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CHAPTER I  

INTRODUCTION

In the of ores the t a i l in g  o f  a concen­

tra to r  i s  undoubtedly the most important product to con­

t r o l ,  for  the amount o f  the v a lu es lo s t  in  t h is  product 

often  s p e l l s  the d iffer en ce  between a p r o f ita b le  and a non­

p r o f it  able op eration .

In the operation  o f  a concentrator i t  i s  im portant 

that the study of lo s s e s  in  t a i l in g s  be a m atter o f rou­

tin e  work i f  maximum e f f ic ie n c y  in  the saving o f  the  

va lu es i s  to  be ach ieved . T his rou tin e work d ea ls  c h ie f ly  

with determ inations in v o lv in g  the character o f  th e  lo s s e s  

such as (1) lo s s e s  due to fa u lty  op eration , (2) to grin d ­

ing d egrees, or (3) to  a s s o c ia t io n  o f  the valuable m inerals  

with re fra c to ry  m in era ls .

Present rou tine methods for making determ inations to  

e s ta b lish  character of lo s s e s  are (a) s iz in g -a s s a y  t e s t s ,  

and (b) m icroscopic exam ination made on p o lish ed  sur­

fa ces  for the purpose o f  studying m inerals a s so c ia t io n  

and to some ex ten t determ ining the e f f ic ie n c y  of grin d ­

ing op eration s in  l ib e r a t in g  va lu ab le  m in era ls . The f i r s t  

mentioned method i s  o f  value m ainly in  the lo c a t io n  of 

the lo s s e s  in  the va r io u s s iz e s  o f the t a i l in g  and i s  o f



-S'

a ss is ta n ce  when the lo s s e s  are due e i th e r  to la c k  o f  

grinding or over grind in g , but otherw ise the method g iv e s  

no in d ic a t io n  as to  what the causes o f the lo s s e s  maybe. 

The u se fu ln e ss  of the second method i s  lim ite d  due m ainly  

to the tremendous amount o f labor involved  in  is o la t in g  

such sm all and in frequent p a r t ic le s  as those that make up 

the l o s s e s , more e s p e c ia l ly  in  the t a i l in g  o f  gold and 

s i l v e r  con cen trators. I f  soma method cou ld  be d ev ised  to  

concentrate the o cca sio n a l p a r t ic le s ,  then t h i s  disadvan­

tage v/ould be removed and the method w u ld  become a d is ­

t in c t  advantage in  examining such products.

The method of studying  t a i l in g  lo s s e s  described  in  

th is  th e s is  o f fe r  ( 1 ) su g g estio n s fo r  con centratin g  or 

is o la t in g  the m inerals r e sp o n s ib le  fo r  th e  l o s s e s , (2) 

su ggestion s fo r  studying the concentrated  or is o la te d  

fr a c t io n s  mainly by r a t io s  e s ta b lish ed  by chem ical an aly­

se s ;  and (5) in d ica tio n s  o f  the p o s s i b i l i t i e s  in  stu d y in g  

re fr a c to ry  a sso ca tio n s  in  the concentrated fr a c t io n s  by  

a id  o f  the m icroscope.

In planning the experim ental work d escrib ed  in  t h i s  

paper the w r ite r  was of the opinion th a t i f  two fr a c t io n s  

cou ld  be produced by two methods o f  con cen tration  each 

method based upon d if fe r e n t  p r in c ip le s  o f  con centration  a 

study o f  the r a t io s  o f  any two m etals in  each concentrate  

would in d ic a te , to a more or l e s s  d eg re e , the a s so c ia t io n  

o f  any o f  the two m eta ls . I t  was, th e r e fo r e , decided to
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use magnetic separation  and s p e c if ic  g ra v ity  concentra­

t io n  by means of heavy s o lu t io n s  for producing the two 

f r a c t io n s . - -  - "

The u se o f  magnetic concentration  l im it s  the 

method, o f  cou rse, to  th ose ores in  which the v a lu es  

are a sso c ia te d , or  p a r t ia l ly  s o , in  m inerals th a t have a 

magnetic s u s c e p t ib i l i t y  g re a t  enough and d iffe r e n t  from 

the a sso c ia ted  gangue m inerals to e f f e c t  a separation*

The r e s u l t s  obtainab le in  e s ta b lish in g  r a t io s  o f  two 

m etals on fr a c t io n s  produced by g rav ity  methods a lon e, a l ­

though lack ing  confirm ation , would g iv e  some in d ic a t io n ,  

no doubt, o f  m ineral a s s o c ia t io n s , However, the low  

grade m an gan ese-silver ores o f  the Southwest are b est  ' 

adapted to th e  suggested  method and th ese  ores have been 

the source o f  the m ateria l used in  th is  t h e s is .

One o f  the m otivating id eas su g g estin g  t h i s  e x p e r i­

mental work was the d e s ir e  to pro dice a method o f  d ir e c t  

attack  in  studying the treatment of Southwestern r e fr a c ­

tory  o r e s . The usual procedure has been an in d ir e c t  a tta ck  

by tr e a t in g  the ores by various p rocess and reagent com­

b in a tio n s  w ithout much inform ation  a s to the reason  f o r  low  

reco v er ie s*  With the cause for th e  lo s s e s  known, a more 

s c ie n t i f i c  and concentrated  approach to  the so lu t io n  o f  the  

problem i s  p ossib le*

As an example o f  t h i s  h i t  and m iss a ttack  in  study­

ing the treatm ent o f  o r e s , the La Oolorada t a i l in g  in
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northem  Mexico was su b jected  to a l l  o f the various  

methods o f  ore t e s t in g  fo r  a period o f  some ten to  twenty 

years and a t a very g rea t exp en se . A ll  the r e s u l t s  were 

of no a v a il  in  po in tin g  the way to a so lu t io n  o f  the 

problem and the actu al cause o f  low r e c o v e r ie s  was n o t  

e s ta b lish ed  u n t i l  the a s s o c ia t io n  between the s i l v e r  and 

manganese was e s ta b lish e d  by T,  G. Chapman thus co n fin ­

ing fu rth er  te s t in g  to the fin d in g  o f  a method for saving  

the manganese a sso c ia ted  with th e  s i lv e r  or l ib e r a t in g  

the s i lv e r  from i t s  manganese a s s o c ia t io n .

I t  was from th is  work o f  Doctor Chapman that th e  

idea o f  t h is  t h e s i s  o r ig in a te d . A search o f  the l i t e r a -  

ture has revea led  no inform ation  regarding th is  method.

r

Chapman, T. G ., P r o fe ss io n a l Report on Treatment o f La 
Colorada T a ilin g , Aug. 1928.

1
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. ' . - CHAPTER I I  _;

APPARATUS , MATERIALS, Al©- ANALYTICAL METHODS . USED :

- - _ • " Apparatus : ' ' : .

The Y fetherill Magnetic Separator was used in  the 

separation  of the magnetic m in era ls« A sketch' o f  t h i s  

machine i s  shown in .F ig . 1 .

Separations "by s p e c i f i c  g ra v ity , methods ware e f f e c t -  

ed in  a separatory fun nel shown in  F ig . The ore was 

added to the funnel which contained a so lu t io n  o f  a c e ty -  . 

lene tetrabrom ide having a s p e c i f i c  g ra v ity  o f  2 .9 . The . 

pulp was a g ita te d  by means o f  a s t ir r in g  rod and th e  , 

heavy m inerals allow ed to  s e t t l e • The so lu t io n  was then  

drawn o f f  and f i l t e r e d  to  remove any suspended heavy 

m in era ls . The f i l t r a t e  was returned to the funnel and 

the l ig h t  fr a c t io n  again a g ita te d . This procedure was r e ­

peated as o fte n  a s  n ecessa ry  to  make the d esired  separation

M ater ia ls

The t a i l in g s  employed for t h i s  experim ental work 

were produced from the treatm ent o f  ty p ic a l  Southwestern  

ores which contained re fra c to ry  s o -c a lle d  "manganese- 

s i l v e r ” a s s o c ia t io n s . Two t a i l in g s  were used, one from  

the f lo ta t io n  treatm ent o f  Pankey Mine e r e , Socorro 

County, New M exico, and the other from the t a i l in g  dump 

a t La Colorada, Sonora, Mexico.
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; T h e .r esu lts  o f  one o f  the f lo ta t io n  t e s t s  used fo r

the treatm ent o f  o r ig in a l Pankey ore to produce . t a i l i n g  

for the experim ental woric are g iven  in  Table 1 , The r e ­

s u lt s  g iven  in  t h i s  ta b le  cceapare favorab ly  with the m i l l  

r e s u lt s  obtained in  the coimiereial treatm ent o f : t h i s  o re .

Table 1 -  R esu lts  o f  f lo ta t io n  treatm ent o f  o r ig in a l
Pankey o re .

W eight, 
: grams

Tons A ssays,ounces  
in  per ton
50 Gold S ilv e r

Tons x 

Gold

assays Per cent o f  
t o t a l

S i lv e r  Gold S ilv e r

Heads 2000.0 50.00 0 .22  5 .86 1 1 .20 293.2 100.0 100 .0

Concentrate; 15 ,0 0 .3 7 5  19 .17  352.58 7.19 132 .2 64 .2 45 .1

M iddling - 17 .1 ; 0 .427  2 .4 8  51 .03 1 ,06 : 21 .8 9 .5 7 .4

T ailin g 1967.9 49 .198  0 .0 6  2 .83 2 .95 139 .2 26 .3 47 .5

R eferring to Table 1 , the f lo ta t io n  treatment o f  Pankey ore 1

vfoen ground to 1 per cen t p lus 65-mesh, in d ica ted  th a t  

64.2  per cen t o f  the g o ld  arid'45.1" per cent o f  th e  s i lv e r  

were recovered  a s a f in ish e d  concentrate assaying  19 .17  and 

352.58 ounces per ton gold  and s i l v e r ,  r e s p e c t iv e ly . The 

lo s s e s  in  the t a i l i n g , not in c lu d in g  the m iddling, amounted 

to  2 6 .3  per cent o f  the g o ld  and 4 7 .5  per cen t o f  the s i l ­

v er . A cyan id at ion t e s t  in d ica ted  that 95 per cent o f  the 

gold and 50 .7  per cen t o f  the s i l v e r  were s o lu b le . Thia 

in d ica ted  th a t the gold 1 s s u b s ta n t ia lly  free  and th ere­

fore I t s  recovery i s  a m atter o f  degree o f  grind ing  employ­

ed. Thus e lim in a tin g  the n e c e s s ity  o f  fu rth er con sid era tion
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of the gold in  the t a i l in g .  The s i lv e r ,  ho rover , seemed 

to be in  part a sso c ia ted  w ith  seme re fra c to ry  m ineral or  

m inerals fo r  in  both f lo ta t io n  and cy a n id a tio n , about 

50 per cent did not respond to treatm ent.
; ..... . . i

In the La Colorada t a i l in g  sim ilar  co n d itio n s  have 
V  - . y  " " ;

been re v ea le d . Previous work on th is  m ateria l by T. G. .: : . ' : -  --- : . f
Chapman and prelim inary experiment a Iw ork  by the w riter

in d ica ted  th a t the gold  i s  e s s e n t ia l ly  fr e e  and can be :
; . '  " '.............. ............................... -  ' :

d isso lv e d  by cyanide so lu t io n s  i f  the ore i s  ground f in e ­

l y  enough. A pproxim ately'50' per cen t o f  the s i l v e r  occurs
i ■ ;

as f in e ly  d issem inated , a rg e n t!te  or p r o u stite  and ean 

be recovered by e ith e r  f lo ta t io n  or cy a n id a tio n ,w h ile  the  

remaining 50 per cent i s  a sso c ia ted  w ith a re fra c to ry  

m ineral or m in era ls . •'

• Methods o f Analyses

S ilv e r  was determined by the u sual f i r e  methods. !

Manganese determ inations were made by the bism uthate :
• /  • ]

method and iron  an a lyses by the method o f  Zimmermann- j

Rheinhardt, Due to  the sm all q u a n tit ie s  o f some of the 
; !; ' : 

products a v a ila b le  i t  was n ecessary  to run both the iron

and manganese determ inations on the same sample . This was

accom plished by fu sin g  the sample w ith  sodium carbonate

and d is so lv in g  in  hydroch loric a c id , then  making up to  a

known volume and taking a liq u o t p arts fo r  each determ ination .



8
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CHAPTER I I I  ; r

EXPERIMENTAL WORK

S iz in g -a ssa y  t e s t  on Pankey f lo ta t io n  t a i l in g .  *

A s iz in g -a ssa y  te s t  (Test 1) was run upon-the - ta i l in g  

produced by a f lo ta t io n  operation  on the Pankey Ore. The 

ore was ground to  approxim ately minus 800-mesh and t r e a t ­

ed by f lo ta t io n  in  a Fahrenwald c e l l  employing th e  stand­

ard reagent com bination fo r  the f lo ta t io n  o f  g o ld , namely, 

lim e , xanthate, a e r o f lo a t , and pine o i l .  The t a i l in g  pro­

duced was then s iz e d  on p lus and minus 325-mesh and th e : 

granular minus 325-mesh m ateria l was separated from, th e  

slim es by washing w ith  w ater. Each product was assayed  

fo r  iro n , manganese, and s i l v e r ; the r e s u l t s  are given in  

Table 2. ; V  :

A graph, F ig . 3 , was p lo tte d  from the data g iven  in  

Table 2 and in d ic a te s  the c lo s e  a s so c ia t io n  or at l e a s t  

s im ila r  segrega tion  o f the 1hree m eta ls in  the th ree . 

s ized  products o f  the t a i l i n g .  R eferring t o . t h i s  graph 

i t  should  be noted that the iron  i s  the most e r r a t ic , e s ­

p e c ia l ly  between the p lu s 325-mesh and the granular minus 

325-mssh s i z e s .  As no attem pt was male to remove the 

m e ta llic  iron  or m agnetite from the t a i l i n g  and as the  

fa c t  that both o f  these m a te r ia ls  are tough and do not 

tend to s lim e to  the same degree as o ther iron m inerals 

i s  b e lie v ed  to be the cause o f  the iron  se g reg a tin g  in  th e



2.  ̂ Siziag-aasay teat o f Pankey flo ta tio n  tailing*

Weight,
grains

:Ton in 
: 50

Assays Tons x assays Per cent o f to ta l
S ilver ,ozs  

per ton
Manganese 

per cent
Iron 
per cent

S ilver
ounces

Manganese
Its

Iron : 
lbs :

3ilver:Mianganese : Iron

Heads 300.0 : 50 2.29 i 0.61 1.11 114.57 601.23 1113.57 : 100.00 100.00 100.00
♦325 mesh

44.3 7.38 2.27 0.36 1.34 16.75 53,14 197.78 : 14.67 8.82 17.76
Granular 
-325 mest 20.0 3.33 3.30 0.91 0.89 10.99 60.90 59.27 i 9.59 10.13 5.32
Slimes 
-325 mesh 235.7 39.29 2; 21 0.63 1.09 86.83 487.19 856.57 75*79 81.04 76.91

IH01
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plus 525-103sh s iz e s .

The f a c t  that the s i l v e r ,  Iron , and manganese 

segregated  In the c o l lo id a l  p ortion  o f  the t a i l in g  to  

about the same degree su g g ests  th a t e ith e r  th e  three  

m etals are a sso c ia ted  to g eth er , w ithin the same m ineral, 

or that the various p ro p ertie s  of the d if fe r e n t  m in era ls , 

assuming th at the three m etals are n o t a sso c ia ted  but 

occur as separate m in era ls , which co n tro l the form ation  

of c o l lo id a l  s lim es are approxim ately the same, would 

appear a remarkable co in c id e n t. I t  should be noted , how­

ever , th at the r e s u lts  o f th is  te s t  g iv e  no more than an 

in d ica tio n  as the preponderance o f  m ateria l i s  p resen t  

in  the f in e s t  s i z e . . :

; Segregation  o f r e fr a c to ry  manganese
and iron  m inera ls by magnetic con centration

: The m ateria l used f o r  T est 2 was plus 100-mesh 

f lo ta t io n  t a i l in g  produced from Pankey o re . This t e s t  

was made to determ ine i f  any r e la t io n s h ip s  or a s s o c ia ­

tio n s  e x is te d  between the three m etals in  a product pro­

duced by magnetic sep a ra tio n . The d e ta ile d  r e s u l t s  of. t h is  

t e s t  are presented in  Table 3 . R eferrin g  to Table 5 , the 

r e s u lt s  in d ica te  that the m etals concentrated in  the 

magnetic m ateria l in  the fo llo w in g  p ercentages o f  the  

t o ta l  amounts o r ig in a l ly  present in  the feed  to th e  mag­

n e t ic  machine; s i lv e r  13 .38  per ce n t, manganese 17 ,36



Table 3; The r e s u lt s  o f  segregatin g  re fra c to ry  m inerals o f  Faakey t a i l in g  by magnetic con cen tration .
Assays Tons x Assays Per cent o f to ta l

Weight,
grains

Ton in 
: 50

Silver ozs. 
per ton

Manganese 
per cent

Iron 
per cent

:S ilver  
: ounces

Manganese
pounds

Iron
pounds S ilver Manganese Iron

Beads 200.0 : 50. 3.01 0.48 . 0;69 :150i79 487.22 692.92 100.00 100.00 100.00
Magnetic
Concen­
trates 3.6 : 0.9 22;43 4.70 3;58 : 20.19 84; 60 64.44: 13.38 17.36 9.30
Non-mag-
netic
ta ilin g s 196.4 : 49,1 2.66 • 0.41 0.64 :130;60 : 402.62 628.48: 86.61 82.63 90.70

£T
-
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per c e n t , and iron  9 .30  per em it.

Assuming f i r s t  that a l l  the manganese was a sso c ia ted  

with the s i lv e r  a c a lc u la t io n  made by the fo llo w in g  pro­

p ortion  (13 .38  : 17 .36  :: x : 88 .63) in d ica ted  th a t 63.6  

per cent of the s i l v e r  was a sso c ia ted  with the manganese 

in  the ta i l in g  o f  the magnetic con centrator. Since 1 3 .3 8  

per cent of the " s ilv e r  was obtained in  manganese m inerals  

of the magnetic product, based on the assumption g iven ,

63.6  per c e n t  was found in  the non-magnetic m ateria l 

asso e la ted  wi ih mangane s e , the t o t a l  s i lv e r :  assoc dated 

with manganese amounted to 77 per cen t thus lea v in g  23 

per cen t unaccounted fo r  or  in  o th er words p resen t in  

some form n o t a sso c ia ted  wi th m aiganese. Follow ing th e  

same l in e  o f  reasoning fo r  iron  in  p lace of the manganese 

i t  i s  found th a t 130 .05  per cen t o f  the s i lv e r  occurred  

in  the non-magnetic product a sso c ia ted  with the ir o n .

Since th is  con d ition  i s  ob v iou sly  im possible , the r e s u lt s  

suggest the presence o f  a t  l e a s t  two separate iron  

m inerals, one obtained in  the magnetic m ateria l and present 

a ls o  as included  gra ins in  the non-magnetic m a te r ia l, the 

other a n o n -s ilv e r  b ea r in g , non-m agnetic m ineral p resen t  

in  the t a i l in g  o f the m agnetic machine. The assum ption  

made i s  open to  error due to the fa c t  that a l l  the iron  

m in era ls contained in  the magnetic product were assumed to  

be a rg en tifero u s . I t  i s  b e liev ed  that some n o n -a rg e n tifer -
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ous m agnetite was present in  the magnetic product.

Assuming a second co n d itio n , namely, th at th e  

a sso c ia t io n  e x is te d  between a l l  th ree  m etals the data  

in d ica ted  th a t 13 .55 per cent o f  the t o t a l  manganese p lu s  

iron  concentrated in  the magnetic product, which com­

pares very favorab ly  w ith  15 .38  per cent o f  the s i lv e r  

concentrating in  the same product.

. Segregation  o f  re fra cto ry  manganese and iron  m inerals

by both magnetic separation  and heavy so lu t io n  con centration

Follow ing 1he in d ic a t io n s  obtained from the r e ­

s u lt s  o f  T ests 1 and 2 , th ree  t e s t s  numbered 3, 4 ,  and 5 

were.made employing both magnetic and heavy so lu t io n s  

con centration  to ob tain  se g reg a tio n s  o f  re fra c to ry  m inerals 

to e s ta b l is h  s i lv e r ,  manganese, and iron  r a t io s .

, :The procedure which fo llo w s was used fo r  each o f  

the t e s t s  m entioned. A sample o f  t a i l in g  was s iz e d  and, 

in  some oases deslim ed b efore s iz in g ,  a s  n e ith e r  magnetic 

or s p e c i f i c  g ra v ity  con cen tra tion s are a p p lica b le  to the 

separation  o f  slim ed m in era ls . A fter  s iz in g ,  c e r ta in  

products were se le c te d  fo r  treatm ent by the W eth erill

magnetic machine which treatm ent produced a magnetic
'  " ■ - ' """ - ' * '  -* ' *  ̂ •. . , . .

product and a non-magnetic product. M eta llic  iron  and 

m agnetite were separated from the m agnetic product by 

means o f  a hand magnet. The non-raagnetic pro duct was



-  - 1 6 - - -

trea ted  in  a separatory funnel (Fig* 2)• w ith a ce ty len e  

tetrabrom ide as described in  Chapter I I .  This trealm ent 

produced a 11 s in k ” product and a " f lo a t” product. A ll  

products w ere'analyzed fo r  ir o n , manganese, and s i l v e r .

The r e s u lt s  o f  t e s t  5 , in v o lv in g  segrega tion  frcsa 

pixis 150-mesh Pankey f lo ta t io n  t a i l in g  are given  in  

Table 4; data  of segregation  obtained by tr e a t in g  p lu s  

200-mesh Pankey f lo t a t io n  t a i l in g  are presented in  Table 

5; and Ihe r e s u lt s  o f  segrega tion  obtained with deslim ed  

minus 90-mesh La Oolorada cyanide t a i l in g .a r e  g iven  in  

Table 6 ,

Employing the assumption p rev io u sly  m entioned, 

namely, that an a sso c ia tio n  e x is te d  between a l l  th ree  

ra t a l s ,  i t  was: found th a t t h is  a s s o c ia t io n  was n o t a s  

apparent as in d ica ted  in  the r e s u l t s  o f  T est 2. . In the  

p lus 150-mesh magnetic product o f  Test 3 the s i l v e r  con­

centrated  amounted to 35*08 per cen t o f  the t o t a l  w h ile  

on ly  14,35 per c e n t  o f  the combined iron  and manganese 

was found in  the sans product. A lso in  the s in k  product 

o f  1he nan-magnetic m ateria l there was 12 ,65  p e r c e n t  o f  

the t o t a l  s i l v e r  compared to  7 ,31  per cen t o f  the com­

bined iron  and manganese. These r e s u lt s  do n o t seem to

bear out the assum ption to  the degree shorn in  T est 2 ,: : ' - -
but in d ica te  on ly  a part o f  th e  iron  and manganese 

a sso c ia ted  w ith tiie s i l v e r .  T his con d ition  was confirmed



Table 4 , Data fo r  Teat 3 segregations -  Pankey plus 150-mesh t a i l in g  .

! :
Weight, 
grams '

Tons
in
50

Asaays ' Tons x Assays Per cent o f to ta l
S ilver ozs 
per ton

Manganese 
per cent

. Iron....
per cent

:S ilver  
:ounces

Manganese
pounds

.Iron
pounds Silver: IronManganese

Heads : 150.00 50.00 2;96 : 0.94 0.64 :148.00 938.45 638.85 100.00 : 100.00 100.00
: Strongly 
Magnetic 
Minerals 0.75 0.85 3.89 ► — • 2 0.97

' - .....

0.65
Weakly
Magnetic
Minerals 1.50 0.50 53.72 6.28 : 4.80 : 26.86 62.80 48.00 18.08 : 6*69 7*51
Non-mag- 
netic  ; 
ta ilin g 147.85 49.85 8.44 : 0*89 : 0*61 : 120.17 875.65 590.85: 81*19 : 93.30 ' 92.48 :
Heavy ..
solution  
heads - -

■ • • •

147.85 i 49.85 2.23 : 0*89 : 0,60 : 120.27 876.96 559.24: 100.00 : 100.00 100.00
Sink ,.; 
product 0.33 0.11 61.45 : 31.85 : 8.50 : 6.76 70.07 : 18*70; 5.62 : 7,98 3.34
Float
product 147.58 49*14 2.31 : 0.82 : 0,55 : 113,51 : 805.29 i 540.54: 94.38 92.01 96.65

> .  ..



Table 5 . Data for  Teat 4 segregation s -  Pankey p lus SOO-mesh t a i l in g .

Weight,
grams

Tons in 
50

■ ■ ' Assays - ■ ' - Tons x Assays Per cent of to ta l
S ilver ozs 
::per ton

Manganese 
iper cent

. Iron ....
per cent

S ilver
ounces

Manganese
pounds

Iron.
pounds Silver Manganese Iron

Heads
) ■
150.00 50.00 3i39 ! 1.06 ; 1*35 169.50: 1065.21 1357.60

- i
100.00 : lOOiOO 100.00

Strongly
magnetic
minerals

: ' : .

: 2 .o o 0.67 2i52 : : 1*69:

/.■y;: '

: 0.99

■

ifYeakly
magnetic
minerals

i
i

3i50 1*17 47.93 8*88

i

5# 33 : 56.08: 207.79 124.70 33.08 19*52 9.18
Son-mag­
netic
ta ilin g 144.5 48.16 ' 2.32 :

t

' 0.89 1 1.28 :111.73: 857*42 1232*90 65.92 80,47 90*81
Heavy
solution
heads 144.5 48.16 : 2*34 0.89 1.25 :132*64 : 846*79 1201*89 100*00 100,00 100*00
Sink
product 2*27 : 0.75 31*21 ' 5 .25 '- : 23*41 : 78.75 64.05 20:77 ■ 9*27 5*33
Float
product 142.2 47.41 1.88 0*81 1.20 : 89.23 : 768.04 1137.84 79.22 90.71 94.67



Table 6 . Data for  Teat 5 segregation s -  La Colorada t a i l in g .
Assays Tons ’ x Assays Per cent of total

Weight,
grains

Tons in 
50

Silver ozs 
per ton

Manganese 
per cent

Iron : 
per cent

S ilver
ounces

Manganese
pounds

Iron
pounds S ilver : Manganese Iron

Heads 150.00 50.00 2.88 1.83 1.11 144.28 1833.55 ■ 1172.33 100*00 100.00 100.00
tfeakly
magnetic
minerals 5.80 li9 3 17.50 9.42 9.18

l

33.77 362.61 355*15 23.40: 19.77 30.29
Non-mag- 
ne t ic  
ta ilin g 144.20 48.07 2.30 1.53 0.85 110.51 1470.94 817.19 76.60: 80.22 69,70
Heavy
solution
heads 144.20 48.07 : 2.31 1.53 0.85 111*29 1470.94 817*19 100*00: 100.00 100.00
Sink
product 6.92 2.37 11*67 2.48 '' 2.48 27.66 117.55 120*34 24.90: 7.99 19.72
Float
product 137.31 45.70 1*83 1.46 0*76 83.63 1353.38 896.85 75,10: 92.01 85.27
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by the magnetic product of the 200-mesh m ateria l pro­

duced in  T est 4 , where 18 .08  per cen t o f the s i l v e r  

concentrated in  the magnetic product to 7 .3 1  per cent 

o f the iron  plus manganese. However, the sink  product 

of T est 4 contained 4 .56  per cent s i lv e r  and 5 .2 6  per 

cent o f  the combined iron  p lu s manganese which confirm s 

the r e s u lt s  o f  Test 2. Although d ea lin g  w ith a d if f e r e n t  

t a i l i n g , namely the La Colorada t a i l in g ,  the r e s u lt s  on 

the magnetic product confirm  the r e s u lts  o f  T est 2 , 

fo r  in  th is  product there was 23 .40  per cent o f  the  

s i lv e r  ccmpared with 2 5 .0 3  per cen t o f  the iron  p lus  

manganese* In the heavy so lu t io n  sink  19*07 per c e n t  

o f  the s i lv e r  concentrated  to 11*31 per cent of the com­

bined iron  p lus manganese which tends to  confirm  T est 3 
• : : ' : ' ' ■■ ■■■■ ■■■■ r e s u l t s .
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CHAPTER IV 

CONCLUSIONS

The data presented in  T est 1 g iv e  what may be con­

sid ered  a s q u a lita t iv e  evidence that the s i l v e r ,  manganese, 

and iron  segregated  in the Pankey c o l lo id a l  slim e to approxi 

ira tely  the same d eg ree . This con d ition  in d ica ted , as pre­

v io u s ly  mentioned that e ith e r  the three m etals occur w ith­

in  the same m ineral, or in  three separate m inerals each 

having approxim ately the same p ro p ertie s  a f fe c t in g  slim in g .

The r e s u lt s  o f Test 2 are considered q u a n tita tiv e  

and show that the three m eta ls , namely, s i l v e r ,  manganese, 

and iron  were present in  the magnetic product. S ince no 

known s i lv e r  m ineral has s u f f ic ie n t  magnetic s u s c e p t ib i l i t y  

to ex p la in  i t s  presence in  the magnetic product, then i t  

fo llo w s that, the s i l v e r  must n e c e s s a r ily  be combined w ith  

the ir o n , mangane se  or b o th . I f  the iron  and manganese 

occur as two separate m inera ls i t  i s  not probable that  

each would seg reg a te  to approxim ately the same ex ten t in  

the magnetic product s in ce  th is  co n d itio n  would imply equal 

l ib e r a t io n  by grind ing, and furthermore each m ineral must 

have s u f f i c i e n t  magnetic s u s c e p t ib i l i t y  to  enter the mag­

n e t ic  product. The ev idence presented  from the r e s u lt s  

o f  Test 2 in d ic a te , th e r e fo r e , an a s so c ia t io n  between th e  

s i lv e r ,  i r m ,  and manganese a t an approximate r a t io  one 

s i lv e r  to  one combined iron  and manganese when expressed  

as per cents o f  the t o t a l  m eta ls recovered in  the m agnetic



product.

The data o f T ests 3 to 5 , in c lu s iv e , present con­

firm atory q u a n tita tiv e  data in  th a t two seg reg a tio n s  were 

e f fe c te d  one by magnetic sep ara tion  and the other by 

s p e c if ic  g ra v ity  con cen tra tion . T ests 3 and 4 in volved  

Pankey t a i l in g  and the r e s u lt s  on both magnetic and 

g ra v ity  fr a c t io n s  confirmed the f a c t  that both  manganese 

and iron  were present in  those f r a c t io n s . The r a t io s  o f  

s i lv e r  to  combined manganese and ir o n , however, v a r ied  as 

the s iz e  o f feed  v a r ied  to the magnetic machine. In T est  

2 the r a t io  of s i lv e r  to  combined manganese and iron  was 

approxim ately 1 to 1 when expressed  as per ce n ts  o f  t o t a l  

m etals recovered  as magnetic product but in  T ests 3 and 

4 the r a t io s  were 2 .3  to 1 in  each c a s e . In the "sink" 

products o f  T ests 3 and 4 , however, the r a t io s  o f  s i lv e r  

to combined iron  and manganese were 1*7 to 1 , and 1*2 to  

1 r e s p e c t iv e ly , showing th a t the r e la t iv e  amount o f  

manganese p lus iron  in creased  as the s iz e  o f  the fe e d  to  

the s p e c if ic  g ra v ity  concentrator decreased.

The evidence th a t th e  s i l v e r ,  manganese, and iron  

were a sso c ia ted  w ith in  the same m ineral would have been  

f a ir ly  co n clu siv e  i f  these v a r ia tio n s  had n o t been found 

in  the r a t io s  o f  s i l v e r  to manganese, to  ir o n , or to  the 

combined iron  and manganese. However, the data in d ic a te  

rather d e f in i t e ly  some a s so c ia t io n  between th e  three  

m etals a l Though i t  i s  qui te probable that more than one
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iron m ineral e x i s t s  in  both ta i l in g  trea ted  and p o ss ib ly  

more than one manganese m ineral. The a sso c ia t io n  of  

manganese and iron  in d ica ted  by the experim ental work 

described  in  th is  paper rai see ‘ a^question as to  the 

sta tu s o f the w e ll known s o -c a lle d  "refractory  s i lv e r -  

manganese" a s s o c ia t io n . The data presented  in d ic a te s  

that th is  a s s o c ia t io n , a t  le a s t  in  two Southwestern o r e s , 

i s  a "refractory s i l v e r ,  m anganese-iron a s s o c ia t io n . The 

data presented  a lso  g iv e s  at l e a s t  a h in t as to the reason  

fo r  repeated  f a i lu r e s  in  f lo a t in g  Southwestern manganese 

m in era ls . The reason  may be due to  iron  occurring with  

the manganese in  a m ineral or  m inerals n o t d e f in i t e ly  

e s ta b lish e d .


