched- 
u l e  t o  keep i t  50 f e e t  o r  more ahead of  drawing. I n  advance of sus ta ined  
drawing, enough of the  broken o r e  was drawn t o  give the  s o l i d  back of the  
undercut a chance t o  work and s t a r t  caving. 





Sustained drawing followed undercutting a s  soon a s  ore  had s t a r t e d  t o  
cave properly and the  undercut had advanced f a r  enough fo r  the sa fe ty  of the  
undercutting crews. The operat ion consis ted of  drawing the ore according t o  
a d e f i n i t e  schedule through the  l i n e s  of chutes on the tramming l eve l  i n t o  
c a r s ,  tramming by hand a maximum of 50 o r  75 f e e t ,  and dumping the o r e  through 
an 8-inch g r i z z l y  a t  the top of the neares t  t r a n s f e r  r a i s e .  Any boulders i n  
the o r e  were b las ted  t o  pass through the  drawing chutes ,  and p r a c t i c a l l y  no 
block-holing o r  sledging was necessary on the g r i z z l i e s .  

A l l  haulage and t r a n s f e r  l eve l  d r i f t s  were timbered. Conventional d r i f t  
s e t s  with 2-inch plank o r  peeled 3%- t o  5-inch lagging were used. Ten- by 
ten-inch squared posts and caps were used on haulage d r i f t s  and 12- by 12-inch 
timber on tramming l eve l s .  The tramming d r i f t s  were driven without timber and 
l e s s  than f in ished  s i z e .  They normally remained open u n t i l  enlarged and t i m -  
bered as  needed. Long, inc l ined  t r ans fe r  r a i s e s  t o  the upper tramming l e v e l  
were untimbered i n  hard ground, except f o r  manway s t u l l s  and p a r t i t i o n s ,  
removed a f t e r  completion. I n  s o f t  ground, these r a i s e s  were timbered with 
4-post framed s e t s ,  l ined with 2-inch plank. A 10-foot v e r t i c a l  s ec t ion  a t  
the top of each t r a n s f e r  r a i s e  branch below the g r i z z l y  was cribbed with 6- by 
8-inch o r  8- by 8-inch cr ibbing.  The shor t  v e r t i c a l  t r a n s f e r  r a i s e s  serv ing  
the lower tramming l eve l  were cribbed throughout. 

Experience gained during the panel-caving operat ion brought about changes 
i n  procedure, improved stope performance, and knowledge of ground charac ter i s -  
t i c s  t h a t  were he lp fu l  l a t e r  i n  designing block-caving stopes.  For ins tance ,  
i t  was found t h a t  s o f t  o r e  would cave r ead i ly  with stope widths of a s  l i t t l e  
a s  50 f e e t ,  t h a t  hard ore  required a t  l e a s t  150 f e e t ,  and t h a t  250 f e e t  would 
have been b e t t e r  i n  very hard ground. 

Small shrinkage s topes driven along block boundaries f a c i l i t a t e d  caving, 
e spec ia l ly  i n  hard ore ,  and l imited caving t o  the block i n  operat ion.  However, 
they were not  always necessary. I n  very s o f t  o r e ,  it was found t h a t  caving 
would s t a r t  without enlarging the undercut l e v e l  d r i f t s  beyond the o r i g i n a l  
s i ze  of 8 by 8 f e e t  i n  cross  sec t ion ,  so t h i s  phase of  undercutting was d i s -  
pensed with a t  times. 

The ore  body mined by panel caving was about 500 by 1,500 f e e t  i n  ho r i -  
zontal  dimensions. The ore  above had been mined to  an even horizon by the  
top-sl icing method before caving was s t a r t e d ,  so the tonnage of the cave block 
could be calculated with reasonable accuracy. The expectancy fo r  the f i r s t  
75-foot l i f t  was 2,464,300 tons of ore assaying 2.19 percent copper. The ton- 
nage ex t r ac t ion  r ea l i zed  was 100.78 percent ;  grade ext rac t ion  82.70 percent ;  
copper ex t r ac t ion  83.34 percent .  The production of ore  per man s h i f t  f o r  a l l  
underground labor was 8 tons.17 About 1,000 tons per day was produced from 
a s tope area  of 11,337 square f e e t .  

BLOCK CAVING 

The grade of Miami ore  reserves s t e a d i l y  declined as  the r i che r  ores  were 
depleted, and by 1930 was estimated a t  only 17.6 pounds of copper per ton 

17MacLennan, F. W. Subsidence From Block Caving a t  Miami Mine, Arizona. 
Trans. A m ,  1929, pp. 167-168. 



(0.88 percent  copper) of which only 14 pounds o r  0.70 percent  was present  i n  
s u l f i d e  minera ls .  To continue p r o f i t a b l e  mining, a  f u r t h e r  reduct ion  i n  c o s t  
was e s s e n t i a l .  This  was accomplished by in t roducing  a  low-cost block-caving 
system, a  l o g i c a l  improvement of  panel caving. I n  t h i s  system, the  ore  body 
was mined i n  ind iv idua l  s topes  o r  blocks o r i g i n a l l y  150 by 300 f e e t  i n  c ross  
s e c t i o n  and 300 f e e t  o r  more h igh .  A l t e rna te  blocks were mined with in terven-  
ing  blocks o r  p i l l a r  s topes  l e f t  i n  p lace .  The p i l l a r  s topes  were caved a 
year  o r  so l a t e r  a f t e r  the  waste f i l l i n g  i n  the  f i r s t  blocks had consol ida ted .  

The term " p i l l a r  stope" was used a t  Miami t o  des ignate  a  s tope  t h a t  was 
bounded on one o r  more s i d e s  by subsided capping from previously mined s topes .  
The term " p i l l a r "  was used t o  des ignate  t h e  p a r t i t i o n  between s topes .  

Block caving replaced o ther  systems a f t e r  1925 .I8 During 1925-29, a  
t o t a l  of 16,556,296 tons of o r e  were mined by block caving a t  a  c o s t  of 39.94 
cents  per ton .  I n  the same pe r iod ,  production per man s h i f t  underground 
averaged 28 tons compared t o  8 tons f o r  panel  caving. With modif icat ions 
d i c t a t e d  l a r g e l y  by ground condi t ions ,  inc luding  depar tures  from t h e  150 by 
300-foot stope-block s i z e  and eventual  adoption of l a t e r a l  t r a n s f e r  by con- 
veyor and scraper  t o  supplement r a i s e s  i n  moving o r e  from s topes  t o  main 
haulage l e v e l s ,  the block-caving system was used f o r  t h e  remaining l i f e  of 
the  mine. 

General Mine Development 

The term "development" a s  used a t  the  Miami mine was defined a s  prelim- 
i n a r y  prepara t inn  f o r  mining. It included work c o m n  t o  a l l  o r  a  l a r g e  p a r t  
of the o r e  body. With respec t  t o  block caving,  mine development included con- 
s t r u c t i n g  and equipping of  ho i s t ing ,  s e r v i c e ,  and v e n t i l a t i o n  s h a f t s ,  haulage 
l e v e l s ,  t r a n s f e r  r a i s e s ,  access  workings from s h a f t s  t o  the s toping a reas  a t  
t h e  g r i z z l y  l e v e l  and se rv ice  r a i s e s  between l e v e l s .  Some of the  f a c i l i t i e s  
served e a r l i e r  mine opera t ions .  

Stope prepara t ion ,  o f t en  c a l l e d  development by the  opera t ing  crew, 
included the  work done on a  s p e c i f i c  s tope  block such a s ,  con t ro l  d r i f t s  a t  
t h e  g r i z z l y  l e v e l ,  r a i s e s  above the  g r i z z l y  l e v e l  (control  r a i s e s ) ,  the  under- 
c u t  l e v e l ,  f r inge  d r i f t s ,  boundary d r i f t s  and c o m e r  r a i s e s .  

Shaf t s  

Nine major s h a f t s  were sunk a t  the  Miami mine. Shaf ts  Nos. 1, 2 ,  and 
3 ,  sunk during t h e  explora t ion  per iod ,  were a l s o  used f o r  e a r l y  production. 
No. 3 s h a f t  served i n  t u r n  fo r  exp lo ra t ion ,  o r e  h o i s t i n g ,  and f i n a l l y  a s  an 
escapeway and v e n t i l a t i o n  s h a f t .  No. 4 s h a f t  was the  main opera t ing  s h a f t  
u n t i l  1921. The usefu lness  of  the f i r s t  four  s h a f t s  had been destroyed by 
ground subsidence before block caving was introduced.  

18Maclennan, F. W. Miami Copper Co. Method of Mining Low-Grade Ore Body. 
AIME, Tech. Pub. No. 314-A.34, March 1930, 44 pp. 



0 YXI A- 
*ole, ,-9 EBOO SECTION [ S E E  FIG. 10) 

FIGURE 11. - Sections Showing Stoped Area, Subsidence, and Shafts. 



The loca t ion  of l a t e r  s h a f t s  a r e  shown i n  f igure  10. No. 5 s h a f t  was 
sunk about 1,500 f e e t  e a s t  of No. 4 s h a f t  and well outs ide  the  subsidence area  
t o  rep lace  the l a t t e r  a s  the  main operat ing s h a f t  ( f ig .  11) .  Four add i t iona l  
s e rv ice  s h a f t s ,  a l l  inc l ined ,  were sunk a t  various times t o  provide ven t i l a -  
t i o n  and entrance fo r  supplies  a s  the  need arose.  Of these,  No. 7 s h a f t  was 
sunk s p e c i f i c a l l y  t o  replace the abandoned No. 3 s h a f t .  

No. 5 s h a f t ,  the main s h a f t  i n  the  block-caving operat ion,  was a v e r t i c a l ,  
concrete- l ined,  four compartment i n s t a l l a t i o n  sunk j u s t  e a s t  of the  Miami con- 
cen t r a to r  on a r idge  overlooking the  town of Miami ( f ig .  1 ) .  The c o l l a r  eleva- 
t i o n  was 3,620 f e e t .  A serv ice  and supply a d i t  dr iven from a p o r t a l  i n  Bloody 
Tanks Wash a t  an a l t i t u d e  of 3,400 f e e t  connected the s h a f t  with a timber- 
framing p lan t  on a r a i l road  spur adjacent  t o  the  town of Miami. Measuring 
from the c o l l a r ,  s t a t i o n s  were cu t  a t  t h e  320, 570, 720, 850, 900, 1000 and 
1120 l eve l s .  

Ore passed through concrete- l ined pockets constructed below the 720 and 
1000 main haulage l eve l s .  For h o i s t i n g ,  ore  was discharged i n t o  sk ips  
through measuring chutes .  The flow was regulated by compressed-air-actuated, 
undercut,  g u i l l o t i n e  ga te s ,  under v i s u a l  cont ro l  of a sk ip  tender .  The 
arrangement of  a haulage-level s h a f t  s t a t i o n  is  shown i n  f igu re  12. 

Because No. 5 s h a f t  was sunk some d is tance  away from the mining area t o  
avoid the  p o s s i b i l i t y  of fu tu re  damage from subsidence due t o  caving, t r a v e l  
between operat ing l eve l s  by way of the s h a f t  was time consuming. To shorten 
t r a v e l  fo r  personnel and suppl ies ,  an i n t e r i o r  serv ice  r a i s e  was driven between 
l eve l s  near  the mining area  and equipped with an automatic warehouse e leva tor  
large enough t o  accommodate a loaded supply car  o r  3-ton battery-powered 
locomotive . 

Ore Hoisting Equipment 

The double-drum h o i s t  on No. 5 s h a f t  was designed o r i g i n a l l y  t o  r a i s e  
12,000 tons of ore  per day a d is tance  796 f e e t  from the  720-foot haulage l e v e l .  
La ter ,  a f t e r  the 1000-foot haulage l eve l  was developed, the ho i s t ing  dis tance 
was increased t o  1,087 f e e t  and the  capaci ty t o  18,000 tons per day. When 
block caving was s t a r t e d ,  the h o i s t  was driven by a 1,400-hp d i rec t -cur rent  
motor connected t o  the  main h o i s t  s h a f t  through a s ingle-reduct ion gear dr ive .  
A second i d e n t i c a l  motor t o  double the horsepower was added when ho i s t ing  
capaci ty was increased. The motors were connected t o  the  h o i s t  separa te ly  
through pinions t h a t  engaged the main-shaft b u l l  gear on opposi te  s i d e s .  
To apply the increased horsepower e f f e c t i v e l y ,  hois t ing  speed, o r i g i n a l l y  
1,500 f e e t  per minute, was increased 50 percent t o  about 2,290 f e e t  per min- 
u t e  by changing the gear r a t i o  of  the drive.lg 

Direct  current  f o r  the main-hoist  motors was supplied by motor-generator 
s e t s ,  one fo r  each motor. Each s e t ,  r a t ed  a t  1,000 kw, consis ted of a d i r e c t -  
cur rent  generator direct-connected through a flywheel t o  a 1,100-hp induct ion 
motor designed fo r  three-phase 25-cycle a l t e r n a t i n g  cur rent  serv ice  a t  6,700 
v o l t s .  

19Grant,  F. R.  Miami's Automatic Hoist .  Eng. and Min. J . ,  v. 129, No. 7,  
Apri l  7,  1930, p. 347. 
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FIGURE 12. - Haulage Leve l  Station, No. 5 Shaft. 



The h o i s t  was equipped with r e t a r d a t i o n ,  overspeed, and overwind s a f e t y  
dev ices ,  including e l e c t r i c  l i m i t  switches i n  the  s k i p  roads i n  the headframe. 
A h o i s t i n g  cyc le  was s t a r t e d  when t h e  s k i p  tender  pushed a con t ro l  but ton a t  
a loading po in t .  Normally, a c c e l e r a t i n g ,  r e t a rd ing ,  and dumping of  the  sk ips  
were automatic ,  bu t  manual con t ro l  from t h e  engine room was poss ib le .  

Each drum was 10 f e e t  i n  diameter wi th  a 5-foot  face grooved f o r  1-314 
inch  rope.  Ore was ho i s t ed  i n  10%-ton sk ips  running i n  balance. Hoist  ropes 
were discarded a f t e r  an a r b i t r a r y  s e r v i c e  l i f e  of 1,600,000 tons of ore  
ho i s t ed .  Addit ional  h o i s t  da t a  a r e  given i n  t a b l e  2 .  

Gr izz ly  o r  Control Level Access 

TABLE 2. - Performance and c h a r a c t e r i s t i c s  of No. 5 sk ip  h o i s t  

The con t ro l  o r  g r i z z l y  l e v e l s  were connected through t o  the  s h a f t  by 
access  d r i f t s  f o r  passage to  the s toping  a r e a  f o r  men, t imber,  and supp l i e s  
without  i n t e r f e r i n g  with the  movement of o r e  on the  haulage l e v e l s .  Exis t ing  
workings above the  720 l e v e l  were used a s  con t ro l  l e v e l s  when they were s u i t -  
a b l y  located.  Below the  720 l e v e l ,  new l e v e l s  were e s t a b l i s h e d ;  s eve ra l  were 

Distance hois ted  .............................................. f e e t . .  
Drum speed .................................. revolu t ions  per minute.. 
Hois t  motor speed .............................................. do..  . 
Accelera t ion  time .......................................... seconds..  

.. ............................................... Retarda t ion  ti me do. 
Running time ................................................... do ... 
Rest  period .................................................... do. . .  
Tota l  t i m e  of  t r i p  ............................................. do. . .  
Motor generator  s e t  speed, no load.. ........ revolu t ions  per minute.. 

. ........................ Motor generator  maximum opera t ing  speed do..  
Motor generator  minimum opera t ing  speed ........................ do ... 
Generator vol tage  ........................................... v o l t s . . .  
DC l i n e  amperes, maximum .................................. amperes... 

..................................... DC l i n e  amperes, sus ta ined  do... 
Exc i t e r  vol tage  ............................................. v o l t s  ... 
AC l i n e  vol tage  ................................................ do ... 

........................................................ AC frequency 
.................................... No. of sk ips  hois ted  per hour . . .  

Average h o i s t i n g  time per s k i p  ............................ seconds ... 
Average rope speed ................................ f e e t  per minute ... 
Power consumption per ton ho i s t ed .  ................. k i lowa t t  hours ... 

1,087 
73 .O 
338 

11.4 
9.25 

42 
3 

45 
747 
722 
668 
535 

3,900 
1,300 

247 
6,700 

25 
83 
45 

2,290 
1.47 

Personnel,  supp l i e s ,  and waste rock were handled by a s ingle-deck cage 
opera t ing  i n  counter  balance through a 6%- by 13-foot compartment of No. 5 
s h a f t .  Cage capaci ty  was 45 men, and equipment a s  l a rge  a s  6-ton locomotives 
could be handled without dismantl ing.  The single-drum se rv ice  h o i s t  was 
d r iven  through s ingle- reduct ion  gearing by a 250-hp, variable-speed 
a l t e r n a t i n g - c u r r e n t  motor. Three-phase, 25-cycle se rv ice  a t  440 v o l t s  was 
requi red .  The manually con t ro l l ed  h o i s t  was equipped with s a f e t y  devices 
s i m i l a r  t o  those on the  o r e  h o i s t .  



necessary because of  the uneven bottom of the  ore  body. S ix  g r i z z l y  (cont ro l )  
l e v e l s ,  connected t o  No. 5 s h a f t  and were served by the  man h o i s t .  The haul -  
age system on these  l e v e l s  was equipped with 3-ton b a t t e r y  locomotives running 
on 24-inch gage t r a c k .  

Haulage Levels 

The Miami block-caving opera t ion  was served by two main haulage l e v e l s  
through which a l l  o r e  was moved to the s h a f t .  Exis t ing  f a c i l i t i e s  on the  720 
l e v e l  were used f o r  most of the  ore remaining above t h a t  l e v e l .  The new haul-  
age l e v e l ,  e s t ab l i shed  on the  1000 l e v e l ,  100 f e e t  below the bottom of a l l  but 
a small s e c t i o n  of the ore  body, served mining opera t ions  below the 720 l e v e l .  

Block caving below the 720 l e v e l  was s t a r t e d  i n  1939 before mining above 
the  l e v e l  had been completed. By 1941, a l l  t h e  ore  above the  720 l e v e l  had 
been mined o u t ,  and production t h e r e a f t e r  came through the  1000 l e v e l .  

Track Haulage 

The haulage system a s  f i n a l l y  developed f o r  block caving provided fo r  
movement of 18,000 tons of o r e  per day t o  the s h a f t ,  f i r s t  on two l e v e l s  and 
l a t e r  on the  1000 l e v e l  only. One-way t r a f f i c  was provided by a closed-loop 
system i n  which empty t r a i n s  moved from the  s h a f t  t o  the  s toping  a rea  through 
one l a t e r a l  and returned through the  loading d r i f t s  f o r  f i l l i n g  and back t o  
the s h a f t  through a second l a t e r a l  ( f i g .  13) .  The round- t r ip  d i s t ance  aver-  
aged about 10,000 f e e t .  

Ore was hauled i n  t r a i n s  of 30 saddle-back c a r s  of 86 cubic f e e t  capac i ty  
(3.73 tons)  pul led by two 6-ton t r o l l e y  locomotives equipped f o r  tandem opera- 
t i on  by one motorman. Trains were loaded a t  the t r a n s f e r  r a i s e  chutes  through 
hand-operated a r c  ga te s  and l a t e r  a i r - ac tua ted  undercut g u i l l o t i n e  ga te s  a t  
about 50 seconds per ca r  o r  30 minutes per t r a i n  ( f i g .  14) .  The c a r s ,  equip- 
ped with hand-operated door l a t c h e s ,  were unloaded a s  the t r a i n s  passed slowly 
over the ore  pockets without s topping ( f i g .  15 ) .  The time fo r  a round t r i p  
between the mining a rea  and t h e  s h a f t  was about one hour on the 1000-foot 
leve 1. 

Haulage t r a c k  was 24-inch gage with 45-pound r a i l  i n  loading d r i f t s  and 
70-pound r a i l  i n  the main haulage d r i f t s  and s h a f t  approaches, where t r a f f i c  
was heav ies t .  Six- by e ight - inch  wood t i e s  t h r e e  f e e t  s i x  inches long placed 
on 30-inch centers  supported the  r a i l s .  Parallel-ground-throw switch s t a n d s ,  
cast-manganese f rogs ,  and s p l i t  switch po in t s  with spr ing  connecting rods were 
used. A s tandardized curve rad ius  of 41 f e e t  3 inches was used f o r  a l l  turn-  
outs .  A grade of  0.4 percent  favoring the  load was e s t ab l i shed .  

Auxil iary Conveyor Haulage 

Conveyor b e l t s  were f i r s t  used underground a t  Miami i n  1947 t o  g e t  haul-  
age d r i f t s  o u t  from under the s toping area  because the  ground was too heavy 
near t h e  center  of  blocks. A t  t h i s  t ime, the  mine began producing from a 
block of  about 18 mi l l i on  tons of  ore  t h a t  bottomed d i r e c t l y  over the  1000- 
foot  haulage l e v e l ,  the g r i z z l y  l e v e l  being on t h e  975-foot l e v e l .  With the 





e i g h t  above t impossible to use a f u l l  gr~vity 
i r ece ly  i n t o  haulage 





A s  mining opera t ions  approached an end, sampling and examination of the 
records indica ted  t h a t  i n  seve ra l  l oca t ions ,  p a r t i c u l a r l y  on the  upper l e v e l s ,  
some low-grade o r e  remained below the  o l d  s topes  and on the  f r i n g e s  of  the ore  
body. This r e s u l t e d  from the  f a c t  t h a t  when caving f i r s t  s t a r t e d  the  cu to f f  
grade was 1.00 percent copper and f o r  a long period i t  was much h igher  than 
the average grade of 0.63 percent  s u l f i d e  copper i n  ore  being mined i n  1958. 

This low-grade ore  was i n  low blocks and much of  i t  was on the 570- and 
720-levels i n  a reas  t h a t  were not  serviced by t h e  1,000-foot haulage l e v e l .  
Rather than extend c o s t l y  haulage l a t e r a l s  under the upper l e v e l s ,  a u x i l i a r y  
conveyor haulage was i n s t a l l e d  ( f i g .  16) .  To handle the  necessary tonnage of 
about 2,000 tons per s h i f t ,  a 36-inch b e l t  dr iven  about 300 f e e t  per minute 
by a 20-hp motor was in s t a l l ed .20  

Ore was moved from draw con t ro l  po in t s  by a 42-inch scraper  pul led  by a 
25-hp motor and was discharged through a 10-inch g r i z z l y  i n t o  a r a i s e .  A t  
the bottom of  the  r a i s e  on the  670 l e v e l  the  ore  was fed on the  b e l t  by a 
l o c a l l y  designed a u x i l i a r y  chute.  The chute gave the  o r e  a v e l o c i t y  and 
d i r e c t i o n  a t  the po in t  of contac t  with the  b e l t  matching t h a t  of  the  b e l t .  
Sometimes b e l t s  on two intermediate  l e v e l s  were necessary t o  move the  ore  t o  
a c e n t r a l l y  loca ted  concrete  ore  pass  t o  the  1000-foot haulage l e v e l  f o r  
handling by conventional t r a i n  haulage. 

Underground Power System 

E l e c t r i c  power f o r  the haulage system was de l ivered  t o  subs t a t ions  
( f i g .  17) on the  haulage l e v e l s  a t  6,600 v o l t s  ac .  Service f o r  the 1000-foot 
l e v e l  came through a lead armored cable  suspended i n  a c h u r n - d r i l l  ho le .  
Power was converted t o  d i r e c t  cu r ren t  i n  Ign i t ro+ l  r e c t i f i e r s  and fed  a t  275 
v o l t s  i n t o  a t r o l l e y  system designed t o  minimize vol tage  drop and r e s u l t i n g  
power l o s s e s .  The system was sec t iona l i zed  i n  four  independent b locks ,  each 
served by a 1,250,000 c i rcu lar -mi l  feeder  l i n e .  Tro l ley  l i n e s  of s i z e  0000 
copper wire were connected a t  f requent  i n t e r v a l s  with p a r a l l e l i n g  500,000 
c i r cu la r -mi l  feeder  l i n e s ,  and a s i m i l a r  cu r ren t - r e tu rn  c i r c u i t  was t i e d  to  
the bonded r a i l s  of  the  t r ack  system a t  about 50-foot i n t e r v a l s .  

Power f o r  b a t t e r y  chargers ,  s c rape r -ho i s t s ,  and o the r  equipment us ing  
a l t e rna t ing -cu r ren t  motors was de l ivered  i n t o  the  mine through an a u x i l i a r y  
s h a f t  a t  2,400 v o l t s  and reduced t o  440 v o l t s  i n  225 kva transformers 
i n s t a l l e d  near  the  poin t  of  use.  

Stope Prepara t ion  

The e x t r a c t i o n  openings a t  Miami f o r  f u l l - g r a v i t y  block caving, l i s t e d  i n  
the d i r e c t i o n  of ore  flow from s topes  t o  haulage l e v e l ,  were undercut l e v e l s ,  
con t ro l  r a i s e s ,  g r i zz ly -con t ro l  d r i f t s ,  t r a n s f e r - r a i s e  complexes, loading and 

"williams, E .  G.  The Use of  Bel t s  and Concrete Ore Passes i n  Transporting 
Ore From the  570 Grizzly Level t o  the 1000-Train Level. Paper de l ivered  
a t  Arizona Sect ion ,  AIME, May 1955, Miami, Ariz . ,  3 pp. 

21Reference t o  s p e c i f i c  makes o r  models of  equipment i s  made only t o  f a c i l i -  
t a t e  understanding and does not  imply endorsement by the  Bureau of Mines. 



FIGURE 16. - Typical Scraper Caving Block With Auxiliary Lateral Conveyor and Transfer 
to Haulage Level .  



Althougtz s tope reparation was not carri~d on continuously, r h ~ :  numhcr of 
men assigned this work averagcd out over a Icmg period in accordance w i t h  
planning. An attempt was made ta stay wef 1 dwad sf ~chedulc ort thcf slower 
part o f  the work such a8 haulage &rifts, t1-ansfer waiscg and Gringc drifts. 

edule Ear work on grizzly or scraper driPts, contxol raises, and  undercuts 
was more flexi Ic becauae a n y  mare warking faces wer ava i l ah lc ,  and overall 
r a t e  o f  advanc could be con~rolled simply by the num er of men assigncd 60 
the wOrkl 



The development ra te  was adjusted i n  accordance with a running study of 
the performance of operating stopes. Stopes were prepared for  a r a t e  of pro- 
duction 10 percent above the 12,000 tons per 24 hours desired. However, ore 
was not undercut fa r  i n  advance of mining because adverse weight conditions 
or  packing were l ike ly  to  develop i f  ore was not drawn promptly and continu- 
ously a f t e r  being undercut. 

Block Dimensions 

Because of the f r i ab l e  nature of the Miami ore,  it was believed a t  the 
time panel caving was introduced tha t  the maximum block height for  successful 
caving was 75 f e e t ,  and the 150-foot block height between haulage levels 
established for panel caving was divided into two l i f t s  ( f ig .  9). The devel- 
opment cost  per ton of ore i n  l i f t s  of t h i s  height was high, and a f t e r  the 
high-grade ore was exhausted, it was imperative that  costs be reduced. After 
panels were replaced by blocks, larger tonnages were made available without 
increasing the amount of development by increasing the height of blocks, and 
the costs per ton for stope preparation were reduced correspondingly. Blocks 
300 f ee t  high were t r i e d ,  and i t  was found tha t  when the ore was drawn down 
evenly, di lut ion was not excessive. 

Most of the ore above the 720 level was mined from that l eve l ,  but a few 
remaining blocks as high as  500 f ee t  were successfully mines from the 1000- 
foot level .  During the l a s t  years of the operation, blocks less  than 100 feet  
high were mined using the scraper transfer system. Blocks ranged from 80 to 
500 fee t  i n  height, and the average block height over the l i f e  of the block- 
caving operation was 300 f e e t .  

Other factors being equal, d i lut ion by waste increased as block height 
was increased. This was par t icular ly  true when the draw was not even over an 
e n t i r e  stope, a condition that  developed e i the r  through faul ty  draw control or  
unavoidable weight surge. 

The area that  was undercut for a stope was large enough so that  the 
ground would cave freely a t  a uniform ra t e ,  yet  not so large tha t  caving 
action progressed fas te r  than the draw, thus subjecting openings below to 
excessive weight. The extremes i n  stope s ize  a t  Miami ranged from 37% fee t  
by 75 feet  to  150 f ee t  by 800 feet.22 The s ize  was primarily dependent on the 
strength of the rock and i t s  resul t ing tendency to  form a self-supporting arch 
across the back of a stope; the stronger the rock, the larger the stope area 
necessary to  induce caving. I n  the l a t e r  years, stopes were often limited by 
the s ize  of remaining unmined segments of ore.  

When the block-caving system was f i r s t  s ta r ted  in  1925, a stope s i ze  of 
150 by 300 fee t  was adopted. Stopes th i s  s ize  performed sa t i s f ac to r i l y  i n  
strong ground but gave trouble i n  weak ground; here the s i ze  was reduced to an 
area 150 by 150 fee t .  The 150- by 300-foot s ize  i n  strong ground was gener- 
a l l y  used as a standard, except i n  the eas t  end of the ore body, where a s ize  
of 150 by 200 fee t  was used because stope s i l l s  were closer to the haulage 
level .  

2 2 ~ t i l l ,  J. W. Block-Caving a t  Miami. Min. Eng., v. 41, No. 4, April 1955, 
p. 90. 



TOP OF O R E \  
A, 

The f i n a l  s i z e  of  a 
block was n o t  determined 
u n t i l  the undercut was 
completed. The p r a c t i c e  
was t o  s t a r t  the  under- 
c u t  the des i r ed  maximum 
s i z e ,  then ,  i f  excessive 
weight developed, drop 
two o r  more l i n e s ,  thus 
reducing the block i n  
length .  Some o r e  i n  
abandoned l i n e s  was 
mined l a t e r  along wi th  
t h a t  i n  ad jo in ing  p a r t i -  
t i o n  p i l l a r s  a s  small  
s topes. 

Boundary D r i f t s  and 
Corner Raises  

I n  the  o r i g i n a l  
design of workings f o r  
caving, boundary d r i f t s  
and corner  r a i s e s  were 
d r iven  a t  block bounda- 
r i e s  ( f i g .  18) .  The 
supposi t ion was t h a t ,  
i f  the ore  t o  be caved 
was not  i s o l a t e d  from 
the surrounding ground 
by weakening the  bound- 
a r y  plane,  i t  e i t h e r  
might a rch  t o  t h e  cen te r  
and s t o p  caving o r  f o l -  
low s l i p s  and planes of  
weakness i n  the forma- 
t i o n  and cave beyond t h e  
intended block bounda- 
r i e s .  Raises were v -~ 

dr iven  t h e  he ight  of the  
FIGURE 18. - Fringe Drift, Boundary Drift, and Corner Raise block a t  each corner  and 

Locations Wi th  Respect to Undercut. untimbered d r i f t s  7% 
f e e t  high were d r iven  a t  

30-foot v e r t i c a l  i n t e r v a l s  completely around a block, thereby weakening the 
boundary plane by 25 percent .  La te r ,  the  i n t e r v a l  between boundary d r i f t s  was 
increased t o  45 f e e t ,  and an 8-foot cu tou t  round was d r i l l e d  and b la s t ed  i n  
the back of each d r i f t ,  thus increas ing  the t o t a l  weakening e f f e c t  t o  33% 
percent.  

Maps of t h e  s t r u c t u r e  i n  these  d r i f t s  showing s l i p s ,  inc lus ions  of cap- 
ping, oxidized o r e ,  and o ther  d a t a ,  were use fu l  l a t e r  on i n  con t ro l  of  ore  
drawing. Af ter  1940, because of the shortage of s k i l l e d  miners during World 



War 11, boundary d r i f t s  were discontinued with l i t t l e  o r  no change i n  t h e  per-  
formance of t h e  block. Corner r a i s e s  were s t i l l  dr iven  i n  hard ore  but  were 
unnecessary i n  most of the  l a s t  blocks mined. 

P a r t i t i o n  P i l l a r s  

To p r o t e c t  p i l l a r  s topes  from d i l u t i o n  by waste from adjo in ing  previous ly  
mined b locks ,  p a r t i t i o n  p i l l a r s  were l e f t  a g a i n s t  the  mined-out blocks except 
i n  the  mixed ore  body along the  Pin to  f a u l t .  

The Pin to  f a u l t  l i m i t s  the  mixed o r e  on the west and d ips  about 45 
degrees with many l o c a l  v a r i a t i o n s .  No p i l l a r s  were l e f t  i n  t h i s  a rea  and,  
i n  some b locks ,  a d e l i b e r a t e  e f f o r t  was made t o  encourage movement along the  
f a u l t .  Measurement of r e s u l t i n g  a d d i t i o n a l  o r e  from l a t e r a l  movement was not  
poss ib l e ,  but  the h ighes t  o v e r a l l  e x t r a c t i o n  was from t h i s  a r e a .  The mixed 
o r e  body was i n  rock c lassed  a s  hard t o  medium hard .  Table 3 shows the  r e l a -  
t i o n  between e x t r a c t i o n  and p i l l a r  th ickness .  

TABLE 3. - Ext rac t ion  by p i l l a r  th ickness  

From 

Stopes. . . . . . . .  
P i l l a r s  ....... 

Tota l . .  . . 
Stopes ........ 
P i l l a r s . . . . .  .. 

Tota l . .  . . 
Stopes. . . . . . . .  
P i l l a r s .  . . . . . . 

Tota l . .  . . 

Expected 

- - 

720 Level--mixed ore--no p i l l a r s  

Tons 

7,358,000 - 
7.358,OO 1 1.788 1 9,791,000 1 1.460 1 133.06 1 81.66 1 108.58 

720 Level - -su l f ide  ore  7%- and 15-foot p i l l a r s  

The second b e s t  e x t r a c t i o n  was on t h e  1000 l e v e l  where p i l l a r s  were 30 t o  
50 f e e t  t h i ck .  Ore on the 1000 l e v e l  was genera l ly  lower i n  grade,  and i t  was 
important t h a t  d i l u t i o n  be he ld  a s  low a s  poss ib l e .  The t h i c k e r  p i l l a r s  helped 
prevent d i l u t i o n .  Based on s tope maintenance on t h i s  l e v e l ,  21.5 percent  of  
t h e  ore  was hard ,  72.9 percent  medium, and 5.6 percent  weak.23 

Percent  
copper 

Drawn 

40,577,000 
7.130.000 

47;707;000 1 .a75 1 40,522,000 1 ,763 1 84.93 187.20 1 74.06 
1000 Level--sulf ide ore  30- and 50-foot p i l l a r s  

On t h e  720 l e v e l  i n  t h e  s u l f i d e  o r e ,  the  p i l l a r s  were 75 and 15 f e e t  t h i c k  
aga ins t  broken ground, and the  e x t r a c t i o n  was lower than with the  o the r  two 
methods. Rock i n  the  s topes  on the  720 l e v e l  was c lassed  a s  medium t o  s o f t .  

Tons 
Ex t rac t ion ,  percent  

1.788 - 

53,331,000 
13,866,000 
67,197,000 

23F le t che r ,  J. B. Ground Movement and Subsidence From Block Caving a t  Miami 
Mine. Paper presented a t  Annual Meeting, AIME, San Francisco,  C a l i f . ,  
Feb. 15,  1959, p.  8. 

Percent 
copper 

Tons 

0.878 
.859 

9,791,000 - 

0.749 
.766 
.753 

Grade 

40,522,000 - 

Copper 

1.460 
- 

59,023,000 
1,888,000 

60,911,000 

0.763 - 

133.06 - 

0.690 
.704 
.691 

99.87 - 

81.66 - 

110.67 
13.61 
90.65 

108.58 - 

86.90 - 86.79 - 

92.12 
91.91 
91.77 

101.96 
12.51 
83.18 



No attempt was made t o  mine the  7%- and 15-foot p i l l a r s .  An at tempt was 
made t o  mine some of the 30- and 50-foot p i l l a r s  on the 1000 l e v e l ,  but  low 
e x t r a c t i o n  r e s u l t s  indica ted  t h a t  some of the ore  presumably l e f t  i n  the p i l -  
l a r s  had probably been recovered when adjacent  s topes  were mined. Ex t rac t ion  
f o r  some p a r t i t i o n  p i l l a r s  on the  1000 l e v e l  is  shown i n  t a b l e  4. 

TABLE 4 .  - Mining r e s u l t s  i n  1000-level p i l l a r s  

Amount of  ore  expected ............................ tons. .  11,164,000 
Amount drawn ........................................ do.. 1,752,000 
Grade expected .......................... p e r c e n t  copper. .  0.747 
Grade drawn ......................................... do.. 0.716 
Ext rac t ions ,  tonnage ........................... p e r c e n t . .  15.69 
Ex t rac t ions ,  grade .................................. do. .  95.85 
Ext rac t ions ,  copper ................................. do.. 15.04 

Control-Raise Spacing 

The spacing of draw po in t s  was designed t o  give good draw con t ro l  and 
e s p e c i a l l y  t o  counteract  a tendency of  Miami o r e  t o  draw v e r t i c a l l y  over con- 
t r o l  po in t s  i n  small pipes t h a t  caved through broken o r e  t o  the  waste capping 
with very l i t t l e  spread. When piping developed, waste capping followed the  
o r e  downward a s  i t  was pu l l ed ,  causing d i l u t i o n  and leaving columns of  o r e  i n  
p lace  between draw po in t s .  

Piping was minimized by spacing draw po in t s  c lose ly .  I n  t h e  f i r s t  block- 
caving opera t ion ,  con t ro l  was provided by a four-way chute s e t  a t  t h e  top of 
the g r i z z l y  r a i s e  from which four f inge r  r a i s e s  reached t h e  undercut l e v e l  on 
a spacing of 124 f e e t  i n  a square p a t t e r n  ( f i g .  19) .  The f i n g e r s  were dr iven  
about 3% f e e t  i n  diameter and completed by funnel ing a t  the undercut l e v e l ,  
leaving l i t t l e ,  i f  any, f la t - topped p i l l a r  between them. This spacing was 
s a t i s f a c t o r y  and prevented piping.  However, i n  p r a c t i c e ,  opera t ion  was unsat-  
i s f a c t o r y  because t h e  draw through the g r i z z l y  r a i s e s  from mul t ip l e  draw 
poin ts  was d i f f i c u l t  t o  supervise ,  and the  cos t  of bui ld ing  and maintaining 
the  i n t r i c a t e  four-way chute s e t s  was high.  Consequently the  system was 
replaced by a design t h a t  s h i f t e d  draw con t ro l  t o  the bottom of t h e  r a i s e  on 
the g r i z z l y  d r i f t  l e v e l .  The g r i z z l y  r a i s e  was c a l l e d  a con t ro l  r a i s e  and 
f inge r  r a i s e s  were abandoned. 

El iminat ion of f inge r  r a i s e s  increased the  spacing of r a i s e  openings 
i n t o  the  undercut t o  25 f e e t ,  and t h i s  was found t o  be too wide t o  prevent  
piping.  The spacing of draw po in t s  was changed s o  t h a t  r a i s e s  reached t h e  
undercut l e v e l  with a spacing of  16-213 f e e t  p a r a l l e l  t o  the con t ro l  d r i f t s  
and 18-3/4 f e e t  normal t o  them ( f ig .  20).  Raises  were be l l ed  o u t  a t  the 
undercut l e v e l  during the  course of undercut t ing .  A corresponding reduct ion 
was requi red  i n  spacing of con t ro l  d r i f t s  from 50 f e e t  t o  374 f e e t ,  and of  
t r a n s f e r  r a i s e  branches and g r i z z l i e s  from 25 f e e t  t o  16-2/3 f e e t .  This  
con t ro l - r a i se  design served throughout the  remaining l i f e  of  the  opera t ion .  
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FIGURE 19. - Grizzly Raise and Finger Raises With Four-Way Chute Set for Control. 



F I G U R E  20. - Typical  Gravity Caving Block. 



Muuntcd drifters UL:TC:: U S C ~  in a l l  drift hcadirags until thc introduction 
of air-leg-mounted (-3ick.*-3 ,..g or pu,slxe.r) dz-ills, wlhich were adapted for medium 
and soft ground, 

Rock-bit a ~ d  drill-rod usc Tollowcd changes in irzdustry-developkd des ign ,  
Bits forged inkegrally with rotis gave way to t2rrcaded detachable b i t s ,  and 
finally to throp;.~away~typ~ detachable bits, 
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E L E V A T I O N  

FIGURE 22. - Scraper Ramp for Loading Belt Conveyor During Development. 

rocker-shovel loaders  were adopted f o r  haulage- leve l  work and some con t ro l -  
l e v e l  work. Scrapers  continued t o  be s tandard equipment f o r  moving o r e  that 
was t o  be discharged i n t o  nearby r a i s e s .  Scrapers  were used i n  cons t ruc t ion  
work i n  conjunction with conveyors and temporary ramps when t h e  equipment was 
t o  be used l a t e r  f o r  o r e  t r a n s f e r  ( f i g .  2 2 ) .  

Except f o r  t h e  use of concrete  i n  s h a f t s  and loading pockets ,  ground sup- 
por t  was o r i g i n a l l y  accomplished wi th  timber.  Wood was replaced i n  whole o r  
i n  p a r t  by s t e e l  i n  r e p a i r  and new app l i ca t ions  when timber was found t o  be 
unsa t i s f ac to ry  from an o v e r a l l  c o s t  s tandpoin t .  Transfer  chutes i n  loading 
d r i f t s  were normally constructed of  timber with some s t e e l  p a r t s  i n  g a t e s .  
Concrete l i n i n g s  and a l l - s t e e l  chutes  were used i n  a few o r e  passes t h a t  han- 
dled l a r g e  enough tonnages of ore  t o  j u s t i f y  the  h igher  i n i t i a l  c o s t ,  a s  i n  
some of  the  ore  passes serv ing  the  a u x i l i a r y  l a t e r a l  t r a n s f e r  system ( f i g .  16) .  





F I G U R E  24. - Caving Block With Mechanical Later01 Transfer of Ore on Control Level .  
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CROSS SECTION THROUGH LOADING DRIFT A N D  RAISE 

FIGURE 25. - Scraper Transfer Setup for Low Blocks. 

Conventional three-  
p iece  d r i f t  s e t s  were 
used i n  f r inge  and 
g r i z z l y  d r i f t s  with 
modif icat ions a t  con t ro l  
r a i s e  l o c a t  ions ( f i g  . 
2 3 ) .  Reinforcing s e t s  
were placed ins ide  of 
the  r egu la r  s e t s  when 
e x t r a  support was needed 
i n  con t ro l  d r i f t s  used 
f o r  shaker conveyors. 
Ci rcular  three-segment 
s t e e l  s e t s  replaced t i m -  
ber i n  con t ro l  d r i f t s  
h e n  scraper  t r a n s f e r  
was adopted, because 
maintenance of e i t h e r  
conventional s t e e l  o r  
timber s e t s  having the 
5- foot  c l e a r  width 
needed was c o s t l y  and 
time consuming. Support 
was not  used i n  s t u b  o r  
boundary d r i f t s  except 
l o c a l l y  f o r  s a f e t y  
reasons .  

Ore Transfer  Systems 

The design of 
f a c i l i t i e s  f o r  moving 
ore  from s topes  t o  haul-  
age l eve l s  was d i c t a t e d  
c h i e f l y  by two important 
cons idera t ions ,  the 
h e i g h t  of  the block t o  

mined and the v e r t i c a l  d i s t ance  between s tope  s i l l s  and haulage l e v e l s .  Other 
f a c t o r s  such as  a v a i l a b i l i t y  of ma te r i a l  and l abor ,  cha rac te r  of the  ore  o r  
a n t i c i p a t e d  amount of maintenance a l s o  inf luenced the  choice. 

Two methods were used,  a  cont ro l led  g r a v i t y  system and g r a v i t y  combined 
with mechanical l a t e r a l  t r a n s f e r  of t h e  o re .  The b a s i c  design a t  Miami was 
t h e  f u l l - g r a v i t y  system by which the  ore  dropped from the g r i z z l y  con t ro l  
l e v e l  t o  the  haulage l e v e l  s o l e l y  by the  use o f  i n c l i n e d ,  branching t r a n s f e r  
r a i s e s  ( f i g .  20) .  A minimum dis tance  of  125 f e e t  between undercut and haulage 
l e v e l s  was required to  fu rn i sh  s u f f i c i e n t  l a t e r a l  movement i n  t r a n s f e r r i n g  ore .  
It was the  most economical from the  s tandpoin t  of  performance, e x t r a c t i o n ,  and 
opera t ing  c o s t s  under condit ions where i t  could be used t o  advantage. However, 
s tope  prepara t ion  c o s t s  were h igh ,  and a  column of o r e  s u f f i c i e n t l y  high t o  
amoritze the  high development cos t  was necessary.  



I n  p a r t s  of  the  ore  body where these  condit ions could not  be m e t ,  f u l l -  
g r a v i t y  t r a n s f e r  was replaced by l a t e r a l  t r a n s f e r  a t  t h e  con t ro l  l e v e l  ( f i g .  
24) .  I n  t h i s  system, ore  moved i n  shaker conveyors o r  scrapers  from con t ro l  
po in t s  t o  s h o r t  o r e  passes through which it dropped to  the haulage l e v e l  
( f i g .  25). About 4 m i l l i o n  tons of o r e  were moved over shaker conveyors 
before they were replaced by sc rape r s ,  a f t e r  i t  was proven i n  simultaneous 
t e s t s  t h a t  s c rape r s  were super ior  f o r  Miami o r e .  Table 5 compares the per-  
formance of  the th ree  systems i n  drawing s i m i l a r  o r e  blocks. 

TABLE 5 .  - Production from standard blocks i n  tons per 
man-shift  f o r  t h r e e  t r a n s f e r  systems 

The g r a v i t y  system was super ior  i n  opera t ing  e f f i c i e n c y  ( t ab le  5) and 
more economical i n  d i r e c t  labor  cos t .  However, development cos t s  were much 
higher  f o r  a s tope of  given l a t e r a l  dimensions us ing  the a l l - g r a v i t y  system 
than f o r  one of equal s i z e  using t h e  combination method. The g r e a t e r  develop- 
ment c o s t  o f f s e t  the advantage of lower drawing c o s t s  unless  spread over l a rge  
tonnage. Table 6 i s  a comparison of  the  est imated development requirements 
fo r  g r a v i t y  and scraper -gravi ty  t r a n s f e r  on blocks of s i m i l a r  l a t e r a l  
dimens ions . 

Shaker p lus  g r a v i t y ,  
Block No. 114 

Month 

February .......... 
March ............. 

Average..... .  

TABLE 6. - Comparison of est imated development requirements 

Gravi ty,  
Block No. 111 

January ........... I 251 I 192 
169 
214 
211 

Development requi red  f o r  a l l - g r a v i t y  t r a n s f e r  i n  the  example given 
exceeded t h a t  f o r  scraper -gravi ty  t r a n s f e r  by 2,375 f e e t  o r  ( a t  an assumed 
cos t  of $20.00 per foo t )  $47,500.00. The a r e a  of  a s tope  150 f e e t  by 267.5 
f e e t  is  40,125 square f e e t  and, a t  12.5 cubic f e e t  per ton ,  represents  3,120 
tons per  v e r t i c a l  foo t  of s tope .  I f  we assume t h e r e  was a saving of 10 cents  
per ton i n  opera t ing  c o s t  on the g r a v i t y  s tope ,  it requi red  a column of ore  
148 f e e t  high t o  reach the  break-even p o i n t .  Other f a c t o r s  being equa l ,  a 
block more than 150 f e e t  high was mined a s  a g r a v i t y  s tope ,  while one l e s s  
than 150 f e e t  high was mined a s  a scraper  s tope .  The a c t u a l  development 
requirements f o r  t y p i c a l  s topes  a r e  shown i n  t a b l e  7. 

Scraper  p lus  g r a v i t y ,  
Block No. 112 

132 

........... Transfer  r a i s e . . .  f e e t . .  
Fr inge d r i f t  ................. d o . . .  

Total  .................... do... 

The choice between f u l l - g r a v i t y  t r a n s f e r  and g r a v i t y  combined with 
l a t e r a l  t r a n s f e r  of ore  was fu r the r  inf luenced by t h e  d i s t ance  between stope 
s i l l s  and haulage l e v e l s .  A v e r t i c a l  d i s t ance  of  125 f e e t  between s tope  s i l l s  
and haulage l e v e l s  (100 f e e t  between con t ro l  and haulage l e v e l s )  was t h e  prac- 
t i c a l  minimum f o r  f u l l - g r a v i t y  t r a n s f e r .  With l e s s  sepa ra t ion ,  not  enough 

109 
155 
152 

118 
114 
121 

Gravity block 

3,520 
1,725 
5,245 

Scraper block 

700 
2,170 
2,870 



l a t e r a l  movement of o r e  could be e f f ec t ed  i n  an i n c l i n e d ,  branching r a i s e  sys-  
tem without  providing an excessive number of loading d r i f t s .  Thus, f u l l -  
g r a v i t y  t r a n s f e r  was not appl icable  t o  p a r t s  of t h e  ore  body t h a t  bottomed 
l e s s  than 100 f e e t  above the haulage l e v e l .  

TABLE 7. - Development record f o r  t y p i c a l  s topes  

......................................... Haulage d r i f t  
9 chute s t a t i o n s  (3 pony s e t s  each) ................... 

................................... 18 chutes  and ga te s  
18  t r a n s f e r  r a i s e s  .................................... 
Fringe and g r i z z l y  d r i f t s  and 78 g r i z z l y  s e t s  ......... 

.................................... 156 con t ro l  r a i s e s  
........................................ Undercut d r i f t  

Undercut p i l l a r s ,  36,446 sq f t  ........................ 
.................................. Corner r a i s e . . . . . . . .  

..................................... Miscel laneous. . . .  

Tota l  s h i f t s .  .................................... 
Stope area  ..................................... q f t . .  
Square f e e t  of s tope  developed per manshif t . .  ......... 

......................................... Haulage d r i f t  
4 chute s t a t i o n s  (3 pony s e t s  each) ................... 
4 chutes and ga tes  .................................... 
4 t r a n s f e r  r a i s e s  ..................................... 
Fringe and scraper  d r i f t s  and 10 g r i z z l y  s e t s  ......... 
100 con t ro l  r a i s e s  .................................... 
Undercut d r i f t  ........................................ 
Undercut p i l l a r s ,  22,659 sq f t .  ....................... 

Tota l  s h i f t s  ..................................... 
Stope area  .................................... q f t . .  
Square f e e t  of s tope  developed per manshif t . .  ......... 

Feet 
Gravi ty  

291 - 
- 

3,566 
2,418 
4,368 
3,076 

- - 
151 
- 
- 
- 
- 

Manshifts 
tope--310 

379.75 
47.5 
47.0 

3,532 .O 
1,908.0 
1,097.75 

960.625 
824.125 

22.875 
14 .0  

8,833.625 
48,750.0 

Fur ther ,  i t  was found i n  the  course of opera t ions  t h a t  a rap id  weight 
t r a n s f e r  from a c t i v e  s topes  t o  the haulage- leve l  openings underneath took 
p lace  when the  d i s t ance  between was l e s s  than 125 f e e t .  This was a t t r i b u t e d  
t o  a tendency of s o f t  o r e  t o  develop a semi-p las t ic  condit ion t h a t  r e a d i l y  
t ransmi t ted  ground pressure .  I n  some ins t ances ,  extreme pressures a t  the  
haulage l e v e l  developed even with t h e  f u l l  125-foot  v e r t i c a l  i n t e r v a l .  
Extreme weight around haulage l e v e l  openings caused support  f a i l u r e s ,  down- 
time f o r  r e p a i r s ,  and delays i n  drawing opera t ions .  Such delays i n  turn  
caused f u r t h e r  build-up i n  weight,  more r e p a i r s ,  increased mining c o s t s ,  poor 
s tope  performance, and lower ore  ex t r ac t ion .  L a t e r a l  t r a n s f e r  of o r e  was 
adopted t o  improve performance under these  condi t ions  even though, i n  some 
c a s e s ,  s u f f i c i e n t  head room f o r  f u l l - g r a v i t y  t r a n s f e r  was a v a i l a b l e .  



Full-Gravi ty Ore Transfer  

The des ign  of  t h e  f u l l - g r a v i t y  o r e  t r a n s f e r  r a i s e  system f o r  block caving 
was based on experience gained i n  e a r l i e r  mining systems. The minimum p r a c t i -  
cable  angle f o r  r a i s e s  was 53 degrees. I n  p r a c t i c e ,  haulage l e v e l s  were 
dr iven  125 f e e t  below the  undercut l e v e l  and inc l ined  branching r a i s e  systems 
were d r iven  a t  a minimum angle of 53 degrees t o  serve  a s tope  width of 150 
f e e t .  

Haulage Level La te ra l s  and Loading Drif ts . - -The bas i c  design of  a l l  
haulage l e v e l  workings was the  same. Loading d r i f t s  under the  blocks were 
dr iven  i n  t h e  same manner a s  the l a t e r a l s  from the s h a f t  and modified l a t e r  
by i n s t a l l i n g  pony s e t s  and chutes  t o  accommodate t r a n s f e r  r a i s e s .  The posi-  
t ion ing  of  loading d r i f t s  i n  r e l a t i o n  t o  the cave blocks served underwent 
changes during the course of the  block-caving opera t ion ,  but ,  f o r  f u l l - g r a v i t y  
caving, they were c e n t r a l l y  loca ted  under block l i n e s  ( f ig .  13) .  Thei r  150- 
foot  spacing was co r re l a t ed  with a minimum v e r t i c a l  spacing of  100 f e e t  
between g r i zz ly -con t ro l  and haulage l e v e l s  t o  provide t h e  minimum r a i s e  s lope  
on which ore  would run (53O above the  h o r i z o n t a l ) .  S u f f i c i e n t  l a t e r a l  move- 
ment was e f f ec t ed  i n  the descent  of the  o r e  stream through the  t r a n s f e r  r a i s e s  
t o  se rve  a s tandard 150-foot-wide block l i n e  with one loading d r i f t .  

Changes i n  t h e  loca t ion  and o r i e n t a t i o n  of  loading d r i f t s  were necessary 
i n  l a t e r  opera t ions  f o r  the  following reasons:  (1) block s i z e s  changed; (2) 
pa r t s  of t h e  ore  body were l e s s  than t h e  minimum 100 f e e t  above the haulage 
l e v e l  needed f o r  f u l l - g r a v i t y  ore  t r a n s f e r ;  (3) and unforeseen, severe  ground 
pressure developed around haulage-level  openings underneath a c t i v e  s tope  
blocks. I n  the l a t e r  phases of block caving,  loading d r i f t s  were cons t ruc ted  
along block boundaries and f i n a l l y  i n  s o l i d  ground e n t i r e l y  ou t s ide  s toping  
a reas .  This minimized the de lay  and c o s t  of  timber r e p a i r  on the  haulage 
l eve l .  

Haulage-level openings were d r iven  10 f e e t  high and 9 f e e t  wide t o  accom- 
odate s tandard timber support ( f ig .  26) .  A 6-inch a i r  l i n e ,  a 2-inch water 
l i n e ,  and a 6- by 12-inch wood-lined drainage d i t c h  were i n s t a l l e d  a t  one s i d e  
of  the b a l l a s t e d  t r ack .  

Two column-mounted automatic-feed d r i f t e r s ,  l a t e r  supplanted by a i r - l e g -  
mounted d r i l l s  i n  medium and s o f t  ground, were used t o  d r i l l  rounds averaging 
17 holes  6% f e e t  deep. Rounds were b l a s t e d  with about 50 pounds of 40-percent 
annnonium g e l a t i n  dynamite. 

Af ter  a b l a s t  and before mucking was s t a r t e d ,  a boom-supported timber cap 
was placed c l o s e  t o  the new face and lagged t o  support  the back. Af ter  the 
round was mucked ou t ,  the new s e t  was completed by s e t t i n g  pos ts  and blocking. 

D r i f t s  were advanced on a 2 - sh i f t  cycle:  5 hours s e t t i n g  up, d r i l l i n g ,  
and b l a s t i n g ;  2 hours advancing booms and s e t t i n g  cap; 4 hours mucking; and 4 
hours t imbering. Blas t ing  was done between s h i f t s  with about 1 hour requi red  
t o  v e n t i l a t e  headings. 



line 

line 

4" droin line with 

l e e r  every  40 f ee t  

SCOIO, fee1 

FIGURE 26. - Standard Haulage Drift.  

The standard design 
of support for  haulage 
level openings i s  shown 
i n  figure 26. Standard 
spacing for these 10- by 
10-inch treated timber 
s e t s  was 6 f ee t  3 inches. 
I n  heavy ground, t h i s  
spacing was halved. Sets 
were close-lagged on top 
with 2-inch planks o r  
with 3- or  4-inch round 
timber. Side lagging 
with 2-inch spaces 
between pieces was used 
i n  sloughing ground. 
H-beams were used for  
caps i n  turnouts where 
the span was too long 
for timber. Treated 
timber deteriorated 
eventually, and cap 
fa i lures  occurred a t  
points that  were i n  
service a long time. 
In  heavy ground, f a i l -  
ing s e t s  were replaced 
sa t i s f ac to r i l y  with s e t s  
having arcuate s t e e l  
caps fabricated out of 
4-inch H-beams ( f ig .  27). 

Loading d r i f t s  were 
enlarged a t  50-foot - 

( la te r  37%-foot) in tervals  to  acconrmodate t ransfer  chutes. Pony s e t s  were 
insta l led above three s e t s  of timber a t  the location of each pa i r  of t ransfer  
ra ises  (fig.  28). 

Haulage level construction was done by company employees under a bonus 
system. Work i n  the headings, including d r i l l i n g ,  blasting,  loading cars ,  and 
timbering was charged as d i rec t  labor, A i l e  supervision and transportation of 
broken ore and supplies was charged as indirect  (other) labor. 

The amount of haulage level  development i n  the stoping area varied from 
year to  year according to  production schedules. Loading d r i f t s ,  i n  par t icu la r ,  
were not driven i n  advance of actual  need i n  order to minimize maintenance 
requirements. In  1955, about 2,200 f ee t  of d r i f t  were driven a t  an average 
ra te  of advance of 1.27 feet  per man-shift fo r  d i rec t  labor or  0.79 fee t  per 
man-shift including a l l  labor. 





For a l l  roises f l a t t e r  than 57- 16' moke  this distonce I 2  inches. 
For ra ises  57O 16 '  to 70' moke  this distance 8 inches. 

MATCHING CHUTE ON OPPOSITE 
SIDE OF DRIFT NOT SHOWN. Scale, f e e t  

FIGURE 28.  - Looding Drift Chute Set. 



Control-Level Laterals.--Access l a t e r a l s  from the s h a f t  t o  the s toping 
areas  on con t ro l  l eve l s  were s imi l a r  t o  haulage l a t e r a l s  i n  design and method 
of construct ion.  However, the con t ro l - l eve l - l a t e ra l  posts  were s h o r t e r ,  7 
f e e t  high in s ide  timber. 

Fringe, Stub, and Boundary Drif ts . - -Fringe and s tub  d r i f t s  i n  any block 
were driven on the g r i z z l y  l e v e l  before the t r ans fe r - r a i se  system f o r  the  
block was ready f o r  use. I f  se rv ice  r a i s e s  were not  ava i l ab le ,  broken ore  
was disposed of i n  r a i s e s  from the haulage l eve l  s p e c i f i c a l l y  driven fo r  t h i s  
purpose. A s  soon a s  poss ib le ,  a s tub  was driven from the f r inge  d r i f t  to  the  
f i r s t  g r i z z l y  pos i t i on  i n  a cont ro l  d r i f t  and the main branch r a i s e  f o r  t h a t  
pos i t i on  completed t o  provide f o r  d isposa l  of development rock. Loading was 
done a t  d i f f e r e n t  times with track-mounted rocker-shovel loaders ,  with scrap- 
e r s ,  and by hand. 

Boundary d r i f t s  were driven above the g r i z z l y  l e v e l  from the corner 
r a i s e s ,  using scrapers  t o  move broken ore  t o  a r a i s e .  The a i r - l e g  d r i l l  was 
p a r t i c u l a r l y  usefu l  f o r  intermediate- level  work. 

The ground i n  the corner r a i s e s  and boundary d r i f t s  general ly stood 
without support during construct ion,  and no support was used except fo r  l i g h t  
timbering i n  the r a i s e s .  

Incl ined Branching Transfer Raises.--The design of the  t r a n s f e r  r a i s e  
complex f o r  block caving, u h i l e  adopted from e a r l i e r  panel-caving p rac t i ce ,  
d i f f e ren  i n  two respects:  A t  draw-control poin ts  on the cont ro l  l e v e l ,  o re  
passed through g r i z z l i e s  i n  the f loo r  of g r i z z l y  d r i f t s  d i r e c t l y  i n t o  
t r ans fe r - r a i se  branches ins tead  of being tramred along the  cont ro l  l eve l  
f i r s t ,  a s  i n  the  tramming d r i f t s  of the  panel-caving system. Further ,  each 
r a i s e  complex was i n  l i n e  with and served a s ing le  g r i z z l y  d r i f t ,  ins tead  of 
being a t  r i g h t  angles to  and connected with a l l  of the tramming d r i f t s  i n  a 
stope block, a s  i n  panel caving. 

Transfer r a i s e s  accomplished the funct ions of dropping ore  from g r i z z l y  
to haulage l e v e l s ,  providing a s  much a s  75 f e e t  of l a t e r a l  movement, and pro- 
viding intermediate  s torage.  Each p a i r  of i nc l ined ,  branching t r ans fe r  r a i s e s  
del ivered ore  from the g r i z z l i e s  of a cont ro l  d r i f t  150 f e e t  long i n  a s tope 
block t o  a c e n t r a l l y  located loading d r i f t  under the  center  l i n e  of  the  150- 
foot-wide s tope blocks ( f i g .  20). The paired r a i s e  complexes, spaced 37% f e e t  
apart  along loading d r i f t s ,  were i n  planes a t  r i g h t  angles t o  the loading 
d r i f t  and i n  l i n e  with corresponding g r i z z l y  d r i f t s  above. Raise branches 
connected with the  g r i z z l y  l eve l  and ended a t  g r i z z l i e s  i n s t a l l e d  a t  draw 
points.  I n  e a r l y  block-caving operat ions,  g r i z z l i e s  were spaced a t  25-foot 
i n t e rva l s  i n  g r i z z l y  d r i f t s  50 f e e t  a p a r t ,  corresponding t o  the spacing of 
control  r a i s e s  a t  t h a t  time. Later ,  when c lose r  spacing was adopted fo r  con- 
t r o l  r a i s e s ,  g r i z z l y  spacing was changed t o  conform, 16-213-foot i n t e r v a l s  
along g r i z z l y  d r i f t s  spaced 37% f e e t  a p a r t .  A s  shown i n  f igu re  20, each 
r a i se  complex and associated g r i z z l y  d r i f t  served nine draw poin ts  under a 
stope sec t ion  150 f e e t  across  and 37% f e e t  thick.  

Loading d r i f t s  were not  always centered with r e l a t i o n  t o  stopes and the 
width of  s topes was not always 150 f e e t .  Transfer r a i s e  design,  shown i n  





i n  figure 20, was 
changed to  conform to 
local  conditions. 
Changes were made to 
f i t  each case. After 
l a t e r a l  t ransfer  by 
conveyor or  scraper 
replaced the f u l l -  
gravity system, 
t ransfer  ra i ses  were 
simple ore passes 
( f ig .  25). 

Junction set Transfer r a i s e  

chutes were constructed 
i n  pairs i n  the enlarg- 
ed sections of loading 
d r i f t s  prepared for  
them (f ig .  28). The 
main branch of each 
t ransfer  r a i s e  was 
driven f i r s t .  A t  the 
same time, fr inge 
d r i f t s  a t  the gr izzly  
level  above were being 

6 " x  12'cribbing ormared with advanced, and, from 
ongle iron every cribbing on low side. them, stub d r i f t s  to  

the points where the 
main transfer r a i s e  
branches would inter-  

Note: Junction set built of 6-inch I -beams sec t  the gr izz ly  
fostened together of corners with level  ( f ig .  29). 
3/8-X 4-X 3-IR-inch angles and 
W8-X 2-inch bolts. 

The ra i ses  were 
FIGURE 30. - Junction Set in Transfer Raise. driven i n  pairs  by two 

miners, each man work- 
ing i n  a ra i se  with assistance from h i s  partner when necessary. A l l  r a i ses  
were driven 4 by 4 f ee t  inside timber on a slope exceeding the minimum 53" 
angle above the horizontal on which ore would run. Six by twelve-inch crib- 
bing, resting on a bearing s e t  above the chute s e t s ,  was insta l led as  raising 
progressed (fig.  28). Junction se t s  fabricated out of 6-inch H-beams were 
insta l led where branch ra i ses  joined (fig.  30). Three sections of 90-pound 
r a i l  were insta l led above each chute t o  protect  the caps of the haulage d r i f t  
pony s e t s  from abrasion. Cribbing was subject to greater wear a t  ce r ta in  
points, par t icular ly  where a ra ise  flat tened. The wear points i n  main trans- 
fer r a i s e  branches were protected by placing wear pla tes  of 3- by 3- by 5/16- 
inch angle iron over the upper inside edges of cribbing pieces. While being 
driven, ra ises  were divided i n  two compartments with s t u l l s  placed 10 f ee t  
apart. The manway compartments carried a ladder and pipes but were not com- 
pletely lagged o f f .  Entrance to  both manway and ore compartments was through 
one temporary chute insta l led a t  the mouth of each ra i se .  



From 7 t o  10 holes  4 o r  5 f e e t  deep were d r i l l e d  with l i g h t ,  s e l f -  
r o t a t i n g  s tope r s  and loaded with 40-percent g e l a t i n e  dynamite. Rounds were 
b l a s t e d  with e l e c t r i c  b l a s t i n g  caps,  using the  r egu la r  mine b l a s t i n g  c i r c u i t .  
Raises  were d r i l l e d  on day s h i f t ,  and b l a s t i n g  was done toward the  end of  t h a t  
s h i f t .  Broken o r e  was pul led  on n igh t  s h i f t ,  giving powder fumes a chance t o  
c l e a r  before the next  day. 

Raise branches, including the  main branch, were not  holed through u n t i l  
the  corresponding g r i z z l y  above i t  on the  con t ro l  l e v e l  was i n  p lace .  I n s t a l -  
l a t i o n  of the  g r i z z l y  included sinking a &-foot  cr ibbed winze below the d r i f t .  
The a c t u a l  connection was made below the  bottom of t h i s  winze t o  p ro tec t  the  
g r i z z l y .  A 6-foot  d r i l l  rod was l e f t  i n  a ho le  d r i l l e d  with a j a c k h a m r  i n  
t h e  cen te r  of the  bottom of  the winze, and, when the  r a i s e  reached t h e  end of 
t h i s  s t e e l ,  the d i s t ance  through t o  the bottom of  the winze was then known. 
Also, i f  the r a i s e  was o f f  l i n e ,  i t  could be brought back before the  connec- 
t i o n  was made by using shims t o  a l i g n  the  c r ibbing .  It was important t o  avoid 
overbreak o r  misalignment i n  making the connection i n  order  t o  leave  s o l i d  
ground t o  support the  10- by 10-inch s t r i n g e r s  on which t h e  g r i z z l y  r e s t ed .  

A s  soon a s  each main r a i s e  branch was completed and connected with the  
g r i z z l y - l e v e l  d r i f t ,  it was cleaned o u t ,  and a permanent chute with a manu- 
a l l y  opera ted ,  overcut ,  a r t  ga t e  was i n s t a l l e d  a t  the haulage l e v e l  ( f i g .  28).  
L a t e r ,  an a i r -opera ted  undercut g u i l l o t i n e  g a t e  ( f i g .  31) was used on some 
chutes .  Next, the  subordinate  r a i s e  branches were dr iven  without manways by 
crews who entered from t h e  g r i z z l y  l e v e l .  Timber and suppl ies  were s to red  on 
t h e  g r i z z l y  l e v e l ,  lowered down the main branch t o  the junct ion ,  then hois ted  
wi th  rope and snatch block up the branches. 

Grizzly D r i f t s . - - I n  the f u l l - g r a v i t y  block caving system, the  funct ion  of  
g r i z z l y  d r i f t s  was simply t h a t  of  providing access  t o  draw con t ro l  po in t s  
where ore  was metered from s topes  t o  t r a n s f e r  r a i s e s .  Gr izz ly  d r i f t s  were i n  
l i n e  with the  shor t  dimension of  s tope blocks and with corresponding t r a n s f e r -  
r a i s e  complexes. Large boulders were broken up and s i zed  through 12-inch r a i l  
g r i z z l i e s  i n  the f l o o r  of con t ro l  l e v e l s  a t  draw po in t s .  

A g r i z z l y  d r i f t  was constructed by advancing two headings toward each 
o t h e r  from the  main r a i s e  branches i n  each t r a n s f e r - r a i s e  complex. Broken ore  
was disposed by s lushing  i n t o  t h e  main r a i s e  branches. Next, g r i z z l i e s  were 
i n s t a l l e d  a t  fu tu re  con t ro l  p o i n t s ,  and connections were holed through from 
t h e  corresponding subordinate  r a i s e  branches below. 

Grizzly d r i f t s  were supported with conventional timber s e t s  modified a t  
con t ro l  poin ts  t o  accomodate chute s e t s  and g r i z z l i e s  ( f i g .  23). 

Control Raises.--The funct ion  of a con t ro l  r a i s e  was t o  provide a metered 
passage f o r  the ore  from stope t o  t r a n s f e r  r a i s e .  Control was necessary t o  
r egu la t e  caving r a t e  and weight increase  on e x t r a c t i o n  openings a t  each draw 
p o i n t  i n  accordance with p r a c t i c e s  aimed a t  maximum e x t r a c t i o n  and minimum 
maintenance c o s t s .  'Ibo con t ro l  r a i s e s ,  one i n  each wal l  of a g r i z z l y  d r i f t  
above a s i n g l e  g r i z z l y  i n  t h e  f l o o r ,  cons t i t u t ed  a draw poin t .  
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FIGURE 31. - Undercut Guillotine Chute Gate. 



I n  t h e  o r i g i n a l  des ign ,  four  draw po in t s  fed o r e  i n t o  chute s e t s  a t  the  
top of  each g r i z z l y  r a i s e  and these  were spaced a t  25-foot i n t e r v a l s  along 
g r i z z l y  d r i f t s .  It was found t h a t  the  t h e o r e t i c a l  f l e x i b i l i t y  i n  draw con- 
t r o l  was not  achieved with 12 o r  16 c o n t r o l  chutes feeding i n t o  one t r a n s f e r  
r a i s e .  Moreover, t h e  p i l l a r s  around some f inge r  r a i s e s  broke up a s  drawing 
proceeded, the chute s e t  was l o s t ,  and draw con t ro l  had t o  be s h i f t e d  to  the  
g r i z z l y  l e v e l .  

Raises were dr iven  i n  p a i r s  from oppos i te  s i d e s  of each g r i z z l y  i n  con- 
t r o l  d r i f t s .  Af ter  the f inge r  r a i s e  and chute s e t  design was discarded the  
name was changed from g r i z z l y  t o  con t ro l  r a i s e .  Control r a i s e s  were driven on 
an i n c l i n e  63O above the  ho r i zon ta l  f o r  14% f e e t  and then v e r t i c a l l y  t o  a 
poin t  about 2 f e e t  above the f l o o r  of the  f u t u r e  undercut ( f i g .  32).  Raises  
were be l l ed  out  a t  the  undercut l e v e l  during t h e  course of undercut t ing.  This 
con t ro l  r a i s e  des ign  r e su l t ed  i n  a spacing of 16-213 by 18-314-feet a t  the  
undercut l e v e l  and served throughout the  remaining l i f e  of the  opera t ion .  

D r i l l i n g  i n  the  r a i s e s  was accomplished with l i g h t  s e l f - r o t a t i n g  s tope r s .  
Funneling of  a r a i s e  a t  the undercut was s t a r t e d  by enlarg ing  the c ross  sec-  
t i o n  i n  the l a s t  round d r i l l e d  i n  the  r a i s e .  The funnel ing process was com- 
p le t ed  along with undercut t ing .  

Cribbed support  was used i n  a l l  c o n t r o l  r a i s e s ,  6 by 12 inches i n  the  
lower inc l ined  s e c t i o n s ,  and 2 by 12 inches i n  the v e r t i c a l  s ec t ions  ( f i g .  
32) .  Any timbering i n  the  v e r t i c a l  s e c t i o n s  of  r a i s e s  was removed when t h e  
r a i s e s  were funneled out  t o  prepare them f o r  o r e  drawing. 

A 3-inch plank t h r u s t  through chain loops secured t o  the pos ts  of draw 
s e t s  was used t o  con t ro l  the flow of ore  t o  g r i z z l i e s  ( f i g .  33).  The chains 
a l s o  provided s a f e  handholds f o r  personnel c ross ing  the  g r i z z l i e s .  

Ore broken i n  r a i s e  cons t ruc t ion  was disposed of by whichever method was 
adopted fo r  o r e  drawing--discharge i n t o  t r a n s f e r  r a i s e s ,  l a t e r a l  t r a n s f e r  by 
shaking conveyor, o r  scraper .  

La te ra l  Ore Transfer  

A s u b s t a n t i a l  p a r t  of the  Miami o r e  body bottomed wi th in  50 f e e t  of the  
1000 haulage l e v e l ;  some 18 mi l l i on  tons was l e s s  than 125 f e e t  above the 
haulage l e v e l ,  too c lose  f o r  f u l l - g r a v i t y  t r a n s f e r .  Construct ion of a new 
haulage complex a t  a lower l e v e l  would have requi red  a c a p i t a l  expenditure not  
economically j u s t i f i e d  by t h e  amount of o r e  involved. 

I n  1938, a system of l a t e r a l  t r a n s f e r  a t  the  con t ro l  l e v e l  was introduced 
u t i l i z i n g  pan (shaker) conveyors o r  s c rape r s  t o  move ore  along con t ro l  d r i f t s  
t o  the edges of s tope  blocks and thence through ore  passes t o  the haulage 
l e v e l  ( f i g s .  24 and 25).  These d r i f t s ,  sometimes c a l l e d  scraper  o r  conveyor 
d r i f t s ,  replaced the g r i z z l y  d r i f t s  of  t h e  g r a v i t y  system and performed a 
funct ion s i m i l a r  t o  t h a t  of the  tramming d r i f t s  of the  e a r l i e r  panel-caving 
opera t ion .  

The p r a c t i c a l  opera t ing  l i m i t  f o r  e i t h e r  pan conveyors o r  s c rape r s  i n  
production ore  t r a n s f e r  was about 75 f e e t ,  and each con t ro l  d r i f t  across  a 
block 150 f e e t  wide required two opposed u n i t s  moving ore  toward oppos i te  
block boundaries.  The number and spacing of  conveyor o r  scraper  d r i f t s  under 
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An apparent  advantage of  pan conveyors was t h e  3-foot 'operating space 
requi red .  Extra  re inforc ing  s e t s  could be placed ins ide  the  r egu la r  timber 
s e t s  i n  bad ground and s t i l l  leave opera t ing  c learance .  I n  p r a c t i c e ,  f a i l u r e  
of the  re inforced  s e t s  was common. I n s t a l l a t i o n ,  r e p a i r ,  and opera t ing  c o s t s  
proved t o  be h igh ,  and r e p a i r  of both timber and equipment was d i f f i c u l t  i n  
the  r e s t r i c t e d  working space.  Resul tan t  delays i n  ore-drawing schedules  
a f f e c t e d  s tope  performance. 

Scraper Transfer.--Scrapers were adopted i n  p lace  of shaker conveyors t o  
improve l a t e r a l - t r a n s f e r  performance ( f i g .  3 6 ) .  Comparison t e s t s  proved t h a t  
scraper  t r a n s f e r  was super ior  a t  Miami even though ground support  i n  the  
l a r g e r  openings was more c o s t l y ,  and power consumption was one t h i r d  h igher  
than f o r  shaker conveyors. Lower r e p a i r  and labor  c o s t s  f o r  scraper  opera t ion  
(one scraper  h o i s t  opera tor  a g a i n s t  two conveyor a t t endan t s  f o r  each equipment 
u n i t )  more than o f f s e t  the  disadvantages.  Shaker conveyors were replaced by 
sc rape r s  i n  a l l  opera t ions .  

Two opposed scraper  i n s t a l l a t i o n s  wi th  t a i l  pu l leys  a t  the  cen te r  of a 
block served each con t ro l  d r i f t ,  p u l l i n g  o r e  t o  o r e  passes a t  block boundaries.  

Twenty-five hp,  double-drum, e l e c t r i c  h o i s t s  were used t o  p u l l  a 42-inch 
sc rape r .  A f ive -e igh ths ,  6 by 19,  r egu la r - l ay  rope was used t o  p u l l  the  
scraper ,  and a one-half inch 3 by 19 rope was used f o r  a t a i l  rope. About 
480 f e e t  of rope was requi red  per  scraper  se tup .  Some information on rope 
performance i s  shown i n  t a b l e  8.  

TABLE 8 .  - Scraper rope performance 

Tons pul led  .......................................... 
................................ Feet  of rope requi red  

.................................. Cost of rope (1945) 
Cost per  ton ......................................... 
Average tons per foo t  of rope ........................ 
Feet per  s e t  of ropes ................................ 

................................. Tons per  s e t  of rope 
........................ Life  per  s e t  of ropes months.. 

Scraper d r i f t s  were driven i n  the  same manner a s  g r i z z l y  d r i f t s ,  s t a r t i n g  
from o r e  passes a t  block boundaries.  The permanent scraper  i n s t a l l a t i o n  f o r  
ore  drawing was used t o  remove muck broken i n  heading advance. 

Conventional support using timber o r  s t e e l  was t r i e d  i n  scraper  d r i f t s ,  
which requi red  5- foot  c l e a r  width. Because t h e  heavy ground pressures  encoun- 
tered caused rapid  d i s t o r t i o n  and f a i l u r e  of conventional support i n  wide 
d r i f t s ,  c i r c u l a r  s e t s  were adopted ( f i g s .  36 and 3 7 ) .  A c i r c u l a r  s e t ,  assem- 
bled i n  p lace  from three  4-inch,  13-pound, H-beam segments flanged and bol ted  
together ,  proved t o  be s a t i s f a c t o r y .  Clear  diameter i n s ide  the  s e t s  was 6% 
f e e t ,  ample f o r  scraper  opera t ion .  

The c i r c u l a r  s e t s  had a longer se rv ice  l i f e  than conventional s t e e l  s e t s  
and were easy t o  r e p a i r  o r  rep lace .  The f i r s t  s e t s  were i n s t a l l e d  with one 
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FIGURE 37. - Cross Section of Scraper Drift and Control Raise. 

segment across the bottom so that  jo ints  were on each lower r i b  and i n  the 
center of the back. Failure usually occurred i n  the back, and i t  was found 
that ins ta l la t ion  of s e t s  with one segment across the back permitted repair  
by replacing the top segment (fig. 37) .  
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FIGURE 38. - Circular Steel Set Arrangment. 

Three- to four-inch round timber was used for  back lagging and 2-inch 
plank for  side lagging. Lagging fa i led  rapidly and had to  be replaced often 
during the l i f e  of a stope. Rock pressures tended t o  shear the lagging along 
beam edges leaving the s e t s  in tac t .  Where single s e t s  were used, a s e t  f a i l -  
ure  destroyed two spans of lagging. By using ci rcular  s e t s  i n  pa i r s ,  so that  
each span of lagging was independently supported, a s e t  f a i l u re  normally d i s -  
turbed only one s e t  of lagging. The arrangement and spacing of the double 
s e t s  is shown i n  figure 38. The i n i t i a l  cost  of the c i rcu la r  s e t s  was 50 
percent greater than for  timber, but lower repair  costs and salvage of the 
s e t s  for reuse tended to  equalize overall  costs.  However, the chief advantage 
of s t e e l  s e t s  was reduction of downtime i n  drawing operations because of lower 
repa i r  requirements. Steel  s e t s ,  assembled with flange and bol t ,  proved more 
economical than those incorporating a yieldable joint .  

Conventional s t ee l  s e t s  fabricated out of 6-inch H-beams with 4-inch 
angles for  co l la r  braces were used a t  the slusher ho is t  ins ta l la t ion  i n  the 
ends of scraper d r i f t s  or i n  fringe d r i f t s  where more space was required. A t  
those points t h i s  type of support stood up well, even though the openings were 
l a rge r ,  because ground pressures near or  outside the edges of act ive blocks 
normally were moderate. 



Intermediate  La te ra l  Ore Transfer . - -Latera l  o r e  t r a n s f e r ,  o t h e r  than  on 
con t ro l  l e v e l s ,  was f i r s t  adopted t o  a l l e v i a t e  a ground support problem a t  t h e  
haulage l e v e l  underneath actiGe caving blocks.  1t was found t h a t  excess ive  
ground pressures  developed around openings, p a r t i c u l a r l y  i n  s o f t  o r e  and where 
t h e  p i l l a r  thickness between undercut and haulage l e v e l s  was no more than 50 
f e e t .  This was t r u e  even when loading d r i f t s  were d r iven  along block boundar- 
i e s  where ground pressures  tended t o  be l e s s .  Support f a i l u r e s  n e c e s s i t a t e d  
frequent  r e p a i r s  t h a t  i n t e r f e r e d  g r e a t l y  with drawing schedules and r e s u l t e d  
i n  poor s tope  performance. To co r rec t  t h i s ,  haulage d r i f t s  were re loca ted  
ou t s ide  the  a rea  tak ing  weight and r eo r i en ted  p a r a l l e l  t o  the  s h o r t  s i d e  of  
blocks. 

With t h i s  change, haulage d r i f t s  were no longer  i n  a pos i t i on  t o  serve  
o r e  passes from the  con t ro l  l e v e l  d i r e c t l y .  Intermediate  t r a n s f e r  d r i f t s  
j u s t  above the  haulage l e v e l  were dr iven  length-wise of  blocks along boundar- 
i e s  t o  form a l i n k  between o r e  passes and loading d r i f t s ,  and equipped with 
b e l t  conveyors. Two conveyor d r i f t s ,  each connected with s i x  o r  seven o r e  
passes from the  con t ro l  l e v e l  above and on oppos i te  s ides  of the block,  served 
a s tandard block se tup  of s i x  o r  seven sc rape r  d r i f t s .  Col lec t ing  b e l t  con- 
veyors i n  these d r i f t s  terminated j u s t  above the r e loca ted  loading d r i f t s  and 
discharged o r e  i n t o  s h o r t  r a i s e s  a t  these  po in t s  ( f ig .  39) .  A conveyor d r i f t  
o f t en  served more than one block along the  same panel.  

Conveyor sec t ions  about 210 f e e t  long car ry ing  a 30-inch-wide b e l t  were 
used. Power supplied by a 15-hp induct ion motor was applied through V-belts 
and a va r i ab le  speed reducer fo r  smooth acce le ra t ion  and dece le ra t ion  dur ing  
t h e  frequent  s t a r t s  and s topes .  Direc t ion  of b e l t  t r a v e l  could be reversed t o  
move timber and supp l i e s  along the  in termedia te  l e v e l s .  

Ore, s ized  through 10-inch g r i z z l i e s  a t  the  top of ore  passes ,  was d i s -  
t r i bu ted  on c o l l e c t i n g  b e l t s  through a feeder  chute s loping  i n  the d i r e c t i o n  
of b e l t  t r a v e l  ( f i g .  40) .  Chutes made o f  three-eighths- inch p l a t e  with a s l o t  
two f e e t  seven inches long i n  the inc l ined  bottom taper ing  from one foo t  e i g h t  
inches a t  the  discharge end t o  four  inches a t  the  top .  Fine o r e  passed through 
the  s l o t  and formed a p ro tec t ing  cushion on the  b e l t  f o r  the l a r g e r  p i eces ,  
which s l i d  down the  V-slot and landed on the f i n e r  ma te r i a l .  Counterweighted 
chutes rode on hinges so t h a t  they could be e a s i l y  pushed up t o  g ive  c learance  
f o r  l a rge  ore  fragments from chutes f u r t h e r  down t h e  l i n e  and f o r  timber and 
suppl ies .  

Intermediate  belt-conveyor t r a n s f e r  was very successfu l .  Be l t  opera t ion  
was economical, and timber r e p a i r s  i n  t h e  small d r i f t s  were in f r equen t ,  r e l a -  
t i v e l y  inexpensive, and could be made without  i n t e r r u p t i n g  t h e  draw schedule.  

Intermediate  belt-conveyor d r i f t s  were dr iven  wi th  mounted d r i f t e r s  o r  
a i r - l e g  d r i l l s ,  using scrapers  to  move muck from the  headings. I f  the  d r i f t  
exceeded the  length  of a conveyor s e c t i o n  (200 f e e t ) ,  a s ec t ion  was i n s t a l l e d ,  
and the  s lushing  se tup  was moved ahead t o  continue the  work. The scraper  
de l ivered  o r e  from t h e  heading t o  a loading ramp a t  the end of a conveyor and 
discharged it on the  b e l t  ( f ig .  22).  When a belt-conveyor d r i f t  was extended 
under seve ra l  blocks i n  the  same panel ,  a d d i t i o n a l  conveyor sec t ions  were 
i n s t a l l e d  a s  work proceeded. 
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8 t o  30 scraper  d r i f t s  each, four c o l l e c t i n g  conveyors i n  d r i f t s  spaced 187.5 
f e e t  a p a r t  drew from scraper-fed r a i s e s  and discharged i n t o  pa i red  interme- 
d i a t e  ore  passes arranged s o  t h a t  one o r e  pass could be closed o f f  f o r  r e p a i r s  
while  the o the r  remained i n  se rv ice .  One conveyor on the lower intermediate  
l e v e l  handled the  e n t i r e  ore  flow, d ischarg ing  i n t o  a double o r e  pass  leading 
t o  the  1000 haulage l e v e l .  To handle t h e  an t i c ipa ted  l a rge  tonnage of o r e  
converging on them, these  lower ore  passes were l i ned  with concrete  and 
equipped with s t e e l  chutes of three-e ights - inch  p l a t e  and undercut g u i l l o t i n e  
g a t e s  made of  one-inch manganese s t e e l  and con t ro l l ed  by heavy duty 30-inch- 
s t r o k e  a i r  cy l inde r s  ( f i g s .  24 and 31).  

Undercut Method 

Undercut procedure was s tandardized r ega rd le s s  of the  method of o r e  
t r a n s f e r  below the  s tope .  The ob jec t ive  was t o  remove a l l  support  under a 
column of o r e  and induce caving. Good s tope  performance r e s u l t e d  when the  
undercut was completed r ap id ly ,  caving s t a r t e d  and drawing continued a t  a 
uniform r a t e .  I n  the i n i t i a l  period of  caving, the  ground a t  t h e  undercut 
l e v e l  was cu t  i n t o  indiv idual  p i l l a r s  by d r iv ing  two s e t s  of d r i f t s  a t  r i g h t  
ang les  t o  each o the r .  Then, s t a r t i n g  i n  one corner  and advancing along the  
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FIGURE 42. - Section Through Undercut. 

block a s  r ap id ly  a s  poss ib l e ,  the p i l l a r s  were s h o t  o u t  by b l a s t i n g  the  wa l l s  
and backs of d r i f t s .  

Access t o  the  undercut l e v e l  was provided through the con t ro l  r a i s e s  from 
the con t ro l - l eve l  d r i f t s  below the  s tope .  Ore was shot  d i r e c t l y  i n t o  the  
r a i s e s ,  and progress  of t h e  undercut was dependent on r a t e  of r a i s e  completion. 

The method was modified, con t ro l  r a i s e s  were completed t o  the  undercut 
l e v e l ,  and small  untimbered d r i f t s  were driven lengthwise a t  oppos i te  s i d e s  of  
a block, connecting the tops  of  r a i s e s  i n  the  l i n e s  nea res t  the  block boundar- 
i e s  ( f i g .  41) .  From these  boundary d r i f t s ,  untimbered cross  d r i f t s  were 
driven on 16-213-foot cen te r s  t o  connect each l i n e  of r a i s e s  across  t h e - b l o c k ,  
leaving long p i l l a r s  extending the f u l l  width of t h e  block. Several  c ros s  
d r i f t s  i n  d i f f e r e n t  s t ages  of advance were under cons t ruc t ion  concurrent ly .  
Beginning a t  the  c o m e r  of the  block where caving was t o  s t a r t ,  t h e  c r o s s  
d r i f t s  were f i r s t  slabbed t o  about 8 f e e t  wide; then  t h e  remaining p i l l a r  sec- 
t ions  and the  back of  the d r i f t s  were r i n g - d r i l l e d  and b la s t ed  i n  s e c t i o n s  
above two con t ro l  r a i s e s  a t  a time. This procedure removed a l l  support  from 
the  o r e  column above. Each sec t ion  of t h e  undercut was s t a r t e d  a s  soon a s  the 
preceding sec t ion  was completed ( f i g s .  41 and 42).  

As soon a s  the  undercut was completed over a draw po in t ,  enough o r e  was 
drawn through the  chute below t o  remove any support of the  ore  column f u r -  
nished by t h e  broken ore  and induce caving.  Regularly scheduled drawing 
followed the i n i t i a l  caving a c t i o n  a s  soon a s  s a f e t y  requirements permit ted.  



Pitr,xmted dril~crs w e w  tltswl t7 ' drill headizzgs rill t t w  undercut level orig- 
inal ly , but  were replaced by afr -  ?Lc:g-mountcd drlPI:, , BcZore the air- l eg drill 
was intraduwd, a sysgeci that mlght be called a forerunni-r was devised by 
cmt ra i - i  mintl:~s o f  PIexican ~ P B C Q X - ~ ~  and used f o r  flat cirill hales, T h i s  sys- 
tem, called the Bkxican sctup, utilized a 4%-pound jnckha~~er drill secured 
by a looped chain k o  the upper (shank) end of an uprigl~t drill. rod P" fsui~abl,c 
lengtlx, "fie rod was anchored by a paintcd detachable bit driven into a piece 

f i g  3 The weight of t%zc drill being thus sup- 
tor learz~d against t he  drill ta keep the 

e setup could be realigned a Zling progressed 
length of t h e  drill rod,  xic can sc t l rp  and 

drills were used to wi en drifts and &o drif l lateral holes in t he final 
ring-dr9 lling procedure, Light s topcxs were used for up-tzolcs , Thc pattern 
of drilling is shorn in f l g u r o  42, 



Funneling of con t ro l  r a i s e s  below the  undercut l e v e l  had been s t a r t e d  by 
enlarg ing  the  l a s t  round sho t  i n  c o n t r o l - r a i s e  work. The process was cont in-  
ued by c u t t i n g  s l o t s  i n  the  undercut f l o o r  on both s i d e s  of  each r a i s e  a s  p a r t  
of d r i f t  advance. The s l o t s  a s s i s t e d  i n  t h e  movement of  broken rock i n t o  t h e  
r a i s e s .  D r i l l i n g  t o  complete enlargement o f  r a i s e s  was done from the  r a i s e s ,  
us ing  inc l ined  s t o p e r  h o l e s ,  o r  from the l e v e l ,  us ing  jackhammers. The funnel- 
ing  rounds and t h e  r i n g - d r i l l e d  rounds a t  the  same draw po in t  were sho t  
toge ther .  General ly timbering was not  used on the  undercut l e v e l  except  over 
r a i s e s  used t o  e n t e r  t h e  undercut.  Occasional ly po in t s  of weakness requi red  
l i g h t  support l o c a l l y .  

Ore Production 

Three ob jec t ives  o f  primary importance i n  drawing o r e  were maintenance o f  
a scheduled tonnage, minimum d i l u t i o n ,  and prevention of  weight bui ld  up on 
e x t r a c t i o n  openings. I n  p r a c t i c e ,  t h e  drawing schedule r e s u l t e d  i n  a compro- 
mise between these  ob jec t ives .  D i f f i c u l t i e s  r e s u l t e d  when t h e  drawing r a t e  
was not  i n  s t e p  with caving r a t e .  

Immediately a f t e r  a s ec t ion  of  an undercut was b l a s t e d ,  the  broken o r e  
was drawn t o  induce caving. Sometimes an apprec iable  time i n t e r v a l  elapsed 
before the  back caved b u t ,  once caving s t a r t e d ,  every e f f o r t  w a s  made t o  draw 
ore  a t  a uniform r a t e  i n  s u f f i c i e n t  q u a n t i t y  t o  keep the  broken o r e  i n  t h e  
s tope  and con t ro l  r a i s e s  moving and loose .  

The f i r s t  o r e  t h a t  caved usua l ly  broke coarse ly  and a r r i v e d  a t  t h e  draw 
poin ts  i n  l a rge  p ieces .  These were broken up by s ledging and, i f  necessary,  
by b l a s t i n g  a t  the  g r i z z l y .  Also, any timber from t h e  undercut o r  r a i s e s  was 
removed a t  t h i s  poin t .  Hangups of boulders sometimes occurred i n  con t ro l  
r a i s e s  during t h i s  phase. 

While good stope performance from the  s tandpoin t  of  both c o s t  and ext rac-  
t i o n  required an even r a t e  of  drawing throughout t h e  l i f e  of  a s tope ,  s p e c i a l  
emphasis was placed on maintaining a uniform draw schedule u n t i l  about 15 per-  
cent of the  tonnage expectancy had been drawn. This procedure prevented ore  
from packing i n  t h e  con t ro l  r a i s e s .  It was a l s o  important a t  t h i s  s t age  
because the  p i l l a r s  and t h e  timber support f o r  e x t r a c t i o n  openings under the 
s tope were not  pro tec ted  by the  cushion of broken o r e  t h a t  formed a s  drawing 
progressed. 

Af ter  15 percent  of the  tonnage expectancy i n  a s tope had been drawn, 
moving s t r a i n  s e t  up by the caving process and crushing a c t i o n  wi th in  the  
broken ore  column a s  i t  moved downward produced more f i n e l y  broken ma te r i a l .  
This formed a blanket  of  o r e  above the  con t ro l - l eve l  workings t h a t  tended t o  
d i s t r i b u t e  weight uniformly over the  p i l l a r s  and timber support and thus 
minimize concentrated loading a t  any poin t .  

Fa i lu re  t o  draw o r e  as rap id ly  a s  caving took p lace  caused excessive 
buildup and concent ra t ion  of weight,  timber f a i l u r e ,  and delays during 
r e p a i r s  A i c h  caused f u r t h e r  weight buildup and more timber f a i l u r e .  On the  
other  hand, drawing a t  a r a t e  f a s t e r  than caving a c t i o n  caused formation of 



c a v i t i e s  below the  unsupported arch  i n  t h e  back of a s tope .  This caused 
surges  of weight on e x t r a c t i o n  openings due t o  mass block movements o r  a i r  
b l a s t s  when the a rch  col lapsed .  Uneven draw caused p ip ing  and increased 
d i l u t i o n .  

Many f a c t o r s  inherent  i n  the  block-caving method prevented an i d e a l  
schedule i n  day-to-day opera t ion .  Caving r a t e  was a funct ion  of  both hardness 
of t h e  ore  and s i z e  of the s tope .  So f t e r  o r e  and l a r g e r  s topes  caved more 
r a p i d l y ,  but  it  was n o t  always poss ib l e  t o  a n t i c i p a t e  a reas  of s o f t  o r e  o r  of 
f a u l t  gouge and a d j u s t  the  draw schedule t o  correspond. Such ma te r i a l  a f f e c t e d  
caving r a t e  and a l s o  tended t o  pack i n  con t ro l  r a i s e s  and i n t e r f e r e  with draw- 
ing .  This  led  t o  weight buildup and support  f a i l u r e  before the  blocked r a i s e s  
could be opened. Raise hangups due t o  boulders a l s o  occurred and, i f  not  
removed promptly, could r e s u l t  i n  packing above. Packing of s o f t  o r e  i n  
s topes  o r  con t ro l  r a i s e s  a f t e r  a suspension of drawing o f t e n  occurred.  

Collapse of  the  ground around e x t r a c t i o n  openings developed from s t ruc -  
t u r a l  f a i l u r e  of the  p i l l a r s  between s tope  f l o o r s  and con t ro l - l eve l  workings. 
This  sometimes occurred wi thout  excessive loading from the  broken o r e  column 
above. P i l l a r s  t h a t  broke up i n t o  f a i r l y  f i n e  fragments d i d  not  o r d i n a r i l y  
cause t rouble  because the weight of the  crushed ma te r i a l  was wel l  d i s t r i b u t e d  
and the re fo re  not  excessive a t  any po in t ;  on the  o the r  hand, the  weight of a 
f a i l i n g  p i l l a r  t h a t  broke loose a s  a n  unshat te red  rock mass o f t e n  caused 
timber f a i l u r e  i n  the openings below. 

Sometimes weight problems could be abated only by abandoning e n t i r e  sec- 
t i o n s  of a s tope  and concent ra t ing  on o t h e r  s ec t ions  t o  maintain mine produc- 
t i o n  a t  the  requi red  l e v e l .  

Delays i n  drawing o f t e n  developed from causes not  d i r e c t l y  involved i n  
t h e  e x t r a c t i o n  phase. Disrupt ion of  the  flow of ore  anywhere i n  t h e  ore  
t r anspor t a t ion  system a f fec t ed  s tope  performance adversely.  Couunon causes 
were blocked t r a n s f e r  r a i s e s ,  support f a i l u r e s  i n  r a i s e s  o r  haulage- leve l  
workings, o r  any circumstances t h a t  involved more than b r i e f  suspension of  
drawing opera t ions .  Even i n t e r r u p t i o n  of opera t ions  over a long weekend some- 
times delayed the  draw schedule long enough t o  cause a surge of  weight and 
timber f a i l u r e .  

Stopes t h a t  were drawn a t  the  h ighes t  r a t e  gave the  bes t  copper ex t r ac -  
t i o n  on the  bas i s  of t h e  records  of 55 s topes  shown i n  t a b l e  9. I n  gene ra l ,  
h igh  drawing r a t e s  accompanied heavy ground. 

TABLE 9. - Comparison of drawing r a t e s  and copper e x t r a c t i o n  

Range i n  tons 
per man-shif t 

Over 300 ............... .. ....... 200 t o  300.. .~. 
100 t o  200 ............. 
Under 100. ............. 

Tota l  o r  average..  

Number 
of  s topes  

9 
16 
23 

7 
55 

Ex t rac t ion ,  percent  
Tons I Grade I Copper 

9,764,000 1 122.6 1 94.8 1 116.2 



P i l l a r  s topes  were s t r u c t u r a l l y  weaker than  o r i g i n a l  s topes .  I n  weak 
ground, a l a r g e  amount of  r e p a i r  with consequent de lay  i n  drawing schedules 
was r equ i red ,  and gene ra l ly  a poor draw r e s u l t e d .  P i l l a r  s topes  i n  f i rm 
ground requi red  l i t t l e  r e p a i r ,  permit ted good draw con t ro l ,  and gave good 
e x t r a c t i o n .  Di lu t ion  of  p i l l a r  ore  by waste en te r ing  along the s i d e s  exposed 
t o  mined-out, w a s t e - f i l l e d  blocks was not  a problem i n  f i rm ground. 

I n  gene ra l ,  there  was a small tendency f o r  a p i l l a r  block t o  draw ou t s ide  
the v e r t i c a l  l i m i t s  of the  undercut on the  s i d e s  bounded by broken waste.  
This w a s  countered by delaying t h e  draw along s tope  boundaries u n t i l  100 per- 
cent  of  the ca l cu la t ed  e x t r a c t i o n  was approached. Di lu t ion  was a l s o  reduced 
by increas ing  t h e  o r i g i n a l  boundary-pi l lar  thicknesses of  7% o r  15 f e e t  t o  30 
o r  50 f e e t .  A comparison of t h e  e x t r a c t i o n  a s  r e l a t e d  t o  number of  s i d e s  
exposed t o  waste and p i l l a r  thickness i s  made i n  t a b l e  10. 

TABLE 10. - Extrac t ion  by s topes  i n  r e l a t i o n  t o  p i l l a r  
thickness and exposure to  mined-out ground 

1 mined-out ground I drawn I I I 
720 l e v e l ,  7%- and 15-foot  boundary p i l l a r s  

No. of s topes  

Ore e x t r a c t i o n  schedules were dependent i n  l a rge  measure on phys ica l  char- 
a c t e r i s t i c s  of the  o r e  i n  each block. The a c t u a l  draw r a t e  ranged from 18 
inches i n  24 hours i n  a heavy stope t h a t  caved e a s i l y  t o  l e s s  i n  a s tope  with- 
out a weight problem. The average was about 9 inches i n  24 hours .  Ore draw- 
ing and r e p a i r s  were scheduled t o  permit mxirmun production from the  s tope .  
Detailed schedules were made each day; they could n o t  be s e t  up i n  advance of 
ac tua l  mining, and, during the  l i f e  of any s tope ,  many adjustments were 
necessary. 

No. of s i d e s  of 
s tope exposed t o  

- - 

The tapper  drew from each con t ro l  r a i s e  i n  t h e  l i n e  f o r  a s e t  time per iod .  
The ob jec t ive  was t o  p u l l  the same amount of ore  from each draw po in t .  

Percent  of  
t o t a l  tonnage 

16 
17 
1 3  
15 

8 
Total  o r  

average 69 

Ext rac t ion ,  percent  
~ o n n a ~ e l ~ r a d e  I Copper 

0 
1 
2 
3 
4 

43 

3 3 . 3  
24.4 
15.2 
16.3 
10.8 

100.00 

115.48 
101.52 
97.47 
82.28 
90.84 

299.83 
1000 l e v e l ,  30- and 50-foot boundary 

=Percen t ;  average s tope  perimeter exposed t o  mined-out ground. 
a Weighted average. 

3 7 
12 
14 

2 
Total  o r  

average 65 

p i l l a r s  

92.56 
87.72 
84.55 
78.54 
79.54 

286.79 

106.86 
89.05 
82.41 
64.62 
72.65 

286.64 

0 
1 
2 
3 

'13.4 

110.17 
100.82 

93.08 
83.52 

293.392104.27 

116.67 
105.02 
103.15 

96.02 

111.65 

65.5 
14.5 
17.0 
3.0 

100 . O  

94.43 
96.0 
90.24 
86.98 



Various s i t u a t i o n s  sometimes i n t e r f e r e d ,  such a s  the  appearance of capping, 
necess i ty  f o r  r e p a i r s ,  o r  development of weight on timbers a t  some po in t .  For 
example, it might be necessary t o  draw a t  a  poin t  t o  r e l i e v e  the weight whether 
the  pos i t i on  was l i s t e d  fo r  drawing o r  n o t .  Variat ion i n  grade of o r e  and 
changes i n  order  t o  draw t o  maintain proper d i s t r i b u t i o n  t o  haulage l e v e l  fo r  
e f f i c i e n t  opera t ion  of t r a i n s  were a l s o  i n t e r f e r i n g  f a c t o r s .  

The scheduling of production and r e p a i r s  t o  r e a l i z e  maximum production 
both day-by-day and fo r  the  l i f e  of  the s tope requi red  c lose  cooperation of 
draw bosses and stope engineers .  Foremen and engineers met each s h i f t  to  
d iscuss  work progress and make necessary changes i n  schedules .  

A l l  rock broken i n  development work was sampled and handled with the o r e .  
The average grade of such ma te r i a l  was low, but  the ma te r i a l  gene ra l ly  con- 
ta ined  enough copper t o  pay o ther  than mining c o s t s ,  and operat ion of  a  sepa- 
r a t e  waste-disposal  system was avoided. 

Blas t ing  

Dynamite was used t o  f r e e  hangups i n  t r a n s f e r  and con t ro l  r a i s e s .  A l l  
charges were detonated by e l e c t r i c  b l a s t i n g  caps ,  and 95 percent  of the  b l a s t -  
i ng  was done with permanent e l e c t r i c  b l a s t i n g  c i r c u i t s .  I n  a  few cases ,  caps 
were exploded with a  b l a s t i n g  machine, and when a b l a s t i n g  c i r c u i t  was not  
a v a i l a b l e ,  s i n g l e  i s o l a t e d  charges were exploded with an e l e c t r i c  miner ' s  lamp 
equipped with a  spec ia l  shot  f i r i n g  attachment.  

A l l  b l a s t i n g  i n  the s topes  was done during lunch. Drawing was stopped i n  
time t o  load before lunch. When o r e  was hungup i n  a  con t ro l  r a i s e ,  a  bomb 
made of 3- by 4%-inch ca r t r idges  of 40-percent semigelat ine dynamite t i e d  to  
t h e  end of a  b l a s t i n g  pole was placed aga ins t  the lodged boulders .  The b l a s t -  
i ng  pole was wedged t o  hold the  charge i n  p lace .  The b l a s t i n g  poles ,  supplied 
i n  9 foot  lengths with a  1-inch cross  s e c t i o n ,  were sp l i ced  o r  cu t  t o  the 
required length.  Special  s a f e t y  precaut ions were taken,  and a l l  b l a s t i n g  was 
supervised by bosses. 

When a t r a n s f e r  r a i s e  branch was obs t ruc ted  a t  a  poin t  t h a t  could not  be 
reached from the haulage l e v e l ,  the o the r  branches were pul led  c l ean ,  and a  
workman climbed down on a rope ladder  from the  con t ro l  l e v e l  t o  the  i n t e r s e c t -  
i ng  plugged branch and placed the  bomb aga ins t  the packed o r e  from below. 
During 1956 about 0.024 pounds of dynamite were used t o  open r a i s e s  and draw 
po in t s  per  ton of  ore  drawn. Tota l  consumption of  dynamite including develop- 
ment, s tope prepara t ion ,  r e p a i r ,  and o r e  production was 0.23 pounds per ton 
of  o r e .  

Repair 

Of the  t o t a l  labor  required t o  develop and prepare a  s tope  f o r  production 
and t o  r e p a i r  and maintain the  e x t r a c t i o n  openings during product ion,  37 t o  48 
percent  was expended on development while  the balance of  from 52 t o  63 percent  
was requi red  f o r  r e p a i r  of ground support .  Repair was one of  the  inherent  
problems of  caving and was respons ib le  f o r  a s u b s t a n t i a l  p a r t  of mining c o s t s .  
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This was par t icu la r ly  t rue  of Miami where no prac t ica l  method was found to  
support permanently the accumulation of weight t ha t  would develop under a 
moving column of broken ore. Although ground movement a t  M i a m i  was never 
sudden or  instantaneous, increase of weight became serious i f  production 
from par t  of the block was stopped for any reason. Weight was influenced 
by rock strength and r a t e  of draw, and the only sure method of combating 
weight was t o  pu l l  ore from the stope as f a s t  a s  caving charac te r i s t i cs  
permitted. To do t h i s ,  repa i r  work was planned and followed through so 
tha t  drawing ore was interrupted a s  l i t t l e  a s  possible. 

SUMMARY CRUSHER PLANT ASSAYS 
S i f t  A B C 

Tot.1 
Total C0pp.r 

T o t ~ l  Skips 
Oxid. " 

Sulphid..' 

With production a t  12,000 tons per 24 hours, ore was drawn on two 8-hour 
s h i f t s .  Repair crews were able to work on the th i rd  s h i f t  without in te r fe r -  
ence from the operating crews, and many repairs  were completed i n  one s h i f t  or  
l e s s  without disrupting drawing schedules. Urgently needed repairs  were 
advanced 24 hours per day u n t i l  completed. Even with t h i s  schedule, a t  times 
i t  was advisable t o  abandon sections of a stope, l e t  the ore pack for  a time, 
and devote a l l  e f f o r t  i n  another section t o  keep up production. 

FLOTATION FEED 
ASSAY 

X 

X 

X 

Stope Performance 

Drawing was under the supervision of stope engineers who inspected the 
stopes da i ly  and issued wri t ten draw orders t ha t  showed the tonnage desired 
from each control ra i se .  A l l  control ra i ses  i n  the stope were numbered, 
s t a r t i ng  i n  the southwest comer ,  and each t ransfer  r a i s e  was numbered. I n  
the gravity stopes,  the draw boss estimated the draw from each point and 



each r a i s e  on each t r i p  . The engineering department received these  r e p o r t s  
and. using the  f igu res  from the draw boss r epor t .  prorated t h e  a c t u a l  ca r  
count back t o  the draw po in t s  and prepared a d a i l y  o r e  r e p o r t  t h a t  recorded 
the  ca l cu la t ed  tonnage drawn from each poin t  ( f i g  . 44) . The sk ips  were 
counted by an automatic counting device.  and t h e  a c t u a l  weight of t h e  o r e  was 
recorded by a weightometer a t  the  head of the  concent ra t ing  p l an t  . Once a 
month. the a c t u a l  tons were prorated back t o  determine t h e  s k i p  and c a r  fac-  
t o r s .  which averaged 10.3 and 3.73 tons of ore  r e spec t ive ly  . 

For grade con t ro l .  a grab  sample was taken from each c a r  a t  t h e  t r a n s f e r  
r a i s e  chute . Check grab samples were a l s o  taken a s  c a r s  were dumped i n  the  
s h a f t  pocket . A weighted average of the  haulage l e v e l  samples gave the  d a i l y  
mine grade and t h i s  was cor rec ted  t o  the  m i l l  grade . Mine grade and the  f l o -  
t a t i o n  feed fo r  a t y p i c a l  period a r e  compared i n  t ab le  11 . A l l  development 
workings were sampled. and o r e  broken i n  d r iv ing  them was included a t  the 
ind ica t ed  grade . Specia l  samples were taken a t  any con t ro l  r a i s e  h e n  d i l u -  
t i o n  was indica ted  . However. because of the  d i f f e r e n c e  i n  t h e  co lor  of o r e  
and waste.  v i s u a l  con t ro l  was q u i t e  e f f e c t i v e  . 

TABLE 11 . . Comparison of mine and m i l l  sampling r e s u l t s ,  
January 1956 

Date Tons 

11. 080 
10. 689 
11. 546 
11. 378 
12. 137 
11. 188 
11. 681 
11. 912 
11. 818 
11. 651 
11. 834 
11. 500 
11. 423 
11. 318 
11. 128 
11. 570 
11. 251 
11. 230 
11. 777 
10.  930 
11. 084 
11. 514 

9. 967 
10. 842 
11. 170 
11. 673 

To 
Mine 

0.603 
. 572 . 627 
. 616 
. 595 
. 623 
. 857 
. 635 . 567 
. 597 
. 702 
. 672 
. 670 
. 706 . 677 
. 652 . 635 . 679 
. 643 . 681 
. 617 . 658 . 639 . 437 
. 697 
. 659 

1 
M i l l  

0.617 
. 621 . 607 
. 6 14 
. 580 
. 595 
. 642 
. 635 . 631 
. 621 
. 601 
. 638 . 576 
. 636 . 633 . 618 . 621 
. 581 . 629 . 582 
. 616 . 663 
. 653 
. 630 
. 634 
. 651 

ercent 
2 
Mine . 

3.438 
. 397 
. 445 
. 441 . 430 . 456 . 618 
. 484 
. 406 
. 465 
. 532 . 506 
. 481 . 533 
. 512 
. 485 
. 494 
. 536 . 489 
. 532 . 486 
. 492 
. 479 
. 470 
. 536 . 530 

. opper 
de 

M i l l  
0.457 . 452 
. 424 . 429 
. 3 95 . 427 . 460 . 474 
. 468 . 477 . 437 
. 437 
. 415 . 456 
. 472 . 476 
. 476 . 456 
. 479 
. 433 
. 487 
. 494 . 503 
. 458 . 457 . 474 

0, 
Mine 
0.165 . 175 
. 182 
. 175 
. 165 
. 168 
. 240 
. 151 . 161 
. 133 
. 170 
. 166 . 190 
. 173 
. 165 
. 167 . 140 . 143 . 154 
. 149 
. 131 
. 166 
. 160 
. 167 . 161 
. 429 

. 
e . 

M i l l  
0.160 
. 169 
. 183 
. 185 
. 185 
. 168 
. 182 
. 161 . 163 
. 144 
. 164 
.201 
. 161 
.170 . 161 . 142 
. 145 . 125 . 150 
. 149 
.129 
. 164 
. 150 . 172 
. 153 . 150 - 



Dilu t ion  from capping was an i n t e g r a l  p a r t  of  mining a t  Miami and was 
compensated fo r  by a n  overdraw. Generally waste began t o  appear i n  a few 
drawpoints when a s tope was about 30 percent  drawn and i n  a n  increas ing  
number of  drawpoints a s  the  draw approached completion. When waste showed i n  
a drawpoint, the con t ro l  r a i s e  was sea led  f o r  a l imi t ed  time, 5 t o  10 days, 
and then reopened; usua l ly  the  waste packed and ore  aga in  could be drawn. As 
the  s tope approached 100 percent  e x t r a c t i o n ,  the  percentage of drawpoints t h a t  
could be cleaned up by t h i s  method decreased. A comparison between t h e  per-  
centage of tons drawn from a s tope  block and the percentage of draw po in t s  a t  
which waste appeared f o r  the  f i r s t  time i s  shown i n  t a b l e  12. 

- 
TABLE 12. - Appearance of  waste i n  drawpoints 

r e l a t e d  t o  s tope  completion 

Percent of 
tons drawn 

0 

e rcen t  of drawpo 
Minimum 

0 
0 
0 
7 

18  
28 
38 
48 
58 
68 
78 

ts showing waste 
Maximum 

0 
3 

12 
25 
35 
47 
59 
70 
82 
92 

100 

Ore was drawn from each chute u n t i l  the  grade of the  o r e  dropped t o  a 
poin t  t h a t  was not  p r o f i t a b l e .  This u sua l ly  did not  occur u n t i l  a f t e r  100 
percent of  the  ca l cu la t ed  o r e  was drawn. This cut-off  po in t  was f ixed  f o r  
each s tope  by the  minimum p r o f i t  requi red .  P r o f i t  depended on t h e  c o s t  of  
opera t ion  i n  the p a r t i c u l a r  s tope ,  market p r i c e  of  meta l ,  capac i ty  of the  
treatment p l a n t ,  and r a t i o  o f  oxide t o  s u l f i d e  copper minerals .  

Ex t rac t ion  

The e x t r a c t i o n  obtained i n  mining more than 108 m i l l i o n  tons of o r e  by 
block-caving method i s  shown i n  t a b l e  13. The performances of t y p i c a l  s topes  
us ing  f u l l  g r a v i t y ,  shaker conveyor, and scraper  t r a n s f e r  a r e  compared i n  
t a b l e  14. The items of  tonnage, grade and copper e x t r a c t i o n  show the  a c t u a l  
content  of o r e  recovered expressed as  a percentage of  the ca l cu la t ed  content  
of t h e  r e se rve .  

The inf luence  of  caving r a t e s  on copper and tonnage e x t r a c t i o n  was d i s -  
cussed i n  the  s e c t i o n  of t h i s  r e p o r t  on ore  production and i l l u s t r a t e d  by the 
da ta  on r ep resen ta t ive  s topes  i n  t ab le  9. 

As shown i n  t a b l e  13,  about  81  percent  of the  ca l cu la t ed  copper content  
of the o r e  body was contained i n  t h e  ore  mined, and t h e  mining l o s s  was 19 
percent .  Estimates i n d i c a t e  t h a t  15 percent  of the  t o t a l  copper remaining 
(81 percent  of  19 percent)  was i n  p i l l a r s ,  and 4 percent ,  d i l u t e d  with waste,  



was l e f t  i n  the  s topes  . Much of t h i s  copper w i l l  be even tua l ly  recovered by so lu -  
t i o n  mining along with some copper from t h e  capping . 

TABLE 13 . . Extrac t ion .  block-caving method 

Ex t rac t ion .  percent  
Tonnage l ~ r a d e  lcopper 

720 s t o p e s  ............. 
720 p i l l a r s  ............ 

T o t a l .  720 l e v e l  .... 
1000-level  s topes  ...... 
1000-level  p i l l a r s  ..... 

T o t a l  1000 l e v e l  .... 
T o t a l  o r  average 

both l e v e l s  ........ 

40.577. 000 
7.130. 000 

47.707. 000 

TABLE 14 . . Performance of t y p i c a l  s topes  

'443;367 
737. 524 
660. 682 
580. 376 
640. 410 
924. 936 

sker  conve 
1.032. 159 

183. 651 
425. 531 

1.077. 637 
752. 425 
559. 237 

49.204. 000 
11.164. 000 
60.368. 000 

108.075. 000 

I Length of I Expected 
copper 
I Grade 

Block 

535. 071 

Scraper 
134 .............. 1 15 1 380.265 

copper 
0.878 
. 859 
. 875 

. 
draw. percent  
months Tons 

. 741 

. 747 

. 742 

. 801 

1.487. 850 
1.646.855 

Ex t rac t ion .  percent  

40.522. 000 
- 

40.522. 000 

Tons 

54.937. 000 
1.752. 000 

56.689. 000 

97.211. 000 

copper 
0.763 
. 
. 763 

Grade 

. 692 

. 716 

. 693 

. 722 

Copper 

99.87 
. 

84.93 

111.65 
15.69 
93.90 

89.94 

86.90 
. 

87.20 

86.79 
. 

74.06 

93.39 
95.85 
93.93 

90.14 

104.27 
15.04 
87.69 

81 . 07 



SOLUTION M I N I N G  

Some minerals  and metals  can be d isso lved  with s u i t a b l e  so lven t  so lu t ions .  
Many minerals  of copper a r e  so luble  i n  a d i l u t e  s o l u t i o n  of  s u l f u r i c  ac id .  
Some copper o r e  bodies a r e  i n  porphyry, g r a n i t e ,  o r  o t h e r  c r y s t a l l i n e  rocks 
t h a t  a r e  not  a c i d  consuming. Af ter  ore  bodies of t h i s  type a r e  wel l  broken, 
s u l f u r i c  ac id  so lu t ions  appl ied  a t  t h e  su r face  pe rco la t e  through t h e  o r e  d i s -  
so lv ing  the  copper and a r e  c o l l e c t e d  a t  t h e  bottom. The copper is  recovered 
from the so lu t ion .  This method of e x t r a c t i n g  va luable  minerals  from t h e  e a r t h  
has  been c a l l e d  " i n  s i t u  o r  i n  place leaching and s o l u t i o n  mining." 

- The Miami ore  body was broken and f r ac tu red  by the  removal of 153 mi l l i on  
tons of o r e  by the caving method. In-p lace  leaching of copper was s t a r t e d  i n  
1940 i n  some underground a r e a s  where workings had been abandoned. By 1956, 
production of copper by t h i s  method had reached an annual r a t e  of  6,653,000 
pounds, o r  17 percent  of the  mine t o t a l .  The p r e c i p i t a t i n g  p l an t  was enlarged 
during the  l a s t  years  of the block-caving opera t ion .  Af t e r  1959 the  mine pro- 
duced a t  the r a t e  of about 18  mi l l i on  pounds of copper per year  by s o l u t i o n  
mining and by 1962 had produced 140 m i l l i o n  pounds of copper by t h i s  method. 

The leach cycle s t a r t e d  with p repa ra t ion  of  leaching s o l u t i o n .  Leach 
l iquor  from t h e  p r e c i p i t a t i o n  p l a n t ,  about 2,000 ga l lons  per minute, was mixed 
with f r e s h  wash water ,  pumped t o  a tank above the  mine a r e a ,  and s u l f u r i c  ac id  
was added i n  a lead- l ined  box a t  the discharge.  Acid s t r e n g t h  of about 10 
pounds per  ton of water was requi red  because Miami o r e  d i d  n o t  con ta in  enough 
s u l f i d e  mineral  t o  oxid ize  and furn ish  t h e  ac id  necessary t o  leach  copper 
minerals .  

The a c i d i f i e d  leach  s o l u t i o n  flowed by g r a v i t y  through 3-inch polyethyl-  
ene pipes t o  the  mining a rea  and was d i s t r i b u t e d  over the subsided su r face  
through a system of  f l e x i b l e  p l a s t i c  pipe with branches t h a t  were s h i f t e d  a t  
w i l l  t o  reach d i f f e r e n t  po in t s  above the  o r e  body. F i n a l  d i s t r i b u t i o n  was 
through sprays a t  the  po in t  o f  app l i ca t ion .  Water l o s s  by evaporat ion was 
about 10 percent .  Approximately t h i s  amount i s  added t o  the c i r c u i t  when 
copper p r e c i p i t a t e s  a r e  washed. 

Leach s o l u t i o n  passed f r e e l y  through the  barren capping of t h e  o r e  body 
without s i g n i f i c a n t  ac id  l o s s .  On the  southeas t  s i d e  of  t h e  mining a r e a ,  the 
o r e  body was covered with a s  much a s  150 f e e t  of G i l a  conglomerate, which con- 
sumed an excessive amount o f  a c i d .  To e l imina te  the  l o s s ,  the  d i s t r i b u t i o n  
pipes were extended t o  the underlying s c h i s t - g r a n i t e  complex through 6-inch 
r o t a r y  d r i l l  ho le s  through t h e  conglomerate. 

Af ter  f i l t e r i n g  through the  caved s topes ,  the pregnant leach s o l u t i o n  
was gathered i n  d i t ches  on t h e  1000 l e v e l  of t h e  mine, conducted t o  a sump, 
and pumped through No. 5 s h a f t  t o  su r face .  Pour v e r t i c a l ,  1,000-gallons-per- 
minute, s t a i n l e s s - s t e e l  pumping u n i t s ,  powered with 300-hp motors and operat-  
ing  aga ins t  a 700-foot head, re turned  t h e  s o l u t i o n  t o  the  su r face  through a 
12-inch diameter s t a i n l e s s - s t e e l  pipe.  

The copper-bearing s o l u t i o n  contained about 4.28 pounds of copper per ton 
of  so lu t ion  and a t r a c e  of  a c i d  as  i t  reached t h e  p r e c i p i t a t i o n  p l a n t .  About 



99 percent  of the  copper was recovered i n  a system of  launders  by p rec ip i t a -  
t i o n  from so lu t ion  on shredded i r o n .  The launders a r e  arranged i n  sec t ions ;  
one s e c t i o n  was bypassed while  the  p r e c i p i t a t e d  copper s ludge (cement copper) 
i n  it was f lushed with a s t ream of  high-pressure water through a wood screen  
in  t h e  bottom. The cement copper was conducted t o  an open cement s e t t l i n g  
pad where it was allowed t o  d ry .  Dried copper sludge was loaded i n t o  r a i l r o a d  
c a r s  with a f r o n t  end loader  and shipped t o  a smelter  f o r  f u r t h e r  t reatment .  
The d r i e d  p r e c i p i t a t e s  contained about 13.5 percent  moisture and 79 percent  
copper.  

I r o n  f o r  p r e c i p i t a t i o n  was i n  the  form of detinned and shredded sc rap  
cans purchased i n  carload q u a n t i t i e s  from l a rge  c i t i e s .  The shredded scrap 
i r o n  was charged with a magnet-equipped crane from s t o c k p i l e s  i n t o  a hopper 
which fed a b e l t  conveyor t r a v e l i n g  over the cen te r  of the  p r e c i p i t a t i o n  
launders .  A t  Miami, about 1 . 3  pounds of  prepared scrap  and 2.4 pounds of  
s u l f u r i c  ac id  was requi red  per pound of copper produced. 

CAVING MECHANICS 

The ground movement and subsidence a t  the  Miamimine has been described 
by ~acLenna+ and Fle tcher  .2 

Af ter  a block was undercut ,  t h e  back of  the  s tope ,  a c t i n g  a s  a loaded 
beam, began t o  f a i l  because the  span of the  undercut was too g r e a t  f o r  the 
s t r e n g t h  of the  rock.  The back o r  roof of the  s tope  formed a dome (conrmonly 
c a l l e d  a rch )  which continued t o  f a i l .  For t h e  average block a t  Miami t h i s  
dome progressed upward a t  5 o r  6 f e e t  per  day when o r e  was drawn a t  9 inches 
per  day. Smaller blocks,  o r  those i n  harder  ground, caved more slowly. The 
cave boundary remained i n s i d e  of the  v e r t i c a l  s tope boundary. 

The crown of the  dome reached the  capping before t h e  haunches; thus ,  f o r  
a per iod ,  the  waste from the  crown f e l l  i n t o  and d i l u t e d  the  ore  from the  
haunches. When the  crown of  t h e  dome reached the  su r face ,  the f i r s t  v i s i b l e  
s i g n  was a breakthrough 20 o r  30 f e e t  i n  diameter .  

The cave reached the su r face  from s topes  on the 1000 l e v e l  a f t e r  11 t o  25 
percent  of the  ore  was drawn. The rock surrounding t h e  s tope  was under 
s t r e s s ,  and tens ion  cracks developed on the  su r face  around a caved area  ( f i g .  
45) .  The l i n e  from the  ou t s ide  su r face  crack t o  the  edge of the  undercut was  
about 50 degrees from the ho r i zon ta l  f o r  a l a rge  a rea  but  was s t eepe r  f o r  a 
s i n g l e  i s o l a t e d  block. Experiments with the  flow of in-place-leaching solu-  
t i o n  ind ica t ed  t h a t  these  cracks were su r face  phenomena and d id  not  extend 
i n  depth ( f i g .  46). No cracks were observed underground alongside the caved 
block. 

26MacLennan, F. W. Subsidence From Block Caving a t  Miami Mine, Ariz.  Trans. 
AIME, Yearbook 1929, pp. 167-178. 

2 6 F l e t c h e r ,  J. B. Ground Movement and Subsidence From Block Caving a t  Miami 
Mine. Presented a t  Annual Meeting AIME, San Francisco ,  C a l i f . ,  
Feb. 15, 1959, 28 pp. 
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FIGURE 45. - Surface Cracks Around Caved Stopes. 
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FIGURE 46. - Route of Leach Water After Entering Surface Crocks. 

A dome (arch) s t r u c t u r e  i n  broken o r e  over  a s i n g l e  drawpoint a t  Miami 
would not  support i t s e l f  over a wide span, and consequently p ipes  had very 
small  diameters.  Broken o r e  descending i n  a pipe occupied the same volume 
i n  the pipe as  i n  t h e  s tope and the re  was no r e s u l t i n g  volume inc rease  o r  
buildup of ma te r i a l  i n  the  pipe t o  eventua l ly  support  the  dome and s top  the  
piping a c t i o n .  Consequently, p ip ing ,  once s t a r t e d ,  would progress  r ap id ly  
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FIGURE 47. - Mine Organization Chart. 

upwards through the waste capping to  surface and, i n  the process, bring down 
a cer ta in  amount of waste t o  mix with and d i l u t e  the ore. Piping was pre- 
vented by uniform draw from a l l  drawpoints and by spacing drawpoints closely.  

MINE ORGANIZATION 

During the period of underground mining, M i a m i  Copper was one of three 
mining divisions of M i a m i  Co~ver  Co. The other two were C o ~ ~ e r  Ci t ies  and - - - . . 
Castle Dome. The M i a m i  Copper division operated the block-caving mine a t  
M i a m i ,  Ariz. Copper concentrates from the Miami mine were smelted and refined 
under contract on a t o l l  basis.  The copper and molybdic tr ioxide was sold by 
a subsidiary company, the Adolph Lewisohn Sell ing Corp. Another subsidiary 
company, the Chester Cable Corp., manufactured a wide var ie ty  of products. 

The organization of the mining department of M i a m i  Copper divis ion i s  
shown on figure 47. The organization and supervision by engineers and bosses 
was one of the important factors  in  the success of the operation. About 45 
bosses plus 12 engineers supervised 475 day's pay men. The engineers'  and 
mine bosses' dut ies  were overlapping and cooperative. The engineers prepared 
stope-draw orders,  planned development and repa i r  sequence, drew up work 
specifications,  and supervised bonus contract ra tes  and payments. The bosses 
and foremen ass i s ted  and followed through with these plans and supervised the 
men. 



Mine labor requirements for 1954-56, in terms of production per stope 
employee, production per mine employee, and average daily man-shifts are 
given in tables 15, 16, and 17. 

TABLE 15. - Production per stope employee, 1954-56 

S tope 

124. .......................... 
125. .......................... 
302... ........................ 
303.. ......................... 
304. .......................... 
305 ........................... 
308.................. ......... 
309......... .................. 
312. .......................... 
310 ........................... 
316......... .................. 
All stopes .................... 

............ Tons mined per day 

Tonr 
1954 
246 
194 - 
189 
- 
- 
- 
- 
304 - 
- 
178 

11,937 

Jer man-shi 
1955 
217 
167 
- 
204 
197 
188 
223 - 
219 - 
- 
164 

11,970 

TABLE 16. - Production per mine employee, 1954-56 
Operation 

TABLE 17. - Average daily man-shifts, 1954-56 

Tons per man-shift 
1954 I 1955 I 1956 

- ....................... Haulage 
Miscellaneous services........ 

...................... All mine ............ Tons mined per day 

Average daily man-shifts I 1954 1 1955 I 1956 
Mining ........................ I 234 205 173 

Mining ........................ I 5 1 5 9 72 
66 
95 
22 

11,937 

WAGE, CONTRACT, AND BONUS SYSTEMS 

- 
Haulage ....................... 
Miscellaneous services ........ 
Total ......................... 
Tons mined per day ............ 

Engineers, foremen, and supervisors were on a monthly salary. Labor and 
skilled employees were on a day's-pay or hourly rate. All employees received 
paid vacations and participated in a retirement plan. Day's-pay employees 
were members of a union. Labor contracts were negotiated between union and 
company. 

75 
103 
25 

11,970 

Generally, development, stope preparation, and some repair work was done 
on incentive-bonus contract. A rate for units of work was set by the engineer, 
and an agreement was made with the employee, who then completed the job and was 

83 
104 
2 8 

1,2147 

179 
126 
53 9 

11,937 

161 
116 
482 

11,970 

149 
119 
441 

12,417 



paid f o r  the  number of u n i t s  completed. The employee was guaranteed base pay 
a t  h i s  regular  r a t e ,  which was $18.86 per  s h i f t  f o r  miners during 1957. The 
con t rac t  system gave good r e s u l t s ;  development work was completed more r a p i d l y ,  
and mining c o s t s  were reduced. I n  gene ra l ,  miners who worked on con t rac t  
earned more than wages. Resul t s  f o r  one s tope  a r e  i l l u s t r a t e d  i n  t a b l e  18. 

The crew on a given incentive-bonus con t rac t  performed a l l  d i r e c t  l abor  
such a s  d r i l l i n g ,  b l a s t i n g ,  loading, and p lac ing  t imber,  but  s e rv ices  such as 
moving-in supp l i e s  and haulage were c l a s s i f i e d  a s  i n d i r e c t  labor  and done by 
day's-pay employees. The labor  performance f o r  some t y p i c a l  opera t ions  i s  
shown i n  t a b l e  19. 

TABLE 18. - Typical cont rac t - labor  earnings 

TABLE 19. - Performance da ta  f o r  development work 

Labor, man-shif ts  
Direc t  I ~ n d i r e c t  I Tota l  

Contract  earn ings  i n  
percent  of base pay 

209 
168 
206 
222 

........... Haulage d r i f t  
Transfer  r a i s e . .  ........ 
Control r a i se . . . .  ....... 
Undercut d r i f t . . . . . . . . . .  

I I I I l labor  I labor  
Fringe, s c rape r ,  and I I - .  
g r i z z l y  d r i f t . . . . . . . . . .  

Haulage d r i f t . .  ......... 
Transfer  r a i s e . . . . . . . . . .  
Control r a i s e . .  ......... 
Undercut d r i l l i n g  ....... 
Undercut p i l l a r s  ........ 
l Square f e e t  . 

Feet  
completed 

2,203 
7,879 

19,004 
11,662 

SAFETY, FIRE PREVENTION, AND FIRST A I D  

Feet  pe r  man-shift  
of con t r ac t  labor  

1.27 
2.02 
6.23 
4.01 

Safe ty  was the  primary r e s p o n s i b i l i t y  of the supervisor ,  foreman, o r  
engineer who was i n  charge of  a job o r  a c t i v i t y .  A s a f e t y  engineer  was 
employed, but  h i s  d u t i e s  were advisory only.  Any v i o l a t i o n  of  s a f e  p r a c t i c e  
received prompt a t t e n t i o n  and co r rec t ion  by the  foreman. The e x c e l l e n t  s a f e t y  
record a t  Miami, which meri ted award of t h e  Joseph A .  Holmes Safe ty  Associa- 
t i o n ' s  C e r t i f i c a t e  of Honor, has  been a t t r i b u t e d  t o  c a r e f u l  s a f e t y  planning 
and cooperat ion by employees, foremen, engineers ,  and management. 

Af ter  1919, mine-rescue work and f i r s t - a i d  t r a i n i n g  a t  the  Miami mine was 
provided by a cooperat ive a s soc ia t ion  organized by t h e  various mine ope ra to r s  
of the  Globe-Miami d i s t r i c t .  A c e n t r a l  mine-rescue s t a t i o n  was b u i l t  and 
equipped by t h e  member companies, and mine-rescue and f i r s t - a i d  t r a i n i n g  i n  
accordance with Bureau of  Mines s tandards was given by f u l l - t i m e  employees 
of the  Associat ion.  A mine-rescue team of  15 men t r a ined  r egu la r ly  and 



f i r s t - a i d  t r a i n i n g  was of fered  and reconnnended t o  a l l  employees. Bureau of  
Mines mine-rescue and f i r s t - a i d  c e r t i f i c a t e s  were awarded q u a l i f i e d  t r a i n e e s .  
The opera t ion  of  t h e  Associat ion has  been described by Look and Van Fleet.27 

I n  a d d i t i o n  t o  t h e  equipment a v a i l a b l e  a t  t h e  c e n t r a l  s t a t i o n ,  a s p e c i a l  
rescue ca r  was kept  i n  readiness  a t  the  sur face  p l a n t  of the  Miami Copper 
Co. 's No. 5 s h a f t  ( f i g .  48). It was equipped with 10 McCaa 2-hour oxygen- 
brea th ing  appara tus ,  a power saw, d r i l l ,  a i r  hose ,  and adapter  f i t t i n g s  f o r  
a l l  s i z e s  of pipe i n  the mine. 

A l l  men t r a ined  i n  f i r s t - a i d  c l a s s e s  were paid t h e i r  r egu la r  hourly r a t e  
and on completing the  t r a i n i n g  were awarded c e r t i f i c a t e s .  A l l  f i r s t - a i d  sup- 
p l i e s  were purchased by the  Associat ion and d i s t r i b u t e d  t o  the  member com- 
panies .  Miami Copper Co. maintained f i r s  t - a i d  cabine ts  a t  various s t r a t e g i c  
loca t ions  i n  mine and sur face  p l a n t ,  and c e r t a i n  designated employees were 
charged with the r e s p o n s i b i l i t y  of  keeping the  cabine ts  stocked. 

F i r e  f i g h t i n g  equipment was provided near  t h e  p r i n c i p a l  bui ld ings  on the  
su r face ,  and por t ab le  ex t inguishers  of a s u i t a b l e  type were placed near  oper- 
a t i n g  machinery and equipment. 

Miami Copper Co. and I n s p i r a t i o n  Consolidated Copper Co. j o i n t l y  opera te  
a modern f i f ty -bed  h o s p i t a l  f u l l y  approved by the  American College of Surgeons, 
and a modern c l i n i c  on the  Globe-Miami Highway. These f a c i l i t i e s  not  only 
serve  i n d u s t r i a l  cases but  provide genera l  medical ca re  f o r  employees, t h e i r  
f a m i l i e s ,  and the c o n u n i t y .  

P a r t i c u l a r  a t t e n t i o n  was given t o  s to rage ,  handling,  and use of explo- 
s i v e s .  Two explosives-storage magazines on su r face ,  constructed according 
t o  Bureau of  Mines standards;?' were stocked with 30-ton l o t s  a t  a time. 
Dynamite was i ssued  from a s i n g l e  magazine u n t i l  i t  was emptied. A magazine 
was normally emptied i n  about 3 months and when empty was thoroughly cleaned 
and inspected.  Newly purchased s tock  was always placed i n  a completely 
emptied and cleaned magazine. This procedure insured us ing  the  o l d e s t  dyna- 
mi t e  f i r s t .  Detonators and fuses were s t o r e d  i n  an a u x i l i a r y  magazine. 

Dynamite was received i n  r a i l r o a d  c a r s  and t ranspor ted  t o  the s torage  
magazines i n  p l a i n l y  marked t rucks  grounded fo r  p ro tec t ion  from s t a t i c  e l ec -  
t r i c i t y .  It was hauled t o  the  headframe d a i l y  and t r ans fe r r ed  t o  a wood-lined 
c a r  t h a t  was lowered without any person on the cage. A 24-hour supply was 
s t o r e d  i n  locked underground magazines. Dynamite was issued from the  magazine 
only  on w r i t t e n  orders  signed by t h e  bosses and c a r r i e d  from the  magazine t o  
t h e  place of use i n  sacks provided e s p e c i a l l y  f o r  t h a t  purpose. 

27Look, Allan D . ,  and L. A .  Van F l e e t .  Cent ra l  Mine Rescue S t a t i o n ,  Globe- 
Miami D i s t r i c t  Mine Rescue and F i r s t  Aid Associa t ion ,  Globe, Ariz .  
BuMines I n f .  Ci rc .  7577, 1950, 20 pp. 

2 ' ~ a r r i n g t o n ,  D . ,  and J. H. E a s t ,  Jr. Safe Storage,  Handling, and Use of 
Commercial Explosives i n  Metal Mines, Non-Metallic Mines, and Quarr ies  
BuMines I n f .  Circ .  7674, 1954, 28  pp. 
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FIGURE 49. - Switch and Wiring Diagram Showing Permanent Blasting Circuit for Stopes. 



E l e c t r i c  b l a s t i n g  was used almost exc lus ive ly  and a separa te  b l a s t i n g  
c i r c u i t  was provided. Figure 49 shows a permanent c i r c u i t  f o r  b l a s t i n g  i n  
s topes .  A l l  underground e l e c t r i c  wir ing and equipment was checked pe r iod ic -  
a l l y ,  and de tec t ion  of e l e c t r i c a l  leaks  and f a u l t s  was insured by a r i g i d  
maintenance p a t r o l .  

An e f f o r t  was made t o  e l iminate  a l l  hazards and t o  provide s a f e  working 
condit ions.  Each employee was given a s e t  of  i n s t r u c t i o n s  and r u l e s  covering 
h i s  job. The foreman a s s i s t e d  the employee by expla in ing  the r u l e s ,  then 
questioned and observed t h e  ac t ions  of the  employee t o  make c e r t a i n  t h a t  he 
understood and appl ied  these r u l e s  i n  h i s  work. F a i l u r e  t o  observe the  r u l e s  
was v a l i d  cause fo r  d i s c i p l i n a r y  a c t i o n ,  including discharge.  

MINE VENTILATION 

The temperature i n  mine workings ranged from 70' t o  80- F and humidity 
from 80 t o  90 percent .  Rock temperature was 70°, and temperature ou t s ide  the  
mine ranged from 13O t o  l l O o  F. No at tempt was made t o  con t ro l  t h e  humidity 
o r  temperature of the a i r ;  v e n t i l a t i n g  a i r  de l ive ry  was planned t o  provide 
300 cfm per man. A i r  p ressure  was maintained a t  about 10 inches water  gauge, 
and a i r  v e l o c i t y  i n  the  g r i z z l y  d r i f t s  was about 40 f e e t  per minute. 

The most c r i t i c a l  a r eas  t o  v e n t i l a t e  were the  draw p o i n t s ,  b e l t  dumps, 
and haulage-level  chutes .  A i r  passed from f r i n g e  d r i f t s  i n t o  g r i z z l y  d r i f t s  
and down r a i s e s .  Water sprays were used a t  c r i t i c a l  poin ts  i n t e r m i t t e n t l y  t o  
s e t t l e  d u s t .  Fresh a i r  en tered  No. 9 and No. 5 s h a f t s  and was d i r e c t e d  
through the  mine by b r a t t i c e s  and doors.  Small blowers and tubing were used 
i n  development headings, and compressed a i r  i n j e c t o r s  were used t o  improve 
temporary l o c a l  condit ions.  A i r  was exhausted from the  mine through the  No. 7 
s h a f t  by a 150-hp v e n t i l a t i n g  fan turn ing  a t  325 rpm. Excess compressed a i r  
was ava i l ab le  and was used f r e e l y  t o  supplement o the r  v e n t i l a t i o n .  

POWER 

Most of  the power used i n  the Miami block-caving opera t ion  was generated 
i n  a company p l a n t .  I n  the f i r s t  p l a n t ,  completed i n  1912, f i v e  o i l - f i r e d  
bo i l e r s  r a t e d  a t  600 hp each furnished steam f o r  engine-driven genera tors  and 
a i r  compressors. As  the demand f o r  e l e c t r i c a l  energy increased ,  the p l an t  was 
expanded and modernized. I n  1959, i t  cons is ted  of  modern steam-turbine-driven 
generators  connected t o  four superheated gas - f i r ed  b o i l e r s  de l ive r ing  steam a t  
425 p s i .  E l e c t r i c  power was generated and d i s t r i b u t e d  a t  6,600 v o l t s  i n  a 3- 
phase, 25-cycle system. Lines were connected t o  t h e  S a l t  River Valley Water 
Users system from Roosevelt Dam f o r  emergency se rv ice .  The production and 
d i s t r i b u t i o n  of e l e c t r i c  power f o r  1956 i s  shown i n  t a b l e  20; i n  t h a t  yea r ,  
98.27 percent  of the parer  consumed was generated by the  company, and the  
remainder was purchased. 

I n  add i t ion  t o  direc. t  use f o r  genera t ion  of e l e c t r i c  power, steam and gas 
were used i n  various p a r t s  of  the mine p l an t  f o r  hea t ing  and processing.  The 
amount of  steam and gas used i n  t h i s  way i n  a typ ica l  month i s  shown i n  t ab le  
21. 



TABLE 20 . . Elec t r i c  power d is t r ibut ion .  1956 

I Kwhr 
Mine : 

Drawing ore ....................................... 
Elec t r i c  haulage .................................. 
Handling men and supplies ......................... 
Venti lat ion and san i t a t ion  ........................ 
Underground l ight ing  .............................. 
Hoisting expense .................................. 
Engineering and sampling .......................... 
Mine surface ...................................... 
Mine machine shop ................................. 

Total mine ..................................... 
Mine and m i l l :  

Total mine ........................................ 
Sales and sani ta t ion  .............................. 
Total m i l l  and crusher ............................ 
Total  leaching .................................... 

........................................... General 
Pumping and water ................................. 
Total molybdenum plant  ............................ 

Total power used ............................... 
TABLE 21 . . Steam and gas d i s t r ibu t ion  for  a typica l  month 

Mine change room ....................... 
Sample drying .......................... 
Y.M.C.A ................................ 
Assay o f f i ce  ........................... 
Molybdenum plant ....................... 
Concentrator shops ..................... 

............................. Mine shops 
Concentrator ........................... 
Hospital ............................... 

................................ Crusher 

Steam. 
pounds 
451. 840 
169. 440 
720. 120 
70. 600 

3.197. 700 
. 
. 
. 
. 
. 

Gas. 
mil l ion Btu 

. 

. 

. 

. 
423 

40 
135 
46 
30 

A i r  was compressed a t  the powerhouse and piped t o  the mine and plant  . 
Capacity was developed to  support a mine production of 18. 000 tons per day. 
and a t  the ac tua l  r a t e  of 12. 000 tons per day. exceeded demand . The com- 
pressed a i r  d i s t r ibu t ion  for a typical  year i n  the plant  is shown i n  table  22 . 

TABLE 22 . . Compressed a i r  d i s t r ibu t ion .  1956 

Cubic f e e t  
Mine ven t i l a t ion  ................................... 188.911. 500 
A i r  d r i l l s  ......................................... 44.625. 000 
Concentrating plant  ................................ 44.007. 000 
Crusher ............................................ 5.811. 000 

.............................................. Shops 577. 500 
Molybdenum conditioning ............................ 3.744. 000 

Total  ........................................... 288.676. 000 



WATER SUPPLY 

Mil l ing  requi red  l a rge  q u a n t i t i e s  of water ,  and the  Miamimine produced 
very l i t t l e .  Enough t o  supply e a r l y  opera t ions  was obtained frbm we l l s  i n  
gravel  along Miami Wash. When plans were made f o r  p l a n t  expansion, add i t iona l  
water was requi red ,  and i n  1918 an agreement was made to  purchase water from 
the Old Dominion mine i n  Globe from which an average of 3,730,000 ga l lons  of 
water was pumped d a i l y  during opera t ion .  While the  Old Dominion mine was 
a c t i v e ,  enough water  was obtained from t h e  lower workings of  t h i s  mine t o  
supply the Miami mine. 

Af ter  the Old Dominion mine was closed i n  1931, Miami again was s h o r t  of 
water.  Addit ional  wel l s  were d r i l l e d ,  and a 180-foot diameter dewatering tank 
was b u i l t  t o  recover  water from the  t a i l i n g s .  I n  the  spr ing  of  1940 the water 
shortage became s o  acute  t h a t  production was s e r i o u s l y  threatened,  and the  Old 
Dominion mine was purchased. This source provided a n  ample supply f o r  capac- 
i t y  opera t ion  a t  t h e  Miamimine and a l s o  a p a r t  of  the  water f o r  t h e  Cas t le  
Dome and Copper C i t i e s  opera t ions .  

SERVICE FACILITIES 

The mine se rv ice  f a c i l i t i e s  cons is ted  of  blacksmith, welding, machine 
shops and a timber-framing shed. Separate  a r e a s  were provided f o r  c a r  r e p a i r ,  
scraper  h o i s t ,  and mucking machine r e p a i r ,  a i r  d r i l l  r e p a i r ,  and p a r t s  s torage .  
The mine shops were supervised by a master mechanic who a l s o  supervised the 
underground mechanics. Many minor r e p a i r s  were made i n  se rv ice  shops 
underground. 

After  throwawaybits were adopted, blacksmith work cons is ted  mainly of  
d r i l l - r o d  conversion, sharpening pick b a r s ,  and miscellaneous work. 

The mine machine shop was equipped with 14- and 20-inch l a t h e s ,  shaper ,  
hydraul ic  p re s s ,  r a d i a l  d r i l l ,  and pipe and b o l t  machines. Mine work t h a t  
could not  be handled with t h i s  equipment was taken t o  the general machine shop. 

Scraper h o i s t s  were brought t o  the  su r face  f o r  cleanup and se rv ice  a f t e r  
completing a block. With the increase  i n  the  number of these  machines, t h i s  
became an important p a r t  of t h e  mechanical r e p a i r  work. 

Ore ca r s  were inspected twice a month underground, and bearings were 
greased once every 60 days. A l l  c a r  r e p a i r s  were made i n  the mine shops on 
sur face ,  which were equipped to  change and t u r n  wheels and r ebu i ld  ca r  bodies.  

Timber f o r  mine use was prepared i n  a timber-framing shed adjacent  t o  a 
r a i l r o a d  spur where lumber from the  Northwestern S t a t e s  could be unloaded 
d i r e c t l y  from f r e i g h t  c a r s  and s tored  i n  a convenient a rea .  Timber was pre- 
pared i n  accordance with d a i l y  orders  given by the  supply engineer  t o  t h e  
framing-shed foreman. Orders were loaded on timber c a r s  a t  the  framing shed, 
hauled t o  No. 5 s h a f t  through the  320-level a d i t  and de l ivered  t o  designated 
locat ions underground. 



Timber consumption a t  Miami had a s u b s t a n t i a l  range i n  q u a n t i t y  depending 
on t h e  r a t e  of new development. I n  1956, consumption was 1.47 board f e e t  per 
ton of o r e ,  o r  nea r ly  double the  0.79 board f e e t  per  ton of o r e  i n  1957. The 
q u a n t i t y  of timber used f o r  ground support  a t  Miami during 1956 i s  shown i n  
t a b l e  23. 

TABLE 23. - Timber used underground, 1956 

~ ~ 

Other. . . . .  ..................... 
Tota l  ....................... 

Board f e e t  per  ton ............. 1.47 1 

Percent of 
t o t a l  

56.6 
39.9 

New development.. .............. 
R e ~ a i r  ......................... 

A l l  timber used i n  permanent openings were pressure  t r e a t e d  with a pre-  
s e rva t ive  so lu t ion  of s a l t s  composed of 35.6 percent  chromate, 23.8 percent  
sodium f l u o r i d e ,  23.8 percent  disodium hydrogen a r sena te ,  11.8 percent  
d in i t rophenol ,  and 5.0 percent  i n e r t  matter. The a r s e n i c  content ,  a l l  i n  
water  so luble  form, was equiva lent  t o  9.5 percent  m e t a l l i c  a r s e n i c .  

Quanti ty,  
board f e e t  
3,122,080 
2.188.266 

The p rese rva t ive  so lu t ions ,  made up i n  the r a t i o  of  17.5 pounds of s a l t s  
t o  LOO ga l lons  of  water ,  was mixed and heated t o  80" C i n  a v e r t i c a l  pressure 
tank.  Timber, loaded on c a r s ,  was charged i n t o  a ho r i zon ta l  pressure tank,  
t h e  tank was sea l ed ,  and the preserva t ive  s o l u t i o n  was then charged i n t o  t h e  
tank a t  150 p s i .  Treatment required about 6 hours .  About 2,800 t o  3,000 
board f e e t  were t r e a t e d  per  s h i f t ,  and about  500 ga l lons  of  s o l u t i o n  was 
consumed. 

CONCENTRATING PLANT 

Although development and opera t ion  of  the  mine by advanced engineering 
and operat ing techniques were important i n  reducing c o s t s  a t  Miami, the devel-  
opment of  a s u i t a b l e  me ta l lu rg ica l  process and concent ra tor  opera t ing  tech- 
nique were equa l ly  important.  When copper was s e l l i n g  f o r  10 cen t s  per pound, 
Miami Copper Co. t r e a t e d  ore  g iv ing  a n e t  y i e l d  of  10.55 pounds per  ton. 
Throughout the  long l i f e  of the  ope ra t ion ,  continued improvements i n  treatment 
p r a c t i c e s  were made t o  t r e a t  o r e  with decreasing copper content  p r o f i t a b l y .  
I n  1956, when a l l  bu t  a f r a c t i o n  of the  o r e  came from the  low-grade o r e  bodies ,  
t h e  mine produced 3,812,165 tons of ore  from which 31,911,120 pounds of copper, 
o r  8.37 pounds per  ton ,  was recovered i n  the concentrator  ( f i g .  50) .  

Ore dress ing  techniques followed t h e  mineral  i n d u s t r i e s '  advances i n  
m i l l i n g  p r a c t i c e s .  Modif icat ions of processes were necess i t a t ed  by the  chang- 
ing  charac ter  of o r e  from r e l a t i v e l y  high-grade cha lcoc i t e  t o  cha lcoc i t e  
deposited a s  a t h i n  f i l m  on p y r i t e  disseminated i n  low-grade ore  and from 
s t r a i g h t  s u l f i d e  ores  t o  mixed su l f ide-oxide  o res .  

A molybdenum content  i n  the  s u l f i d e  o r e  est imated a t  an average of 0.01 
percent  was f i r s t  recovered i n  1937 by s e l e c t i v e  f l o t a t i o n  of copper 
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TABLE 24 . . Mining c o s t s  

Amortization of prel iminary development .................... 
Remaining development (stope prepara t ion)  .................. 
Operating s toping  .......................................... 
E l e c t r i c  haulage ........................................... 
General underground ........................................ ........................................... Mine v e n t i l a t i o n  
Underground l i g h t i n g  ....................................... ................................................... Hoist ing 
Engineering and sampling ................................... 

....................................... Mine su r face  expense ............................................ Total  mining 

TABLE 25 . . Concentrating c o s t s  

Coarse crushing and conveying ............................. 
Grinding .................................................. 

................................................. F l o t a t i o n  
Water ..................................................... ...................................... Concentrate d i sposa l  
Ta i l ings  d isposa l  ......................................... .................................................. Sampling 

.............................................. Experimental 
General m i l l  .............................................. .................................... Total  concentrat ing 

TABLE 26 . . Tota l  cos t  of producing copper 

Mining .................................................... ............................................. Concentrating ................................... Smelting. r e f in ing .  e t c  
................................................... General 

Legal and admin i s t r a t ive  .................................. 
Tota l  .................................................. 

Tota l  c o s t  i n  t ab le  26 does not  include c r e d i t  t o  the  copper 
molybdenum s o l d .  which amounted t o  about 2.7 percent  of the  t o t a l  

Percent  

. 
16.5 
44.0 
16.9 

5 .3  
6.5 
0 .4  
4.4 
2.0 
4.0 

100 . 0 

Percent 
20.7 
33.3 
15.4 

8.8 
4.4 

Percent 
38.5 
23.8 
23.2 . 
11.6 

account f o r  
c o s t  . Also. 

i t  should be noted t h a t  no allowance has been-made f o r  amor t iza t ion  of prelim: 
ina ry  development f o r  mine and p l a n t .  a s  these charges had been completely 
w r i t t e n  o f f  . The l i s t e d  c o s t s  a r e  based on a period during which the  mine 
produced a t  a d a i l y  r a t e  of about 12.  000 tons of o r e  t h a t  contained 11 t o  12 
pounds of  recoverable copper . 




