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decided effect on the h vdrolo~y. The 16 m~al 9ravity low over tne 
east-central part of the watershea is interpreted as inaicatln9 about 3,200 
feet of low density alluvium. Hi~hs are associated with mountain ranges ana 
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Late QuaternarY deposits contain a Rancholabrean fauna and are inset 

~ ~~ainst an older valley fi1 1 containin9 an Irvin9tonian falJr,a ir. tt,E- uPper 
units. The oldest units contain lacustrine d~posits of Wisconsin age wt,ict, 

.were preceded by an episode of marked erosion durin9 which a dlstinct lve 
red soil w~s formed. From 30.000 to 12,000 B.P. lacustrine clays and marls 
were deposited without si9nificant alluvial deposits. After 12,000 B.P. the 
lake or lakes were reduced or disappeared and streams were incised into t~e 
deposits. Blac~c organic mat d~posits "lay be from ponds about 10,0(10 to 
11,000 B.P. Since then there t,ave been at least two maJc'r cycles of erosiorl 
and deposition, and most of ttle lake beds wer'@ r·emoy~d. Ttle Whetst(,rle 
surface may be from the lake interval, and the Tombstane surface has a red 
soil, of possible San9amon a~e. The Arivaipa surface forms the top of tn e 
alluvial deposits. 
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Th~ Courtlarld-Gleeson ar'ea is about 15 "Ii east of Tombstorl e . EXPo 5ed 

roc'~ s range from Precambrian to Quaternar Y; a SUrTI"l.ar·y de scr' ipti('n is ~ 1v~ n 
in a table. All rocks as o ld as early Tertiary h;;.ve been involve d in eit her 
tilting, normal faulting , high angl e reverse faulting , imbricate thrusting , 
o r folding and overfolding. The major structure is the Dragoon th r ust , but 
four other thrusts and two gravit y slide Faults a r e describ e d als o . 
Following earl y TertiarY 9uartz latite emplacement , northeast-southwest 
cor~pressional forces caused thrust plates containin~ lower PaleO Z('lC r ' oc~~ s 
t o override Cretaceous ro c ks. Later normal Faultin9 disl ocat e d thrust 
plates. and large roc k masses slid eastward by gravit y . 
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Bulletins 

The Ariz ona Bureau of Mines has the following bulletins available for free 
distr i bution t o residents of Arizona . Nonresidents may purchase bulletins at 
the prices quoted, which include mailing charges: 

12 7-Manganese Ore Deposits; by E. D. Wilson and G. M. Butler ... . ...... .. .. . . 
140-A r izona Metal Production; by H. J. ELsing and R. E. Heineman .. .. .. .. .. · .. 
148-Tungsten Deposits- of Arizona; by E. D. Wilson ............ . ............ .. 
ISS-Arizona No rumetallics; by E. D. Wilson and G. H. Roseveare .• • . • ... ... •... 
164-Exploration a nd Development of Small Mines; by H. E. Krumlauf . •. . •. .. . •. 
165-0ne Hundred Arizona Minerals; by R. T . Moore ... ...•. • ...... . •. • . •.•. . .. . 
168-Go ld Placers and Placerin. in Arizona . . .. ... ... •... . . . . .•. . ... . ...... .. . 
169-The Mineral Industries of Arizona . . .. .. .. . •...•.... ... . . . .... .. ••. .. . . . . 
170-Maps, with special reference to the Geologic and Mineral Maps of 

Ar i zona ; by J . D. Forrester, and R. T. Moore .. . .. .. .. ............. ... . 
171-A Resume of the Geology of Arizona ; by E. D. Wilson . ........ . .......... . 
172-The Use of Compressed Air in Small Mines; by H. E. Krumlauf • .. .. .... ..•• 
173-Bibliography of the Geology and Mineral Resources of Arizona .. . . • .. . .... 
174-Guidebook 1 - Highways of Arizona, U. S. Highway 666 .. .. ... .. .... . .....• 
175-Field Tests for the Common Mineral Elements .. . .. .. .. . ........ . .... • ..... 

Bulletin Loan Service 

$0.30 
.25 
.25 
. 25 
. 25 
.30 
. 75 
.25 

.25 
1.00 

.50 
3.00 

. 50 

. 50 

The Arizona Bureau of Mi nes has adopted a l oan se r v ice in order to make its 
out- oi-print bulletins available to residents of Arizona. A deposit of $5.00 per 
bulletin is required for a period of thirty days. The entire deposit is refundcu 
upon the return of the bulletin in good condition . Through this service, copies 
o f the fo llowing out-of-print bulletins of the Arizona Bureau of Mines are 
available: 

120-Gold and Copper Deposits near Payson , Arizona. 
123-Geology and Ore Deposits o f the Courtland-Gleeson Region, Arizona. 
126-Asbesto s Depo sits of Arizona. 
130-Petro leum. 
134-Geo l ogy and Mineral Deposits of Southern Yuma County . 
138-Treating Go ld Ores. 
139-Some Facts about Ore Deposita . 
141-Geo l ogy and Ore Deposits of the Ajo Quadrangle, Pima County. ~ 

Tombstone District, Arizona. ~ 'S 'LY 
Mammoth Mining Camp Area, Pinal County . 
Mineral Resources of Arizona, through 1938 . 
Part I. 

'- 143-Geology and Ore Deposits o f the 
144-Geol ogy and Ore Deposits of the 
146-Bibliography of the Geology and 
156-Arizona Zi nc and Lead Deposits, 
158-Arizona Zinc and Lead Deposits, Part II. 
161-Bi bliography of the Geology and Mineral Resources of Arizona, 1939-1952 . 
162-Pegmatite Deposits of the White Picacho District, Maricopa and Yavapai 

Counties, Arizona. 
163-Minerals and Metals of Increasing Interest - Rare and Radioactive Minerals. 
t66-Petrology , Condensed and Simplified . 
167-Some Rare-earth Mineral Deposits in Mohave County, Arizona. 

All communications about services and orders for copies of publications should be 
addressed, and remittances made payable, to the ARIZONA BUREAU OF MINES, THE 
UNIVERSITY OF ARIZONA, TUCSON, ARIZONA - 85721. 

-- e e 

RESEARCH AND SERVICE 

IN THE 

MINERAL INDUSTRIES 

ARIZONA BUREAU OF HINES 
THE UNIVERSITY OF ARIZONA 

TUCSON, ARIZONA 
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ii, III tllt' t;"lt-Itilb or ~1;Hlvra nHlllty, Cal., tht'n' i~ a 1",li 
I..lf "lllltad-llldalllClqdlil' ", 'hist,; (,'lli"lI." 1IIil':\ alul l'hia,:tolit,,_ 
,:"bi"h') , l"lllt:lillill;,!' ('111'l't'I'-c1t'l'll"ilS at ':1! \'vl':l1 1'1:l~t'''' '1'",,, (Ii' 

IIt"';I' ,]"I'C\:;1 't,: , till' X" PIll;; l'III':l, Ill'lon,:!'ing' to tht' l'alif'd'II :;, 
CCIPI,,'r \"", alld till' BlIdl:lll:lll, \\','n' 1';o.;;llllill~Cl. Tlte 01'1' .. : 
tIll' Xl' 1'111': 1.'llr:l lItilll' j,; I'hal""l'yritl' ill :l ,!.!.'all';lIt' Cl)llq,,'~ , .. i 
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t,)litl', ,)ftl.'ll t\HI ill"hl'''; ill Il'il~th, Tit 1':'1' l'hia,:t\)lite-5l'hi.~t:; 1.',\:,-' , .. ,:­
long to till' ~Jal'il'o"a t'1)l'lltati"n, l~raniti ~ rocks oc<!lIr llOt'ti.l! 
cli"t;l1It tL)\\,;\nl thl! L'ast. ,At file 13l1l,hallan mine, the CI\C]O;;il l,:..' 
,; (' lti"t~ eOll tain g-:ll'l1el. Tltl.' 01'1.' is L'ital"llpYl'itc, a;:;soeiutctl ,drl. 
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I'yrrbotill' ; g,:II'II\:t, '11l:tI'tZ, alld rl',],ji"lt-hl'cl\\'l\ hiotit~, Gr:lnit:" 
r""k" :ll't' Ilv;\!' by. 

Tombstone and Its Mines. 

I;r \\'11.1.1.\,\1 I', I:I. ,\I\E. F";, .. ': , , 1>1 It1':CT(J[l. ,\ltIZ":>;,\ ";(,1l[),,1. 111' )11:\", 

TI'I ' ~":>; , ,IBIZ, 

t:\'cw Y":'k \ h.:l..:till;';, (II'1 I1 I.H.:r. 1 ~11I:i.) 

1;0.; a !',,)' III\.;)' 1"'\11:1' I'l'a,] at tIll; '\\'a ,; ll ill ,:;UJII IIH.' L'lillg vI :!, 

ll i,: ritlltl', 1,\,11 ),11:1),.", 1~81,1 J l')'I':'I:IItL'd a g~lll'I'a] dew (>1' ; :, 
:,:: ,,(,]o.'.."y :ill,] \'C'ill :' of TUIlll':'ifllll; :I" thC:11 cl e\'c;]ol'l'c1 , Ctl)I~ :': ' 
,.' )'al']u arlolililJII:' Ita\'(; l.<.'e11 lli adc' III (Ill ')' klllJ\\'kclgc (,1' tIll.' ,,}', ~ 
,j,. [,o,.:i h :,il lt'.'L' Illar cbt.e, Ill';l )'ly :Ill til L: IlIilIL''; ba\'illg \, <" 
\,;O)'kl:c] c]lJ\\'11 to til' ; gl'lINal \\'all')'-Ie\' (~ l (If tltu di:'trict. TL> 
',':atl'r \\';l" a I. a r t/)' i'lll't.Il e l' I ' )'''~l'l ' ,;~ ill tlqlth allcl r:(,:,tly joll ll'; C 

"\'l'I'U vl'"d'.: .! at 1 Ill; C;rHllcl ('I'1111'al Tllilll.: allll at tIle CIIlIkl lt i, ,: 
1:~ tl iI' 1;I..I,),r,',j :l, 'rilill "I' llI \,:", ]1111 111'''' tllt' \\ 'all: 1' \\':1:' ,~T;III:I' : :"" 
1,,\\"' 1'1 :01, II'~L ' >lII,\' ill tit",.\: 1\\'(1 Illin, ''':, Illlt ill all till' ill'l,,, rr:; : ' 
1. Iill' c ,,:' tl ,.. ,ji ,~Ii'il.'t , j'ltn,jill~ a l'IJl I:, "lidalioll III' illll'l'l'-i- , 
" II ;.'flllil;I]'I" .Ji:,tril.!ltiulI (,t' till: ' .' II:it or 1I111\';lll'J'ill,~', 1 .. ,,11 I' !i! , 
;1 1 ~.-I,Jall1.~ \I',,)'(! d( , ~t )'uy~ ,,, 11Y tin', :l 1I t! tIll' IIlill\ 'S \\'l 'n' "!"- , 

I '·Tlw(;l .. d,'gyallC! Vt·in~"f '[\"Uh'ilOIIt', :\r il.," 'j 'nill,.,., X. t :;:l-l-::·Ii . 

. ' .: ~~.. . ::::.: . ... ' r · . _ . , _ _')T°YU ~_ 

and l'llmninedlll'ac.ti<_ idk 1'll!' 20 I'::!, until, ill' 1_. 
, _" the etiol'ts of lIon. E. .u<J!..n~I'. of Z(lIl:1, tlte liusin'cl con­
.'t'solido.tioll of tIll' Illining-illt"rt,~~ Wit'; dl~'l·t.l'cl :llll} :tn vrtralliz:l-

tion was 1'ol'lllt,cl lI1HIl'I' wllil 'h tIll' lililll'S lta\'c hl!l'III'I'-lll"~l1l!d, 
with the intl'ntillli of "'tll'king' tlll'lll to " p'l'al,')' dl'l'tlt. 

A new alld Ial'g'l' tlllll'-l'Ollll':tl'tllll'lll slmt't 11:1::; lJl'l'll SUlIk to 
the 600-1't. le"el of the COlltelltioll minl', 01' jll:::t "hll\'e tIll' 
water, 56\) t't. lll'hm' the eoll:ll' of tht' shaft. At this I"n'] POW­

erful pUrl1i):, lIn" ,c ueuil placl'tl, ullli sinkilIg' has Ul'L'l\ l'X!l'IH1c,tl 
,.' ,' ,' to the 700-ft. 1t:~,'cl, ",hurl' othl'r pUlllpS hm"e beL'1l ill:;tallcll and 

will throw wntl'\' tv the su I'fucc. 
~, ," :':" The pumrs nrc from thl' Pl't'scott Stealll rUIn}! CO!,!ll'allY of 
, ~;" )Iilwnukce. -;: They nre of the direct-acting type, trii)ll! expan­
<, ' ;':'sioh'-.\'ith ~tenm cylindcr8 ill pairs of 39 iII., 23 ill, antI 15 in, 

."~'; "10 '" in diameter, The diametel' of the wU,ter-pluug'1.'1' is 13 ill.; 

.. ) .. . , .• . ,1.;, , ~. .. . 

" :~~¥ '; ' 8troke, '2-1 in. 
,: ' ~. Tombstonc is now directly connected by rail with Fairhank, 

.. ;: 

• ; 

f • .' 

I 

~ : 

b 

\ ' 

in ,the San Pedro \rnlley~all(l with the o\'erlallli trunk-Iill!.!s. 
Some of the more iriiportant de\'elopments and additions 

to our knowledge of the ore-deposit::! niay be briefly enumer­
ated, 

1. The \V' cst Siue vein has huen extensh"ely workul1 anrl has 
produced '-1 lal'ge alllount of ore, not only from tht' Iateml 11<.'­
posits ill ' lillle~tollc, I.::IIO\\"II U<i "tiuh," or "Llallket-depo:,it"," 
but from ol'l.!-hoclic!l ull thc plaHe of thu yuin to a uCl'tl1 ()f allllllt 
;')00 ft., 01' to tite watur-Ien'l. ' 

2. It is H,;cel'tainull tImt the Iatul'lll Ilel'o.-;its, tiat,.;, OJ' I,]allkt:t­
deposit,.:, extelldillg from tile l,lulle of the vuill, or lode, alld 
generally into the hed;; CIt' lime:'tlllll_', follow t.he ('l'l'.-;ts of tlIt! 
nnt.ielinal fojlls ratllcl' thall tile s,)'nelilll's III' othel' portiol1:; 0.1 

the hed .... 
\ 3, foiuvul'al slteh ()\'t!-lad(!11 alltidilIaI "1'1111Is," lJI' ":,a;]dll!:'," 
01' "1'011::1,'" as t.hey aru IOl!ally kIlUWII, have heull (l,!\"t:iol' l.!ll 
allc} (lUantit,i,!:-! of' \"allt:d,ll: oru han' ueull takull frOlll tltl'llI, 

4. TIIC I,lall kut-lll!posit ,-; bm"u great "xkll"ioll cull1 )t:ll" " 1 with 
their widtlt, alld lill10w the erest:-! of tIlt! Iflld" ill thl'ir cl(I\\' II­
warrl I'itc:ll away fl'ol!l tIll! illtuniUl'Iill,!{ llldl!~, S' '' \"I 'ral "ncb 
depo8its han; IIt 'O Il ~f()llowell from tlte ,\Yest Sirlc n:in IW:lI'l\" to 

\ . 
the watcr-lC:",(,1. ' 

5. The hlankd-\leposit8 appl'ar to have becII reillfi>rc,'(l, or 

' ~. ~~, 

E " .: .. "~ 
" 

- \ -1 

-
~ 
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lal'.~'t',;t 11I't,-It,,'\i,''; al'l~ 1~)llllll')1l till! 11)\\'1'1' Ill' tl,)wll-hill _: 1. 
111lI'r";I'I'lill" 01' tit.' plil'all'tl I'lwks with Illl' I'l'l'\'i~,',; 01' I".] ..•. 
~ll,.;r:lill .. d all.1 I'Xl'lilplili"11. 

... : 

i, :\[lkll li.!..!'ht ha,; bCl'1I tlll'l),,"11 np01l th .. , qnc,;tioll of tIll' 
g-ill Ill' till' Ill:LIlg-;llIit""'I'I)IlS Ill' .. ''; Ill' thl~ Ln.:l.::y Ons;;, tll\~ 1 '.': 
Stll'l" tltL' KIlIIX\' illc, allli Mh"I' miIlL'';, hy tIle ,li"co\'l.!I'Y .,: _ 
Ina,;,; ,,1' IlIall~altL'S e :>nlpltidl,-tlw ILliIlL'I':t1 ';l'c.~ics abuHI:.]j',_ 
ill tlte Inid:;t III' tit .. lim.',;tlllIL' IIlhlll Olle ut' th0 10\\''''1' I\.'\,el:; ,,:', .' 
Ll\L'ky ell"" IlIiIIL', ltl'al' thl! .'ollt:rd. of the lilllestolle wid. _.' 
g'1':lllodiul'i t\.~ , Tlll' !'l! i" I i It k 1'1.';1;;1)11 to Llou lit that il1<:k,: 
mas,,!!,; Ill' kidlll'ys of alah.ullli'tc ill the lilllL',;tOllc are thl:~" _ 
by Ih'l:Olllll(' ~iti.,n allli [ll'l'l'ipitatiL)t\, ,)f the manganifcl',) ;t •.. _ 
()f tIle I,il"'" 01' ('hil11l1l'Y'; ';0 t'Ollllllon t"rulll rho surfac:c d,,: 
·,'anl". TItL':;L' dl' l"l:,iH, I,y tile t()!'1Il alld I'clatiolt to t1:,. :': 
Il'lll', illdi"ate IIll'il' dq",,,iti')1l I'rnlll ":Ollltiolls fio\\-ill.:; "I .' 

\1':lI'tk Till' :llkl'ati(Jn of tltl! "llIloIlidl' l)}, oxidation, wi :;. 
j:)I'lllati,," "t' lllal l .~·alll; "l; :;llllollak :;llllltiol1:', \YLJuld g'h-e tJ...: 
diti'OiI" r'·' [ll i:,ir ,' . :-)1l1.'1t ,,"Illtinll" \\" iltld l'oll!)\\- the L·r.,·. 
~1')ln lll';:l'd- , "lll:lr~'illg tlll'lll I,)' ';Uliltiull of' lite \\'all~, :.: 
"al!a' lilil" '''' I,'' ~itill.!.!' f.: 1'11 ~ h alit! lila ;:",.,,, li t' lllHll,!!<lll,''';\.' ".'\; ~ 
r'·!.!:I'.', ·III' ·ltI, 11' II ;k ";,killil l "ltl/oI1ak 11·,)IlI.] i1 v l\- all'a;-, 
,'1'\: 1', \\", lill" "":I~i,j\'I';tI"\' '[ II:tllriril''; of ealcitu ill a .""" ,:~; . · 
\1·lli,·ll i- iJld i"ati l' e I)!' it:; ';)l'lllatiull a" \JIIU 1'1'1l,lUd ut' tl.,. 
l'l,al' .:':·", 

Thi .- '·.\i '}" I,:ll i,,,, 01' till' "n,!!lll "I' tl1\; Illallg;lIll':'L' " .'\: . 
i,I-,) "" I, I: ,ill'; l1J1: I,,:ulliar, irl'l'g'lllilr ';'1'111:' ill \I·I,i,.I, < .. 
';"111.1, TI,..y ' ''-( 'I)I 'Y ilTI',:!ltial' "I"' I'in',, lI'i11HH11 tj", -.. 
1;'1'111 "I' 111" lil/i l' ~ (JI' I'l'!!lIlal' Ii ,,";111', ·,.:, '1'111'\' are (.'r'r ,!, 
Jikl', ' : 1."; -1111\1' 11 ill ~ 1:': ti(JlI:i""f tile LllI:ky CII"" :~Ild of til': ; .~ 
\' i J ,,' 1 Jl jill ''', 

Tit\.' 1")I'IJlali"ll lit' IlIall ,raIH' .'e (oxi.]l':i frl)J1l l1l:IIl!!<lIl ', -. .., 
T,ltidl', :,I;;l-N,t' (Jxidi %,·.[ i!'oIHII'e"; frlJlJl il'Ill1 ";II'1'lli<l", :':- .' 
~" '11;';. ., 

( 
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_.:... ~ -.. " ... -.. ",, ' . . ~-~.:::';' . . r,;-.. ··.• · -, .' ~ --~7~' ~~,~;,:: ... ~ .. ;_Ai,,, TII_INr collllll.orr-

A Laboratory Study of the Stages in the Refining of Copper. 

BY n, o. U<H')(A:oI, C, F, cmn:~ A:>.U It, II , n:IOU, )1.-\SS ,\Clllfs~:r'l~ 
INSTITUTE 0.' T~:C'I!NOI.Ull)·, IIO:>TO:\, llASs, 

(X,'W York )(~~ti"g,'klu},l!r, )[10;1,) 

Il\'TRUIIlCTI0X . .... . 

L\' refilling C01'1"'I', tht' lllL'tnl i" Illl,]tl'll Ilo\\,11 ill a l'l'\'erl,eru­
tOry furnace ill a moro or lcs:; In:illizillg' ntlllo,;phl'rl' :l1Ill thcn 
further 6ubjedctl to an oxi,lizing ::'lIll'ltillg ill ol'llcr to eliminate 
the common, implll'itie~ -mo"t of which hil\'e a ~trong~1' atlinity 

; : Cor oxygen than has ('oppel', In these operatiOlls ::;Ontc' of the 
·.copper is oxidi7.l'Ll to cuprous oxiLlc amI <Ii,;::;olyed by the IHetal 
bath . . When tbe quantity of dissolvoll eu!,rous oxide hus 
'reached about 6 per cent, the metal is ::;aid to han! been 

.. bruught to "set-copper,':": A uuttoll-sarilple will sho\\' a de-
. pressed surface and, when broken, a single bubble at tho Ilpex 
of the deprL's;:iOll; the fral:!nre will he urick-rell and <lull. It 
h essential to earry the oxidation to thi::; point in orJel' to 
know that tl1L' ilnpnritie" Iian~ lH~ l'lI oxillizcd 11" far a,.: it i" 
~~)::5ible Hnder tlte gil-ell \\'lll'king-t:ondiriol1:'!, }\ cal'ly all tltl: 
~uprous oxide of tll(' sl't~col'per it-; no\\' rc(llll:C!ll to tIll: Ipctallie 
:'late by poling', ",hl'lI "tongll-pitc:h" t:0l'pel' ·\\,ill he oI,rai lll'cl. 
A Lutton-slIlll!'le \\'ill "lr(J\\' a \I;,t ,;nl'f:we, L'l'oll 1l)'C'Hkillg, it 
wjll bt; fOHnd tltat tIll' fOl'lJIl'I' blillblt' Ila,; 1]j"al'I'I'al'cd and tllat 
tbr: frnetnl'e ltas bl"'OIl1C 1'1)"'~-l:f)I(JI,,'d all.] ~11,t\\,,, a silk\· Ill"t, 'r, 
l'h ... (Juantit.\' .. f l'llpl'ltn" "xi.]I' ;111111\'1'.1 I .. 1', '1I1aill 'ill tlJ~ 1'''PItl'!' 

. will \'cll'Y witll tire illlltl1l'itic '" still pl'l.'''l'nt ill till' lllL:tal alld \I·itll 
th' deg!,£'c of I,itdl tllat it j" <11;,;il'l'd to l'I':lI,h, [,. i" """:I.'ll tial 
for the 'gellel'al loll,}'"il.'al alld till! IIICI'IWllil':ll'l'rlJl" .' l'til's (jf' tlill 

. l'{,~ultillg e0l'pl'r that. ";111'11 illl]ll1!'iti.'" as :l1 "~l'lli,', alltilll"II,\', \,i,,­
L'lllth,t h~(l(l Rllall hl' PI'l'''l'lI! ill tlte Clxidi;l,l'd ,~tal.', ;t.; tll4'.\" HI'C ---... 

: This gl'nc'r~II.\' aeecl'll'd sta!<-m('nt hy 11alnl'" (7...,·I",.I,,:;il/.; .. /1, "':1". 11;;" ,'),-

tt.d SaJitlA:n .. Jrt'~"1l ;111 J',.tlp.'4 .. P',.w/',,, ...... ""l/,., 1:"\;·1, xxii., 1:!1) is dO\lutcd 11.\' Hc/hl'n . ..;. 

,. '\~n (,Jourwd '" the S(~ri ict!l tif ('I,, 'mirni 1\lf1""I)'!" I!'D·I, ltiii" 4;1) wlll" . in dis­
." ~Dg Gowlallll's paper, " .\ ,Ial';mcsc (·sl'ut!"-!'I"'i .. , l:-:hil'l,lOli", " etc: , "~.rs, 

. !u,
1t

evl.'rSmalllltl' propurtiull (.f lJislIlutlt illl'''l'l'el'lDigltt ,,~ , il ~h\-a."; rl'lIwillt'o! 
fite, it did not unite wilh t It" copper." . 

~, 
~'.- .. 

.. 
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THE GEOCHEMI STRY OF GOLD AND ITS DEPOSITS 
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Figure 2 7. S~drimb (Nagyag) volcanic edifice, Apuseni Mountains, 
Romania (after Cioflica et al., 1973) . 

and altaite. The propylitic alteration of the volcanics is 
pervasive and regional in extent. Near the veins and stock­
works there is a narrow alteration zone marked by the 
development of pyrite, carbonates, adularia, sericite, locally 
alunite and clay minerals. The texture of the veins is usually 
massive and commonly brecciated; banding is relatively rare 
and vugs are present but not large. 'Glauch' veins barren of 
gold are a feature of some of the districts. These veins are 
older than the ore-bearing veins and are interpreted as having 
been filled by ascending liquid muds containing fragments of 
shale and igneous rocks. These unusual veins are sometimes 
found in other Tertiary volcanic areas in many parts of the 
world. 

The mineralization history of the economic deposits is 
complex. In the Apuseni Mountains, Cioflica et al. (1973) 

Generalized section of Sacc\rimb (Nagycig) auriferous area 

Generalized plan on the level of the Franz Tunnel, 
Sacc\rirpb (Nagyag) auriferous area 

Auriferous veins 

Dacite 

Mainly Neogene volcaniclastics 
(tuff, breccia, etc.) and other 
Tertiary sediments GSC 

Figure 28. Generalized plan and section of geological features in the 
vicinity of the Franz Tunnel level . Sac~rimb (Nagyag) , Romania (after 
Von Palfy. 1912). 
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recognize three metallogenic phases, oldest to youngest as 
follows: 

I. A gold-silver phase characterized by pyrite, arsenopy­
rite, sphalerite, chalcopyrite, galena, alabandite, tetrahedrite, 
pearceite, polybasite, argentite, nat~ve gold and marcasite in 
that paragenetic order. These minerals occur in a quartz, 
carbonate and rhodocrosite gangue. 

2. A gold-silver, base metal sulphide, copper and mercury 
phase. These deposits are varied and include gold deposits 
proper, gold deposits with_ base metal sulphides, porphyry 
copper mineralization and cinnabar mineralization. '.The gold 
deposits proper are characterized by pyrite, marcasite, arseno­
pyrite, sphalerite, galena, chalcopyrite, alabandite, gold tellu­
rides, tetrahedrite and various· other sulphosalts, stibnite, 
realgar, native arsenic and native gold in that paragenetic 
order in a gangue essentially composed of quartz, carbonates, 
rhodochrosite, barite and gypsum. 

3. A subordinate base metal sulphide phase characterized 
in places by tetrahedrite and chalcopyrite, enargite, famati­
nite, bismuth and germanium minerals, and in places by 
gold-silver tellurides (sylvanite, hessite) and rarely native gold. 

Some of the deposits, especially those with a polymetallic 
character are markedly vertically zoned as follows from the 
surface downwards; Au-Ag, Pb-Zn, Cu. In some deposits 
there is considerable telescoping and several generations of 
minerals. The geothermometric work by Giusca et ai, (1968) 
shows that mineralization proceeded through a large tempera­
ture range - 165-269°C for the gold stage and 154-316°C for 
the polymetallic stage. The grade of the Romanian ores is 
about 10 ppm Au (0.3 oz/ton). The native gold is relatively 
rich in silver containing op the average about 25 per cent Ag. 
The Aul Ag ratio in the deposits as a whole is highly variable 
especially where silver minerals are present; on the average it 
is low, about 1:2 to 1:4 judging from the available data. 
Where the deposits are silver-rich the ratio Au:Ag is in the 
range of I: 100 to 1:200. 

The Tertiary gold deposits of New Zealand occur in the 
Coromandel Peninsula (Hauraki goldfield) and adjacent re­
gions where andesite and dacite flows of Eocene and Miocene 
age overlain by Pliocene rhyolites lie on Mesozoic sediments. 
Several areas have been highly productive, including Waihi, 
Thames, Coromandel, Kuaotunu, Waitekauri, Komata­
Maratoto, Karangahake, Te Ar'oha and Te Puke. There is an 
extensive amount of literature on the deposits in these areas, 
most of which is summarized by Henderson (1930), Emmons 
(1937) and Williams (1974). Of particular interest are the 
reports and papers by Park (1897), Fraser (1910), Fraser and 
Adams (1907), Finlayson (1909), Bell and Fraser (1912), 
Henderson and Bartrum (1913), Morgan (1924) and Williams 
(1974). , 

The deposits at Waihi occurred ,in a conjugate system of 
fissures in highly propylitized dacite and andesite. The princi­
pal fissure, the Martha, strikes northeast, dips steeply south­
east and has been traced for about I mi. The subparallel 
Empire and Royal, and most of the numerous other lodes and 
fissures, lie to the northeast; they dip steeply northwest and 
join but, so far as known, do not cross the Martha in depth. 
Most of the ore-shoots became poorer or terminated altogeth­
er at from 600 to 800 ft below sea level. 

GOLD DEPOSITS 

The orebodies consisted essentially of quartz veins well 
mineralized with valencianite (orthoclase), calcite, rhodochro­
site, pyrite, sphalerite, galena, chalcopyrite, pyrargyrite, 
acanthite and minor stibnite, native arsenic and molybdenite. 
The ores were banded and the quartz was colloform (chalce­
donic) in some places and lamellar or platy in others. This 
lamellar or platy quartz is characteristic of some types of 
Tertiary gold deposits in various parts of the world. Some 
investigators have suggested that this type of quartz is due to 
replacement of calcite, but Morgan (1924) thinks this is 
erroneous. Much of the gold in the Waihi ores was free and 
there were some tellurides. The grade averaged 0.5 oz Aulton 
or more and the Aul Ag ratio averaged about 0.3. 

In the Thames area of New Zealand (Fig. 29) the deposits 
are quartz veins in highly propylitized andesites in a compara­
tively small down throw fault block. There was practically no 
payable ore below a depth of 500 ft from the outcrop of any 
vein. Fabulous bonanzas characterized the Thames veins, 
some containing I to 6 oz e1ectrum/lb of ore. The principal 
minerals were quartz, calcite, rhodochrosite, rhodonite, barite, 
ankerite, pyrite, chalcopyrite, galena, sphalerite, stibnite, 
molybdenite, cinnabar, argentite, pyrargyrite, hessite, petzite, 
native arsenic and native gold, the last containing up to 40 per 
cent silver. 

The numerous veins at Coromandel were of the Thames 
bonanza type. At Te Puke the veins were similar to those at 
Waihi, but no large bodies of secondarily enriched ore were 
found as in the latter district. The quartz lodes in the Te 
Aroha area are mainly in extensive fissures in andesites and 
dacites. The main fissure or Waiorongomai Buck reef was 
followed for some 3 mi on strike. It dipped east and consisted 
of a zone of crushed silicified rock cut by numerous longitudi­
nal and transverse fissures. In places it was 60 ft wide. The 
mineralization consisted of quartz, calcite, ankerite, rhodo­
chrosite, valencianite (orthoclase), pyrite, chalcopyrite, galena, 
sphalerite, cinnabar, acanthite, pyrargyrite and native gold, 
the last ranging in fineness from 645 to 900. The ores of the 
Karangahake area are similar to those at Te Aroha. 

A recent contribution to our knowledge of the Hauraki 
goldfield by Ramsay and Kobe (1974) is of interest. They 
studied the silver-gold ores on Great Barrier Island. There, the 
deposits comprise a number of east-striking, quartz-filled, 
mineralized fissures that transect andesites and an unconform­
ably overlying siliceous sinter deposit of upper Pliocene to 
Pleistocene age. The wall-rock alteration exhibits a crude 
zoning consisting of a general propylitization in the andesites 
with argillic assemblages and silicification developed close to 
the veins. The endogene ore minerals comprise pyrite, marca­
site, arsenopyrite, chalcopyrite, sphalerite, rare galena and 
tetrahedrite, acanthite, electrum, silver, chlorargyrite, pyrargy­
rite, proustite, polybasite-pearceite, argyrodite, aguilarite, 
naumannite, realgar and stibnite. The principal supergene 
minerals are limonite, hematite, covellite, native silver, kerme­
site and . cervantite. The electrum is approximately 500 fine, 
while the Aul Ag ratio of the deposits as a whole is 0.033. The 
ore is seleniferous, some of the polybasite containing up to 3 
per cent Se. The argyrodite is, likewise, selenium-bearing, 'as is 
also the galena. The two selenides, aguilarite and naumannite, 
are relatively rare. The presence of the germanite and argyro­
dite is of interest, considering that certain thermal waters in 
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cst procc~s Ui o.lso a nntunJ ('ondu· th9 Tomhstone Mill It: Mining Co. in Mcssrs. Schic.(·lin and Ginl which kerargyrite chloride of lIil\'er con· I ""f'\~or.. .... . . 111 f(o.·t 1 ............ ........ elinm. 'J'1 .i:i urCl IUJ(ly wws 'N.·ached ill 

~iull whcll wc notc the gnulu:u but im.: the 'host i ~suc of the El'JTAPU bCCAU!'-C resultod in ~he"fo:-mation of tho pres· tlistillg of ;6.3 !;Un.r, 24.7 chlorine- The .haft» :uc ~ Sxi feet, til; the 113-tUt\t I<.·\'ul at" Ji2it:lIl~o oC 1";'0 
t ' 1' I' . th' Itt' fi t . I tit '1' b t . ['11 t' • • , .. 1"\_ d I . d" II I I'r '" r I I (cd frulll the mu.in shart, ghowillfY' port:\l1 progrC'fllI.,m.II(Cllltll5":Ulclent t'\'IIICUtU .Ie J'5 IIIIIICS 0('''(,\ CI~ am sont .~ 1 .. 0; .rulnl l l~ \..IO. ! 0.0 pa.rty~on!alne lilagrentcror c,'cls am .(rl~!:I <t-X. cct., IUH tl(,' '" 

811tl IU llloroblc urdustry dunllg tho in .tIle didri..:t, and thOl!c in which lhc With Hon, A. P.]\. . Safford, PrCSlOCl1tl Il's!:I proportion III leatl orcs, In tho . cuts .( feet HI w.Hhh. h~r)nt1 sl"'.1ta. t\f thc sa~ c~~rn~tor or 

He:ulqnnl't('l'S I~inuC'al"s Stng~ ~tttd} ." .. ~ e~p~ricn~ of m.ore e~n!. Sc:hjdfelill, 1 .. ..., b~n, ulltil rccclltly, col~pall.r: b~lo~~ the following mining C~3.r. sl~te~ cnlcH.c, b8.ryt~s and ochre. Soon lifter thu ~rl-:"'a.ni,xAt~oll or the old lIol~t h .)20h:aCt IUHI G~l Ellou?"h 
Inphc (If su l.u;rqucnt ag('It, under- the onginal disco\'crer, ~rr. }I;d"llru L. And D. C.ltield, Secrctary. 'fo this fonner stuto it ;.11 di~~cmillnted illl 1'IU! )fJl ,U;. l'l;.;h gr",c1c cnrhllllatC's foulld . III ti lO 

GoJIIIHlIIY· 1»Od anrll.llto.tigcut ~~e"'bo~ ~hl peraolltl.llr lIlt~rcstod,. ~n order . &P cl ... w~ \"r.z..::.._1. . .. _ • o}ll .vanctics ~~ . ~~O~~II.. .J~l.~.~~~: I~" cornp~y a U:1I.st61ITlP mill was onler. liJI;l(t ~o ..... From tl~~j13.;!oot lo\cl 
at tho' present Jiay It tI reauce4 to a p~lIt . d:ila\ P~7 m aoour:L" T il ._: the latter Cue · it' " ·chiellrJOiliodlfw cit~:-tlic· }i~iJ1toLf -UDlr-W.QrP iJt" t,n p'J.lrl~ t:onweovs, J WIW thQ loo-Coot 
.l,:~c ,u:e oi wum~ .... rru! .w.:u~i ;;1~~ ~:;!:.:! ~!::' :",~::,!.. !..~ .~~.c:.'! tJ,f' -~~~_~ ta01'aJbrC!! .kt\rJ~Qf 1l'hlon ~he ~ .San , Fran<,iaco, whieh .w .... ~t. 'ODM ~C\ ~.I ~hlch ~~o ('~ Lhog~ai oro. 

~~nding tesJfJta. 4- w.~ 0

1 
Epl!' ..... R ban, j)bih l:ieen aet\vely en· ~1~:·:r::!!::~" :: 1 ~~= ~=~~' :t.:1"~ (~i~)"':.pJ:~inatel. ~bi" Wilt &lid ,.hipfDd to. ihQ OOmpafl," OO\I1CS o{ "'-Uti I~. (.:ow,u,;Uvn lUIS 

th. ,lilT""",,! 1 ..... liti .. aad _dJOCk g,g..i ·for ... ~,dal'; ,..,,:a .IJ>~i.l. ... ; ~..,.:;;~·.:-:it·:: 'm=~="", It:: ~ria . ... uoIl,..·..-iIl»<1 ·In. ~4ili- ",ill aile ... tho San. Podrp.,wbere tH ol,,? becn mado b~t":CQll t.b1:::l00-foot 
cosmopolitan HotBI ii 
T ilE! "IU 'kI<T TIIIT,,' 1 1:( Tilt: 01 THf(1 o( 00:11 alld Ulctal mining in tllo 11~· bon h ..... o rctult{'d iu the-aooomp."y. Tna.a..-h JIf.I ... . .. '.-:. ... :. 16111 tlc!tlu'1OO ro,t .. clou¥ tdatrix', often eo\,crcd' '' "ith tIOID.n.a..n,. own .iiOc> acrt'.a of .,-,,11- l('\cl RlUl tho e,., drlft~ (;Y, lI\" i~e west 

JI.'·inJl ('o:'nl'h .... l1ln.;;..~'"" .. ,;.r,· ~lhllll'II;; ~~""'"!W,....- - J J C .. ,_ d 11 t .-:;.t; F 00 
.'"11 "",hlt'd IlIlItT .. , til\: I Mm·I!.,: I"MII,: '.,'ry "U· lIIe-rous mining scotions of our own idg diagrams, with not('s a, followa: Gi" ing" tot~ of ';9.19 aarcs of very flakes or sp6cklil of horn tiih'cr. M.I. l~ud, i.nch'~1illg th~ tUWll of CiaarICJS- "IA t .. '-.Nil":) cra. ~ 8 (~ng. ULS CIl 
ltet\o ... ~m""-'lun... . alld fonoigll lu.ntl6 is Hot cHaolitial to TtlE l)lR(.'U\'ltRY. "alu.ablo miniDl{ grouud a .urface Qchite antI azurite, the carboua.tC1J of tOil. Tho comp.ny a.Lto .oollt.rul thr. ~oue III theso dnCtlt loa~JtIg large 
'l'ule B.npM:~~:~ll.~:;.z.rY.b'.rr till" I tJ,~ l'uq~t'"!'1 fll .. hi •• 1"t;ctn., whi,('h Mr. ~:"l.,~f'(~ ~ t .. · ) ;;"hi\'Uo.lill, An ('S • .-..:oP~l\tAti{'li't-;( - which 'i. gh'en in coppo;, Arc .l.so !ouud, thC'y gonc;.uly cn!iro w.ter rig-lit on the S811 P<.-dl'O .uutertnllcnu dl~lIlbc", w l~,ch, on ac· 

:nulld;M h'IIIY M.'3Il~ fI ... pMl pAlrnnlll:". I n." bt.·lIlg stf1<'tly local in ehan.ctor hu periellcNl miller and daring pf'OSpec· diagra~ No. I l"n tltia page. o\'crlio or fla"k tho JUlY l.re, " 'hilo HinT (rom their mill .ito to the So- -couut o( t!~ wlill ~onn~~on a./ tho 
"Vttln.lly oooUtll :r

u
t.lIll1"".k. .. or I".:.alll.'. .nl rclul)' enough of historical referenoe tor. discovered, AUltU6t 1, 1877, the ORl: iovn.; .. i . tho ;',xide. of iron an,t 1l1D.n(t"ule30 .iora linc;·. df.tallce of ubout. twcnty WQlI~ rt'<{UJro but. httle ~Imbenng to 

l~. BILICKE, ~ROPRIETOR. l.Iy wa.y of introductiOIL . TOlllbstollc mini fig clo.im, nnd witl. it On toe ~o dI tJu:~.o clairnll! two usually fonn tho cnppiug olthe rcg~ miles.. Tho (oulJdation huillg 'bc.'C1l hold 1t~ plnca, On tho U3-foot level, 
. ArizoJla, sillce its earliest e;t}>lora· the prescnt milliug di!Jtriot. Tho "cry dj:stinel ~(..";} bearing ledges can uJar ore (It'lXlliitS. N\~urly nil thc lll'Odously grndc.od the IIli1l \Vd IKlOII nt ft. dllitancc of 350 feet Irom tho 

----.....:.-:..---- tlOll, h:.s always been oonaiuered a country being tl\(:1\ filled '"!'ith.hosfilo· be readil,~\l. ":.'l"he one commcn. lIiJ\'cr bcu.riug OI'\'S wore foutlo to tlCt Ull and 011 J uno 1, 18ZU, hCJ.,1'll1l nmin shnrt,nn inC'"Jine i:s I'Cl1ched \l"hicll 

BROWN'S HOTEL, 
Cor. Fourtb o1i.\ .AII~II Stl'eets: 

,'O:l.lDSTOl:<.'E, A. T •. 

grnnd trt"asurc houlO of precious mot- Imli.n. :Ur. ·S. lOOn . left ~jth 0l'C cce llea.r·:th;t'.:u tlt.~ihaft of tho ',,"('at ~"rrv gold, in IOmo iustanccs ntllilillg eN_hing tho ore. from the Tough r~ I'I('ij tu the 88·(oot I C"~J, which !c\'el 
AI.' ''. The ~l.th·C' tribcsof l!ex~co .and .I."'ple. of tlli. fii.st 10000tion fo;'~tho Sjdo ~d·......iiJJg· bearly parallel ,,:jO. a. high as *,,000 gcr ton, but &\'orag. Nut MillO •• ,Since ~J~t time tho mill is -:-coJinect~tl with tho .No.:; lower 
tl,cir . more rccen.t , ~ol'..qu~-:C;~ ~,the McCrackin lfi~,:..i!'3 .~oharJ'-"C9.un.!r. the ai"e: Ii".~. t~ "claim, bisects tHo ing from .(l,.to '.12 per tan.. '< ~ '.'" Jtis bcini ruunintr~ eO\"tantly, witlr tho «net, :tnct No. ~\. .~~1l~9L)Y :"e~ of 
S~an .. 'rd", . Iut,,~ ~' what. ~m aln\ost ~J:c.ro 11~ found :hi. ~ brotheT, ·A •. ~. S\'M"e,.~=;;J'iiiI·1iiitF"ciiloiing ..... 'lhT ; . }i'rom;thCt-buoke"oLt:hc.:r._M.~ .~ ". X~~L'l('~~~!-_~~~:. ~~g. th~ ISQU'~ .• 11!-Ct ":1~~, ~ ... ~o~n 1~ ~~ 
fairy Icgends eonc~"nng th~ fabu· Scllloffehn, and lUI putncr, Mr.lhch. Tough¥\t"Uui.l.:a =out of afghL ·J'ho Co., we ICILen that the wand JUean winch tnua \~ t1lu l - nbcMla.ry cf,angcs _"C'I)m1!~')Hlg~ .. c~U~?(\~~lynIJl1' ~0.: :.I : 
lous ric~les extrncted from "tho gt."at &rd Girtl ; who usayoo the orc ~ci-' othe~ -in:·~,he .. gulob: ncaT.tllQ.. :L\:.era.,cpt~y o~ t~ b~ttcrypulJl thus "'lIre boi'!K 'made !or'tho-tsubsti.tutioll l'he No. 5 ~unlle!. an.d. 10WOf drift 

P ALAQE HOTEL, l('db"'C~ 111 the north country- whieh mem,. 'l'he rt'~ults of tho usny. w('re north ~~"~.,o (iRe Defonse and cuts I far reduced in 'th('ii-- iiiHls-Jlu occn' 01 ll1cwe\ f;Me~"' ·inl!itc.d of the ·dry( were run to cut the, 1m_InenlO hody of 
XI\"&R8 STItEET, TrcISO:(, doubtlcss refcr to South~rn .A.ri:::.ona very ... t:I1<,ouraglng aud thc Me"",_ the Tou«ta"'Hu:t i,r.·a Ii no nenrly par- t.139 per ton. The ore works Ca:oo on which luwl bean fonn('rly ulcd. The oro dilSC~\'c rcd in ~ho ol~ south shaft, 

MAISH & DRISCOLL, ~t1~clo~ ~~ t~~~h;.~:rsS:;::r~~rd~~::~ri~~ ~~'ipt'::~~t a~'i~~!:'o~ir:e~:::~ ~~r, all~e~:~t'~~~~u:h~l~IJ':e ora :I:l~l"ae:~\.:~ o":lr::dc:il:~ tl~:h:I::~ :a~:~s~:nt~~; ~:~.p:!;, ~:~:~:~,' ~:~no~' I;;~;'o~:~:a~;~;!:~~I~n~~~ ~'" ehIAtJ:'"1llh", A«:UW.oo...lluua 0( thl~ f.11..,), ~ , ,. I ~-
~~t;'~~~~:~~,~;1::!ti~ ~~t.II~.C lu &II h, pioneer has e\-ineed a rCl!oticu dispoei. IS7~,. On :\!areh 1.3, 1878, tlrcy 10' bec.l~ "'"'~";-~~ ,~. di!f~rte<l, fonnillg i~K18 uscd. in tJle working, they will partly in an open cut and . p~~ly in a mi1l~ lilt" bC~1\ taken. Tlt~ is an. ex. 

MERCHANT TAILORING. tion to penetnto tJICSO mouutaiu catcd and. chumoo . the l.ucky CUS8, a largo ~:= -l:c:oll!tderablc nUln. VIUItl, alter years of N(p<*urc to tho .trong woodcll dUUle, arc utJilzed for tClllSI\'C huwrrogultlr depoliit of \ ery 
. - - ---~"'--..... ........ ...,... ... ~r _... fllllgcl ."nd hy careful ox'ploration ~,d on Marc:h :!2, i87~: the. i;ough ber of ~~ d · ... ts· SUlik. intOth.~~.t~i~, ?n ~_~ ~~Olld r~~~l.i,on., abo"t~ .~~~:ing th.e tutb.iuo \\'hccl.w~i~h oc;'n. rich_ore ,yhich ri~1 to :within a fc \v 
W'. M. MUELLE.R, lilulloll8tmta how muoh of tMlth tho Nut, . . : two )~"~: thc C~lstc"cc ~f or 70 pcr cOlltof ~h~romall\der. .t'tutt'~the moto~ of t"e~IU . 1ho feetoftiae surtace, ha.villg" a horizon, 

old Mexican legend.l might .. .'ontain. BC!!lIdcs tho I\ho\'c mentaollcd 111111<'11 gootl ~ -:>l ·oOr(', winch aUam The waUs corunstlllg of porphyry I work of contstruchon ,,,as rllrected by ·tallluHl.surem('.nt oC' .. bo'ut 70x35 feot 
MERCHANT TAILOR, A comhin:atiOIl of circunliitallces_ which ",oon bt'CAU IC' househuld ",or&, ~nt '~"'aD'd ~o)ln ·'JoIin thc north. and limo neccssitate drilling and Supt. Giro,as:sist t'd by.r. S. Vosburg, th'e depth and value of which.i.t would 

24 YXAlt.'t 1:-1 flCM.t S£~~ \\tTl( Tilt lSuch :uo a lack of knowlcd,ro of the all 0\ cr thc 1\'rritOI)' they nlso <IiI:!. :'C8t I:!~~a'o xrkn~gh shaft No :l blastillg operation.. 'l'he drilling t. ~'ho is ah,o intcr<-sted in tho pro(X:rt.y. be folly t6 attempt to calculate. A.n .. 
"""bo.."1! .~lll!~~ u:.' fc\::I,: '.~:,'n.';"'~17urllh~~ gCII<'tk) dmrllch'r of thc C:;ulltry, ittl co\('rL'1.1 14.11\1 m(l llu, u~l:t<,d tile rVUO\\ ' Ililtl tl~...tli sh&ft. . done bv hand and dynllmite, the About ~b.rcll 14th of tho I,rescllt oth~r ore body of conaiderable sizo 
)1emphl_, allil "n,wllell. "nlUd-ar I.; lIe~lo:h .. II_. . . • J .. ' . I . I . I N 
::I: wul~. l 'ull 1.lul: ~.r t.t.o1"l~ WII.I.IIIIJ 01.1 \Iu,\tuu:e fl om Q I\ IhttthOIl , tho SK\ I!.ge iPf( \ ttlulll lle lIIilllll '"" d Rilll!o!, \ l:t· Tilt: H,,"l?ewau d off ~~Id ledgcs Arc It giant pl')\\"({or oC thc Pndfic Cont:t. is yea.r, u tsRle Wtl.~ cOllbllmated lly which h:u bcen I!otruck III the endor t lC 1 0, 
h.ud fit C:01IlrI'!,lccd . (.'niCf'O J',;",nlll 1" .IItIl'I .. '1.I . , .. I I ' .1 . I 1 I ' ,f""'. ~. " , • • •• 
I·L. j \~II ~TIIKt::T, I l L .. u:-.> I til 't '.\" II I,; I It W ltti III Itl '!tet dc" I t " lIt l' lltlUlI, (.r~ulI'l JIu;: . <,:(Jllt.3<':~ . 1I~~1I1)cr of ('r 'SK 'tUtI~3 III lt rlt('rl h,\' gt'1lC'ra.II,v UISC'l1 ati • lug" l'xl'ioJ!Hn·. th<- Cnl'blll Urothc-.tI:l, It.alllihou VltiS., 1I.'~lllln ll ".1 <l U t'0I1I1b I'~'\'.) 
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work is eXJlectetl of American chemists. The presence of arsenic is 
so rare in American irons that it is hardly necessary to mentioll the 
fact that where it is present the precipitation with molybdate must 
be m:l<le in a rold ~oluti on. My attention was lately drawn to this 
element by finding 0.05 per cent. in an iron sent out by chemist 
L. for the purpose of comparing results by different methods. 
1\1y result on this iron was reouced from 0.1$0 per cent. to 
0.152 per cent. of phosphorus !"y taking the above-mentioned pre­
caution. 

To snm up, I find of three chemists \rDrking the acetic and citric 
acid methods in list A, two are wrollg. Of four who worked the 
direct lllulybclate method three are wrong, and the fOllrth has a vari­
ation of 0.010 per ce nt. in the metliot.! as regularly worked by him. 
Of three working the modification of the molybdate-magnes ia method, 
in which there is a large quantity of chlorides present with the nitric 
solution when pho~phorns is precipitatcLI, all are wrong, and of ten 
working the method so that there is only nitric acid and ammonium 
nitrate present with the iron solu tion, nille are within the limits of 
elTor. 

THE GEOLOGY ..:111"D VEINS OF TOJIBSTONE, ARIZONA. 

BY ,nLLLDI r. BLAKE, F.G.S. , NEW HAYEN, CON". 

THE mining district and tb e tOWll of Tombstone are situatetl in 
Coellise COllnty, Arizona T erritory, at the northwest end of the Mule 
Pa,:;s range of ruollutains, in IOllg-ituue 11 0°, alld latitude about 31 ° 40' 
N., UpOII the right ballk of the SUH Pedro Hi\'er, from which the 
town is tIistant 9 miles east. It is also 2-1 miles south of BCH::;OIl 
station 011 the Southern Pacific Rai Iroad of A ri zollll, alld about -10 
mil es north of the )Iexica ll Ii IlC. Its altituLle abu\'e the sea is 
4G OO ft~et. The Dr:lgooll ~IOl1l1taills ri"e acros;:; a ntllcy to the north­
l':t:-it, al1<1 tile Huachuca Hauge s ilnilarly upon the sout lme:-,t, The 
country i;:; open, without tilllber, amI the Slll'f;lCe, whcre the milles 
are OPt'll(·tl, is in gcnerul gell tl y roll iug, amI acce~sible to wugons· by 
llatlll';!i l'\)atis. 

The fir:-it locatioll:; "we maLle ill the ye:u' 187::; IIY the Schei1<.·iin 
brothers and H ichal'd Gird, the lattcr being well kml\\"II among the 
pion e'cr ;:- of Arizona a::; a snrveyor allllillillcr, who eOlltributvd ial';,!'ely 
to Out· kllowledge of the geography of the Territory in eady days, 
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GEOLOGY AND VEIN TO~!BSTON" UZO~A. 

when the dreaded Apache dominated the region. There are now, 
probably, over one thou::iand loca tions or claims in the district, and 

upwards of 2500 inhabitants. 
The output of the preciolls metals, gold and silver, up to the first 

of January, . 1882, aggregate;:; $7 r33D,200, and over $3,000,000 
have becn disbursed in diviLlends. This product is distributed 

among the following-named mines and mills: 

Production of Tombstone l1Iines and .J.1Iills. 

T ombstone )lill nild }iiningCompany,. 

Con ten lion Consolidated, 
Grand Central, 
Head Centre, . 
Vizi nll, . 
Ingersoll, 
Sun;;et, . 
Corbin )li;l, 
1305t,)I1 )lil1, 

Dividends. 

T ombstone ~Iilll\nd :\l ining Company, 
Cnnlenli on (,on solidated, 
Grund Central, 
Vizi ua, . 

:iJ2,704,036 33 
2,703,144 3(1 
1,050,875 30 

1(11,1)20 52 
5~6,i16 OS 

15,000 00 
15,000 00 
40,000 00 
ll~,OOi 83 

SI,lOO,OOO 
1,375,000 

600,000 
80,000 

This will suffice to show the importance of the locality for ruining, 

and to indicate at the same time the principal claims. 

GEOLOGY OF THE DISTRICT. 

In goi ng from the railway at Benson to the mines the traveller 
ri:;c;:; from the po::-t-plioeenc deposits along the San Pedro to a granitic 
plateau. Th c rock is gray and highly crystall ine, and is apparently 
empti\'c. It wcather::i in plaees into gigantic rounded blocks and 
mas~es,. lyin g one npon another as if piled there by some Titanic 
force, rather than by the gentle nnd gratlnal eflects of irresistible 
dceay. This l'Llek extcnt],; to within a mile 01' two · of Tombstone, 

where stmt i ti ed fOl'mation:; occur \)\' erlying the gran ite. 
Th e~c stratifi ed betl:; con;;i::it of quartzites, iime:;toncs, and shales , 

with freqnellt repetitiolls ill an ;t;:;cencling series :;evel'al thotlt-'llnd feet 
th ick, but all cO nIUl'II1 :tl.JC :l11d Llipping gf~ nerally at a low ungle 
frolll :Wo to 45° to the l'a"t\\'anl. The fossils which have been 
fiJlllHl ill the millll le all\l tlJlIH'r bCll:;, cOllsi .~ting chiefly of ProLitwtus 
and cyatllophy lloid corals, ~h ow them t(O be Paleozoic, and probably 
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I.ower Carboniferous. The lower strata are probably olde!". A. small 
shell, like Lingulct, occurs in the shales of the Contention mine. 

In addition to the strat ified formations we find iutrusive por­
phyritic (likes cutting throug h the strata indiscriminately, nearly at 
right angles, and trending approximatcly north and south, or a little 
east of north. This is the direction of the general rift or. breaking 
of the country and of the mineral ve ins. 

In the central portion of the dist!"ict, coverin 's the claims known ' 
as the Toughnut, Gl1o(]cnough, 'Yay-Up, Vizina, and 'uthel:s, erosion 
has exposeu the outcropping edgcs of many stra':a of limestone, shales 
and" quartzites." Both the shale and so-called quartzite beds are 
of deep-sea origin, being very fine and compact in texture, with 
scarcely any s igns of granular stmcture. The la 'ter, particularly, is 
flint-like and very hard, and is more exactly described m', a novaculite 
or honestone. In places it passes insensibly into lim estone, appar­
ently fOI·ming beds of silicious lim estone. It is, IlO doubt, largely 
organ ic in its origin, and is a very fine sell im em, totally ditferent 
from the typical quartzites, ",ith granular st.ructllre, found in the 
higher parts of the series of strata. It evidently, ill forming, accu­
mulated slowly, beyond the influ ence of currents, at the sea-bottom. 
A.n abundance of iroll pyrites in fine crystalline grains, ilisseminatec1 
through the layers of this rock, gi ves evidence of its organic orig in 
in part, at least. This rock liaS special importance froll} the faet that 
the min ers in the T oug hnut amI Goodellough claims tin<l it below 
the chief ore-bearing li me:-;tolle. It is regularly and evcnly stratified 
for a thickness of about 140 feet, and rest.;; upon a thi <: kly-bed dec1 
dolomitic limestone below. The beds above it consist of clark, black 
or blue limestones, and of thick beds of dark arg illaceolls shale, 
alternating with black silicious shales fo r nearly half a mile to the 
eastward. The black limestones auove the novacul ite are the chief' 
repositories of the bedded masses of rich silver ore, as will be pres-ently shown. . 

The whole series of beds in this central part of the dist.ri ct is 
thrown into folds, being regularly plicated in a series of wave-like 
fl exm cs, the steepest and sharpe::;t folds being on the northwest of 
the Toughnut and Goodenough claims facin g the gra llitic region in 
that direction. These folds may be tmced, but with difficulty, upon 
thc surf:.lce, but me best seen in the crosscuts of the rilines and along 
the drifts. In the open cut upon the Toughllut there is a good ex­
posure of some of the beds at the crest of an anticlinal fold present-
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ing an appearance in section, alorg a northeast and southwest cut, 
nearly as ShOWI1 ill the annexed drawing: 

FrG.1, 

Autic/in«l iuhl. Tutty/wul . 
r. Novaculite-under the limestone. 

II. Li mestone-beml i ng o,·er the novaculite. 
III. Shales-bending liv er the limestone. 

This little section is along the uppE:'r level known as the " adit." 
It is direct ly below the place on the SUl'f~ICe where ore was found 
cropping 0[''" _ . __ ,I ,,·ith soil and vein-stuff: At another place, 
upon the western end of the Goodenough, we timl a seri e" of plica­
tions, up and down, at about the anglcs shown, and with rich ore 
lying in the fill(]';. Thesc folJs are not large, covering only a few 
hundred feet in extent, but are beautifully r('~ular and well ddinet1. 
As we pass np the hill, ri sing higher in the serics of strata to the 
eastward, the dip becomt's more regular, atHI coarse-grained quartzites, 
in thi(,kcr bed;:, tM.;:e the place of the finer-grained tlcposits. 

A Il of the f0rlllations namc(l 11a ve not only been u pI i nell as de­
scribed, but have been much broken and faulted either at the time 
of uplift or at long peri()(ls later. This is shown by the Ill1l1lber of 
fissures and lines of' Emit, as well as by the outcrop of' dikes of por­
phyry, and the dissimilarity of the stratiti ed beds on either side of 
them, and the di".io'ntetI outcrops of the limestone beels. 

THE CO~TE~T({)N )II~E. 

The chief fi:,snre and ore-bearing vein of the d ist rict travpr"t's the 
Gra1Hl Central [\11(1 the Cont.entinn claillls. Thcse claillls were 
located in a north and south direction upon the somewhat ob::;cure 
croppings of a (like of dioriti c porphyry carrying; ore, in, through, 
and a longs i(1c I)f it,. This lucati on ,,·a.~ m ~Hl e by -:'If e;;s r~. 'Wh i te and 
Parsons. The cropping;s ,,·ere not remark ab ly well IIef-jIll·( l, consi:::t­
ing of the porphyry and a confu"Plllll ixtnrc of' porphyry, chert, anu 
qllartz, with mas,;es of IH)[,o US quartzitc alull~"ide; 1l 0ll e ot" t.hese 
rocks rising high abo,·e the soil. Therc wa~, howevcr, 'a consiuera-

VOL x,-22 
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ble di:;coloratiull of til e soil by iron-rust along the line, a lld a little 
digging I'f vealed good ore lI ear the surface. The harder parts of the 
di ke were the most promin ellt , and its direc tion govem ed tllf direction 
of loca ti oll of the claim . Tlli ,~ dikc \·[t ries in' width fmlll a few fee t to 50 
feet or 71) fee t, and d i pi; to the we,~ tward at an ang le of from 55° to 65 0. 
It ell t;.; i nil i;.;cri mi nately tlll"lll1g l1 shal es, q l1L1rtzites, ancllimes toll es, and 
is e \' idently of ig'ncol1s orig in. Tile contact, howevel', with til e 
abll tti IIg edges of the cl isru pted bell::; is not al ways markt'c1 by allY 
g reat ehallge ill' theil"appearance OL' composition, thf)lIg'h ill places 
there ' is ub.:iclll·e meta illorph is m, impregnations of silica, and SOllie 
lJ1 odi ticat i () n ,~ uf stm eturC', Th e dike itse lf has" a distinct vertical 
lamill ar ion 0 1' stl'Lll.: turc throug h mos't of its ;; ub.~tan{'c, and is l1Iore 
01' l e",~ penetrated hy ve illl et5 of qllartz. III some portions it is 
hig hl,\' cl,),::;ta lline and Il early barren, ancl in ot'hers consi:; ts chiefly 
of a fe ld ::ipathic base, in wh ich the feldspar crystals are obscure. 
I t 1J:l:;o'e;; into a felsite, which, in th e d e<.:olllp (),~ ed portiollS of'thc 
di ke, and when slaty ill s truct llre, might be mista ken for th e purtly 
dl'cuyed shales 0 1' qllartzites. Large portions of' the dike arc so 
penct rated by quartz as to cO ll sist largely of it, and Illig ht be called 
qn :tr tz, a lth ong h close exalilina tion \\'ill show the pre:;ellce of feld-
spar, 

FI/; , :1. 

TI le acco l1lp: u,y ing cro:;s section (Fig:, 2) of the chief part of t.he 
dik c ta ken on th e fir::;t len'l of the I-l ead Centrc lIIin e, Upon th e 
Contt'nt i"n lodt" lI'ill cOlin',\' a better id ea thall can be g ivell in 
\\'ord :; . It sho\\'s the \'eni('a l "itrllet llre, and th e gC ll cra l di :; trilm­
tion uf qU:Ln z in vcrt i( 'al !'l'aIIiS or layers, and in OIl C pl:tee a VlI g , 

Ol' ca\'ity, ill whieh therc arc c1i :; t inet cjllartz crystals, III general, 
hOIl-ever, comh:; of qllUl'tz crystal::; are wallting ; th e 
Cjtl<lrtz being' in a ll :lI11 orph Oll';, sul)\' itreo li s state, 0 1' ill 
th e t()l'1ll of ehl' I' t. Th e lalilella r alT:l u;,:;'c IIl t:nt of thi ::; 
ql1 al't z lI ca r thc cC ll t ral part of th e ,'cl'tion is shown by 
the little Cll t uf filII "izc (Fig_ 3) of :t f'r:l~'Itl C: llt g ronlld 
dO\\,11 tn a p lanc :; UI{ ICC. The lill t's rl'pl'C":l' ll t till' layers 
of '1 n:1rtz; the in tc rnll 'd i at(~ spacc;.; me till ed with ie l(l ­
"pal'. Tll i.s lamina tion i:; ty pi,,:ti of thc vClt ieal i't l'lle­
tuj 'e of' th" c1ik (" A nuthcr (rug- lllellt, wi th 1e~5 quartz, 
taken at a distance of about two feet frolll the fi rst, 
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consists chiefly of a felsite basc with obscure crystals of fellls par spar­
ingly distributed. Exaillillat.ion shows it to be penetrated irregu­
Jarly by veinlets of quartz, as shown hy the accompanying sketches 
from g-rouud and polished surface::;_ (Figs. -1 and 5.) 

F IG, 4_ FiG,5. 

There is al so a considerable alllollnt of' mineraliza tion of the dike 
by iron pyrites c1is:;e lliinuted ilTeg ularly in its s ub~tauce ill cubical 
crystals, most Of ." L - .. , have cl issol ved ou t and left the ca \' i ties on I y to 
indicate their former presence, making in some plnees a spongy mass 
of porphyry 01' of quartz. Althoug h the mine has been worked 
to a depth of 600 feet, and therc are some 12 to 15 miles of' drifts, 
levels, and winzes in thc Cont.ention and adjoining mine::;, the uncle­
cOfllpo5ed ores belLlIY the water-line havc not yct been reach ed amI ' 
mined, amI all the ores abo\'e are in the deeolllpo:;ed and oxi llized 
condi t ion common to sn;'faee ore:5 . A large part of the ore i:; hig hly 
charged with rcd oxi(1e of iron, to such an extent that the clo thin g 
of the mincl's becomes saturated with the rouge-like powd er, and the 
tailings at th e mills are bl ood-red. 

There has been an extensive decompos ition of th e porphyry, 
especially along the upper 300 feet of the dike, reslllt-ing in the for­
mation of qnantiti es of white ciay, kaolin, somctimes pel'feet ly 8now­
wllite and pure, but ge nerally more or less mixed with red oxidc of 
iron , This kaolillizatioll exten(ls ill places to the adj oilling shale;:, 
alld there are some wh i te, clay like, i'nt C' rstratifie(\ beds \Vh iell III <1;' , on 
furth er exam illa tion , be fOllllll to be altered , febitic otfshoots frolll 
the d ike. It is not yet pO:is ible to say what the exact nature of the 
ore below thc wUkl'- levcl will bc fOllnd to be. The oilly lIletallic 
C\illtcnts so fill' fOllnd, with the exeeptioll or tho p)'I'ites alld so me 
galenite an(1 leall carbonate, are gold ,and silvcr in a comp:ll'<lti\'ely 
free statn ; part of' thc gold, if not all, IJeing frce, and tlt (! silver 
OCCUlTing chiefly as chloride, 01' hOl'll-si lver (with prolmbi y SO IlI C 

iodide), ill crusts anu fillll :;, also occurring in minute crysta ls upon 
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cleavage sud;'lces. The a\'c"agc nllll c of s ih'e r a nd go ld in t he ores 

worked last yea r was abo ut $70 pel' ton. Th e gold li as of late ill­

creaiied from 20 to 2.5 pel' cent. of the valliC of tIl e p"od uct, the res t 
being silver. 

GOLD IS P ORPlIYHY. 

One ve,"y inte re~ ting fac t is thc occllrrcncc o f fl'ee metalli c go ld, 
togethcr with chl oride of s ih'el', ill th e l1Iid:-;t of the porphyritic rocks, 
at a distance of ma lly feet from thc porti ons of the porphy ry cU l'ry ilig 
qu artz in veins, a nd dis--;emillated. This go ld is fo und chiefly in a 

portion of the rock appa rent ly dioriti c, cOll t;lining fin ely-dissel1li~ 
na ted horn hlende. In deco lll po~ i ng, th is pOl'phyry 'oeco mes ~teat i t i c, 
an ll in places appea rs to be cha ng ing to serpent ill C, The gold i" 
found in thin Suo-crystalline flak es a nd scalcs, chiefl y in and al ong 

thin seams and cracks in th e mass of t he rock, as if i t had been 
intiltrated a nd d epo" ited from so lution. Tllis is proba bly t hc filct, 
and th e Il1ngne::; ia n na ture of th e /'Ock has no d oubt ex(' r ted a ll im­
porta nt influence in its depoil itio n. Free go ld i::; al so fou nd in qua rtz 
in th e n;;ual manlle l' of asso(' iation, bu t even in s ll ch spccimclIS th e 
crysta lline fe ldspar of the dike is fO llnd . 

)I E 'fA L LIZATfOS OF TilE DI K E. 

The time and mann er of meta llization of thc dike may be cons id­
ered as open q u estion ~ , for a sollltion of \"hi ch wc Illu:-;t \\'n it un t il 
th e milling extends below the pe l'ma nent wa te r-I r. \"cl of thc fi)l'lll a­
tion. It seems most Jlrobable that th e rock, at the tilll cof its intrll­
s ion , was pyritolls, and th e ::; t ra ta adjoining it no d oub t \\'el'(' . It is 
no t i l1Jpo_-;~ ibl e t.hat there Dlay h:n-e been a conccnt ration of the pre­

ci ous metal s in the dike from the SlilTolll1cl ing bed;; , th e r('S l1"l t of the 
d ecay a nd dJange of th e py rites di ffused in thc stm ta. Ou the other 

ha nel , we lTiar s u ppose t hat the cI i kc has been t hc ~O llree of t hc s i I vcr 
and gold we find in and :l uout it. -

In eithe,' case the vertical laminated or s tra t iform struct llre pa r 
all c l, \\'ith th e walls has been a n im!Jortant fi1ctnr in the distrib llt ion 

of the metals, and in the chunges and mod ifi ca t ions of thc orig in a l 
condition of tIl e dike. W e Blny readily eO ll cci\"c of s uch vcn -icul 
planes of s tru cture affiwiling pla nr.,;;; or lill (,s of least res is tance to 
yertiea l nlO \"e lll ellts, while the ao ntting ends of the ;.; trata, ill ('O lIl ac t 

wi th the \\"a lls of tlt e dike, would orIcr g reat J'c:< i ~tan cc ur fr ict ion. 
Th e conditio n of th e dike a long a g rea t pa r t of' it,; CO lll'::;e Sf't'Il IS to 
s u"tain and \"e rit)- this IIYI)() th ('sis. Th (, l'c has c \ idcntly been ('on­

sideralde mo\'ement of pa r t'> of the dike IIpon itself; rcsult ing ill the 
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formation of heavy clay scams and hrecc ia ted layers of porphyry and 
quartz, somctimes occupy ing a m cdia l pos it ion along th e dik C', so me­
times at one s ide or the oth er, und again al ong the line of contact 
with the coun try rocks" S uch scams Hnll orecciate(1 g round a re some­

timcs wantiilg , anel thc strLl ctm e ancl condition of the dikc remain 
unchanged. 

The whole of th e dike with t he adj oining strata IlUve been sub­
jected to extell s i \'e mO\-e111 Cn ts and d ispl at.:ements, shown not, only , 

by breaks of cont inui ty, but by the hreccia tcd cross-courscs and seUlllS 
travers ing both th e ig ll eous an ll stratifi ed forlll at ions, 011 e of these 
faults resul t ing in a throw of th e 1l0rthel'l1 port ion of the Contention 

lodc 150 feet to th e we:<t, and pa r tly outside of the west side-line of 
the claim, has reeentl y led 1.0 ex pensive litigation. The faulting 
seam 0 1' break has been driftclI upon between the two end;; of the 
disj ointe(1 dike. It consists of a heavy brcce ia of fmg ments of the 

adj oining strata, together with a s tl"Oll ~ clay wall , marking the plane 
of g rea tcst movement and slip. Its direction is southwe~t and 
north~--< 

In add it ion to th e latcra l movement there have been extensi\"c 
verti ('al displacements, amI it is probabl e that the lateral shifting 

may be referred to them. It would be prcmature to at te l1lp t an 
exact d escription of the numerous faul ts and mechanical changes to 
which the dike has becn subjccted. They rcquire furth cr s tllLly and 
suryeys. M r. I saac E , .James, so long :lnll well known upon the 
Co mstock lode ;s a n Hccom pI ished 1lI i ne eng in eer, is now in charge, 
and has the subj pct un (lcr in\'es tigation. ,Ye owe t hc first determi­
nation of the nature amI pos ition of many of the vertical iiwlts and 

throws to his careful ohsen "a t ion and surveys. 'Vith out now enter­
ing into precise desc riptions of pa rti cular displace mcnts , it, will suf­
fice to g ive a sketch indicativc of what lias occlll'red, producillg such 
a con fllse<1 reCUlT('nce of orc upon certain levels of the mine, as to 

lead a t one time to thc suppositi on that therc were several dikes of 
porph y ry nnd orc o \'cr a bread t h of five or ::; ix hundrcd feet. . 

Th e l1loye lll elll a ppcal's to liaYe bcen from th e wc;.;t eas b ';ard -and 
d O\\,nwanl ;:;, th e to p of the dikc being carried ofr ill ::; uccc.3,;iyc blocks 
by thc sli ll ing of l1I as;;:es of the stratifiell fo rmat ions part ly upon the 

planes of depos it ion of thc beds (th ese di pping casl\nll'll :1 11 cl afford­
ing sur i:lces of easy lIlovement), and part ly lI] H)l1 ti tceper planes of 
fraetm e generall y dippill g' eastward, as ::;hown in tIl e o utl ine sketch 

sec tion, whieh may he ta ken as typical. 
This disruption of the dike, with its attellda nt fracturing and 
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brecciat ion of the conntry rock, accompanied by the ll1o\'em ent of 

th e dike upon itself, and the fOI'nJatioll of heavy clay sea ms, has pro­
vided f:worable places fa I' the accumulation of OI'C, It is gencrall," 

found in the softe l' and mos t broken portions of the d ike, eo incidellt, 
no donbt, with th e rl:'gions of g l'eate"t original metallization and 
subsequent movemellt, attended by clay seams, Snch clay seams, 

with the accompanying ore, have by some beell cOllsiderecl as mar'king 

FIG. 6. 

the limits of a second 0/' snhsefjl1cntly-flwmed vcin, following the 

dike alld inclepelldcnt of it. This th eory, liH'lned undel' the in"pi­
ration of the necessity of nar/'Owing dowil the \'ein and thl'owing it 
as f:ll' west as po;;s ible, ill order' to securc a g reater length of it Upon 

the Head Centre gr'olllHI, woulcl he more defensible, if in th e stopes 
any vein s trllctlll'e referable to a later. d eposition could bl) fOl1l1d, 
Instead of the fragmcnts of l)l'oken porphyry, sha le, and fjnfll 'tz 
being cemented together hy quartz, they al'e loosely aggregated, and 
show clearly that the forlllation is elue to l1Iechanica l iC)l'ce and attri­
tion , Til e c lay sea llls are al~o not certain hou lldurics of the ol'e; it 
Occurs on both side.s of clay seams, Th e clay ca nnot

l 
th erefo re, be 

taken as separating ore from "'aMe, Th e sca ms, ll1oreon :r, are not 
continuous, but gi \'e ollt, and in some parts of' tlte <lik e arc ah,;ent. 

Tire only place upon the lode where water has been rcac lr l:'d is 
upon th e SulphurC't claim . At this point the lode intersc('ts stmta 
of lillll'.~t()Il C, and there is a hedded layel' of' ore following til e strati­
fication and connected witlt the dike. This orc is chiefly ga lt'll:.! alld 
iron pyrite:". V ery little has yct brc tl takCII out. So al"lJ ill t ir e 

H ead Celltre ground, at a hig-h PI' len'l, whe re the elike interscc.t,; 
limestone, a bedded 01' intel';:tratificd laye r of ore oecllrs. Rut tire 

best exalllples of bedded d epo,;i ts in the di st l'i ct arc ill the Toughnut 
and Goocleno l1g h clai ms before refelTed to, 
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BEDDED onE; DEPOSITS, 

These also are associated with dikes and vertical fissures nearly 
parallel with the Contention lo(le, One of the longest and best de­

fined is the W est-S ide lode, whieh may be traced Ill/' about two mi les, 
un til it pa!'ses 'lnto the under lying granite, Its northel'tl prolongatioll 
appears to cut acl'O'lS the Toughllut clailll, and to CO llneet with the 

. verti ca l fis!OllI'e and quartz cl'oppings at the Disco \'ery shaft on t.he 

Goodenoug h, 
A secon(lline of fi ssure cuts acro~s the anticlinal line of the f()]'­

mat ions at the open cut on th e Tonghnut, and Cl'os~es th e whole 
breadth of the Goodenough into the " ray-Up claim ueyOld, This 
has been followe(1 on ore from tir e open cut to t.lre 'Yay-Up, and is 
connecte(1 with the chief lateral hedd ed d epos it s, A Ipde has also 

been followed in the same gcneral direct ion from the claim called 
t.he " Defence," across the Toughnut into the Goudenough, This 
lod e is marked uy very heavy croppings of quartz amI flinty houIll­
ers lying above th ~ 1: -.les ton e on the surBICe, 

In the fi"Slllc extending into the "ray_Up claim the ore \\'as found 
in layers and bunches fol/oll' ing lhe plane of the vein, extellding 

u p\\'anl s am] dowll\\'ards. along its cou r~ e' in neal'ly vC' rtic':) I !'; hoots 
or ore-bodies, but breaking off into the adjoining strata in tbt bed­
like layers, particularl y where the vein intersccts the 10\\'er 1 i Ill e.~tone 

rest ing on the no\'aculite beds. These uedd ed ojf~h(lots from the 
vein are ofte:n of considerable lateral ex tent, following' the plancs of 
stratification ~n either s ide. 'Ve cannot yet state with cf)lifidc'IH!e 
what the exact ori g- in of these he(l t1etl d eposits i~. They may be' clue 
to the dcco mposition of nodular ma;;se!'<, but thcyare generally de­

pos ited in the lim eo; toll e as if by replacemell t. They Ill:!)' be I'f·ga rded 
as fillin>; irregular C[1\'(,l'1Ions spaees erodl:'d. from the ~trata by lIl etal­

liferous ;;ol utions, and without any regu lar boundaries, 'These beddcll 

ma"scs do not have a sy mmet ri ca l arrangelllent of t.h e ore, exc'ept s uch 
as Illay be referred to s tratification or lleposition by gra \·ity. 

It is to I,e ou,:;erved that these bedded masses of ore occupy the lime­

stones rather than the s ili cio us 01' arg ill aceons strata, as we llligItt 
expect from the greatcl· solubility of the lim estone, Inaslll ll eh as 

th e~e lilll estone strata are folded an(1 turned up in different c1in~c­

tions, the intel'sectioll o f the lilll c,.:to lle with tile vel'ti ca l plalle of the 
yei n is an i I'I'E'g ulal' Ii 110, A t such ill tCl'sect ions the wall" of the fis­
sure arc eO l'l'od cd t1\\'ay and are obliterated, or are further apa:t thall 
where the fissure cub the silicious bed::;, the ;:: hales, 01' the quartzite;::, 
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In this respect the formations are similar to many abroad. l\Iois­
senet* represents bodies Ot' shoots of ore conespond ing in their pitch 
to the intersection of strata with the plane of a vei n, 'Va II ace de­
scribes a se ries of st rata in the North of England consisting of lime­
stones ail!I shales traversed by jodes productiv,e in the .limestone, but 
poor when passing thl'Ough shales , Other examples m ight be cited. 

In ex tent, the bedded masses of the Goodenough and T Ollg hnllt 
claims have heen much greater than the ore-bod ies of the vertical 
fi ssures, and it may be sa id that the greater part of the production 
has been from the beds or fiats. They extend irregularly between 
the two fissures a distance of about 400 feet, measured diagonally 
along the dip, It is noteworthy that they foll ow the stratification, 
and then suddenly break across it vertically, following a crack or 
break of the bedd ing, and then expan(I aga in horizontally for some 
distance to an other, dropping down hy a series of steps from one 
layer to another in and between the limes tones. 

FrI. . 7. 

The ores found in these bedded deposi ts in the limestones are much 
more pl1ll11bifel'O us than the ore of the feldspathic dikes. Galenite, 
blenc1 e, and iron pyrites are abulltlant in masses, wh ich,· within the 
reach of oxidizing agencies, are largely converted into oxides and 
carbonates. 

Bedded ores of this nature are also found in the limestones of the 
Blue Monday claim contiguolls to the vertica l fi ssure in t he west­
wanI prolongat ion of the W est-Side lode, 01' vertical ore-bearing 
fi si' urc. Tili;; contiguity of the betIded depos its of the camp to the 
vertical fissures and dikes, amI the OCClllTCnCe of bedded ores where 
th e dikc.,> inter.,ect limestone strata, lead me to the opinion that the 

" Aonflles des '\l inrs (6) 9, p. J? 

T HE GOL IELDS OF SA~--t)m[INGO. 3-15 

metallization of the district is due to the igneous intrusions, and that 
these intrusions, with the accompanying impregnations and. ramify­
ing vei nlcts of quartz, are the true lodes, Ot' "leads," that roay be 

followed with confidence in the search for ores. 

THE GOLD FIE LDS OF THE SOUTHERN PORTION OF 
THE I SLAND OF SilN DOMINGO. 

BY RlcnARD P. ROTHWELL, NEW YORK. 

Ix the year 1881, I visited San Domingo, in the intercst of 
French capitali f'ts , to examine and report upon certain " conces­
sions" of gold-bearing gra\'el anCi quartr. veins, on the Isahella anCi 

J aina rivers and their tributar ies . 
This district is period ica.lIy reported to be ex trao rdinarily rich, 

ap r1.1. ._ IS cast around it the glamour of the mys terious shi pments 
of ~ohl , creditcd, in romance and in more or less rom ant ic history, to 
Columbus and th e Spaniards of the fifteenth and sixteenth centu­
ri es. S ince considerable sums of money and se\'(~ral valuable lives 
have been lost in the unsuccessful search fOt' i ts profitable mines, it 
seems !lesirable to place on record some of the information collected 
concerning th e value of these famolls gold field s, with the hope of 
facilitating the work of th ose who may hereaft er be called on to in­
vestigate these claims, :.1IH1 of preventing t he unnecessary waste of 

capital. 
It. is neeoless to ad(1 that the capitalists fo t' whom my invcstiga-· 

tions were made abandoned the enterprise they had in v iew, although 
110 doubt similat' schemes will be brought forward many times in. 
the fut ure, as they have been in the past, un der the fervent advocacy 

of too sanguine enthusiasts. 
Since the time of the Span ish occupation of the Islam} of San 

D omingo, in 1-197, when Colllmbu5 fOllnd the nati ves weal·jn g Ol'llU­

mcnts of gold, more or less of the precious metal has been ob tained 
anJlually by· wal'hing the gold-bearing sands of ~everal of its streams. 
It is said that dming the S pani.;h dominat ion, when the nat.ive In­
dialls were held in the most abject servitllde, a certain amount of 
gold was 1'el) tt il'ccl of cneh one as the result of his labor. Under this, 
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The consum'ption of wood, per ton of ore, was 0.15 cord, and of 

quicksilver 0.96 pound. 

TilE MILLS AT CHARLESTON. 

MORt of the mills working the ores of the Tombstone district are 
di.itributed along the line of the San Pedro River, at an average dis­
bnce of ten miles from the mines at Tombstone. 

The works at Charleston, of which I am manager, are the prop­
ertyof the Tombstone Mill and Mining Company, and are under 
the general supervision of Professor John A. Church. 

These mills were originally intended for dry crushing, and were pro­
,illetl with rotary dryers, automatic roasters, and all the necessary para­
ph rnalia f01" a chloridizing roasting; as it was expected that the ore 
hlllt \ become base as depth was obtained in the mines. But, con­
tr:lry to expectation, the deposits retained their free milling qualities 
as tl.,·y went down, and the furnaces were never brought into requi-
·lion. Upon ascertaining the true charactet· of the ore under treatment 
~ was decided to change the batteries to " wet crushers," in order to 
~l~e their capacity, which alterations injured the symmett-y of the 

nt, and left it workirig at some disadvantage over what might. 
ve been had such a change been foreseen in the original designs. 
The smaller of these mills (the Pioneer mill of the district), was 
: ·nally built by the company as an experiment, and constructed 
~ an eye to economy; a wi;;e precaution, as many have learned to 
r cost who have anticipated developments in their mines by the 

ruction of expensive reduction works. ' This mill was originally 
with ten stamps, four pans, and two s~ttlers, and run' by a Leffel 

"'~.UI"""A water being brought in a ditch from a darn about one mile 
the ri\·er. Later, in' order to increase' the capacity, five stamps, 
part", and a settler were adde(l. To run this additional plant up 
- necessary speed required more power than the turbine could 

so an engine was purchased as an auxiliary. The second 
I'gI!r mill was subsequently acquired hy th'e company. As both 
run on ore from the same {nines and the processes are identical, 
• b of one mill will suffice for both. .' 
.. to be regretted that owing to the separation of the mills, con-

dOubling of the pay-roll, and increased expenses from every 
the cost of milling givcn below will be scarcely a guide to 

toClOII \d be done with a properly arranged plant. I do not hesi­
. y that with altered conditions 'a reduction of 20 percent. per 

i 
i 

I 
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ton in the cost of ore milled could be effected, the quality of the work 
remaining the same. 

In the following hasty sketch reference is had to the larger mill 
alone. The power is furnished Ly a horizontal engine with Corliss 
bed and Meyers p'atent cut-off, making 70 strokes per minute. The 
cylinder is 16" x.36". This engine runs with remarkable smooth • 
.ness, and is not shut down more than once in sixty days, and then 
or:ly to afford an opportunity for cleaning out the "boilers, in which, 
owing to the water used, a scale rapidly collects. These latter are 
tubular, 54" x 16", and carry steam from 90 to 100 ponnds pressure. 
Farciot's patent pump and heater fe.eds them, pumping the water in 
at boiling-point. They consu~e on an average seven cords of miXed 
wood per day, costing $9 per cord; black oaIrt white oak, willow, and 
pine being used indiscriminately. All th~ water for , the mill is 
pumped a vertical height of 100 feet by a No.5 Knowles steam 
pump, placed 200 yards from the mill, which readily supplies more 
than is consumed. Steam is carried to this pump from the mill boil. 
ers. The ore is brought down from the mines, a distance of ten miles, 
in wagons. These wagons are counected in pairs, weighing about 5 
tons; they carry 14 tons of ore between them, and are drawn by six­
teen mules. This hauling is done by contractors at $3 per ton.. The 
bottoms of these wagons consist of a series of pieces of plank, 6" x 2", 
laid crosswise, their ends resting on the framework. of the wagon-bed, 
so that, wlien removed one at a time, they allow the ore to ·drop out, 
and permit a rapid and easy unloading. It requires on an average 
twenty minutes to unload a pair of wagons constructed on this plan, 
and, as they are filled at the mines from self-discharging shoots, the 
driver has little labor in loading and unloading. 

The ore is ,,,heeled in barrows from the dump to the crusher 
through which it all, coarse and fine, passes, no screens being pro­
vided. One of Hendy's breakers is used. The bottoms of the 
shoot" leading from the breaker to the bins are, for a distance of 5 
feet, made of i " steel bars set iff apart, allowing all the finer mate­
rials to fall through on to a shaking screen hung below. This shaker 
is provided with the same screens that are nsed in the batteries, and 
separat~s that portion of the ore already sufficiently fine not to need 
crushing, which is sent direct to the pans. This relieves the batte­
ries materially, and decreases the amount of "slimes." . By this 
simple contrivance the capacity of the mill was increased 5 .per cent., 
or more, the amount depending on the fineness 'of the ore, and also 
on its percentage of moisture. 
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The batteries are fed from the bins by the Hendy ct Challenge" 
self-feeders, which here, as elsewhere in my experience, give entire 
satiRfaction. The stamps are 20 in number, drop 100 times a 
minutc, fall 6tU , and when freshly shod weigh about 750 pounds; 
the weight being divided as follows: 

Stem, 
Boss, 
Tappet, 
Shoe, 

340 pounds. 
200 " 

90 
120 

" 
" 

The die weighs about 85 pounds. Some of the stamps carry extra 
tappets, bringing their weight up to 800 pounds and over., T,he 
~hoes have an average life of one month, and when worn out weigh 
about 35 pounds. A novel feature of these batteries is the arrange­
ment of the guides; instead of being grooved to receive the stem, 
square recesses are cut into which wooden keys are fitted, so that the 
grain of the wood is parallel to tbe ' motion of the stem, instead of 
across it, as is usually the case. With such an arrangement the 
guide-boards themselves are subject to no wear, the keys being easily 
taken out and replaced. This plan might be advantageously adopted 
where light stems are in use which are liable to spring, and in such 
a condition saw out guide-boards' very rapidly. But when stems of 
3l"-3!" are used they present no advantages over the old plan. 
The mortars have double discharge, but the rear discharge has been 
blocked up with wood faced with iron plates, as close to the stamps 
Il~ practicable. The average product of these batteries, during' the 
first six months of the year, including stoppages, bas been 2.9 tons of 
medium hard rock to the head of stamps, per day of 24 hours, crushed 
through a 30-mesh screcn. Various screens have been tried, bu t the 
be-;t results have been obtained' from Rllssian iron screens, vertical 
slotted, with a burr on the inside . 
. From the batteries ,the pulp goes into settling tanks. The pans, 

eIght in number, are flat-bottomed, 5 feet in diameter, 3 feet high, 
"~d have wooden sides of Oregon pine curbs, 2t inches thick. The 
dIe is a. solid casf-iron ring It inches thick, weighing 750 pounds, 
!lOci OCcupying most of the space between the cone and sides. It is 
fastened in with Portland cement. The muller, weighing 570 
POunds, carries eight shoes weighing collectively 816 pounds. 
Each pan is provided with three wings shaped like a reversed 
ploughShare. The settlers are 9 feet in diameter with iron mulIers 
~od with wooden shoes 6 iuches high. On the average a ton and a 

If, dry weight, of sand and slime are put in a pan for a charge, 
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and the time " required for amalgamation varies from three to fi\'e 
hours after charging the quicksilver. Rp.peated exp~riments have 
shown that little is gained by running the pans over four hours; the 
same "ore, treated side by side under the same conditions in pans, 
running respectively on four and six hour charges, gave a gain of one 
per cent. in favor of the six hour charge, but this siight ad"vantage 
did not compensate on low grade ures for the limited <!apacity of the 
pans. Tests made on pulp while undergoing amalgamation showed 
that one hour after charging quicksilver, 74.66 per cent. of the silver 
was already taken up, aod that in the succeeding hours 76.26 per 
cent., 77.74 per cent. respectively, until the end of the fourth hour, 
when 81.04 per cent. was found to have been extracted. 

After that period nothing material ,,;as gai~ed by prolonging the 
operation. For a long time, owing to the excellent quality of the 
ore, no auxiliaries, other than steam and the iron of the pans them­
selves, were needed by the quicksilver to effect amalgamation. Iden­
tical results were obtained with or without the use of chemicals. 
Little by little a change crept in, the milling percentage sank, the 
bullion became -le'>S fine, and sulphurets of the base metals made 
their, appearance in the ore. Tests made with a view of determining 
the aid to be derived from the use of bluestone and salt, showed "that 
in an ore containing only 7 per cent, of its silver in the form of chlo­
ride, 87 per cent. of the silver present could be brought into combi­
nation with that element by the aid of these two" chemicals." The 
remaining 13 per cent. was apparently shut up in the base sulJ5hurets 
and carbonates, and could not be chlorinated in the pans. The result 
of a series of experiments with these and other reagents led to the 
adoption of 150 per cpnt. of bluestone and 500 per cent. of salt, the 
amount of silver in the ore being taken as 100 per cent" and by this 
means the milling percentage was brought back to its former sta~d­
ing. Still the bullion resulting left much to be desired. The ques­
tion then resolved itself into this, how to make fine bullion from 
very base ores, and at the same time to keep up a satisfactory milling 
percentage. 

Three methods suggested themseh'es, namely, either to prevent the 
amalgamation of the base metals in the paus,* or if that proved im­
practicable, to eliminate them from the amalgam bef<-!re retorting, or 
during the melting. Although several metals were taken up by the " 
quicksilver, in varying quantities, and so founel their way into the 

* I am indebted to Mr. J. M. Adams, of San Francisco, for valuable suggestions 
in regard ~ the liandling of ores containing lead in pan amalgamation. 
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bullion, still the only one that caused any seriolls trouble was lead, which was reduced by the action of the pans and amalgamated :is readily as the silve'r itself. A noticeable feature in regard to the basing of this bullion was, that it became seriolls at the same time that wulfenite appeared in considerable quantities in the ore. 'V!tether this mineral wa.s the prime cause of the trouble I am not prepared to sa.y; but we did not have the sa.me difficulty when the percentage of lead was much higher in the ore, but in the form of cerussite or galena. _ 
The ore was crushed through a screen corresponding to a 35-mesh wire cloth, and subsequently ground for one hour in the' pans. By giving up the grinding in the pans, and by using finer screens in the batteries, but little of the lead was taken up;* and by the use of lime, etc., in cleaning the amalgam, as already described above, the bullion was brought up to .970 tine; the remain ing base, being principally copper, resulting from the bluestone used, was not of sufficient im­portance to extract.' The extraction of copper, even after it has been amalgamated, presents no difficulties, as has been succe;'"fully demon­strated on a working scale at the tailing mills on the Carson River. The ores of the Tombstone district carry ' a varying amount of gold, which in some cases is visible; but in others it only makes it') presence, known by the assays. At Charleston it is uot positively . known in what form this metal occnrs, as it is never visible. Assays for the first six months of this year show that only 43' per cent. of the total gold value of the ore was saved . This valne, however, rarely reaches two .dollars to the ton. The amalgam is retorted in 15-inch top-discharge retor~. About 4 cords of , willow wood are con-. sumed to the ton of amalgam. The firing lasts five hours, and the charge "arles from a ton upward . 

For bullion averaging .938 fine the loss by volatilization and skim­ming averages 7.55 per cent., and the time required averages three hours, twenty-one minute.'" The average weight of the bars is 2711 ounces, which require 4:3 pounds of charcoal and 20 pounds of coke. The average cost of milling for the past five months has been $-1.90 per ton. This amount was subdivided as follows: 
. * The experience of a former management was very similar j when grincling was carried on two homs, the bullion sank to .200-.300 fine, nnd even lower. By crn~hing finer and not grinding nt all, it rose in a dRY or so to ,900 fine and over. By grind­ing one-half honr it was kept at .850 fine. 

/ 



lOG SMELTIKG COPPER ORES IN THE STATE OF JALISCO, .MEXICO. 

COST OF MILLING. 

Fuel, . 
Chemicals (including quicksih-er), 

Lllbrication, 
Illumination, 

Castings, 
Supplies, 
Labor, 

Total, 

$1.05 
0.77 
0.04 
0.03 
0.33 
0.16 
2.52 

• $4.90 

COST OF LABOR IN REDUCIKG ONE TOK OF ORE. * 
Crushing, . 
Amalgamation, . 
Power, pumps. etc., 

. Foreman, etc. , 
Tailings pit, 

. . 
$0.52 

0.67 
0.47 
0.87 
0.11 

$2.64 
\ 

The loss in quicksilver to the ton of ore milled varies according to 

'the grade aud character of the ore, but avera.ges about 1.3 pounds. 

About 0.11 cords of wood and 1200 gallons of water are consumed 

to the ton. 

A NATIVE PROCESS OF SltfELTING COPPER ORES IN THE 

STATE OF JALISCO, MEXICO. 

BY WALTER B. DEVEREUX, E.!!., GLOBE, ARIZONA. 

METALLIC copper is a product of native metallurgy in various 

parts of Mexico, and by somewhat varied processes. While recently 

examining copper mines in the State of Jalisco, I had an opportunity 

of witnessing Mexican copper smelting by a process which I have 

not seen described, and which is interesting from the fact, that a fine 

quality of copper is produced from sulphurous ores in ·three m~tal­

lurgical operations, and a.pparently without excessive loss. The pro­

cess was carried on in buildings which were part of a plant erected 

by an. A.merican more than twenty-five yeers ago fOJ; the purpose of 

smelting and working copper. After a few years this man met with 

~ccidental death, and the works have been but little used since. 

Located in the centre of a high range of mountains, far from any 

town or seaport, 'and inaccessible except over difficult mule trails, 

these substantial buildings, filled with furnaces and heavy machinery, 

* This table has reference simply to a single month's run, or, what is the same 

. thing, to the working of 1730 tons of ore. 
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Office of the Tombstone Mill and Mining gompany, 
432 W A LNUT STREET, 

Philadelphia, April 30th, 1883. 

To tlu Stockholders if' the Tombstone Mill and Mining' Company: 

We transmit herewith the regular Annual Report of our Super­
intendent, showing in detail the results of the operations at our 
Mines, Mills and Furnace for the year ending March 31, 1883; to­
gether with a comprehensive and clear description of their present ' 
condition and future prospects. 

We do not see that there is anything to add from this office 
regarding the property and business of the Company in Arizona, he­
yond saying that we expect an early decision by the Supreme Court 
of that Territory in our suit against the Way Up Mining Co. 

. ,The consequences of the unexpected and extraordinary decision 
rendered by the lower court in that case shortly after the issue ' of 
our report of a year ago, so occupied our officers at distant points, 
that the stockholders' meeting at the time contemplated was imprac­
ticable. The same cause delayed the definite solution of the prob­
lem of the utilization of our Mill tailings, the result of which was to 
have been considered at that meeting in connection with the offer of 
certain parties to purchase t~em in a body. That result is, how­
ever, so highly satisfactory, that the Board cannot now entertain such 
a proposition even to obtain so desirable an end as the immediate 
extinguishment of the Company's debt. 

The total receipts of the Co. (or the year, April I, 1882 to March 31,1883-
from Silver, Gold and Lead bullion amounted to • • •••••••••••••••• $658,327 69 
from supplies furnished Tributers, Contractors and Miners . . ..• •••• • 5,000 89 

$663,328 58 
The expenditures at Mines-detailed in Superintendent's Report- 543,926 '69 

Net profit of year's operations at the Mines ..••••••••••.•..•• • •••••••. $119,401 89 

Of the total expenditure, there was invested during the year-
In new permanent plant. • • . . • .• • • • . . • • . . . •• • • . • . . . . • $24,560 83 
Mining ' Claims on side lines.. . • • .. • • .. • .. • .. .. .. • .. . • 6,400 00 

Excess of supplies on hand, March31, '83, over April I, '82. 20,032 64 $50,993 47 
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In no year in the history of our Company has the management 
been required to deal with so many of the drawbacks incident to 
mining for the precious metals, and had not a relative as well as a 
positive increased economy been effected during the year, its opera­
tions might have resulted in a loss instead of the profit shown by the 
preceding statement. 

The Superintendent has described how we were, by the decision 
already referred to, cut off from following the rich ore in the Good. 
enough lode across our side lines, and thrown back upon the ore 
within the lines, which had so seriously run down in grade. An ex· 
planation in detail will be found on pp. 15-16 of his report, in which 
connection it will be observed that the closing quarter of the past 
year brought back the average yield and profit per ton to about that 
of the preceding year. 

The following comparison of the results of the operations of 
the last two years, while showing ~he cause of the decreased pro­
duction in the second year to have been the low grade of the ore 
worked, shows also the great reduction effected in that year in the: 
cost of mining and milling: 

ORE MILLED. PRODUCT. EXPENSES. 

Tons. Total. Per tOD. Total. Per ton_ 
April I, 1881, to March 31, 1882 ............ 29,212 $1,337,361 $45.78 '700.412 $23.96, 
April I, 1882, to March 31, 1883 ............ 21.474 603.265 28.09 430,449 19.86. 

In addition to our profits being diminished by thus being com­
pelled to work such low grade ore, we were under the necessity, 
while incurring heavy legal expenses, of purchasing additional con­
centrating machinery, building a furnace, and erecting new hoisting 
apparatus for working our West Side Mine now becoming so pro­
ductive. It thus became necessary to increase the Company's debt 
before its reduction could be entered upon, and the reduction, so 
far as it has been effected, has been the work of the latter half of 
the past year, and it has been contributed to by both Mill and Fur­
nace. Twenty-five thousand dollars were paid on the debt from the 
net profit of the Mill last month; an equal amount from the net 
product of the Furnace the preceding month; and thirty-five 
thousand dollars were previQusly paid frqm the GQlT\bined profits of 
Mill and Furnace. 
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The total g ross debt of the Company when the last circular to stockholders was issued, 
April 29, 18S2. less cash on hand (no other asset being deducted) was .... $401,951 09 

The total groII debt on the 1st day of April. ISS). less cash on hand (no 
other asset being deducted) was .••. .• . .•. . ....... .. .. •. .. •.... . .. $355.353 02 

III 

As all the debt with the exception of the advances made by our 
San Francisco Bank, had been assumed by members of the Board, 
an arrangement was made on the I st of July, 1882, with all the 
creditors excepting the Bank, for an extension of one, two and three 
years, and Bonds bearing six per cent interest were authorized to the 
extent of $446,000, all of which have been issued at par in payment 
of principal and interest to April I, 1883; of which $85,000 have 
been redeemed and cancelled; leaving Bonds outstanding payable in . 
1883 $II5,000, in 1884 $JI6,000, in 1885 $130,000, amounting to 
$361,000, with interest to date of .payment. 

The Company has no floating debt, as all current expenses are 
paid monthly, and this $361,000 was therefore the total gross debt 
on the I st of this month, no deduction being made for assets, of 
which the supplies on hand alone amount to $48,697.46. 

There are unascertained liabilities consisting of taxes; legal 
. expenses and costs connected with our litigation; and possible liability 
on injunction bonds given by resident real estate owners, in obtain­
ing restraining orders from the Court against the Way Up Mining 
Company removing ore from the Goodenough lode; all of which 
are provided for by a Company bond made to · a Trustee in the sum 
of $25,000. This amount is far beyond what the Company would in 
any reasonable probability be ' called upon to pay even in the event 
of losing the whole case, and should we gain it, more than double 
that amount will be coming to us for ore removed from the Good­
enough lode before the restraining order was obtained. 

The balance due the Bank in San Francisco, has been reduced 
to $25,000, which we expect to pay before the 1st of July next, the 
day on which the Company makes up its yearly financial statement 
to be recorded with the Secretary of State of Connectieut and 
town clerk of Hartford, as required by the Incorporation Law under 
which we are organized. As soon as practicable after its preparation 
this year the stockholders will be called together in Connecticut 
(where they are required to meet) and the statement submitted, 
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at which time we hope to be able to report some definite determina­
tion of the Company's litigation with reference to the Goodenough 
lode. 

It will be seen from the Superintendent's report and the finan­
cial results of the operations of the furnace during the past year, 
that the reliance of the Directors upon the accumulations of mill 
tailings for the payment of the Company's debt has been fully justi­
fied. While the number of tons of tailings treated during the year 
has been less than anticipated, owing to the delays incident to the 
starting of a new business, and securing supplies in a country wh~re 
no such business had been heretofQre conducted, the profit gained 
per ton has been beyond our expectations, and now that this business 
has been placed on a working basis, it is hoped that the monthly 
output from the furnace may be large and regular. 

It will also be seen from the report that, as a result of the run­
ning of the furnace thus far, the Superintendent expects to realize a 
net profit of over $600,000 from the tailings now on hand (in con­
nection with manganese ore from Lucky Cuss Mine), and they are ' 
accumulating at the rate of over a thousand tons a month. . Even 

. should his anticipations not be fully realized, no reasonable doubt can 
now exist that the tailings will more than pay .the debt still resting 
upon the Company, to the extinguishment of which, at the earliest pos­
sible day, the Directors are bending their most earnest efforts. 

By Order of the Board 0/ Directors. 

W. J. CHEYNEY, 
Secretary. 

'" ~ .. ~,.. .:..~ , . . -

_ -'r .'~:~'~'" ... 

GEORGE BURNHAM, 
Pnsident. 
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SUPERINTENDENT'S REPORT. 

The product from April I, 1882 to March 31,1883, was: 
Ore mined .. . .. . . . .............................................. 21,991.02 tons 
Ore milled ..... .. ..... . ...................... ... ................ 21,474'00 ton. 
Fire.clay and limestone mined for furnace ..... . ......................... 60-67 tons 

The mill produced: 
Number of Silver bars ..................................................... 232 
Crude Bullion (Mint weight) ................................... 642,830'02 ounces 
Fine Sil ver .••••••••• " •• • ••.•• '" •. '" •.•••••••••.••••••••••• 532,372'03 ounces 
Fine Gold ............... . ...................................... 1,813'00 ounces 
Base metal .................................................. 102,823'82 ounces 
Market value of Silver (deducting discount, freight and shortage) .••••••• '565,790 67 
Market value of Gold .................................. .. .......... 37.47471 

Total ....... .. .................................................... $603,265 38 

The furnace produced ................................................ 2708 bars 
Containing fine Silver sold .................................... • 40,883'57 uunces 
Containing fine Gold ' " ........................................ 298'81 ounct'S 
Containing Lead H ........ . ........................... 263,333'00 pounds 

Market value of furnace product deducting freight and charges ........... '55,062 31 
Base Bullion 011 hand ...... ' .......................... '" .. ... • .. ... 6,000 00 

The total marketed product of the year's work is : 
Silver, 573.255'60 ounces. ~ .............................. '" .. ·value, '609,960 85 
Gold, 2,111'81 ounces ..................... . : ............. value. 43.48793 
Lead, 131 '67 tons ........................................ value, 4,878 91 

$658.327 69 

The returns given from ~ase bullion are exact, but all expenses 
of freight, refining and marketing are charged against the lead. 
leaving the silver and gold to be returned at their full market value 
less about 5 per cent for loss in treatment. 

With the deduction of 16 per cent, the milling ore, which also 
represents the product of the mines separate from the product of 
the tailings, has had an average value .as follows: 

Ounces. 
Gross value of ore per ton Silver ...................... 32' 19 

Gold . ... .••• .• .•.. • .•....•• 0' 18 

Yield per, ton Silver .................................. 24' 71 
Gold ............................. . .... 0'084 

Percentage extraction of Silver, 76'76; Gold. 46'67: Average, 73'88. 

Currency. 

$34 92 

3 72 

$26 8r 
1 74 
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The percentage of extraction varies slightly from given in 
the mill accounts as the latter is calculated upon mill assays, which 
vary slightly from mint returns. 

Mint returns by months are shown in the following table, March 
being estimated. At the mint the bars are remelted, and suffer a 
certaiJ! loss in weight. The official assays also differ from our own, 
and the differences in results on the year's work are: 

Mill Assays. Mint Returns . Difference. 
Ounces. OUIICt..S . Ounces. Per cent. 

Crude Bullion .••••••••••••• 641,978 637,008'85 -4,9~ -0'77 
Fine Silver ......•.••••..... 528,946 53 2,372'03 + 3,426 + 0'64 
Fine Gold .••••••••.••.. ... 1,821'99 1,81 3'00 - 8'99 -0'49 

The accounts with the Anglo-Californian Bank ,show the fol­
lowing gains and losses in selling our bullion, March not being 111-

eluded: 
Shortage on Bars, " 1,989 8j Nett shortage '1,721 98 

BULLION PROl)UCT. 

Apn'lIst, 1882, to Marclz 31st, 1883' 
(BY MINT R.ETUR.NS.) 

Number Gross Weight. Sliver. Gold, BueMetaI, 
of Bars. ounces. Ouncel. OUDCeS. OUllces .. 

April, 1882 ........ ................. 40 112,864'30 75,258'24 257'58 37..341)'48 
May ..••.•.•.•••••... .. •.. .. .•.. .... 3° 76,01 7'30 35,631'71 102'55 40,283'04 
June ........ . ....................... 18 49,14°'7° 47,649'62 42'39 IM8'~ 
July •••• •. ••••••••••.•....•...••.•.. 20 54,020'90 51,1,54'01 5°'08 2,816'81 
August. ......................... ... .. 15 42,021'90 41,146'04 5°'64 855'22 
September ••••.. • • • •••••••. . ..•.•...• 18 49.357'35 48,755'54 97'04 474'77 -----
1st 6 months ................. .. .... . : 141 383,422'45 299,595'16 600'28 83,2l7'01 

- -
October, ................ .. ............................... 16 44,983'10 43,55 1'95 163'42 1,267'73 
November ....................... . ... 16 43,032'00 38,297'24 202'00 4,532'76 
December ............................ 14 39,717'5° 35,364'61 157'83 4,195 '06 
January, 1883 ........................ 12 34.449'10 30,072'01 1~'45 4,2°7'64 
February ..................... . ...... 14 38,845'70 36,375'10 219'55 2,25 1'05 
l\larch .............. . ................... 19 52,559'00 49,115'96 300.47 3.142 .57 ---

91 253.586'4° 23 2,776;87 1212.72 19.596'81 

Total for year ••• , ••••••••.••••• • • 232 637,00885 532,372 '03 181 3'00 102,823'82 

Average fineness, Silver . . .. ................................................. 835'74 
,,' " Gold............... ...• ...•.••..•..•••••.•••.•••••••• • ••••• 2'85 

Percentage, Dase l\fetal. ,., . '!" ""., ••••• , •••••• , ••••• '! _. "" ••••••• _,.,. _ •••••• • 161:41 
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J n addition . to the kinds of ore mined in previous years, the mines 
have latterly been called upon for manganese, lime and fire-clay for 
furnace use, all of which are obtainable in any needed quantity and 
of excellent quality. . The ore mined by tri~uters belongs to the 
Goodenough and Toughnut mines exclusively, and in about equal 
proportions. This table is an epitome of the mining history of the 
different claims, and shows clearly their varying fortunes. 

ORE PRODUCTION. 

April 1st, 1882, to Marcil 31st, 188J. 
Main'Vorks. Combination. West Side. Lucky CIISS. Defence. Northwest. 

Total. Tons. Tons . Tons. Tons. Tons. Tons. 

April, 1882 •.• . . . .. 1.211'67 1,393'12 61'55 144'06 2,810'40 
May •••••••••••••• 1,187'72 1,390'84 53'02 143'28 2,774"86 
June .•..•••••••••• 108.23 1,46g'2[ [77'32 1,754"76 
July .•••..••....... 104'02 1,522 -05 257'46 1,883'53 
August .•••.....•. 367"75 1.334'53 198'57 1.900'85 
September ...•••••• 366'52 895'81 533'08 78'20 1,873'61 

1st 6 months ..••• 3,345'9 1 8,005'56 1.281'00 78'20 287'34 12,9911'01 

October ••••••••••• 504'65 460'03 746'87 I 48'lf4 Limestone 1,860'39 
and 

November ••••••••• 48"70 463'04 764'58 164'53 5°'00 Fin.Clay. 1,923'85 
December ......... 494'21 373'95 766'[7 152'83 Tn"bute. 1J'05 1,787'16 
January, 1883 •••••• 336'32 61'80 635'90 133'00 37'5° 1,167'02 
February .......... 23°'37 63'20 57°'3° 17'35 5o'78 12'12 932'00 

March •••••.••••••• 257'48 45'68 768'90 185'53 65'00 1,322'59 

2d 6 months ••••• . 2,304'73 [,467'70 4.252'72 802'08 165'78 60'67 8,993'01 

Total for year ..•. 5,65°,64 9,473.26 5,533'72 880'28 165'78 348'01 21,99"02 

The whole record of the Company and its predecessors In the 
mining of ore and production of metals is as follows, the table includ-
ing only the marketed product: 

Tons Ore. Gold, oz. Silver, oz. Lead, Tons. 
June-September, 1879 ........ ~ •••••• 2,025'00 284'86 129.215'81 
October. I 879-March. 188o .•• ' •••••• 3.733'00 45°,60 137.375'06 
April-September, 1880 .•••..•••••••. 7,242 '00 745'7° 392,0[7'11 
October, 1880-March, 1881 ••..•..••• 9,363'°5 1099'42 474.831'77 
April-September, 1881 ••••.••••.•••. 12,229-08 1275 '54 607,232'26 
October, 1881-March, 1882 ••••••.•.• 16,982 '58 1187'3° 590 ,886'56 
April-September, 1882 ...•.•••••••.. [2.998'01 600'28 299,595 ' 16 
October. 1882-March, [883 .••••....• 8.993'01 1212'72 232,776'37 131-67 

73.565'13 6856'42 2,863.93°'7° 131'67 
Average extraction (in mill only) .••••• 0'093 38'35 
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The above total weight of silver is about 98-} tons, ~~cOirdupois. · 
In proportions, the silver is 0'0013 of the weight of ore, and the gold 
is 0'0000039. 

By legal value (the only valuation that has been permanent 
during the working period) this ore has produced per ton, 

Silver ••••••.•.... . .. . ..•••••••.•...••.. , ................. .. ... . ..... . . $50 29 
Gold....... ............. ... .. .. .......... ... . ........ .. .. . ..... .... . . 192 

--55221 

Probably the ore actually contained about 19,000 ounces of gold 
and 3,8 I 1,000 ounces of silver; worth at legal valuation, $72.40 per 
ton. 

The difference between the gross quantities mentioned is in 
round numbers 12,000 ounces gold and 950,000 ounces silver, rep­
resenting nearly $1,300,000 that are or should be locked up in the 
tailing beds. One of my principal labors since I took charge of the 
Company's Mines and Mills has been to rescue this large property 
from its present waste condition, and this work has culminated during 
the last year. 

I A concentration mill has been built and worked with great suc­
cess, and a furnace has been built and worked with sufficient success 
to pay all expenses of both these enterprises and to give assurance 
of a steady and valuable output when improvements now under way 
shall be completed. The material treated has been the tailings which . 
have lain waste for years, and in utilizing them another' product of 
the mines, argentiferous manganese, heretofore almost as useless as 
the tailings, has been made productive. 

In another part of this report it is shown that, taking the actual 
results of the past as a hasis of computation, the concentration and 
smelting of the present accumulation of tailings should give a profit 
of at least $660,000. About one-tenth of this has been realized, and 
preparations are now making to obtain the remainder with more 
rapidity. These preparations consist in the introduction of new ma­
chinery to treat both the old tailings and those of our daily make. For 
the latter purpose machines will be placed in t11e Corbin Mill. At 
present these plans merely look to the extension of the works suffi­
ciently to keep the furnace running with regularity. 
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It willJj\He noticed that the proportionate loss of gold in amalga-

mation is greater than of silver. Concentrati.on of the tailings should 
accordingly recover a greater percentage valuation of the gold than 
of silver, and experience shows this to be the fact. 

Another of the leading events of the year is the practical trans­
fer of mining work from the Goodenough and Toughnut to the West 
Side mine, and the rise of the latter to the position of the most prom­
ising mine in Tombstone District. At present the two mines first 
mentioned are almost idle, after yielding nearly 67,000 tons of ore 
and probably ninety-five per cent of all bullion the Company has pro­
duced. The reasons for this change of operations are twofold: 

In May, 1882, the case of this Company against the 'Way Up 
Company was decided against us, and though an appeal was taken, 
and has been argued, no decision has been reached yet, and opera­
tions on the Goodenough mine have necessarily been controlled by 
the first decision. 

The Way Up mine adjoins the Goodenough, in such a position 
as to intercept 600 feet of our vein as it dips into the earth. The 
result of the suit not only deprived us of about $100,000 worth of 
ore, but prevented us from following our vein beyond our lines in a 
part of the claim, and made it imprudent to do so in the remaining 
part. All the known ore bodies in the Goodenough have been ex­
hausted, and most of the ground within the claim has been pros­
pected, leavfng Ollr future almost entirely to the finding of ore with­
in Ollr vein, but outside of our surface lines, where the law allows us 
to search for it. 

The stoppage of work on the Toughnut was due to very differ­
ent causes. Like its neighbor, the known ore bodies in this Claim are 
exhausted, and little ground remains unprospected within our lines, 
but the dip of the ore is protected by the Defence and Survey, two 
claims belonging to this Company, and legal complications are not 
looked for. 

But neither of the two mines on the Toughnut claim was weJI 
opene.d. The Northwest never had permanent works, and the 
main shaft at the other end of the claim was badly planned. The 
expense of prospecting became so heavy that it was decided to take 



advantage of the favorable position of the Survey and 
utilize them to prospect the Toughnut. The vVest Side vein which 
rllns through the former has been opened with great success, and 
some work has been clone on the Defence, which will very soon be 
attacked more vigorously. . 

As yet the Toughnut has not been reached from the West Side, 
because the independent development of the latter has been so suc­
cessful, and perhaps no effort will be made to reach it until another 
level is opened, but the ore in the latter mine works in such a way 
as to show the wisdom of the general plan adopted. 

I do not believe that either the Goodenough or Toughnut is ex­
hausted, but am strongly of opinion that the ore bearing formation 
is productive below the depths we have reached. Our deepest level 
is only 263 feet deep in the Toughnut, and 300 feet in the Good-

. enough, and the formation is not one that lies level, but dips with 
. considerable steepness, probably thirty degrees at least. The condi­
tion of the deepest working on the West Side almost demonstrates 
the continuance of ore to a greater depth than we have yet reached 
in the Toughnut, and I believe 'the future work will reveal important 
ore bodies lying between the center of the West S:de claim and the 
Toughnut side line. 

The condition of the mines, mills and furnace as they are at 
present, ·and their operations during the year are shown in the fol­
lowing special sections of this report. 

THE MINES. 

The Company owns eleven claims, some being of small extent. 
Nine have been patented, and two have been surveyed, advertised 
and entry made, so that in effect the entire property is in fee sim­
ple with undisputed title. A full claim contains 20;1 acres, an,l 

, the areas given in the following table show the proportionate size of 
the different claims, the areas being taken from the official surveys: 

Acre~ . 

Goodenough.. • • . . .. lS'P 
Toughnut ....... , ••• 20·66 
Survey. • • • • .... • . . . . 1,80 
Defence ............ 20'33 
West Side .......... 20'50 

Tribute ............ 17'80 

Character of Title. 

patent 
patent 
patent 
patent 
patent 
patent 

Acres. 

East Side.. .... • .... 16'90 
East Side NO.2.... 2'57 
Lucky Cuss ....... , . 20'56 

Owl's Nest. ....••.• 20'11 

Owl's Last Hoot .••• , 4'46 

Character of Tille. 

patent 
entry 
patent 

'patent 
entry 

Total area ....... 161'41 acres. 

- ----------------
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The · .. ~1:1ims form a continuous chain of adjoining properties 
stretching from north to south in the order given, for more than a 
mile. The Goodenough, Toughnut, West Side and Lucky Cuss 
have proven themselves valuable ore-Dearing ground. Ore has 
been sent to the tnill from the Defence, Tribute and Owl's Last 
Hoot, the Survey is known to contain a promising vein, and ore has 
been found on all the other claims. 

The present condition of the mines in detail is as follows: 

GooDENOUGH.-This has been the most productive property of 
the Company, having yielded about 4I,5°° tons of rich are since it 
was first opened in 1879. The ore is found in two separate col­
lections of ore bodies, one at each end of the claim, that at the East 
end being known as the Main works, and that at the West end being 
called the Combination and Number Six. In each place there were. 
four large bonanzas. As near as can be ascertained at the present 
time the product has been: 

From Combination ore bodies (2) •••••••••••••••••••••••••••••••••• 25,088 .tons. 
Number Six II (2). •.. ........................... . . • • • • 3,SOO ., 

From Number 2 Incline (East End)................................ 3,000 If 

1 " Upper ore body.............. ............... 3,000 .. 
U Middle ore body.. . .. .. ............ .. ......... ..... .. ..... 6,(X)()" 

lAwest ore OO<Iy ............... ~ .. • • .. .. .... .. .. .. .. .. .. .. ........ .. I,()()() " 

41,588 " 

The ground in which these ore bodies immediately lay is now 
nearly exhausted, about 4800 tons having been taken from them 
during the year past. But the ground in the center of the claim has 
not been prospected, and this work will be undertaken soon. 

At present all the openings, except one, in this mine have been 
carried to the side line, and further exploration in depth must be 
made outside of the surface lines of the claim and under adjoining 
properties belonging to other owners. Work is still going on in the 
old excavations, and may continue for months, but in a small way. 

TOUGHNuT.-This claim has had five ore bodies, all lying within 
the surface lines of the claim. Of these: 
The Quarry has yielded about •••••• 1,500 tons. ISo foot ore body about ............ 8,000 tons 
88 foot ore body about .... . ........ 2,200 .. North West mine ................. 7.500 .. 
130 foot ore body about ............ 5,500 " Total .......•........••.•••••• 24,700 'f 
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H ere the ore has not been carried down to the e at any 
point, ·but has crossed the East end lin e. From the large outcrop 
on the surface at the quarry a chute of ore continued down to the 
25 6 foot level dipping both toward the south side line, and the East 
end line. This chute was crossed almost at rigI!t angles by two flat 
ore bodies, the 88 foot and 130 foot. At the lower termination of 
the chute, the g rade of the ore is quite low, and though this does not 
establish the failure of the ore body, a similar state of things having 
existed between the 88 foot and 130 foot bonanzas, the disappear­
ance of milling ore made every work of exploration onerous. Ac- · 
cordingly the task of exploring the Eastern end of the Toughnut was 
transferred to the West Side, a claim which abuts upon the former 
mine directly opposite this productive ground. Exploration in depth . 
has ceased, therefore, within the Toughnut claim~ as a similar state 
of things is found at the West end of the claim where the Defence 
mille lies upon the dip of the ore. Legal complications are not to be 
feared in the Toughnut, as all the known productive area of the vein 
is guarded by the Survey and Defence claims. 

The greatest product of this mine was obtained between N 0-

v·ember, 1881, and June, 1882. Since the latter date the yield has 
be~n small, and mostly from bunches of ore near the surface, and 
passed unnoticed by the former management. As in the Good­
enough the extreme ends of the claim are ore-bearing, and the cen­
tral portion unexplored. 

WEST SIDE.-This mine is now the most promising claim of the 
Company. It lies · nearly at right angles to the Toughnut, is 1496 
feet long, and has an extension 140 feet long in the Survey, which 
abuts upon the Toughnut. Vein croppings run almost continuously 
through the ground for a length of 1300 feet. 

Three shafts known by numbers have been sunk on the vein, 
and are connected by drifts underground. No. I is 523 feet north 
of the South end line of the claim; No.2 is 470 feet further north, and 
NO.3 is 232 feet north from No.2. Drifting on the vein extends 
230 feet south from No. I and 180 feet north from NO.3, so that the 
vein is opened for a length of 1210 feet. 

Ore is found through nearly the whole of this distance, some-
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times in a,~thin vein or in bunches, sometimes in continuous bodies 
from 100 to 200 feet long, and 2 to IO feet thick. The greatest 
thickness yet open':!d is on the 3d or lowest level. 

Owing to the character of the vein, it has been found advisable 
to open levels at successive depths of 75 fee t, so that the 3d level is 
230 feet below the surface, and 238 feet below the timbered mouth, 
or " collar" of No. 3 shaft. This level is also 72 feet above the 3d 
level of the Toughnut, and it is intended to carry this or the 4th level 
northward to a connection with that mine. 

The West Side vein crosses a gentle hill, and rises to the crests 
of two adjoining hills, and the principal ore chute lies in the central 
elevation. There are signs that each one of these hills will carry its 
separate important ore body, the different masses being connected 
by smaller bunches and thin veins of ore. This central hill contains 
shafts Nog. 2 and 3. 

Most of the mining . already done has been in the central mass, 
which appears to be about 180 feet long, and from I to 10 feet thick, 
with occasional cross-veins running for 20 feet east and west. It 
stands in the vein with an inclination northward, the vein itself run­
ning north and south, and dipping slightly east This bonanza 
reaches from the surface to and below the 3d level, and its croppings 
cover the whole space between Shafts Nos. 2 and 3. 

The work of opening the 3d level between these shafts was fin­
ished in March last, and sinking was immediately resumed, and is 
now 25 feet below that leveL The ore continues through_out this 
depth, and has been opened on the 3d level for a length of 85 feet. 

Since the West Side was opened, the bullion made has incr~ased 
materially in gold. In general the grade of the ore is not remark­
ably high, though it is good, and seems to be improving in depth. In 
fact, the ore itself is of excelle.nt grade, quite as good as anything 
ever mined by the Company, but much of the rock that lies next it is 
so loose and crumbling, that it is impossible, in a vein of the dimen­
sions given, to keep the ore clean. As sent to the mill the ore prob­
ably contains about 40 ounces silver, and Yz ounce gold, and is worth 
in legal value $63, and in market value about $54.58 per ton at cur­
rent rates. 
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At present the prospects of this mine are very b There 
appears to be' in the mine at least one-half more ore than was taken 
from it during the last year, or say 8000 tons. The ore mills well and 
if large ore bodies are found, the mine will be the cheapest to work 
of all the Company's properties, the rock being much easier to work 
than in the Goodenough or Toughnut. Hitherto the thinness of the 
vein has made the work costly. 

SURVEY.-This mine is the northern extension of the West Side, 
connecting that claim with the Toughnut. It has only a SO foot shaft, 
and no work is done in it, the expectation being that its vein will be 
opened from the Vl est Side works. As there is another mine of this " 
name in Tombstone, this one is usually called the Surveyor. 

" The DEFENCE is parallel to the West Side, and lies at the west­
ern end of the Toughnut, as the Survey lies at its eastern end. As 
these claims are 600 feet wide, while the Toughnut is 1500 feet long 
and the Defence overlaps the latter, there is space between the 
Defence and West Side for another claim, called the Intervenor, "not 
owned by this Company. 

Some work has been done on the Defence, and ore extracted. 
This work, which is not sufficient to establish the character or extent 
of the vein, is now in progress. The mine has yielded about 50 tons 
to the Company and 25 tons to tributers. 

TRIBUTE.-This claim lies nearly parallel to the West Side, and 
partly overlapping it. A shaft 100 feet deep has been sunk 'on it 
and some ore removed, but continuous bodies have not been found. 
and no work is in progress there. 

EAST SIDE and EAST SIDE, No.2, are a continuation of the' 
Tribute. At the south end of the former, and on the latter, consider­
able work has been done, resulting in the extraction of about 70' tons 
of ore, not of high grade and containing a considerable quantity of 
manganese. In fact, this is the beginning of the manganese area in 
the District. The ore is not so well fitted for furnace use as · that 
found on the Lucky Cuss, and no work is done there at present. The 
vein, however, which starts in the East Side, continues entirely across 
the East Side, No.2, and into the Lucky Cuss, where it has been 
mined with profit. 

• ·1 
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LucI&'¥Cuss.-This is the sea t of large deposits of silver bearing 

manganese ore, which is now mined as a flux fo r use in the furnace. 
Two lines of these deposits are known. That on the north end ap­
pears to be a continuous vein, while in the southern line the ore 
bodies are entirely separated from each other, though they appear to 
lie in two definite directions. The ore is quite a pure and rich oxide 
of manganese, containing about 10 per cent of silica and 2S ounces 
of silver. As one half the smelting charge is manganese, this flux 
affords quite an important supply of precious metal. Probably 10,000 

tons of the flux will be needed with the concentrates that can be made 
from the tailings now on hand, and there is every prospect that the 
Lucky Cuss can supply it. So far oniy 880 tons have been mined. 

The Lucky Cuss was one of the first mines to be ,opened· in 
Tombstone, and the resumption of operations upon it has been mat­
ter for congratulation in the camp. 

The country rock is a hard white limestone, in which the manga­
nese occurs in chutes, which have a small horizontal section but ap­
pear to be quite persistent vertically. A depth of 100 feet has been 
reached in three places, and in all the ore is continuous from the sur­
face. In one it forms a cylindrical body, 10 to 12 feet in diameter, 
in another it is lense-shaped and about 3 by 40 feet in section, and 
in the third the ore body is longer. 

Small, bunches of galena and carbonate of lead occur in the 
manganese, and these are al~ays rich, usually running up to 200 

ounces silver per ton. With the manganese the rule is that the 
richer in silica the richer also in silver, though we have somet,imes 
had a mixture of manganese 'and lime spar that was richer than the 
average. The richest ore is too siliceous to serve as a flux and too 
manganiferous to mill well, so that we are able to use it only with 
great slowness. 

All the work done in the claim is in preparation for the extrac­
tion of ore, and as this is the most expensive part of mining, the cost 
has been temporarily high. So far the ore has cost $10.13 per ton, 
but when the ore now uncovered is removed, the cost per ton will be 
much less. 
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OWL'S NEST and OWL'S LAST HOOT are also two contiK'libus claims 
lying nearly parallel to and the fo rmer overlapping the Lucky Cuss. 
They form the southe rn termination of the Company's property. 
They are interesting mainly from the fact that they cover the contact 
between g ranite and limestone, a situation that is usually favorable 
for ore deposition. We have some shafts in the granite and some in 
limestone, but neither has yielded rich ore or much of it, though a 
similar situation on a claim further south has been productive. 

T RIIlUTII\G.-During the year renewed attention has been given 
to tributing, or the extraction of ore upon royalty by men not in the 
Company's employ, and I IS tons have been mined in this manner, 
besides about SO tons not yet delivered. The royalty paid is one­
third, except in two cases, where one-quarter was accepted for special 
reasons. Part of the ore was paid for in bulk, and part was worked in 
the Company's mill, the royalty being taken from the proceeds. Part 
was smelting ore and has not been utilized yet. 

In spite of a desire to encourage work of this kind, I have found, 
for the second time, that the Company gains little by it, and prefer to 
test the small detached bunches of ore that in this country lie scattered 
over the surface, by working a few careful men upon them. 

In mining work nothing new has been introduced, except the 
sinking of the new NO.3 shaft at the West Side. This work, with 
its new hoisting engine and ore bin has already been very advantgeous. 
It is now my intention to connect No. I shaft on that vein with the 
3d level, and it is possible that this shaft .may be used for hoisting. 
If so, the West Side claim will be divided into four nearly equal parts, 
marked off by three shafts, of which one will be about 530 feet from 
the south boundary, one about 700 feet from the north end of the 
Survey claim, and the third in the centre. 

On the Goodenough, Toughnut and West Side five steam hoists 
are placed, and the Lucky Cuss will have a horse whim, which will be 
sufficient for its needs. A force of 125 men is employed in the Com­
pany's mines, and when the furnace is running, the reduction of the 
ore employs, in milling and smelting, about 60 men. 

At all points of extraction a well tried system of handling the 
ore has been introduced. Bins, holding from 40 to 500 tons, are .built 
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at each hoi~ting shaft, and large enough to allow the large ore wagons 
to load from them without shoveling. The cover of the bin forms a 
sorting floor, to which the ore from the mine is dropped, first running 
over a screen which separates the fine stuff. The coarse ore is picked 
over by hand, and the waste removed. 

This is a costly work and also causes some loss, but the distance 
of the mill and the cost of, hauling make it necessary and profitable. 

EXPENSES. 

In the following statement the expenses of mining and milling are 
shown in detail. The item of "outside mining" refers to the cost of 
extracting a quantity of smelting ore from a vein near the mills, on 
property not belonging to the Company. 

MINING (21,903 TONS). 

Total. 

Labor •••••••••••••••••• , ........................................... '190.531 00 

Contract .......................................... 0.' 0.... . ........ 4.372 10 
Supplies ..................... o ........................... 0. " • ••• • • 34.703 48 
Repairs and renewals ............................... 0 •••••••• 0 • • • • • .. ~ 60 
Ore hauling (21,064.85 tons) ............................... 0 0........ 63,204 65 

Total .•••••••.... . .. :" ..•..•••••.•..........••••••..........•... '293.791 83 

MILLING (21.474 TONS). 

Labor .................. o .................. 0 ••• 0 •••••••••••••••• 0. '56,367 84 
Supplies ........................................................... 47,15297 
Repairs and renewals ••• 0............................................ 2,506 08 

Total ............................... 0 ......................... $106,026 89 

CONCENTRATION. 

Labor ............................................................ . 
Supplies .......................................................... . 

Total ••••••••••••••••••••••••••••••••••••••••••••• , •••••••••• ' ,' $10,545 53 

FURNACE. 

kbor ..••....•....•...•........................................... 
Supplies .......................................................... . 
Lucky Cuss mining (Manganese) .................................... . 
Outside mining ••••••••••••.•••••.•••.•••••.••••.•••••••..•..••••••• 
Ore purchased ..................................................... . 
Ore hauling ••• ; ••.••..•••••••• : ••••••••...••••.•••••••••••••••••••. 
Bullion hauling ........... , .......... ,' .....••••••••••••.••••••...... 

'7,529 60 
23,353 63 
9.665 56 

379 62' 
3.75 2 13 
3.640 18 

263 89 

Total. ......................................................... ' '48.514 61 

., 

J>~r ton. 
$8 ';0 
o 20 
I 58 
005 

3 00 

'13 53 

$2 62 
2 19 

12 

$4 93 
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SUNDR IES. 
Per ton. 

General expense, . , . . .. .........•. . . .... ......... .. . . " . . • . . . . . . . . . . $8,367 51 $0 38 
Administrat ion . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . 22,262 84 1 02 

Total ....................................... ........ ......... $30,630 35 $1 40 

Grand total of mining, milling, and ~undries ...... . ............... .... .. $430,449 07 $19 86 

EXTRAORDINARY. 

Legal expense~ .... . .............. ..... ....... . ........ $15,827 49 
Mine construction.................... .. ..... ..... ..... 8,847 70 
Mill construction. . . . . . . . . . . . . . . . . . . . . . • • • • • . . . . . • • • . • . 2,188 15 
Furnace construction, including concentrators ... ; .•....••. 13,524 98 
Tribute ore.............. . ...................... .. .... i.559 16 
Adjoining Mining Claims ........ .....•........ ... ....• , 6,400 00 

Total of all expenses ••••.•••......•.••.•••.••••••• 

There is now on hand, of supplies by inventory: 

Mine supplies. ................... ........... ......... $4,18701 
Mill. .. . . . .... ... .. ................ ... .......... . ... 9,180 02 

Furnace.. •• • • • •• •• • • • • • • ••• • • • • • . • • • • • • • • • • . . . . • . . . 29,280 93 

$54,347 48 

$543,926 69 

Per ton. 

Per ton. 

$0 19 
04:1 

The record of the year shows a considerable decrease in all ex­
penses which are within control. Mining and milling expenses are 
$19.86 per ton against $23.96 for the previous year, and including 
extraordinary expenses the comparison is as $21.76 to $27.16 forthe 
same items. The improvement commenced in the latter half of the 
first year, and has been carried forward with increasing success. The 
comparison is fair, with the exception that ten cents per ton should 
be deducted from the first year's average expense for cost of the first 
trials in concentration, an item that is not included in the computa­
tion for this year. 

In the assay office 10,100 assays were made, at a total cost of 
$2864.62 for labor and supplies, or an, average cost of 28;i cents. 
The ore changes constantly in appearance, and a careful watch is 
kept on all the rock encountered in the vein. A new assay office 
has been built, which not only relieves the business office from the 
danger of fire, but is so well arranged and furnished that a great 
number of assays can be made daily, and the foremen are not obliged 
to hesitate about throwing work upon the assayer. 

'~ 
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The :costs of mining, $9 .5 4, are distributed as follows, the list in­
cluding every servant of the company except the Superintendent: 

Total by classes. 

Mining ....•........•.•..•...... ... ....... ... ...•... $138.551 00 
T ransportation .... .... .. .. ... ........... ......•. • ••.. , 16.3 I 4 75 

Carmen .•.•.......•••...•...•.....••.••.....•••. 

Shovelers ...................................... . 
Hoisting...... . ............. . . .. ................ . .... 15.304 75 

Engineers . ... ..•...•••••••.•••....••••••••....... 
Firemen •.•...••.. •. ................•••••••••.... 
Topmen ...• . , .... ... ............ . ... . .......... . 
\Vhitu and horses .......•..... ... ..••........•.••. 

Mechanics .•..•• • • ~ •••••....• . . ' " . .. • .. . .••... . .•... 10,683 00 
Blacksmiths. . . . . . . . . . . • . . . . . • . •. . . ........••..•. 
Toolcarriers . .. . ...••..•.•.•............. .. ...•.• . 
Timbermen •.••.•..•.••••••••••••.•....•..••.•.•• 
Carpenters ....... . ..••••• , .. . ... . ....••••••...••• 

Sorting-Ore sorters. . .. . . .••..•..• . ••••.••• .. • •. .•... • 90454 00 
Surracemen ................................... .. ..... . 2,615 00 

Teamster ••... • ••••..•..•..•••• . ••••••••••••••••• 
Watchman .......................... . .......... . 

Superintendence....... . ....... .. ...... . ...... . ....... 10,412 66 
Assistant Superintendent .•.. . ...... .......• .••.•••• 
Foremen ........................................ . 
Shift bosses ••••••.•••••••••••.•....••••••.• • .•••• 

Ollice, surveyor, and bookkeeper. • •• • . . • • • • • • • . . • • . • . • . . 3,323 40 
Assay ollice, assayer and helper. . . . • • • • • • • • • • • • • • • • • • •• . 2,200 75 

THE MILLS. 

Total. Pet'ton . 

S6 33 
o 75 

$12,61 I 50 

3,703 25 
070 

7.901 2S 
21 3 50 

6.000 So 
1,189 50 

o 49 
6.781. SO 
1.417 00 

10417 00 

1,067 So 

o 43 
012 

1,174 50 
1,440 SO 

o 47 
3.600 00 

2.637 66 

4,175 00 

o 15 
o 10 

'954 

The reducing machinery of the Company has necessarily fol­
lowed the fortunes of the mines. Up to June, 1882, thirty-five 
stamps were at work, but the falling off in ore supply then caused a 
reduction to twenty stamps, and the failure to find new ore bodies in 
the well worked ground under the surface of the Toughnut and 
Goodenough, finally compelled a further reduction to ten stamps. 
In March, 1883, this decrease was stopped, and fifteen stamps were 
run nearly all the month, a scale of work which present prospects in-
dicate may be maintained in future. . 

From 2800 tons a month in April and May, 1882, the ore treated 
sank in qtiantity to 1800 tons monthly for the seven following months, 

and finally to 881 tons in February, rising again to more than 1000 

tons in March, 1883. 

I " 
f 
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Fortunately, the yield of bullion did not fall off proportionately 
to the ore. Indeed, the heavy output of the early months of the year 
was due to the fact that large masses of low grade ore existed which 
could be' worked at a small profit. The estimated market value of 
the ore per ton was for the four periods named, $25.25-$31.00-
$41.79-$52.34. On this account the reduction in output and mill­
ing has been profitable by reducing expenses materially, while the 
product did not fall off in the same proportion. 

The amount of ore treated by 35 stamps was 5716 tons, by 20 
stamps 12,718 tons, by 10 stamps ISn tons, and by IS stamps 1163 

tons; total 2 1.4 7 4 tons. 
No changes of moment have occurred in the mills, except the re­

introduction of chemicals, i. e., salt and bluestone in April, 1882, a 
change in the character of the ore making this step necessary, and 
the use of sodium amalgam in the last months of the year, in an 
effort to save a larger percentage of the gold in West Side ore. In 
this we have been partially successful. 

At present the Corbin mill only is running. No concentration 
takes place there, but machines will soon be introduced for the pur­
pose. At the Gird mill amalgamation has stopped. The furnace and 
concentrators are situated there. The mill accounts show the follow­
ing work and results during the year: 

Tons ore received at mills ... •.•• .• ••••. , ... ....... ...... ..... ....... .. .. 21,186 
Tons ore milled . ................ . . . ' .. , . ....... . ..... ... ... .. ......... 21,474 

Average battery assay. ounces . .. ..... .......... 32'1 9 Silver 
Average tailings assay.... ..... . . . .... ... . .... 8'01 Silver 
Average per cent saved ....................... 76'07 Silver 

Pounds (avoir.) amalgam produced ......... . 
Pounds (avoir.) retort metal ....••••••. , .. . 
Retort metal ratio to amalgam .••••••.••..•• 
Troy ounces retort metal. • • ... . .••••••.•• 
Troy .ounces.bars ........ ............... . .. ' 
Loss In melting .......................... . 
Average fineness of bars silver" ••.. , ... , .. 

t. " . t gold •• • ...•••. .. .. .. 
Troy ounces in bars silver. , •• • ....•.. ,." 
Troy ounces by assay" ••• , , . , , . , . .. • :, , 
Gain over assay " ••••.. .. .•...•••• 
Troy ounces in bars gold .. , .. . ,." ... ... " 
Troy ounces by assay .. • .... ,' •. ,', .. , ..• 
Gain over assay " ..... '" .......... 

Total. 
266,026 
46.888 
I: 5.67 
682,637 
641,978 
40 ,659 

823'9 
2,8 

528.946 '02 
519,010'00 

9,936' 02 
1,821 '99 
1,444'52 

377'47 

P<r Tall Ore. 

12'39 
2' 18 

24'63 
24·,8 
0 '45 
0 'u84 
0'067 
0'01 7 

0' 18 Gold 
0'10 Gold 

44'44 Gold 

Per cent. 

5'95 
82'39 

0 '28 

" 9 1 

"J" 
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These" results illustrate one of the peculiarities of work in Tomb~ 
stone mills, and I believe all the mills in the district have the same 
experience. Taking the battery assay as the standard of value, and 
deducting the assay of the tailings, the bullion product is invariably 
a plus, or in excess of the apparent extraction of metal, as shown by 
the assays. This is the more noticeable with high than with low 
grade ore. Necessarily, the error is either in too low assays of the 
battery pulp or in too high assays of the tailings, and probably it is 
the former, as indicated by our results in concentration, which are a 
check upon the tailings assays. Repeated efforts have been made 
in this Company's mills to correct the error, but without result. 

, The plus in gold is still more striking, if the percentage is con­
sidered. The gold assays are made once a month from the collected 
buttons of the daily assays, and as the latter are made upon samples, 
taken every half hour throughout the year, there is no reason why the 
samples should not be true averages, especially as all questions con­
nected with the mode of sampling have been carefully considered. 
There is one source of error which may explain the small plus of sil­
ver. The sample is taken from the stream of pulp at the end of the 
battery launder, and as the inclination of this trough is somewhat in­
sufficient, an entirely free flow of the pulp is not secured and the 
heaviest portion of the ore settles in it, removing a certain part of the 
richest ore from the sample. This is undoubtedly the source of the 
error in silver returns, but it cannot explain the remarkable error in 
the gold, unless there is free gold in the ore heavy enough to settle 
almost completely in the trough, leaving only the mineralized 'gold to 
fall into the sample dipper. Free gold may exist in the ore, but it is 
not coarse enough to be visible, and it is difficult to see how fine 
scales should settle so readily. 

MATERIALS CONSUMED. ' 

Cost of fuel .................................................... .. 
Chemicals ••••••••••..••.•.•••••••••••....•••••..•••••.••••••• 
Illumination. . • . .... ..................................... .. .. 
Lubrication ..•.••••..••....••••.....• . ......•••.•••••••••••..• 
Castings ••••••••••••••••.•••...•••.••...•••...••••....•.•••••• 
Hardware .•••••••••••••••••••••• , ••••.•••..••.•••.••.•••••••• 
Tools ••••....••••••••••••••••.•••••....••••.•••••••••..••• , .• 
Sundries ..................................................... . 
Labor ••••.••••..•.•.•....•.••....•..... . ••.•••••••••••.•••••• 

Tota1. 
,22,838 56 

13.624 '79 
729 49 
845 02 

6.757 06 
555 62 
240 42 

3.018 OJ 

56•892 43 

Per Ton. 

'( 06 
o 64 
o oJ 
o 04 
o 31 
o oJ 
o 01 

o 14 
2 65 

Total ............................................................. ' 105.501 42 '49 1 
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Quicksil ver, poun,ls . .. ... ... .. . . .. .. . . . . .. . . ...• , .. . ... .. Total , 
Salt , pounds .... • . . . .. . . . . . . . ... . ..• . . . . ... . .. . .. . ..•. .. . " 
BI uestone ... . . .... . . . .. . '. . . . . . . • . • . . . . . . . . • . . . . . .. . . . . . . .. 
C\)rds \vood . . .. . . . . . .. ... . .. . . .. . .. . .. . . . . . . .. .. . ' " . .... . II 

Days' labor . .. . . ......... . . . .... ...... . . . . . . . . . . . . . . . . . . If 

21 ,6 29 
1 10,09 4 
22,366 
2 ,5 ~OYs 

13.0J 1]': 

ton, $ 1 00 

" 5 12 ' 
I 0 4 
o 1 2 
060 

The quanti ty of qu icksilver here given is that which was added 
during the year without taking account of what was in the pans in 
the beginning and end of the twelvemonth, and as there has been a 
reduction in quantity of ore the amount given per t on is undoubtedly 
too low. 

It has long been my intention to introduce the electric light; but 
the present cost of illumination, which includes breakage and sup­
plies, hardly justi fie s the step. The balance between increased cost 
and risk and increased efficiency of the electric is very close. 

TREATMENT OF THE TAILINGS. 

When I examined the mines of this Company in the year 1880, 
the problem of utilizing the tailings had already assumed importance, 
though only about 15,000 tons of ore had been worked. Now nearly 
five times that quantity are represented in the tailing beds. The ad­
vice then given was to concentrate the tailings and smelt the concen· 
trates with manganese from the Lucky Cuss mine, where important 
bodies of this ore, carrying from fifteen to thirty ounces of silver per 
ton, are found. 

The plan was beset with difficulties, for the fine condition of the 
material prevents good work in c~>ncentration and hinders smelting, 
and manganese as a flux though not a positive novelty had not been 
successfully relied upon, I believe, as the sole dependence of a fur~ 

nace that 'has no access to iron either in its ores or flux. But. this 
advice was given for the reason that the remilling of tailings has been 
almost uniformly a fai lure, and nothing was to be looked for from 
this mode of treatment, while concentration and smelting offered a 
promising though untried field. The result has been a great suc­
cess, the treatment of about 3500 tons of tailings having paid all th~ 
costs of construction and work and a profit besides. 

The treatment includes two branches, concentration and smelt­
ing, which will be considered separately. 
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CON CENTRATIO N. 

After preliminary experiments in 1881, six Frue Vanners were 
obtained from Messrs. Adams & Carter, of San Francisco, and regu­
lar work commenced at the end of February, 1882. The records 
which are summarized in the table given below, cover the whole of 
the intervening period, or 13 months. 

In January, 1883. two revolving buddIes or round tables were 
built, and worked with such success that others have been ordered 
and will be put in at once. 

The problem presented is one of the most troublesome in ore 
dressing. All the material is in the finest condition, having been re­
duced to a maximum of io and 6)- of an inch diameter to prepare it 
for amalgamation, and in this process the ore is ground for hours, 
not only increasing the proportion of fine slimes, but making the 
latter sticky by trituration. The greatest loss in concentrating has 
been due to the fact that th:se fine slimes run over the table, without 
yielding their silver. This defect. however, is now cured mostly by 
the buddIes. 

The method adopted is as follows: The tailings are thrown into 
an agitator, where they are stirred with water, and the heaviest sands 
settle, giving the first concentrated product. The pulp is then run 
on the Frue Vanners, where a finer concentrate is obtained. After 
concentrating, the tailings are raised to a buddie, which removes about 
one-third of the silver still reI11aining in them. F rom this buddle the 
finest material. which still .runs off without concentrating, will be de­
livered to a second buddle of lighter slope. and concentrated there. 
The buddIes have not been running long enough to furnish an esti­
mate of their production. 

In this way it is hoped to raise the extraction of gold to a satis­
factory point, that portion of the work having always been defective 
in amalgamation. 

The concentrating mill is situated close to the Gird mill, and the 
distance from the tailing beds has always caused a large expense for 
wheeling. At present this difficulty has been increased by the removal 
of the nearest tailings, and the mill will now be moved to the area 
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cleared away in the tailing bed, For this purpose an en~i~e has been 
provided and the new machinery will be erected at the new point. 
The purchase of this machinery was made necessary by the fact that " 
the works as first established were not large enough to keep the 
furnace constantly supplied. 

Concentration has now been going on for 13 months, and the 
whole of this period is included in the table of results .given below. 
The value of the tailings in lead is not determined by daily assays, 
as the silver is, but the proportion oflead is estimated at 8 per cent. 

Tons. Assay, per Ton. 
Silver, OZ'I Gold, oz. Lead, ~ ct. Per cent. 

Mill tailings treated ...... , ............... " .. , 11,467 13"21 0'22 (?) 8'00 
Production, 

From the Agitator •. ,. ................... 93 52'65 
From the Frue Vanners ...... , • ... .. • • ... 1483 45'22 

Percentage saved by weight. , , , , " , , .. , , , .... .. 
Weight of Tailings required to make I ton of Concentrates, 7' 5 tons, 
Percentage saved, by value: Silver,41'29; Gold, 34'09; Lead, 50'61. 

COST OF WORKING, 

23'20 

3°'90 
13'31 

Tailinp, CODccntrates, 

Labor •••••••••• , •• " ••••••••••.•••••••••••• Total, $9,672 40 
Supplies........................................" 873 13 

Total .... , ................. '.', ........... $10,545 53 

Per ton, $0'843 $6 34 
.. 0'076 057 

The extraction of silver in the mill has been about 80 per cent, 
and of gold about 45 per cent, and the treatment of the tailings in­
creases this by 41 '29 and 34'09 per cent, respectively, so that the final 
results are as follows: 

Silver, extracted by amalgamation .............. , ............ , ..•••••• 80 per cent. 
" concentration, 20X4I'29 •..••••••••...••••.•••••••• 8'26 ., 

Total •• ; ....................... , ............................ 88'26 per cent. 
Gold, extracted by amalgamation ........................................................ 45 " 

concentration, 55 X 34 '09 ............ , ......... . ... ,If:-7 

Total ••••••••.• . ••••••••••••••••••.••••••.. , , •••••••••••••• 63'7 per cent. 

These results are not satisfactory, but the improvements in "con­
centration will add probably 4 per cent to the silver and perhaps 12 

or even IS per cent to the gold, If these results can be reached, the 
whole method of treatment will be in a higher state of perfection than 
has been obtained heretofore in American milling. 
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THE . FURNACE. 

In September, 1882, the building of the furnace was completed 
and a short trial run was made, which could not be continued, nor 
resumed for some time, owing to the failure of the coke supply. Af­
terwards several short runs were made. The fine condition of the 
materials and the low fusing point of the manganese, combined with 
the complete absence of sulphur in the charge, caused great trouble. 
The impurities of the charge collect in the form of a hard lead which 
separates from the remaining metal and sinks in the lead bath, ob­
structing circulation and cooling the crucible. The use of mangan­
ese as a flux has approved itself, and the Company enjoys the great 
advantage of using as flux a material that furnishes an important 
amount of silver and is also mined on their own ground. 

To meet the sandy condition of the concentrates, a brick machine 
has been purchased, and the concentrates will be made into bricks. 
using fine slimes as binding material. This work has been done by 
hand and with success, and the machine will undoubtedly improve 
upon the hand work. 

The lead bullion made has been sent to refining establishments 
in the East. It is of good grade, fair softness, and carries a higher 
proportion of gold to silver than the mill bullion. As a considerable 
part of the silver is derived from manganese ores without gold, this 
proves that the reworking of the tailings will be especially valuable 
in saving gold. 

Four general classes of expenditure are necessary to the work­
ing of the furnace, as shown in the following table. The sinking 
fund charged against construction is not calculated by time, but upon 
the proportion of tailings that have been worked, and is somewhat · 
high, as no account is taken of new ore that will be concentrated in 
future. Construction includes both concentrators and furnace. 

Expended. 
Construction. • • • . • . . • . •• . • •••••..••••••••••••.•••• $ 603 97 
Manganese (mining and hauling) . . . , . .•••• . . . ... • •••• 6,046 58 
Concentrates and ores............. . ................. 6.043 99 
Furnace supplies, hauling and labor ••••••••••••••••••• 16,522 70 

On band. 
$12,921 O{ 

6.810 77 
7.927 62 

14,542 54 

Total. 

$13.5 24 98 
12,857 35 
13.971 61 
3 1 ,065 24 

$29, 21 7 24 $42 ,201 94 '71.419 18 

Among these items, purchased ores and hauling of them, amount 
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to $I889-43, and purchased manganese and its hauling 2680.03. 
These expenditures 'were made in testing the ores of the district, and 
are not absolutely necessary to the work of the furnace, as the Com­
pany has similar material in its own mines. 

The furnace work has consum ed the following materials: 

Concentrates . . ...... ..... ... . . . .................... . 
Tailings ..•...•...••••... . ......•...•..•• .•.. ....... 
Ore ••••••.....•••••.•..••••••.. . . . .• •• ••. . .....•.. 
Manganese .. • •..••..•.•••....•...... •••.• .. .. ...• • 
Silver bearin'g material. .. .. . . •..•.•.••.. .. ... ... . .. . 
Limestone ...•••.• .... . ..........••• •... . . . . .. ...... 
Slag recharged ..... . .. . ..•••. .....•. •.....• • •.• .. .. 
Cleanings recharged. . . . . . . • . • . .. . ..•.•••. . . .. .•.... 
Fluxes . .•..... . . ........ . .••• . . .•...•. .. . . . . .. . .. . 

Colorado Coke .. ............... . .. . ...... . .. .... ... . 
English Coke ••••.............••• . ...•..•.•••.•.... 
Charcoal ....................................... .. . 

Tons. 

438 
438 
47'92 

625'25 

33'02 
260'So 

6'00 

Percentage of charg •. 

23'65 
23'65 
2'70 

33'S<> 
1549'17 83'80 

100'00 

Total materials . ... . . . .. . ....................... 2166'00 tons. 

Production, 2708 bars; 144'88 tons, containing 
Silver, ounces. Gold, ounces. Lead, pounds. 

In Bullion shipped, 131 '95 tons ...... .... ........... . 
In Bullion on hand, 12'93 tons ..................... . 

40,883' 57 298'81 263.333 
4.654'80 34'00 25.537 

45,538'37 332'81 288,870 

Market value of Bullion shipped .•• • •••••••••••. ••••• $44.17° 18 ,6,013 22 $9,068 52 

Total value .... . ....... . . .... ................................................. 159,2$1 92 
Freight and charges......... ....................... .... .. ....... . ............. 4,IK961 

Net return .................................................................... $55,062 31 

The value of this product is as follows, the return from the 
bullion on hand being estimated': 
Returns from 131 '95 tons shipped net .................. .. ....................... $55,062 31 
12'93 on hand . • • . . . • . • • • • . . . . . . . • . . . . . • . • . • . . . • • •• • • • • • • • ••• ••• •• ••• • • • •• . • • • 6.000 00 
Returns from 93 tons concentrates amalgamated . ...... . ................ . . •••••• ••• 5,500 00 

Total product from re-working tailings . .. . ............ . ... .... ............... $66.562 31 

The portion of concentrates sent to the mill contained more 
quartz and less lead than the average product. They milled to 
about 65 per cent of their value, and will be re-concentrated .when 
the Corbin tailing beds are worked. 

In preparing the concentrates for the furnace, they are mixed 
with about half their weight of fine slimes from the oldest bed of 
tailings. It was hoped that the whole of this bed, which is the richest 
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portion oLtl~e tailings, could be smelted wi thout concentration, but 
its poverty in lead prevents this result. The greatest di fficulty ex­
perienced in operating the furnace was when the attempt was made 
to utilize the uncon centrated tailings. 

Amalgamation of the concentrates will probably not be resorted 
to again, and the calculations of future operations may be based upon 
the furnace work alone. Changes that are necessary in treatment, 
such as using a smaller proportion of unconcentrated tailings prevent 
a close reliance upon the results already obtain~d, but the following 
figures are probably very near the truth: 

Three thousand eight hundred tons of tailings will be concen­
trated and smelted for $29,217 or $7.69 pl~r ton, and together with 
the fluxes and ores which will be smelted with them, and the cost of 
which is included in the foregoing calculation, will yield $61,000 or 
$16.05 per ton.; profit $8.36 per ton of tailings. 

This calculation includes the cost of construction, mining, flux and 
all accessories, with expenses at a higher rate than . they will be in 
future. It affords a means of estimating the probable value of the tail­
ing beds, taken in connection with the Lucky Cuss mine, and the esti­
mate seems to be faulty only in one respect. The results obtained 
from the tailings are not uniform. The sandy portions concentrate 
best, and so far we have treated a better material than we shall treat 
again until the Corbin sands are reached. On the other hand, the 
work will improve with experience and attention, and it is assumed 
these opposite conditions wilL balance each other. 

The value of the tailing beds can be reached in two ways. In 
the above calculation a profit of $8.36 per ton of tailings is ascer­
tained on the supposition that the proportion of unconcentrated tail ­
ings worked with the concentrates will be 1 : 2 in the future instead 
of 1 : 1 as in the past. This assumption disturbs the result some­
what, but a profit of $8.36 per ton on 72,000 tons is $601,920. 

On the other hand, the results actually obtained are· these: 
From 10A 17 tons of tailings there was obtained in 12 months 14B0 
tons of concentrates, or in the proportion 7'08 to I. Of the concen­
trates 438 tons, or 29'6 per cent were smelted with an equal weight 
of tailings, so that the quantity of tailings represented in the furnace 
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product is 438 x 7"OS + 43S = 3540 tons. This yielded $61,000, or 
$19.61 per ton at a cost of $29,217 .24 or $9-42 pe r ton, and if the 
whole pile of tailings could be smelted with equal results, it would . 
yield a profit of $668,000. 

The difference between the two computations shows the influ­
ence of silica in the charge, which by demanding manganese to flux 
it increases the profit. On account of the moderate proportion of 
lead in our charge we are not able to treat a mixture so siliceous as 
that given by equal weights of .concentrates and tailings and there­
fore the first and lower computation is the more trustworthy one. 
Either calculation exhibits clearly the great value of the tailings 
owned by this Company, a value which i5 due to the unusually large 
proportion of lead in its ores as compared with the ores of other 
mines in this District. 

The result obtained fully justifies the advice I have given the 
Company upon this question. The whole cost of construction, rna':' 
terials used, and labor in concentrating and smelting (to the end of 
February, 1883), has been $40,692.71, and the returns $66,562.31, so 
that all expenses have been paid and a substantial profit earned 
during ?-n experimental campaign made upon only a small per cent. 
of the tailings available. 

A year ago tests were made by milling a small lot of the tail­
ings, but tIle gross return was only about $1.50 per ton, or say 
$100,000 for the whole pile. It is worth noticing that by merely 
stirring the tailings with water and floating off the fine part, a sandy 
residue has been obtained forming 0.8 per cent of the whole mass of 
tailings, and yielding in the mill $5500 as shown above. This 
amounts to 43 cents per ton of tailings, but it is doubtful whether the 
same proportion will be maintained when the lower portion of the 
beds where the slimes are most abundant are reached. 

JOHN A. CHURCH, 
Super£ntmdent. 
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. before the stripping began. The whole quantity is now awaiting 
the results of experiments in progress, to determine the details of 
subsequent treatment. At the present time the material hoistecl is 
almost wholly first-'class and lean ore. 

TRE OCCURRENCE AND TREATMENT OF THE ARGENTl­
FEROUS .MANGANESE ORES OF TOJlfBSTONE 

DISTRICT, ARIZONA. 

BY CHARLES W. GOODALE, BU'ITE CITY, MONTANA. 

(Utah and Montana Meeling. July, 1887.) 

THE attention of the Institute has been callen by Prof. John A. 
Church* and Mr. W. Lawrence AusLint to the free-milling ores of the 
Tombstone mines and their treatment, but the silver-bearing man­
ganese ores of the district have received only a passing notice. 

As these ores show some interesting peculiarities, and have yielde<l 
not less than 750,000 ounces of silver, they are worthy of some study. 

The Knoxville, Lucky Cuss, Luck Sure, and Wedge mines (named 
in the order of their importance) are situated along the northern 
border of the district. They have been the leading producers of 
this manganese ore, and possess the same general characteristics. 
Special attention will be given to the Knoxville, as it has been the 
ODE; most extensively developed. 

The limestone belt, in which the Knoxville ore bodies occur, has 
an easterly and westerly trend, is about 1680 feet wide, and rests 
on granite on the north, the plane of contact being nearly vertical. 

It is overlain by quartzite, the contact-plane having a dip of 82°. 
Some miniJlg has been done along these contacts, an~ a considerable 
amount of pay ore has been extracted, but development has been 
very superficial. The ore fonnd along these contact planes contains 
very little lJ}anganese, and differs entirely from the ore in the lime­
stones. 

No attempt will he made to assign this limestone country-rock to 
a particular geological horizon, as no fossils have been found in it. 

Prof. Blake, in a paper on. "The Geology and Veins of Tombstone, 
Arizona" (Tran8., x., 334), speaks of the middle and upper strati-

* Concentration and Smelting at TombstonE', Arizona. Tram., xv., 601. t Silver Milling in Arizona. T\·am., xi., 91. ". . 
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fied . beds of limestones, shales, and quartzites as "Palreozoic and ..If 
probably lower Carboniferous." There are no positive evidences of 
stratification in the Knoxville limestone, although indications may 
be noted in some places which would lead to the conclusion that the 
strata are parallel to the plane of contact with the quartzite . 

. In cross-cutting a great variation in the character of the limestone 
is observed. Some zones are so siliceous as to approach quartzite, 
though the greater part of the rock is limestone, carrying 94i per 
cent. of carbonate of lime. 

The ore-chimneys, which dip to:the east at an angle of 40° to 50°, 
occur along a crack or plane of cleavage nearly vertical, and having 
an easterly and westerly strike. Marked e\·idences of slips and 
faults are entirely wanting, and an effort to apply the theory of hot 
springs to account fo.t the origin of the ore~bodies is met with the 
difficulty of explaining how a sufficient opening was made for the ' 
hot water to obtain access and cut out the large channels. The 
chimneys are somewhat irregular.in shape and vary in size. · Four 
of them, all more or less connected near the surface, have been de­
veloped-three to a vertical depth of 400 feet, and the fourth to 15.0 
feet. 

In drifting from the main shaft, the crack or plane of cleavage 
above mentioned was a sure guide to the ore-bodies,-th6ugh its width 
was not appreciable, and there was not even a knife-blade seam of 
" clax" or "talc" between the walls. . . 

There were no indications of ore until the drifts were within a few'" . 
feet of the ore-bodies, where the walls of the crack were stained' with 
black oxides of manganese and some carbonate. Small detached 
pockets of pure manganese oxide also indicated proximity to the 

. chimneys, but these small bodies carried very little silver. , 'Tl:ie 
filling of the chimneys included, in a great variety of forms, pyro­
lusite, wad, and psilomelane. It is not improbable that a searching 
examination would have discovered the rarer oxides, braunite, man-o 
°ganite, and bausmannite. The gangue was quartz and calcite. Gal­
enite, cerussite, pyromorphite, cuprite, melaconite, and malachite 
were occasionally observed, and the assay showed a little gold­
about m of an ounce, or 20 cents to the ton. 

Caverns were found in the widest parts of. the ore-bodies which 
were lined with snow-white and crystalline calcite. The purest 
manganese ore formed the lining of the chimneys, the percentage of 

. gangue being greater in the middle. Two classes were therefore 
made of the ore in preparing it for shipment, the first class being 

I 
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cQmposed of the more siliceous and higher grade ore, and the second, 
being low in silica, was-valuable as a flux, though some of it did not 
carry enough silver to pay for smelting. 

The following analyses will show the character of the t,wo classes 
of ore, which will be, designated as "milling" and" smelting" ore: 

Milling Ore. 

Analysts: D, Bilker, A. H. Low, M. W. lIes. 

Mn20 a,· 
Si02, • 

CaO, • 
CO2, 

Fe20 a, . 
MgO, • 
Nil and K, 
Sb, 
PbO, 
CuO, 
Ag, 
CI, 
S,. 
H 20, 

Mo, . 
o in combination, 
Si02, • 

Fe20a, 
CaCOa, 
Cu, 
Pb, • 
Ag, • 
H,O,. 

Per cent. Per cent. 
74.16 42.77 
18.10 25.28 
1.32 } 
1.33 

21.60 

.58 3.54 

.13 
1.22 

.66 

.50 

.20 

.15 

.17 

.08 
1.67 

100.27 

Smelting Ore. 
Analyst: Walter Bunce. 

Per cent. 
41.30 
24.25 

18.75 

6.80 

\ 

Per cent. 
47.70 
26.22 
8.70 
1.20 
6.30 
1.21 
.45 
.06 

6.00 

The analyses of Messrs. Low and Iles were made from samples of 
mill-runs taken out within 100 feet of the surface. It will be ob­
served that the percentages of FeZ0 3 and CaC0

3 
are much higher in 

their analyses than in the results obtained by Messrs. Baker and 
Bunce on ore taken out from a depth of nearly 350 feet. 

All of the chimneys yielded ore assaying from 30 to 50 ounces 
\. silver per ton near the surface; but below 150 feet the silver con­

VOL. XVlJ.-49 
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tents decreased as depth was gained, with the exception of No.2 chimney (numbering from the left), which produced a uniform quality of ore 80 far as it was worked. It ,is therefore probable that the silver was brought up in solution through the main chimney (No.2) and that the other chimneys received their silver by over­flow from it. 
It is probable that the chimneys were cut out by carbonic aci~ waters: for the walls show unmistakable signs of corrosive action; just the effect which would be seen on a piece of siliceous limestone after treating it with acidl'? 
The origin of the manganese is worthy of study. Prof. W. P. Blake, after a hasty visit to the Knoxville, expresse? the belief that the manganese had been segregated from the limestone, through which , it had been originally disseminated as carbonate. After making an analysis of some pink-stained limestone near one of the chimneys, and finding much les..'l manganese than he expected, he wrote: "This leaves the origin of the abundant black oxides more ' in doubt, but I still believe that the limestone is the source." A determinat.ion of manganese in a piece of limestone taken from the 340-foot level, about midway between chimneys 2 and 3, showed 0.1 per cent. mangauese. ' 

There is hardly sufficient evidence to justify the belief that the manganese was originally formed in the chimneys as carbonate and silicate. If, on following these chimneys down below water-Ievel­perhaps 3~0 feet deeper-the fillings were f~nd to be rhodochrosite , and rhodonite below all decomposing influences, an doubts as to the , first form of deposition would be settled. It would be mnch easier , to account for the origin of these highly oxidizeli ores 'if theY' were ' ) found in bedded deposits, for then the theories ;tich apply to the I deposition of hematites and limonites might explain ~heir origin. ' The treatment of these argentiferous manganese ores, with uo smelting works in the district and no market for them ne"arer than Colorado or San Francisco, was t;lt ' problem to he solved in Tomb­stone"in the fall of 188L 
Efforts were first made to work , them by free milling, the heaviest manganese beil)g sorted out before shipment to the mill. This method was soon abandoned, as the silver saved did not average 60 per cent., and the loss of quicksilver was excessive-not less than 7 pounds to the ton of ore. Owing to the presence of so much manganese, this loss of quicksilver was to be expected; but it is not , known whether the low yield can be accounted for by the failure to 
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amalgnm~te or by the" flouring" of the amalgam with the quick­
silver,. Applying the test by hyposulphite of sodium to determine 

. the amount of silver in the condition of chloride, it was found that 
only 24 per cent. of the silver was soluble in the hyposulphite. But 
this test, when tried oD' the best free-milling ores of Tombstone dis­
trict, gave no indication of the yield to be expected by amalgama-

. tion. Such ores as the Vizina, Inger:soll, and Bradshaw yielded from 
80 to 90 per cent. of their silver by free milling, but the hyposul­
phite chlorination test showed that from 45 to 84 per cent. of their 
silver was in the form of chloride. 

A sample lot of' the Knoxville ore was sent to the Massachusetts 
Institute o{Technology for examination, and from tests and analyses 
made there, it was believed that the silver not combined with chloride 
was united with copper, antimony and sulphur in tetrahedrite. It 
will be seen from the analyses already given that no tellurium was 
reported, though it is not improbabfe that this element was present . 
combined with silver and gold. In Prof. Church's paper (Trans., 
xv., 602), the presence of tellurium is mentioned in the ores mined 
by the Tombstone Mining and Milling Company and it was found 
in other mines of the district. 

Before giving up the hope that some of these manganese ores 
could be treated by the free-milling process, every chemical known 

. in the business was tried, and in varying quantities, but it seemed 
impossible to prevent the manganese from fouling the quicksilver 
and causing a great loss. The bullion product was nearly pure 
silver, and so strong was the oxidi"zing power of the manganese 
oxides that the bullion showed no trace of copper even when, as an 
experiment, a pan-cbarge was run with one hundred pounds of blue­
stone. 

After some experimental work in chloridizing-roasting in a small 
reverberatory furnace, under the direction of Mr. John H. Collier, 
which proved that the ore could be chloridized and amalgamated up 
to 86 per cent., the Boston and Arizona Smelting and Reduction 
Coompany added a White and Howell furnace and revolving dryer to 
their 20-stamp mill-plant, arranged 15 stamps for dry crushing, 
and began the treatment of the higher grade of Knoxville ores by this 
process. It was found by experiments with higher and lower per­
centages of salt that the amount required for the proper chloridization 
of the silver was 6 per cent. of the weight of the ore. Ore and salt 
were shoveled into the rock-breaker t{)gether. Dropping into the 
dryer, and from the dryer into the self-feeders, it was ready for the 
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stamps. The batteries were provided with 40-mesh screens, it 
'having been found that with a coarser screen the furnace could not 
do effecth>:e work. This showed th~t the silve; was very intimately 
assoeiated' with the manganese. From the batteries the pulp was 
taken by the ordinary elevator and screw-conveyor system to the 
Howell furnace, which was 24 feet long and 4 feet in diameter. The 
cylinder was, lined with fire-brick, and, acting on the idea that it 
was important to keep the ore from falling through the Bame as much 
as possible, half of the bricks were placed edgeways. A short run, 
howeyer, showed that the draft carried too much of the pulp into the 
dust-chamber, and the bricks on edge were clJipped out. A marked. 
improvemen't was the result, but after making another short run, a 
diaphragm or flange was placed on. too upper end of the cylinder, ' 
which left the opening only 3. feet in diameter, and caused a still 
further reduction in the amount of ' pulp passing into the dust­
chambers. This ore in the dust-chambers or flues would not have 
gfvell much trouble if the auxiliary fire had been effective in com­
pleting the chloridizing action which was begun in the cylinder, but 
with this ore showing a chloridization of only 30 per cent., the auxili­
ary fire was given up as useless. There is no doubt that this dust 
eould have been treated to the best advantage by taking it, by means 
of an elevator and screw-conveyor, to the lower end of the furnace and 
dropping it into the chamber which recei.ved the hot ore from the cyl-

'inder. But in order to carry out this plan so that the stream of ore 
would be regular and the action automatic, an entire reconstruction of 
the furnace would have been necessary. A different plan was there­
fore adopted. The dust-chambers were cleaned out e,·ery oay, and 
the furnace-men fed the dust into an elevator, which raised it np to 
the main screw-conveyor carrying the ore from the batteries to the 
furnace. It may be surprising that it should stay in the furnace\ any 
better the second time it was' put in than it did at first. The fact 
that it did so may be accounted for on the theory that the flue..aust 
possessed different characteristics, having been subjected to the heat 
of the dust-chambers long enough to lose its carbonic acid, ·oxygen, 
aud moisture not expelled in the dryer. 

These changes led to an increase in the chloridization from 85 up 
to 90 per cent. The tailings contained about 1 i per cent. of the ' 
pulp-assay, which would leave 83 per cent. in bullion, but the bul­
lion product was 811 per cent. This difference is accounted for by 
the loss in dust, some of which collected on the roof of the waste­
building. It assayed about 70 ounC4tS per ton, when the pulp-~ssay 
was about 50 ounces. 
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An .examination of the ·quicksilver in the pan-charges showed a 
somewhat broken condition, but)t was no longer fOlll, as in the case 
of raw amalgamation, and there was little difficulty in ~ollecting it 
in the settlers. However, it seemed impossible to avoid a corisider- . 
able Joss of quicksilver-about three pounds :and a ha:rf to the ton 
of ore. 

The experience of mill-men, and the theory of the reactions in a 
chloridizing-roast, demanded the addition of sulphur in some form 
to an ore like this which contained less than 0.1 per cent. of that 
element. (See Roasting of Gold- and Silvfff- Ores, by G. Kustel, 
pages 22 and 27.) But the result showed that the decomposition of 
the salt was vigorous enough, and that chlorination of the silver 
was effected without the presence of sulphuric acid. It might have 
been possible to get a higher chlorination of the silver if the theory 
of Kustel-that·' ca}caTeous ore requires as much more green vitriol 
or 'iron pyrites as is necessary to transform all the lime into sul­
phate"-had been Pl!lt into practioe; but su]phuretted <ores in suffi­
cient quantity were not available, and the use of cop~eras was out of I. 
the questhm, as will be seen by the following figures: The analyses of 
Knoxville ore stm\v from 2.65 to 21.60 per 'Cent. of CaCOa• These 
were probably extremes, and the average Wasllot far from 10 per cent. 
This would give 5:6 per cent of CaO, or 112 pounds to the ton, and 
in order to convert this into CaO, SO., 160 pounds of SOs would be 
required, or more than -500 pl1unds of copperas (FeSO, + 7HP). 

It is evident that this method of introducing sulphuric acid would 
not do on 50-ouooe ore, when the cost of copperas laid down in car­
load lots exceeded 4 cents per pound. 

It is worthy of note that the 6re as it dropped from the cylinder 
into the chamber was at a very law red heat, and imperfectly chlo­
ridized (not over B0 per cent. of the silver being combined with 
chlorine), but that while accl1mu]ating in . the hot chamber the re­
actions went on with vigor. 

The total production of the Knoxville mine to date has been 
6000 tons of "milling" ore, averaging 43 ounces per ton, and 
6200 tons of "smelting" ore, assaying 23.3 ounces per ton. 

Nearly all of the smelting-ore was worked by the Tombstone 
Miniugand Milling Company in smelting concentrates, and Prof. 
Church h.as mentioood the treatment of this ore in his paper already 
r~ferred to on " Concentrating and Smelting at Tombstone." 

If the Tombstone district had produced lead-ores so that the 
-- "milling" ores could have been worked by smelting, the profits of 
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the mine would have been greatly increased. Milling was too ex­
pensive with salt at $30 per ton, ··boiler-wood at $9, and pine 
wood for roasting at $12 per cord (making the cost per ton of ore 
for steam fuel $3.50, and for roasting $2). 

I am indebted to Mr. Frank C. Earle for the following analyses 
of the limestones of the Tombstone district: 

CaCO •. MgCO •. S102' 
No.1, 91.33 per cent. trace 6.00 per cent. 
No.2, 90.75 " 2.85 per cen t. 5.20 " 
No.3, 96.46 " trace 2.41 " 

No. 1. Main working shaft, "Lucky Cuss," near contact with 
granite. White and crystalline. 

No.2. West end of" Knoxville." Blue and compact. 
No.3. "Luck Sure." Represents general character of limestone in 

the belt. 
What little Fe, Al and Mn occurred in the samples was not 

determined. 
I am also indebted to Mr. H. G. ' Howe, M.E., for the accom­

panying map, showing the location of the group of mines referred 
to. The dotted lines indicate the granite-limestone and limestone­
quartzite contacts as traced on the ground: 

J n the eastern part of Tombstone district there is another helt of 
limestone, in which are located the Bunker Hill, Rattlesnake, and 
Mammoth claims; the ores from the<;;e claims contain much manga­
nese, though not to the same extent as the Knoxville, Lucky Cuss, 
and Wedge ores. 

DISCUSSION. 

RICllAim PEARCE, Argo, Colo. (Communication to the Secretary): 
I 'do not quite see the necessity for the" channel-theory" to account 
for the formation of these deposits. The gradual substitution of one 
mineral by another, through the agency of water and carbonic acid, 
would be sufficient, in my judgment, to account for them. . 

In connection with the remarks of Mr. Goodale as to the original 
form of the manganese minerals in these ore-bodies, .1 may observe 
that somewhat similar conditions exist at Butte, Montana, where 
large deposits of psilomelane and pyrolusite are found in compara­
tively isolated positions in the country-rock and are evidently the . 
result of water-action. Carbonate of manganese enters largely into , 
the composition of the veins adjoining these isolated deposi ts, and 
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water circulating through the veins, containing, perhaps, manganese 
carbonate in solution in carbonic acid, finds some lat.eral outlet 
through the n~tural joints of the rock, and by a process of gradual 
displacement these manganese oxides are formed. 

Similar conditions also exist in regard to the silver contents of these 
Butte deposits. I think that, as a rule, the richer the ore in manga­
nese, the poorer in sil ver; this would indicate that possibly silica may 
play some important part in the transfer of the silver from one point 
to another. , 

Mr. Goodale's acconnt of mill-.experiments confirms my impression 
that the action of Mn02 on quicksilver in the amalgamation of silver­
ores is scarcely understood. It appears from all the evidence we can 
obtain, that under certain conditions Mn02 is capable of giving up 
its oxygen in some nascent form which acts most energetically on the 

,quicksilver. This action is, in all probability, oxidizing, as the 
flouring of the quicksilver may generally be avoided by the addition 
of some baser •. metal, such as lead or copper, these metals being more 
readily oxidized thah mercury. In the treatment of silver-ores, 
containing much base metal, by amalgamation, it is often found 
desirable to add manganese oxide, ~hich has the effect of preventing 

. the reduction and amalgamation of the base metals and leads to the 
production of a much finer quality of bullion. 

Mr. Goodale speaks of the supposed necessity of adding sulphur 
to effect a chloridizing roasting. This my own practice leads me 
to think an error. I worked the,Augustin process for many years 
on copper in a perfectly oxidized form, containing silver, without 
the aid of sulphur in any form. When the , oxide of copper was 
brought to a proper temperature in the furnace, the chloridizing 
was effected by the addition of a mixture of fine, siliceous sand and 
salt, moistened with water. The following is probably the reaction: 

2NaCl + Si02 + HP = Nap, Si02 + 2HCl. 

. .:T. K. · CLARK, Butte City, Montana: I can add very little of 
interest to what 'has already been said ,about manganese-ores in mill- ' 
ing; but it may be a point worth noting that it has been our expe­
rience at the Moulton mill that wherever a rarge amount of zino 
has been present in our ores, the loss of silver by volatilization has 
been muoh reduced by a plentiful mixture. of oxidized manganese 
ore. 

Another point may be mentioned as showing the irDportant~ction 

.« 
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of iron in assisting amalgamati~n. While running the Dexter mill 
in Butte, in ~876, where we chloridized in reverberatory furnaces" 
the tailings continued to rise in value most unaccountably, uutil the' 
saving was less than 60 per cent., though the chlorination tests 
showed 95 and 96 , per cent. of the silver in the form of chloride 
and proved that there was no fault in the furnace-work. This hap­
pened while we ' were expecting new mulIers, and as soon as they 
ar~ived and were put in, the yield went right back to where it 
should be, according to the chlorination-tests. 

An examination of the old ,muliers and other iron parts of the 
pan showed that they were so heavily coated with iron ,oxide, say 
-dr-inch thick, that no metallic iron could come in contact with the 
pan-charge. Since that time, I have taken good care that there is 
no lack of bright clean iron in the pans, and I believe the plan we 

, have adopted at the Moulton-placing two or three wrought-iron 
bands, t" X 4", around the inside of the pan-will always assure 
enough live- iron to assist the amalgamation. 

It is generally believed that the poor results obtained in a pan- \ 
charge of slimes alone are due to the thinness of the pulp, and the 
fact that the quicksilver cannot be well mixed with it and come in 
contact with the silver; but it is my opinion that the coating of the 

_ iron parts of the pan by the slimes, which would prevent the activity 
of the iron, may offer a better explanation of such results. When 
slimes and sand are worked together, the scouring action of the sand 
gives the iron a chance to play its part. 

MR. GOODALE: In connection with the remarks of Mr. Pearce 
about the oxidizing action of MnO, on quicksilver, 'I would say 
that the Boston and Arizona Company purchased all the base and sul­
phuretted ores they could get, and offered good prices for such ores 
to mix with the Knoxville ore. It was found that whenever a 
mixture could be made which would yield a bullion-product con- ' 
taining from 5 to 10 per cent. of base metal, the saving was increased 
and the quicksilver was in better condition. 
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the surface of the table lightly, aiding the even distribution of 
the material and exposing the particles more thoroughly to the 
action of the water. The blankets are taken up from time tei 
time and washed out in a tub of water, usually once in twelve 
hours. While the blankets of one table are being washed, the 
stream is turned so as to run over the neighbouring tables. 
The concentrations washed from th e blankets are collected an d 
worked in pans. They usually yield from £3 lOS. or £4 to 
£6 per ton. 

The profit accruing from this source to the mill reduces con­
siderably the origi nal cost of crushing and amalgamating. 

Various other contrivances for concentration have also been 
int roduced. 

Tailing Reservoirs.-T he tailings coming down the canons 
from the mills above, after having passed over the blanket­
tables, or having been subjected to other methods of concen­
tration, are finally allowed to accumulate in reservoirs. Some 
of these, of small capacity, are placed along the course of the 
streams, but the principal deposits of that sort are on the level 
land adj acent to the mouths of the canons. Thus at Dayton, 
where Gold Hill Canon opens upon the plain, there are two 
or three reservoirs, the aggregate contents of which prolJably 
amount, a t present, to 400,000 tons. This quantity is dai ly 
in creased by what is b rought down from the mills above. 
Further dow n the ri \'er, near the mouth of Six Mile Canon, 
and receiving everything brought down from the mills on that 
watercourse, is another known as the Carson reselYoir, con­
taining not less th an 200, 000 tons of taili ngs . In Six Mile 
Canon , two miles above its mouth, is a smaller reservoir, for­
merly esti mated to contain 100,000 tons, but of which a large 
portion was swept away some years ago lJy freshets. The 
qual ity of the tailings in these dams varies considerably, de­
pending on several conditions; am ong others, the proportion 
of slimes that may be mixed with the sands. Thus assays of 
the sl imy and ri cher parts may show a value of £5 or £6 per 
ton, while the coarse sands vary in value from £1 to £2 or £3 
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per ton, according to the or·.; ; ~.~l c. \~ l~ ae:e r of the ore and the 
degree of efficiency with wr.:'_:. ::, ··a:·.: 'c', ~ ~ eO:1tents ha\'e been 
extracted. The smaller rese,', c.:,; c.~ r, ·; ~:,,: Dayton are gener:tJly 

richer than the large ones. 
Since the discovery of th ~ C0:-. " ,::-: ? '.~: Yirginia an d Cali­

fornia ore bodies on the C0 ~n,: 'J> : :":'c -:;c:; erally know:1 as 
the fam ous Bonanza mineo-:~,. r:. ~~. ' ~ '~ ·~? :-j ~:::es of t:'oilings 
have been accumulated whi r,;' art ~.0 ": ':'::::-'5 trelted . 

successful Concentrat ion of S:"::;:,c3.-In later ye:us 
considerable attention has 1 ':'::-. :: o·: : : ~:: : :: :~'.~ .:;ues tion of con­
centrating the tailings on ProiJ::r :·r. :.'_<~.:::, T -.:s is by no means 
an easy question when it is eO~.5 : :: ::~~::: :'~.:. : ai;t r the fine pu l­
verization of the ore in the bl:: t ry : :·.e o,? :=t -.:::cergoes a grin d­
ing process during the pan 2. n:a:;2.:-:.: :: ~ :-: . hs:: r:; from three to 
four hours, whereby the ore is re:'':c,: ,: :~. : ) a:. almos t impal. 
pable powder. As for the slimes , tLy CO:-.5:;' gener3.11y of the 
fin est particles of the chlorides, 2.!~d t ~; e ea;ily friable brittle 
silver ores, fioat gold if any, and tl1 e c~:;,y or t:;,leose portion of 
the ore. As the name " sli me" :ndicates, :t is a slimy, pasty 
agglomeration of matter, which 011e \YQuld hardly judge cJ.pable 
of bearing a mechanical sep:t ration; btl: it has been iou nd th:t t 
with the best of concentrato rs, J:~e t~1;: Fme \":\ ~ ner , 3.nd pro­
perly constructed buddIes, a proper coneenti:'otion of tai lings 
and slimes may be effected . T hey 11 :1. \·e been thus successfully 
dealt with at several mills, and 3.S eX:l.lup!es I may cite the 

cases which follow. 

~ Concentration of Tailings at Tombstone, Arizona.­
, The ores from Tombstone mine 3.bo\·e wa:c[·!eyel were mostly 

chlorides in quartz gangu~, cOll t:lini n; :u"o le.ld c:!Tbol1:l te, 
manganese and iron oxides, :111<'\ 5 0 !:1'! ~u1~'~ i\1 c s of silver, 
iron, copper, lead, and zinc. T hey .15 5:;:".:d on au J.\'erage 
60 oz. of silver and t oz. of gold per W;l :md 3 per Cent. of 
lead. With depth the chlorides p ye W:\\' to the less tr;lct:t ble 
sulphides. T ellurides of sih'er and ~o ld ~J,,_) l11:11' e their :: ppe:lr. 
ance. The surface ores were cl05ely mi!:d, :J.\·er:1ging Ss per 

, 
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cent. of the sih'er and 45 per cent. of the gold contents, These 
results disappeared as the ore lost its chloride character and 
bega n to carry its sih'e r in the form of sulphide. 

Up to :,[arch, 1384, the mill had amalgamated 89 ,608 tons 
of ore, estimated to contain 4, 168,527 oz. of silver and 
13,2440z, of gold, and had prod ucer! 3,225,110 OZ, of silve r 
and 9,454 oz, of gold. This wou ld leave ta ilin gs conta ining 
about J 0'5 OlS . of sih-er and 0 '093 oz, of gold per ton, or a 
value of $ 15'60 at the legal rate for sih'er. The actual value 
at market prices at the time of the operation was about $1 2 per ton . 

]'I fr. T, A, Church, the superintendent of the mi ne, gives the 
following desc ription of the apparatus and machinery \rhich he 
erect ed (or th e concentratio n of the tailings : _ _ 

" The amount of si h'er and gold locked up in tai lings, which 
"'ere accumulating at the rate of 15,000 to 25,000 tons a year, 
and \\'ere \\'Orth about $12 a ton, was so great that its recovery 
became a se rious problem. The ore being thoroughly oxidized, 
no uenelit could be expected from ,Yeathering, and amalgama­
tion having fa iled once to extract the metals in the tailings , it 
was assum ed that it woul d fail again. Roasting and chlorina­
ti on "'ere prohibitive by th ei r cost, which \\'as not less than $ 20 
or £4 a ton at that time and place, or twice the yalue of the 
ta il ings. Guided by th e fact that the lead carbonate carried a 
high percen tage of sih'er, experitnents ,rere immediately made 
in concent ration. A second amalgamation was also tri ed and 
yielded about:;;; l' 50 PCI' ton. 

"At th at (by, 1883 to 1884, the experience had in concen­
tra ting pan tailings \\'as not at all reassu ring . Experiments had 
been macie, but without success, except on ore that contained 
~s much as 8 or 10 per cent, of lead . Ores of 3 per cen t, lead , 
]ike those in Tomb"ton e, had not been successfully treated. 
T he outlook for utili sa tion of the concentrates was a lso poor. 
Ko iron ore for flux \\' as at hand, and th e only substance that 
\\'as free from si li ca \ras limestone. There were on the COI11-
pan)', property some mines of manganese ore, carrying about 
20 uz . of sill'e r to the ton. This ore ,,"ould not amalgamate 
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well, and trials made suus<: ({U~~, ~::: r,r') ':(;d that it would not 
concentrate well. 

"Under these circumstanu, ,, i', '.':'J.', ': ';',',,,,,ined to undertake 
concentration of the tai lings 0~ "- h~"-'; ':',~,l e, and if this suc­
ceeded to a ttempt to smelt the C'Jr.'_,: ~ , : ~~,: ':" :., a ohart furnace 
wit h n anganese as the flux. 

"Ex pe riment showed that the t -, :;:' :;', '_-, :1-: b,: con centrated 
ei ther on the Frue \'ann e r or on tC

,; (; ';'~r, ],:1 ro:at:ng rou nd 
table . The IJ rincipal difficulti~s (;'.:'~ ~: ',~,c,;rl ":ere frol11 the 
extreme [m elless of the tailin ~s, Wi1:r. :' r"d been stamped 
throu6 h screen, of 30 and 40 me sh, ;Sl\'i:-,:;, pulp of '/u to 1,.!.u in . 
diameter as a rr,ax imum, a nd from ('-,is c:r) \\'n to the finest par­
t icle , The V0?)rtion of very line slime \I'as increased greatly 
by gr indi!'6 in the pans, so that prob:llJl y 60 per cent. of the 
ore \\'a5 in th~ condition of sli mes sufricientll' li ne to form a 
tenacio:J s mao;, tho'Jgh no more than 3 or 4 per cen t. of clay 
was presen t, I n the course of the work t\\' O mills \\'e re built. 

"First c,'lIc,'lItratilig -"lId/.-The m ill first bu ilt contained six 
Frue yann ers and three round tables, the la t ter sen'ing entirely 
as tailing mach ines to the Yann ers. An crdinary agitator, such 
as is found in pan mills, 9 ft. in c'iameter, served to receive the 
dry tailings taken from the old \J eds and mix them with water. 
This mixer was connected with a mill of 15 stamps, the tailings 
from \\'hich ran directly to the mixer. The three di scharge- , 
plugs, usual to settlers, \\'ere retained, but were bored with I-in. 
holes, li mit ing the discharge, so that the p ulp \\'as kept at a 
certain height in the mixer. " 'ith about nine reyolutions per 
minute of the mixer arms, the curr~nt was not sufficien t to 
carry off the heavies t part of the pulp, This settl ed to the 
bottom of the mixer, and was shoYelied out periodically, It 
was rich enough in lead for smelting, and was richer than any 
other part of the product in gold an d sih 'e r. 

"The rest of the tailings ran (rom the mixer to the six Frue 
vallners, on which it was distributed \,'ithout sizing. The ta il­
ings f;om the vanners were coll ected in -a bdt "eleva tor, and 
raised high enough to run on the round tlbles , 

"The vanners worked \yell whe n the qu:mtity passed oyer 
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them was res tricted , but when it reached 5 tons a day the fine 
part of the slimes was carried over and lost. On this account the 
saving of lead in this mill was much less perfect than afterwards 
wh en facilities for handling larger quantities were obtained. 
This mill ran for about a year and a half. The work done in 
the first thirteen months is shown by the foll owing table ;-

T HIR T EEN M m nns ' 'YORK AT FIRST MILL. 

I 
T ons. Ass"l' pc r Ton. I p I 

Sih'er. 1 Gold . Lead. Ce~~t . 
- - - - --------

oz. oz. per cent. 
~Iill -tailings treated 11, 46 j 13 '21 0'22 8'00 
Production :-

From the mixer 93 52'65 0-48 23'20 

" " 
Fl ue "anners 1,483 45' 22 9'58- 3°'90 

P ercen tage sayed by weight . '3'3' 

, Veight of tailings I equi red to make one ton of concentrates, 7'5 tons. 

Percentage saved, by value: Silver, 41 '29; Gold, 3+'09 ; L ead, 50'6 1. 

" Although the tailings treated in this mill were estimated to 
contain 8 per cent. of lead, it was known that the old beds as 
a whole would not contain more than 3 per cent " the stock 
for th is mill being taken from the best and richest parts of 
the beds . 

" S ecolld COllcelltratiJIg .A1i'II.- The attempt thus made to con­
centrate was not considered an entire success unti l the round 
tables were put in. T hey we re introduced to prevent the loss 
of fine material which passed over th e vanners, and they proved 
to be so well adapted to the treatment of the fln est slimes that 
a new mill was designed in which they bore a ll the work of 
conce ntrat ing the slimes, while jigs wen~ made to treat the 
coarse product that had settled in the mi xer. In add ition to 
the cbai1ges, sizing was introduced, both by trommel screens 
and by hoppers with a rising current of water. T he old mixer 
was replaced by an agitator made like a pug mill . It consisted 

• This is probably erroneous, as 7~- tons of tailings, worth o'n oz. gold, 
could not produce 9' 58 oz. in the concentratiom.-~1. E . 

.. 
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of an upright b ox, 30 in . square, with the C0rn ers filled in to 
mak~ an octagon. A shaft making 1 05 re\' olutions per minute 
stands in the centre, and carri es a frame or bask et of ::-in. iron 
bars, which rotates just within a number of rods that project 
inward from the sides of the agitator. The construction of this 
machine gave more trouble than any other part of the mill on 
account of breakages. At flrst the central shaft carried radial 
arms that ran between the fixed arms of the box ; but when the 
latter were cut off alld the former redu ced to a basket of ve r­
t ical arms runnin g past the ends of the fixed rods, the machine 
ran for months without a stoppage. 

"This mill was designed to use dry tailings from the old 
beds, and also the current product of tailings from a mill of 20 

stamps, treating from 40 to 60 tons a day. The mill tailings 
were drawn from the settlers, each of which contained two pan 
charges, or about Zt to 3 tons of ore with ab out 1,200 gallons 
of water. The discharge of a settler took place in about five 
minutes, and to prevent a rush upon the concentrating ma­
chines the mill tailings were received in a box, about 16 ft . 
long and 2 X 2 ft. section, with three discharge openings at 
one end. 'When a settler was discharged this box would fill, 
and the h eavy tailings settled to the bottom . As soon as the 
flu sh was over the surplus water would run out, and the deposit 
in the bottom of the box was removed gradu:llly by a stream of 
clear water which poured with some fo rce from a spout. All 
of the water needed for mixing with the dry ta ilings passed in 
this way through the equal izer . 

"The equalizing box, as this contril'ance W:lS called, dis­
charged into the agitator or mixer, which \I'as fed with dry 

taili ngs by hand. 
" The d ry tailings were wheeled from the old se ttli ng pits to a 

platform, and then shovelled with reguhrit y into the a:;itator. 
Shovellin_g stopped when the mill \Y ,lS selhlin,: dc·.m tailings, 
and was resumed when the flu sh bepn to decline. From the 
agitator the tailings, now become pul l' . L1I1 to a belt elevator 
with I2-in. buckets, lifting 26 ft. bi£, ;l, :lilt! entered the mill a t 
one corner of the building .-_ ~ -From this !loLnt they ran through 

.J 
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t\\'o tromnwl-screens to a series of six hoppers, formin g the 

sizing apparatus and occupying the upper story of th e mil l. 

T he last two of these hoppe rs were quite capacious, hOldi ng 

probably 600 gall ons. They \\'ould fill to th e brim du ring a 

flush, but in the intervening period the water le\' el in them 

would sink so low that the discharge launder of the fifth 

hopper " 'as not covered, and the sixth rece ived no pulp. 

During a flu sh the \yateT-levcl would rise in the ho ppers, and 

the ir SPOllts discharged an increased quantity of pul p, tha t 

sho\\' ed its cffects immed iate ly in a thicker deposit on a ll the 

concentrating machines . Thus the effects of fl ushing t he tail­

in gs do wn from the mill were m et partly by stopping th e use of 

d ry ta ili ngs, part ly by storage in tanks and hopper:; , and partly 

by greater supply of pu lp to the concentrating machines, and it 

was cons tantly shown tha t all of these resources \yere need ed 

to red uce the flu ctuations due to this cause to their lowes t 

p ossible value as d isturbing factors. 

"The trammels had punched screens of 1i;'-in. mesh, \rire 

screens being used also, but giving trouble from the opening of 

the meshcs. The trommel rosettes had round wrought-iron 

spokes, and a I-in. bl ank nut was strung on each spoke to give 

pcrcussive action. Both t rammels sent their through-fa ll to 

the line of hoppers and thei r coarse stuff to the first jig. The 

second jig was suppl ied from the first hopper, and the second, 

third, and fou rth hoppers supplied three rou nd tables, while the 

fifth an d sixth hoppers supplied three other round tables. The 

j igs hac! percussive action, the pistons being carrieo by springs, 

and forced do wn by the blows of a ram. The speed, 120 

strokes per minute, was no t enough for such fine material. 

"The round tables were all IS ft. in diameter, turning TOS 

times in one hun dred minutes, and had a slope that va ried from 

7 in. in 7:1- ft. for coarse sl imes, to 4:1- in. for fi ne slimes. All 

of them were covered with Akron cemen t, which is well adapted 

to this use. Brushes were not used, the ore being cl eaned and 

the concentrates washed off by j ets of water. T hese machines 

did excellent work. The cement surface, combined with the 

thinning of the stream of pulp as it spread from the centre to 
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th c circumfuen cc, caused the reten tion of th e fine carbonate 

of karl ar.r1 other heavy minera ls most pcr:ectly. It \\'a5 

proved th at wh tn the concentrates were once c!C I.o, it cJ, the 

losscs by ckallin;; were vtry sm al l, most of the loss occurring 

in the vcry finc sli:n (; thlt ran over the table on th e raw pu lp. 

T hc mill was ov(;rcrowded, ancl with slowc r work it is (iu ite cer­

tain that much better results c'luld be obtained , c,'cn u pon pan 

tailings. T wo ji;;s and six tal )\t:s were expcctul to treat 120 

tons a day, but they frcq uentl y treated ISC to 1 7 0 t0 11 5 a t a 

tim e when the tailings were so finc that the j i65 . !id not do 

th ei r proper share of tne work. Some of th e ta llIes u·eJ.ted a 

ton an hour constantly. 

"In considering th e fo llo wing table it is to be rem embered 

also that th e choices t part of the ta ili ng bee! ; ilJ.u been ~ c tl1o\'ed 

before the second mill \ras built. 

O XE YE,\R 'S "\VO RK AT T HE Two ~[ rLLs, Ap"! Io ~, 1883 , ") ~brch 

31st, ISS4 · 

D rl ys run 

Tons treotcd 
K ew tlilings 

Old tailing;; 
Ore crushed 
Product, tons . 

Ratio , Iailings 10 prodect 

Did :-[i l!. 
12 6 

3,3+6 

3,346 

3 95'~0 

x' :.~ :: 
" , 
''7"'T 

1: .523 
c.: j 0 

~ . 3 I ; 
lSb 

I.4Jj 

P er cen t. saved by concentrates { 
Gold 
Siin:r 
Le:H.i 
Goi,j 
Si i\"L' :' 
L ead 

D o. by tailings { 

T o:al. 
~;o 

I b, ~ G 9 

6,150 
10 , 663 

156 
J ,890'20 

: 8'9 

48'Sr 

4° ' :;7 
;~ '06 

55' 53 
53' I I 
77'01 

"The actual saving was greater than ;he table sho \\'s. The 

ta ilings from the tables on wh ich th e fin est slil\~es \\'ere treated 

were run through a series of six settlicg tanL, ilnd a prod uc t 

containing abou t 8 to 10 per cent. of lead and 12 to 15 oz . of 

silver obtained . This was used as a binding substance in 

making th e concen trates into bricks, but no account was taken 

of this material in estimating the work d th~ mil!. 
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" There were two constructive defects in the mill. The sort­
ing hoppers proved to be very inefficient. It was not necessary 
to sor t the stock closely, but it was very important to separate 
the finest slime from coarser sizes j and this the hopper fai led 
to do. Everyone of the concentrating machines that depended 
on the hoppers received a considerable proport ion of slime ; 
and it is li kely that much of th~ richest and heaviest part of 
this slime followed the coarse table stock to those tables which 
had the greatest slope and were leas t suited to its treatment. 
'fhe hopper shape seems to be the worst that can be utilized 
for the action of a rising stream. Many experiments were made 
to ascertain the source of the losses, and always with th e resul t 
of locating them mostly in fine slime contained in the pulp after 
it had run over a table, that is to say in material that never 
rested on the table surface. When once deposited, the heavier 
portion of the pulp could be washed clean with very little loss. 

"The other defect was remedied easily enough. The coarser 
grains of the tailings were rounded, and were apt to run over 
the table surface without stopping. The Frue vanners were 
replaced to work up this part of the stock, and their percussive 
action proved to be useful. 

"It is impossible to say how far the losses could have been 
obviated by a more perfect system of sorting. Very much 
could have been done, but it is not probable that th e losses 
would have been redu ced below 25 per cent. excep t by cl'llsh­
ing the coarse part of the tai lings so as to unlock the minute 
par ticles of silver minerals enclosed in them. Probably one 
half the loss was due to th is cause and one half to slimes. 

" It was proved conclusively that concentrating machines can 
deal successfully with the finest slimes. A seventh round table 
was bui lt for the purpose of reducing the si lica in the extremely 
fine slimes, th at were used for binding materials in making the 
concentrates into bricks fo r the subsequent smelting operation 
in the shaft furn ace. This material was finer than flour, and 
was about like the dust that rises on a light wind. Even the 
heavy concentrates could be blown away by a ligh t breath, 
though no trouble was experienced in saving them. 
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CO':CEi\fTRATION OF TAILI::\GS. 1 1 1 

"The cost of the work varied with the constantly increasing 
distance ,.,f the ta:ling beds from th e mill. T he fi rst mill was 
run by- water p0wcr, and used a large p roportion of tailings 
direc t from tht arn2.lgarnat i (J~, ar,r! under these circumstances 
t he cost was a!)(Ju t ')2 r~';nt> TJtr t',n. \\'hen the ta il ings were 
b rought in by hand, water f,owtr L'::~. ~ rttained, the cost rose to 
$r' 39, both of thtse data rtla tini t'J Fr Jt ·;anners . \Vhen the 
tables were put in and a larger q .;.r.t::y (Ji m;. terial handled and 
the treatm en t of tail ings diree :r rJr.~ c.maldamat ion was re­
sumed the cost was $ 1' 23, tho';;:, 5:"arn v , wer was used ex­
clusively, and increased the COo t 2"; c~ r.: O a : 'j :l . These figures 
of cost cover the experimental s :~~~ 'J! :j: ::1 rn ;lis , and should 
be reduced materially for regula; ~::-: ~~:::: ~ r:",r, ced work. 

"The quality of the concentr,,: ':; 70~~ t xC~ ; :e:l t. They con­
tained more than So per cent. Ie: :: . ~ :: :: ar. amount of silver 
tha t varied accord ing to the rr;: :~:-':': :'rJ:7l wh:ch they WHe 
macte.'~ 

Concentrating Tailings at the Montana CO. 's Mine.*­
Here, a s at Tombstone, pan ta ilin;s irom one of the company's 
mills Are carried by launders to ti:e t:l:::ng mill, whe re they 
undergo a' preliminary sizi ng in a ser:es or spi tzkasten, and 
discharge through a syphon on to t:-,e Frue .-anners . Each of 
the spitzkasten- there are fi\'e of t:lem- discnarge each on to a 
separate vanner. The tailings lea\': ng the \'3.nners show that the 
work has been well performed, aI1Q tlut a large percentage of 
the mineral particles have been collected on the vanners j and 
what goes to the pit , although not worthless, assays very low. 
(Thl' amount is not stated.) In the 5o·stam p mill twenty Frue 
vanners are set up, so as to receive the disch:nge from the 
agitators and the pulp from the end of the vanners, or tailings 
flow to the tailing pit to undergo an "oxidation process," with 
a view to further treatment subseqaently. T ile subjoined 
¥'arawaphs are in the director's own \Y 0r-::, :-

• I am indebted to the Director; of tc·.' :'o[ ,>,, :an~ :-.r:ning Com pony for 
the infomwtion here given. An accoun: _' l [ :'<' ,-,-" r,; j c> ::l of the ~oDlana 
Comp, ny's mills will be found bter on, ;' . I:S· 




