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PoSSIBLE USE AS COREECATION RLE FolicwWiNG NCTES DEALING
MESTLY WITH TCUCHNOT, COSDENOUCH, WAY UP, YIZINA AND
' CONTENT/eN MUNES:
—  NOTEXI - CHIEF 0RE BERZING STRATAS ALE DARK BLACK ¢ BLuE
LIMESTeNES AND BEDS oF DARK ARLILLACECSS SHALE ALTERNATIM &
WITH Biack. SICICIoUS SHALES | WHtlE SE2IES oF BEDS HAVE
BEAN THRsAN [NTC FoLDS W TH STEEPEST AND SHARPEST FICOS
T& INCRTHWEST.
—  NOTE®2 - THE CIHEF FASSURE AND ORE BEARING VEINS oF THE.
DiSTRICT TRAVERSES THE CoMTacT LINES THRT THE INTRSINE
DIKES HAVE CUT THEY THE OLPER FeRMATIONS AND [N SEXERAL
B CASES ARE NOTICE RBLE FMACKED B THE [Ron RuST LINES oF
DiScocoRRTr/oNd OF SURFRCE Solc.
—  NeTET3 - p10ST DIKES HAUE DISTING I/ERTICHL LAm INATED STRUCTLRE
—  NOTEF4-(ONSIDERRBLE AMCUNT ¢F MINELAIZITION oF THE DiKES
BY 1Ron PYRITES DISSEMNATED IRRECEARY /N ITS SUBSTANCE
JN CoBiCAL CRISTRLS M ANS OF WHICH HAVE DISSKVE D ovT™
AND LEFT CAVHTIES ONRCY TG IND IKATE THEWR FORMER FPRESENCE
MAKING IN SOmE PLICES A SPoNEY 7755 oF FAERPHORY 1R QuarTZ.
— NYOTEES — EXTENS IVE DECMASiTION oF Savie PoRPHeRYS P 7¢
‘ DE«/"/’HS OF BQC‘(' Froml SGREICE AESUCTED IN THE FORMATICN
OF WH(TE CiaY £ Koo,
o NOT-E'#_C: —NI/CVER OCCURRNCE U""”éFC-Y A4S CLRIDE
_ WY OTEF7- QCCURANCE OF Golp N THN SYB-CRISTAHLINE FLAKES
@ S SHES VS RLONG THIN SE9rr5 F CRPCKS OF THE DIeRITIC
PeR PHeRY CONTHINING FINELY  DISSEMINBTED HoRN BLENDE
- NITE Y — /N THE WESTWARLD PZLoNCRTION OF THE WEST S po Lo DA
QR VERTICAL 0RE BZAZNC FISSCRE | THE CeNTIGQIT] oF THE BEIDED
@ O5SiTS To THE vesiical FiSscres FDIKES | AND THE (EQRINCE
QrF BEDDED QORES WHERE THE DIKES |NTERSECT LimESTeNL
STRATA LEAD TC THE QFPINCON THAT THE METACLI12 AT7eN OF THE
DISTRICT 1S DUE To THE |ENEQSS [NTRGS JoNS MAND THAT THESE

o T



.élﬁj@ Cen T NOTEH#Y-
I NTRGSIoNS, WITH THE [FSoMPANT 1N I PREGNART /¢idS AND
RAMIFYIN G VEINCETS oF CORRTZ ARE THE TEGE CODES
AND “LEADS” THAT r1AY BE FoCoWED 1N SERLcH oF ¢RE

@

of

“TCMSSTONE AND 1 TS MNES
BY -WiLlirm F BUAKE  DIRECTER, ALiZe % SCHiel oF MINES
. }{/é'o/‘“’— AMELICATY VST, oF MMNG ENEINEERZS, \IbC. XX X1y, 1909
Prées 68 - G70.

— NOTE L] - THE WESTSIDE YEIN HAS BEEN EXTENSIVELY WeeKkeEDd §
[1AS PEeDECED A LARGE Amec UNT OF GRE  N&T oLy me THE
LATERRL DEPeSITS 1 LimE STONE | Knlc wn( a5 Fars “on BiLaNKET
DEPSITS, BOT Flem ©ZZ BeDIES oN THE PLANE oF THE VEIN TO
A DEFTH oF A/HeUT ;aOII CR TO THE WaHTERZ LEYEL .

- NSTE®2 - IT IS ASCECTRINED THAT THE LATERAL DEFPesSITS, FLATS

Ex’/’ENch F2erm THE PLANE oF THE VEIN, OR (iDE | fND CENER—

. — ALY YT THE BEDS oF L:mEJ‘ION":/ Folle W THE C/’z-FsT O
THE ANTICLNICAH FOLDS NWATHE: THANW THE STNCLINES QR ¢THER
PeRi1oNS o F THE BEDS.

- NNG'TE{B - SEVELAC SuchH QRE-LaDEN ANTICLINAL Feips” oz
SADDLES” ek RollS" AS THEY ARE (LCAULY KNOWN  HAE BEEN
DEVE(,oPéDf’ QUANITIES OF VY URBLE WRE HAE BEEN TAKEN
FRervi THEM

— NOTE 4 - THE BUANKET - DEPCSITS HAVE GRERT EATENS/ISN
CeMPR2ED TC THEIR WiDTH, AND Follc W THE CRESTS ¢F THE

i FolDS IN THEIR DoveN WiLd PITCH AN FRem THE (NTERSECTING
LGOES., SEYERFL SUCH DEPCSITS HAVE BEEN —cLliWED rReM

THE WEST SIiDE YEIN NEARLY TE THE WATEZ -LEVEC .

- NOTEES - THE BLANKET DEASITS AFPPEFZ To HAVE BEEN RE(NFRRC -

. ~ED OR &SNRICHED, BY EACH SUCCESSIVE CREVICE,, R VE N,
C{(,::,SS/NC THEN O THE LIMESTENZ ANTICLi~nES .

- NOTETL - THE FoRMER OBSERZVATION § STRTEMENT, THAT THE
[HEAV I EST dk (LARGER ORE-BeYIES AL E FEOMD o THE LOWER

. Q& Down- Htl SIDE oF [NTEZSECTIEN QF THE PLICATED IRGCKS
W I TH THE CREYICES OR z_.c;D#iS 'S ‘SuS'TAmﬁogEz('gmf’z_//f/ED

—-— NOTE® 7. Muc it LIEHT #4< B& N THRoWN o THE QuEST7en

OF THE CREINAT/oN OF THE /WANéaﬁ/FExaous' OVKES oF THE

CON'T



@ @ CoN'T NoTE*7-

LOCKY Cuss, THE LUCK—jurzﬁ/'THE KNCXVILLE AnND QTHEL MiNvES
BY THE DISCOYERY OF A ™M ASS OF MANCANESZ-SUCPHIDE THE
MINEERC SPECIES &8a ALABANDITE N THE LIMESTENE
OFPoN eNE 0F THE LowWaZ (EVUELS oF THE (LCKY CuSS MINE;
NEAR THE CoNTRCT oF THE (LIMESTENE WITH THE GRAN (DIQRITE,
THERE |S CITTLE REASON T¢ DeCBT THAT |INCLUDED /M) ASSES
OR KIDNENYS OF ACPRBANDITE N THE LiMESTCNE  ARE T
SOCRCE BY DECmPIT/0N e PRE(;,P,'T‘,Q'T/C/\/I OF THE AN -
~CANIFERCLS QRES oF THE PIPES CR CHIMNEYS So Cemman
FRem THE SURFACE DewiN WALDS THESE DEPSITS, BT THE
Fcf\’,,«\féﬁ RERLATION TO THE LIMESTLNE, INDICATE THEIR
DQPCSI'T—/ON FRrem SSCCTIONS FLeWNE Down W ARDS . THE
ALTERNATION OF THE SULPHIDE BY OXIDATICN, WiTH THE
FoRMAI AT/ION OF IMANEANESE SCLPHATE SoCoTrenS, wodeD
GIVE THE CONDIToME REQUISITE . JUCH SO TIENS weded
Fellow! THE CREVICES Dowint WARDS ENCALCI &6 THEM BY
SaliT/eN OF THE W/}'ocs AT THE SHmeE TImE DEPes TN € CASTS
& N ASSES orMmeowcsE CAIDE BY REPLICEMENT, WHILE
CALLIUM SUCLPHRTE WoLLD Flewt! Aws Y, HOWNEG=R WE FiuD
CANSIDEZRBLE QOpnITIES G CACCITE IN ASSCCIRTION ) WHLCH
iS INDICATIVE OF ITS Fo@mMAT/ION AS ONE FeduecT THE
| NTERCHRNG E

THIS EXPLINATIOM OF THE RRMRTIoN oF THE M CANESE.
QXIDE CRES ALEC EXPLrRINS THE FPECoLAR | | REECUCARR frims
N WHCH THEY ARE FoeMD. THE CCC oy ”& GULA2Z CLeVICES
WITHCCT THE TABOLAL FORM CF THE Flciiné CF RECuLA
FISSURES., THEY ARE OFTEN PIPEUIKE , 5 SHOWN IN SECTICNS
OF THE LuckY CuSS € oF THE KNCXKYVILLE MINE.

THE FORmATION OF /AN EANESE QXIDES FRem Man EANESE
SJCPripE, 5 OF QAIDIZED JReN~-ORES FRom [Ren SULPitDE, ARE
ANBLO GCSOS

'l\\.

KEF:(2£) (. S, DEPT of INTEQIZ - FEB. 195C PeBuicareen

BLPCPQ of MINES  REPCRT ¢F INVESTIERT /eN S SIZY
CINVEST /cA//uv e TCMBS TENE DISTLICT /MANEHNESE DEAS TS
CoeCHISE Q&kNT"" A2 i2 A,

BY- A/ B NEEDHAM § W K SToRMS
INCTE *| = NcT APPLICABUE To CHALLESTeN PeraTred - Q/mt

—

o
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UNiY. oF ARri2zon4 BOLLeT o, VoL IX, Ne4
ARi12ZonA BeREAC F MINES, %r:oco(ucm_ SS21ES Ne. 12, Bl /ch
Y SomMe ALizons ORE Dé#’o&: 7sCocT. 1, 1938,
i Prees /o4 Te icF
"STROCTURAL CANTReL oF THE OLE DEPSSITS ¢F TCMBSTONE, /}zlzme
BY-R.S.Butter § ELDRED D. WILSeN.
- NCTE S ) - EXTRACTS ONLY FRomM PRPERS BY RiNSoME 1906—/9i] | §
il Giteuty 1936-/937.
(NOT ROPLICABLE To CAiESTIN CPERATIoN -Gl )

Rer QO pove.
o CONTRIBUT/eNS T r’CQNom,C GEQLOGT /7,?
BY- F L, Ransome § E. F. BUCHARY
U.S. 6.5 BeLLETIN 7/0
— NOTEE| = PRAZONA IPANEINESE REFERENCES anty - O,

AMER (AN [MSTITOTE OF Minine ENCUINEERS, Vol, XVIi i888-1837
COCCORANCE OF ALCENTIFER«SS MANCANESE ORE AT TOmBITONE,
AIZoN A, BY- CHARLES w. GoeD ALE.
—_ INCTELE] - EARLY rpinGAnESE REFERENCES - Cudt,

ZHEY
AMEL . INSTITOTE oF Aindint G En € iNEELS | VoL, )(XX///’ 192 .
PACES 3 70 37
iCh CTHE TOMBSTONE ) ARIZeNA /NMinNen & DISTRCT,
RBY- T A Cidurci.
— NO/”E‘*/ - BEST ACCEPTRBLE FORMATIoN STUDY Sc %*&»918—/6—(,7
— O NCTE®Z - LoAN CoPY PRI FBLE BT 186200 NDS.

o
ReF: &)

"

Eonomil GEgLeGY - VoL . XXXV, NoY. 1939 N7
"M AN ECANESE  MNEFRALI ZRTICM AT ﬂMBSIGNE »%e.(zw#
) B - CHARES A R#SeR.
- NOTEE[ - ORE TREATMENT STURIES THAT Ccolep Pess iBLY B=
Or1/Li2eD - Q/wﬁr.
~ NOTER D - LoAn ofY AVAIL BBLE AT FAIR EZecm DS,



@ AVRILABLE Folk STudY AT PHosnix CITY LiBEARY,
ALizeNA, Room, CENTRAL § MEDOWELL.

A0 No.

= GBoloG] € ORE DEPOSITS OF THE ToOm BSTONE DISTRACT, ARIZeNA. !
766 3Y- B.S. BeTLER { E. D wicsoN; C,A. RAseR . - 1938,
A2 AiZonA BU2zeAu oF MINES ;| EE0COCICAL SERIES No 10,Bocl. |43
VOL . IX, No.l § SWPPLEMENT 1M #F SECTIeNS.
57 "GEoL0GT 5 0RE DEFUSITS oF THE BisBEC Quaoranece
K 14g.£. RY - FrepRick L. RAanSomE - [Fe4-
Ari.
—_—

AiSs AVAIL RBLE Folk STUDN Flem main FLosl AT PHX . LiBUZY.
§§7 "GENELAL GEOLOGY oF CENTRAL COCHISE CeunTy  A2izon R, "
G, ‘H"}g BY - TAMES GILLOol wiTH CRRRELATION SECT/ONS 87,
o A, R.PRLMER | SAMES S WiLlLidmS, T.BREESDE IR,

GEO WS <Al SURYEN ppeer 28|
— NoTE ] - FOCIC-E.T PLATE. 1M8FS INCLUIDED ARE OF INTEREST
TO CUARLESTON OPERATION AS RECIONAL INFRLMAFTION —CioT.
NCTE%.) _ CoPY 1S In PRANT oD Can BE ORDZRED THRAU Lo cht
BOREAU oF MiNES oFFRCE (F DEemsd NecssS#d AFTER
REVIBwW (NG COPY AAHLLABLE AT LIBRARY — Gt .

£

®
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@ SOMMard To RuG. 17,1967

SCGPE ofF FUTORE Worl. DEPENDS (4eGEL] &N RESUCTS oF
CaRe TEST ¥ AT CHARESTON PUNT SITE LocATIoN.

#2. CoPPEL IS EVIDENTLY MAN MASS OBIECTIVE - BUT - V& YALUES
N OTHER MINERALS SHaw AT PROSECTED) INTERSECTS WiTH
LIMESTONE STRITAY - THAT A CLoSE Look BE TAKEN AT THE

. SURFACE IMDICAT IONS oF ClaY  KholiN ClesT SECT/ONS
WITH EXTENSIVE HENBLENDE, AND THE D(STINCTIVE [(RoN
OXIDE SECTIONS 1N THE NORTHEAST JSECTOR OF THE PRoSECT
BE PORE LocHTionN OF FUTURE CopeE DRILL ING Ly CHTIONS
ARE DecCiDED LN,
#3  THAT THE AnNALNSIS OF PasT § PRESENT SAMPUNG BE
CHARTED ON A MASTEL RECIONAL MAP oF RA2e4

.1‘4 CTHeT B Fultd QuatiFied BSSAY Fikm BE USED To FRoceSS
AONY FUTURE SAMPUNG BY QuariERING.

A THAT REVIEW BE MADE oF CuBRENT ORE (rocEssinéG D& .

H(, THAT A CLOSE LoeK BE TAKEN AT THE PeosPecT | M THE

DRACooN MOONTAINS THAT CoSERAE SELECTED SAMALES
Feom .




Additiong

CRMEAUN G HUREAL O MLINE

( ~lication List fevi ;ions Q Bﬁ ¢ F) /QID

T July 7, 1965

Mapsz?

Man of Arizona Showing Principal Power and
T‘l‘ansport&tibn FaCilities 000e00CCO0000BIUNBHO0I0ABVOO0CB000HAL | $ a':('

Bulleting
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Bulletins
—_—

The Arizona Bureau of Mines has the following bulletins available for free
distribution to residents of Arizona. Nonresidents may purchase bulletins at
the prices quoted, which include mailing charges:

127-Manganese Ore Deposits; by E. D. Wilson and G. M. Butler ................ $0
140-Arizona Metal Production; by H. J. Elsing and R. E. Heineman
148-Tungsten Deposits. of Arizona; by E. D. WilSON .uuiuvievnnnrneranennnananns
155-Arizona Nonmetallics; by E. D. Wilson and G. H. Roseveare .........
164-Exploration and Development of Small Mines; by H. E. Krumlauf
165-One Hundred Arizona Minerals; by R. T. Moore .......coeeeuuas

168=Gold Placers and Placering In ACLEZONa ...« sewwewesesssssesessasmosess
169-The Mineral Industries of AriZonA ....cicivcrwsvossssssssoasassasssnvssss
170-Maps, with special reference to the Geologic and Mineral Maps of

Arizona; by J. D. Forrester, and R. T. MOOKE .....cvivvevnsnvennsanananan
171-A Resume of the Geology of Arizona; by E. D. Wilson ........coevuvenenannn 1
172-The Use of Compressed Air in Small Mines; by H. E. Krumlauf .............
173-Bibliography of the Geology and Mineral Resources of Arizona ............ 3
174-Guidebook 1 - Highways of Arizona, U. S. Highway 666 ....................
175-Field Tests for the Common Mineral Elements ........ R g S T T TP S

Bulletin Loan Service

The Arizona Bureau of Mines has adopted a loan service in order to make its
out-of-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 refundeu
upon the return of the bulletin in good condition. Through this service, copies
of the following 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 of the Courtland-Gleeson Region, Arizona.

126-Asbestos Deposits of Arizona.

130-Petroleum.

134-Geology and Mineral Deposits of Southern Yuma County.

138-Treating Gold Ores.

139-Some Facts about Ore Deposits.

l41-Geology and Ore Deposits of the Ajo Quadrangle, Pima County. / 3 1}/

143-Geology and Ore Deposits of the Tombstone District, Arizona.

144-Geology and Ore Deposits of the Mammoth Mining Camp Area, Pinal County.

146-Bibliography of the Geology and Mineral Resources of Arizona, through 1938.

156-Arizona Zinc and Lead Deposits, Part I.

158-Arizona Zinc and Lead Deposits, Part II.

161-Bibliography 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.

166-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.

RESEARCH AND SERVICE

IN THE

MINERAL INDUSTRIES

ARIZONA BUREAU OF MINES
THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA
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they shot (@erhaps be .w«l \\1th ('\.l me .mmrphu, de-
l)n\l!*

. In the foot-hills of Madera county, Cal,, there is a Lols
ut contact-metimorphie schists (chielly mica and  chinstolire.
schist=), containing copper-deposits at several places. Two oF
these deposfts, the Ne Plus Ultea, belonging to the Californ?,,
Copper Co., and the Buchanan, were examined.  The ore o
the Noe Plus Ultra mine is chaleopyrite in a gangue compose
largely ot a colorless hornblende, resembling tremolite. There
are also at this place many dikes of diovite-porphyry.  In the

clay-=chist conntry-rock there are numerous crystals of chias. .-

TS

tolite, often two inches in length, These chiastolite-schists Les
long to the Mariposa formation.  Granitie rocks oceur not i
distant toward the cast. At the Buchanan mine, the enclosin::
schists contain garnet. The ore is chalcopyrite, associated witl.
a chlorite (resembling delessite), colorless amphibole, pyrire.
pyrrhotite; garnet, quartz, and reddish-brown biotite.  Granitic

rocks are near by,

Tombstone and Its Mines.

BY O WILLIAM W BLAKE, F.G.20, DIRECTOR, ARIZONA SCIHOOL OF MINRs
TUCSOND ARIZ,

(New York Mcecting, October, 1)

Ix a0 tormer paper read at the Washington meeting of i
Liztitute, Febrmury, 1881, T prescuted a general view of e
ceology and veins of Tombstone as then developed. C()Xl.‘?'z‘
crable additions have heen made to our knowledge of” the or -
deposits =ince that date, nearly all the mines having I'k".
worked down to the general water-level of the disrrict. Thats
water was a bar to further progress in depth and costly pows:
were erceted at the Grand Central mine and at the ('nnnmivf .
By the uunul action of these punps the water was gradie.
fowered, ek only in these two anines, bhut in al the inports
taites of the distriet, T? ending a consalidation nt intere=i-.
anequitable dizstribntion of the cost of un\\;m-nn_-_r, both e

ee-plants were destroytd by fire, and the mines were cloes

“The Geology and Veins of Tombstone, Ariz,” Trans., x., $34-314

¥ WA P A VA ey ALy
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down and remained practic¥® idle for 20 Y®®%rs, until, in 1‘

“by the efforts of 1lon, I8, 1. _Gage, of Arfzona, the desired con-
solidation ot the mining-interests was effected and an organiza-
+ tion was formed under which the mines have been re-opened,
with the intention of working them to a greater depth.
A new and large tour-compartment shatt has been sunk to
the 600-ft. level of the Contention mine, or Just above the
water, 56 tt. below the collar of the shaft. At this level pow-
erful pumps have been placed, and sinking has been extended
2 to the 700-ft. level, where other pumps have been installed and
will throw water to the surface. -

The pumps are from the Prescott Steam Pumy Compam of
iy \Illwaul\ge. .. They are of the dircct-acting type, triple expan-
¥ smn,“vnth steam cy]mdors in pairs of 39 in., 28 in. and 15 in.
in dl&metcr. The diameter of the \\'a‘ter-plungcr is 13 in.;
'stroke, 24 in. :

Tombstone is now direetly connected b_y rail with Fairbank,
in.the San Pedro valley,and with the overland trunk-lines.

Some of the more iniportant developments and additions
¢ to our knowledge of the ore-deposits may be briefly enumer-
ated.

1. The West Side vein has been extensively worked and has
produced a large amount of ore, not only fromn the lateral de-
posits inlimestone, known as “flats,” or “Dblanket-deposits,”
but from ore-bodies on the plaue of the vein to a depth of ubont
-)00 ft., or to the water-level

2. It is ascertained that thc lateral deposits, flats, or Dlanket-
deposits, extending from the plane of the vein, or lode, and
generally into the beds ot limestone, follow the crests of the
anticlinal folds rather than the synelines or othier portions ot
the beds.

. 9. Several such ore-laden anticlinal < folds,” or ¢ saddles,”
or “rolls,” as they arce locally known, have been developed
and quantitics of valuuble ore have been taken from them.
- 4. The blanket-deposits have great extension compured with
; their width, and follow the crests of the folds in their down-
ward pitch away hmn the interseeting lodes,  Several =nch
deposits have been Followed from the West Side vein net wly to
the water-level. :

5. The blanket-deposits appear to have been reinforced, or

oo el




eI, Crossing ]y, B

% y :
cm'iuh'y each smu.vc ('rc\'i(!(;,.
the limestone anticlines. ‘

6. The tormer observation and statement, that the hegy...-
largest ove-bodies ave foand on the lower or down-hill <. -
interseetion of the plicated rocks with the creviees or lod.. -
sustained and exemplified,

7. Much light has been thrown apon the question of thye .-,
gin of the manganiferous ores of the Lucky Cuss, the Lo .
Sure, the Knoxville, and other mines, by the discovux‘_\' wE o
miss of manganese sulphide—the mineral species alabundis. —
in the midst of the limestone upon one ot the lower levels o -
Lucky Cuss mine, near the contact of the limestone with, =
granodiovite.  There is little reason to doubt that incli.:
masses or Kidneys of alubandite in the limestone are the <o -
by decomposition and precipitation, of the manganiferous .- -
of the pipes or chimneys so common tfrom the surfuce (.. -
vards. These deposits, by the form and relation to the - |
tone, indicate their deposition from solutions flowing & ..
wards.  The alteration of the =ulphide by oxidation, wi:i. -
formation of manganese sulphate solutions, would give tls
ditions requisite. Such solutions would follow the cre
downwards enlarging them by solution of the walls., @.-
sanze tie depositing ernsts and masses of N ginese oxi
replieemento whide caleinm sulphate would tlow away.
ever, we lind considerable quantities of caleite in asson s
whiclis indicarive of its foruation as one product of the 2
('ll:lll;"‘.

This cxphoation of the origin ol the M ginese ox
also explains the peculiar, irregular forms in which 3
fonnd. They ocenpy irresnlur creviees without the -
tori of the filling of regulare fissures, They are otien
like, ws <hiown in <ections of the Lucky Cuss and ot the =
ville mines,

The tormation of minganese oxides from manwan.-
phide, indst oxidized iron-ores from iron sulphide, ar

wons, o,

e

“brought to ¢ set-copper:

S - T‘m" ™

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

BY H. 0. HOFMAN, C. F. GREEN AND L. N. YERXA, .\l.-\.‘ib'.\CllUSH'l'l'ﬁ
INSTITUTE OF TECINOLLQY, BOSTON, MASS,

(New York Meeting, October, 1403,)
INTRODUCTION.

Iy refining copper, the metal is melted down in a reverberi
tbry furnace in a2 more or less oxidizing atmosphere and then

. further subjected to an oxidizing smelting in order to climinate

the commeon- impurities;-most of which have a stronger atlinity

" for oxygen than has copper. In these operations somc of the
copper. is oxidized to cuprous oxide and dissolved by the metal

bath. - When the quantity ot dissolved cuprous oxide has
reached about 6 per cent, the metal is said to have been
A button-sample will show a de-
pressed surface and, when broken, a single bubble at the apex
of the depression; the fracture will be brick-red and dull. It
i3 essential to carry the oxidation to this point in order to
know that the impurities have been oxidized as far as it is
possible under the given working-conditions.  Nearly ull the
“uprous oxide of the sct-copper is now reduced to the metallic
tate by poling, when « tough-pitch ”” copper will he obtained.
A button-sumple will show a flat surface, Upon breaking, it
ill be found that the former bubble Lus disappeared and that
the fracture hus hecome rosc-colored and shows i silky Juster.,
The quantity of cuprous oxide allowed to remain in the copper
Wil vary with the impurities still present in the metal and with
the degree of piteh that it is desived to reach, It ix essential
for the lgcnc al physical and the mechanical properties of the
Fesulting copper that such impurities as arsenic, antimony, his-

tnth,' lead shall he present in the oxidized state, as they are

s

* This generally aceepted statement by Tampe (Zeitachiist fiir Becy-, ity
2ed Salinen- | egen m Lregssizehon Staate, 1874, xxii., 121) is doubted hy Roberts-
Austen (Journal of the S(‘m'cl_:/ of Chemical Tudutry, 1894, xiii., 471) \\']m,_in dis-
?ing Gowland's paper, ¢\ Japanese 'sendo-Speise (Shiromé,”" etes, =ays,
. *O%ever small the proportion of bismuth in copper might be, it always remained

it did not unite with the copper.”’ f

. § -
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THE GEOCHEMISTRY OF GOLD AND ITS DEPOSITS

+  H

> W/

Josef Level

Fereno Level

Metres 300

0

| ST, S |

=
L \

Altaro Level

? 0.|5
- +
T Kilometres

metres

i NN v (ol e
Neogene Cretaceous Crystalline Quartz Ophiolites
sedimentary sedimentary schists andesites;
formations formations a, necks
b. lava flows and
pyroclastics
Faults . Veins. . . .em= —=  Outline of the crater. . . <TTTIITTe

Figure 27. S8c4rimb (Nagyég) 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, Cioflicd er al. (1973)

)
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Generalized section of Sacarimb (Nagy4g) auriferous area

NORTH

Generalized plan on the level of the Franz Tunnel,
S#carimb (Nagyég) auriferous area

TERTIARY
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D
.
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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, Sécérimb (Nagydg), Romania (after

Von Palfy, 1912)
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recognize three metallogenic phases, oldest to youngest as
follows:

1. A gold-silver phase characterized by pyrite, arsenopy-
rite, sphalerite, chalcopyrite, galena, alabandite, tetrahedrite,
pearceite, polybasite, argentite, native 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 Giuscd et al. (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 on the average about 25 per cent Ag.
The Au/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 1:100 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 Aroha 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 1 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 Au/ton
or more and the Au/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 downthrow 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 1 to 6 oz electrum/Ib 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 Au/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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CLUM, SORIN & CO., PROPRIETORS.
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General Plan of the Property ‘mﬂ
A

nEa oF ALl Five MiNiNa C rarxs, 79.19 Acres.
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MILLIONS IN IT.

J. C. HANDY, M. D.,
Omcx ON CONGRESS STREET, TUCSON.

¥

C

/| erease the compuny 's fnmh{lu f

 ton; of Philadelphia, and others, pur-
chased the entire interest of the
Scheiffelin Brothers in this property,
on a basis of $2,000,000'for the whole;
and by this transaction the Corbin
Mill became a part of the property of
the new organization. ~ This mill is
also located on the right bank of the
San Pedro, noar the lmdl' r mill, It
was built by the same’ pnrtlea in San
Francisco, and has fifteen stamps,
‘which are propelled by . mm‘ ~In
this mill the dry proceu is” used.’
These mills, resting upor: solid rock,
are constructed upon the most ap-
proged plans for amalgnmntwon llld
run like clock work. i
COST OF REDUCTION, .

The ore is transported, m hrge

wagona from - the™ mires aver good

roade =+=-+%~ wills. fifteen tons to s
——*r.\. *‘ “en

e

Cp ad s

icd of $4.15 per tom. Zaw prunent
rates the cost of reducuon of pay ore
per ton'is as follow; ngmng, $2.50;

transportation, $4.15; mdv.ichon 2t the
mill, §5; making a total cost of $11.65
for eacl ton worked? The capacity
of the two mills thus far is abont fiféy
tons per day. SnpennundemGlrd

- }is now absent in San, Fm to’

arrange for an additionali
ten stamps, which will' mniem

of ores. Tho dn T0-

“of  bullion at .pre.se
from $3500 to $4000.
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of 800 000.
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Outicok of Other Mines in and
About the Camp.

M, M. ALLIS,
NITED STATES DEPUTY uh\l.rﬂl-

Burveror o Clell Eng
ce 01 umlngmu —lma, next door (o

tended to deter the most courageous
prospector and thus, until recently,
the history of Anuna eavorel. ‘naytek

o

i i | Sale of the Hermasa Mine on | cf the chareoter of. uiysbology asd
- mlics % Setiany: Basis of $1,000,000;  |romancé: Graduslly these difivtltivst;

| were o ~ml d’lo‘ i wii‘
always prmnt to'make ﬂle best pos:
sible use of cvery advantage gained.
Thus range after range was prospect-
ed, end ledge after ledge discovered,
loceted and opened. The develop-
ents encouraged immigration, coun-
tics were organized, mining districts

__FINANGIAL.

Arronn,
Sannine ToOuLE,

SAFFGRD, HUDSON & CO.,

BANKERR,
ARIZON A,

AN, HUDNOX,
58 CoRnRGY

Rich Showing in the Turquoise
District.

Mining is one of the oldest indus-
tries known to mankind. The ear-

TUCSON,

Deposit aecounts received lu Carrency or Coln,

Owl's Nest, Euht Side, West Side, | rich outoroppings on tha nariase; the )
Tribute, Goedetioigh and Defense, | northeast. shaft on thg'Tough Nut and|

) 8

all of them’ buﬁwm the T

shaft ‘on  the Good

tho new p

cowit of ‘Tomhslpne. ~ While' résur-:

veying the We:t' Side it wes found:

that the said claiin was about 140Tcet
too long, and the Surveyor claim, be-
tween the south side line of the
Tough Nut and :he north side line of
the West Side, was then established
in order to secure both the entire
mining gmn&mginally located and

formed and the work of explorati
actively prosecuted until, at tho pres-
ent time, every scction of the Terri-
tory, north, south, cast’ and west, is
contributing its quota of bright bul-
lion to the commercial market of - the
world.

The old Mowry rxduction works in
the DPatagonia * Mountains and the
Ostrich quartz mill in the Orc Blanco
District are among the earlicstanining
enterprises jn Pima county.  But it
was left for Tombstone to bring the
boomn, the capitalist and the multi-
tude to this section of the Territory;
and this brings us flush with the sub-
ject proper of this article. We have
chosen to present the propertics of
the Tombstone Mill & Mining Co. in
the first issue of the Erirarn because
they include the flrst mines located
in.the district,and those in which the
original discoverer, Mr. Edward L.
Schieffelin, has been, until recently,
i d. In order to

liest pages of both sacred and profane
history are replete with deseriptions
of ornaments of gold and silver,
tl\ough no mention is made of hoist-
ing works, furnaces, arrastras and
quartz wills. Whatever may have
been the modus operandi of extract-
ing and veducing these precious met-
als, we know that originally they ex-
isted in subterranean deposits as at
the present tune, and  hence tue nec-
essary conclusion is that our most
ancient ancestors were acquainted
with the terms “shaft,” “tunnel,”
«drift” and “cross-cut,” and knew how
toswing a pick and polish up the head
" | of atempered drill. That the miner in
v | the time of Moses employed the crud-
est processes is also a natural conclu-
sion when we note the gradual but i<
portant progress made in this “ ancient
" industry during the
lapse of subsequent ages, under the
study »ud experience of more civil-
ised and inm“igont gen ultxl

o
suhject Lo Chuck nt sight
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or a fized date, bearin |
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Tullion, Territorial and County Bonds and War-
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thelr mdvan re of 1

wished free

~_HOTELSAND RESTAURANTS.

and lonorable

Headquarters Kinnear's St.lm
Company.

the - of thesclai
"oRasNizizIoN.

The loostors’ had grcnt faith in the
value of ' t.hﬁr propertics and did all
they could iwith' the 'means at their
coxnollcnmpmpbr‘y open the Jedges.
The sale of ‘the Contention Mine, in
November; ‘1878, ¢o;.San Francisco
capihlinu for §.0,000, assisted them
greatly in these Jével Fin-

y

| Mining Distric t*nr»d near-the pmut Enough: hqva boom unk on ﬂnm.

W“A‘ﬂoﬂ:
Fhe. .metaliferous hodies cecur in
the stratified, or the associated ig-
neous rocks not newer than the Per-

There is nbuﬁdant cvidence
i,

mian.

of .the
heat, chcnucnl wuon, \vnter. ete.—
which have contributed to the meta-
merphiem of the rocks - met -with in
Tombstone District. We find in the
clay slate a cleavage structure, lime-
stoue changed to tho condition of
marble where in contact with intru-
sive rock, the effects of water induc-
ing_crystalization; doposits of clay
from dlsmtogt'niloil of “"feldspatlic|
rocks: limestone converted into gyp-

hanged to a carbonate by mecans of

ally, 'J\rongh &Q hﬂm of Hon. A. P.
K. Safferd; th Megars . and F. Cor-
bin, of ° Nuw;Bnﬂtn, Conn., were
induced to investigate the prospective
value of those ¢laims; and having be-
come satigfied {ag: tb-the vast wealth
contained; in~fhe-property, they at
once entered int> ncgotiations with
Messrs. Schieffclin and Gird which
resulted in the formation of the pres-
ent Tombstone [l & Mining Co.,
with Hon. A. % K. Safford, President,
and D. C. l“xeld Secretary. To this
company belany the following mining
olaiws, viz:!

at thé' p dl?.it‘il
suuxu of wonderiul @
oorresporiding results. . A lmtqq of—
the dificfont lovalitiea and meth
of coal and metal mining in the nu-
merous mining scotions of our own
and foreign lands is not essential to
the purposes of this articla, which

Errraren lnwbuh Béeit détively en-

HUE LARGENT NOTEL 1N TIE DISTRICT.

aving comploted my seennd stors additfon,
T ton chahisd to e T trveling pablic very sut
perivr accommodai o

Table Blnnll«-d '\Il!‘ Hveﬂ‘lhl-g the

ing diagrams, with notes as follows:
TUE ' DISCOVERY.

gpged for uvehl dnyl, ‘and, !heu-,b- £
bors have retulted in the accompany- | Tt X

Giving a total of 79.19 acres of very
v lllublo mining gm\md. a surface

Mr. Edward L. Schioffelin, an ex-
pernex\cM mmer and daring prospec-
tor, di d, August 1, 1877, the
Tombstone mining claim, and with it
the present mining district. The
country being then filled with hostile
Indians Mr. 'S. soon. left with ore
| samples of this first location for the
McCrackin Miie,in Mohave County, |
where he found 'his brother, A.° E.
Sclliu(fclip, and his partner, Mr. Rich-
ard Gird, who assayed the orc speci-"
mens. The results of the assays were
very encouraging and the Messrs.

Schieffelin and Mr. Gird started for

being strictly local in character has
already enough of historical ref

ln\ way of introduction.

Arizona, since its earlicst .explora-
tion, has always been considered a
grand treasurc house of precious met-
als.  The native tribes of AMexico and
their more recent - conquerers, the
Spaniards, - have : what seem: almost
fairy legends concerning the fabu-
lous riches extracted from ‘the great
ledges in the north country—which
doubtless refer to Southern Arizona
and Northern Sonora. During the

Thawkful 16 my frleads Tor past_patronaze, T re-
spectfully solicit o continuance of the eniic.

C. BILICKE, PROPRIETOR.

BROWN’S HOTEL,
Cor. Fourth and Allen Strects,
TOMBSTONE, A. T.

PALACE HOTEL,

MEYERS STREET, TUCSON,

Proprictors. G ¢ .
M,ﬁl§ﬂ:.$n?ﬁ!§.§9}h rl:mut"m- last thirty years the hardy American | the present district on February 14,
ll:wm'::'!“f‘l:l‘ it and completo 1 allfrd ¢ | pioneer has evinced a rostless disposi- | 1878,  On March 13, 1878, they lo-

tion to penetrate theso inountain
Mv“Ei‘i!‘é,N]LIAJ'-Q""!g- w......|ranges und by careful exploration

M. M‘UELLER’ demonstrate how much of truth the
old Mexican legends might contain.
MERCHANT TAILOR,

A combination of circumstances —
9 XRAUS 1N BUSINESS WITH THE such as a lack of knowledge of the
s "

Memphls, and Brownell,
si. “ull Liue
hnnd Fit uunrumud (lr\.llr- ||mru
AMP STREET, TUUSON.

cated and claimed . the Lucky Cuss,
and on March 22, 1878 lhe Tough
Nut.
Besides the above mentioned mines

which soon became houschold words
all over the Territory, they also dis-
covered and monumented the follow-
ing vuluable mining claims, viz: The
Contention, Ground iloz. Contact,

general character of the country, its
3| distance from civilization, the savage

tribes iy which it was inhabited. cte.,

i'of‘which is given in
dugnm No. 1}' on this page.
ORE BODIES.

On the lwhco of these claims two
very distinet “or: bunng ledges can
be mndllyh'(cc 'he one commen-
ces near the sou th'shaft of the West
Side md!uﬂmg ucarly parallel with
the side’ En’d 1 claim, bisccts tife

Surveyofm— wRdT ontaring the s

Toughﬂﬂﬁlﬂ-.u out of sight. The

‘othcrnropi“ “in’the gulch -near-the

north gnd- Iiloo f u-e Defonse and cuts
the Toug‘ Nut iga linc nearly par-
allel \q*ﬁf'.l' ‘ougth Nut gulcll
Near-the " & south shaft the ore
beds ai®sy... lhn distorted, forming
alarge uﬂk &:onsndenblc num-
ber of ;Wlb d duts sunk into these

-ftwo ledghr‘yim the cxisténce of

good bod!ei of “ore, which attain
great 'sizé id Fickn _win the north-
wost shaf 30 )(fknough shaft No. 2
and he douth shatt.

Betweerr an d off, said ledges arc a

number-ofer 23 tourses marked by

1 ‘the lattor case it is -chiefly
1 the nalts of kead, of which the carbpn.
| ate. (“m"%)"nmm This,
A% ‘agring:is: awuall

solutions of bicarbonate of lime.

h Tpe ore bodies, as fur as prospected,
lié in porphyry or between porphyry
‘dud. line. In connection with the
lode irregular masscs of rich mincral
matter are also found. In the uines
belonging to the T. M. & M. Co., sil-
ver is found partly as horn silver—| W
kerargyrite, chloride of silver, con-
sisting of 75.3 silver, 24.7 chlorine—
and partly contained in a greater or
less proportion in lead ores. In.the
former state it is disseminated in
clay slate, calcite, bnrytns and cchre-
ons varicties of brov\n iron ore. In

y: contained ‘in 4.sili-
‘ordus mntnx. ‘often covered 7 with
flakes or specks of horn silver.  Mal-
achite and azurite, the carbonates of
copper, arc also found, they gonendly
overlie or flank the pay ore, while
the oxides of iron and manganese
usually form the capping of the reg-
ular ore deposits. Nearly all the
silver bearing ores were found to
carry gold,in some instances ranning
as high as £4000 per ton, but averag-
ing from §6ito $12 per ton. :

Co., we learn that the grand mean
average nsuy of the battery pulp thus
far reduced in “their mills Tias becn’
£139 per ton.  The ore works free on
an averagoe of 85 per cent.  The tail-
ings are saved, mixed with the chem-
icals used in the working, they will
yiold, after years of exposure to the
 air, on 2 second reduction, about 60
or 70 per cent of the remainder.

The walls consisting of porphyry
and lime necessitate drilling and
blasting operations. The drilling is
done by hand, and dynamite, the
giant powder of the Pacific Coast, is
generally used #s a high explosive.

sum; galena es it passes toa sulphato |

=+ Fronrthe books-of -the. T. 3. _&,M..

“T'ie Tnasges are detvnmied by the fula b
minate saps attached to the ordinary
powder- tape fuse, as furnishod by 4
.Alfred Nohsl's agents. In the re:
movas of oldorides and pure ‘curbon~|
ates; whicli coiisfitate the principal
pay ore, the pick and shovel ofton
suffice. Very little timbering has
been neceasary in’ tho underground

, i work, and no water hias been encoun-

tered in any shaft or drift.

‘I'he hoisting is dono by windlasses
on-all “shafts “with the exception of
the main shaft and the northwest shaft
where the company have steam hoist-
ers. Near tho shafts arc dumping
platforms from which the ore is shov-
eled into wagons for transportation to
the company’s mills. The ventilation
it the undorground-workings-is-good
in all portions of the mine.

Tho subjoined table gives an ap-
proximate statement of the extent of

| excavations carried on in the differ-

ent claims up to date:

= =
EEr &
Namcorditne.| B3 A2
T4 s
€% £3

L2t X e

Tough Nut..o.r 84 Teet

u--»a ﬂlmu},h [

The shafts arc about 3x7 feet, the
levels and drifts 4x7 feet, and the
cuts 4 fect in width.

THE MILLS.

Soon dfter the organization of the
compauy a ten-stamp mill was order-
&d Traan - the” Fultow  IromWorks -in-
‘San_ Francisco, which .was at once
built and shipped. to tho company’s
‘mill sife on the San Pedip,.where. the

any. own 300 acres of - valley.
lnml ulcludlng the town of Charles-
ton. The company also .control the
entire water right on the San Pedro
River from their mill site to the So-
nora line, a distance of ubout twenty
miles. The foundation having been
previously graded the mill was soon
set up and on June 1, 1879, began
crushing the ores from the Tough
Nut Mine. Since that time the mill
has been ruunmg conshntly, with the
month - during
the necessary changos
wore being made for the substitution
Fof th wet process instead of the dryy
which had been fornerly used. The
waters of the San Pedro, banked by
a substantial dam and conducted,
partly in an open cut and . partlyin a
strong wooden flume, are utilized for
| driving the tuchine wheel which con-
stitutes the motor of the mill.  The
work 6f construction was directed by
Supt. Gird, assisted by J. 8. Vosburg,
who is also interested in the property.

About March 14th, of the present
ycar, a sale was consumated by which
the Corbin Brothers, Ilamilton Diss-

TUE BULLION PRODUY
Fron\ the date "the .
Lin the 1" 6

mill, on June 1, 1879, to" Jan
1880, just 100 bars of
been produced, repre.seht 1.
of $222,008.31. Froni Janddry 1 to

1 o

| March 15, 1880, forty -mglﬂ: bars more

were turned out, valued at’ 891 116 GO.
From March 15, 1880, to the prueut
date fifty bars, with a hlue of $107,-.

874.06, have been addcd to the bul-
lion product of this property, making
an aggrogate of 198 bars, with a total
valuatioin of 424,000, ' This is in-
deed & magnificent showing, consid-
ering that until withiu the last month
e sompuiy, e only hed ton stampe
running on its ores. The bullion is
Faliippsd thrdigh Wells, Fargo & Co.

to (he' *mivking homse of Safford, Hud-
son & Co., ut Thesorw

AT THE MINE.

Having been invited by the coitl-
pany to make o e rsonal «xamination
of the lmdcrvrruuml workings  the
Errrarn reporter presented hiniself
at the company’s office where he was
taken in clarge by Foreman Baron
and afforded every facility for a thor-
ough examination of ‘the various de-
velopments, making « the* following
notes on the trip. .

Mr. Baron cscorted us to the build-
ing over the main shaft, where the
largest _hoisting works are situated,
baving a capacity for: hoisting fronx
a dopth of 800 to 1000 feet. Enter-
ing the bucket we were lowered down
a well timbered shaft to the 113-foot
level, the entire depth of The shaft
being 196 fect.  This shalt was sunk
for the purpose of running drifts to
cut the ore hody which had:been pre-
viously opened by the older cuts and
shafts, and which runs south of the
main shaft through the West Side
cliam.  This ore hody was reached in
the 113-foot level ata distance of 170 -
fect from the main shaft, showing
broad strata of the same character of
ligh grade carhonates found. in the
ol(l south ah.\ft and Good Enough
shaft No. 2. From the 113-foot level
%0 uprise conneots mﬂ’: the 100-foot
level whicl: also, expascs tho great ore.
hotiies of s lcuge. - Congoption lins
 also been made between the-100-foot
level -and the., drifts [r?m he west
shaft. (,onndcral»lo sm‘ﬁng' been
done in these drifts leaving large
subterranean chambers which, on ac-
Lcount of the solil formation of the
walls, require but. little timbering to
hold inplace. On the 113-foot level,
ata distance of 330 feet from the
main shaft, an incline is reached which
rises to the 88-foot level, which level
is connectod with the No. 5 lower
drift and No. 5 tunncl by means of
the south shaft- winzp, as shown in ac-
-companying sectional @ngmm, No. 2.

The No. 5(unnel and lower drift
were run to cut the_ immense body of
ore discovered in the old south shaft,
from which body & considerable por-
tion of the orc alrcady workéd in the
mills Las been tuken.  This is an ex-
tensive butdrregulur deposit of very
rich ore which rises to within a few
feet of the surface, having a horizon-
tal measurement of sbout 70x35 feet
the depth and value of which it would
be folly to attempt to calculate. An-
other ore body of considerable sizo
has been struck in the end of the No.

|tentinued ou Fourth Iage.]
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work is expected of American chemists. The presence of arsenic is
so rare in American irons that it is hardly necessary to mention the
fact that where it is present the precipitation with molybdate must
be made in a cold solution. 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.
My result on this iron was reduced from 0.180 per cent. to
0.152 per cent. of phosphorus by taking the above-mentioned pre-
caution.

To sum up, I find of three chemists working the acetic and citric
acid methods in list A, two are wrong. Of four who worked the
direct molybdate method three are wrong, and the fourth has a vari-
ation of 0.010 per cent. in the method as regularly worked by him.
Of three working the modification of the molybdate-magnesia method,
in which there is a large quantity of chlorides present with the nitric
solution when phosphorus is precipitated, all are wrong, and of ten
working the method so that there is only nitric acid and ammonium
nitrate present with the iron solution, nine are within the limits of
error.

THI GEOLOGY AND VEINS OF TOMBSTONE, ARIZONA.
BY WILLIAM P. BLAKE, F.G.S., NEW HAVEN, CONN.

THE mining district and the town of Tombstone are situated in
Cochise County, Arizona Territory, at the northwest end of the Mule
Passrange of mountains, inlongitude 110°, and Jatitude about 31° 407
N., upon the right bank of the San Pedro River, from which the
town is distant 9 miles east. It is also 24 miles south of Benson

station on the Southern Pacific Railroad of Arizona, and about 40

miles north of the Mexican line. Its altitude above the sea is
4600 feet.  The Dragoon Mountains rise across a valley to the north-
east, and the Huachuca Range similarly upon the southwest.  The
country is open, without timber, and the surface, where the mines
are opened, is in general gently rolling, and accessible to wagons by
natnral roads.

The first locations were made in the year 1878 by the Scheffelin
brothers and Richard Gird, the latter being well known among the
pioneers of Arizona as a surveyor and miner, who contributed lareely
to our knowledge of the geography of the Territory in early days,
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when the dreaded Apache dominated the re:-gion: Therc? are now(i

probably, over one thousand locations or claims in the district, an
ards of 2500 inhabitants.

up%l";z(output of the precious metals, gold and silver, up tc: the ﬁg(t);

of January, 1882, aggregates $7,359,200, and over &?,O(?0,0 .

have been disbursed in dividends. Th.is product is distribute

among the following-named mines and mills:

Production of Tombstone Mines and Mills.

Tombstone Mill and Mining Company, . $2,704,936 33

e 9

Contention Consolidated, . : 5 : g f,(‘)(-)g’;fé :0;)0

Grand Central, . i . . 5 s ’1;1,5-‘70 -

; . . . . 91,0ZU 04

gtﬂlg‘?entre’ e e 526,716 98

izina, . : . ¢ s 6

‘ 15,000 00

e S e wim R 15000 00

bin MiL . 000 00

Corbin Miil, . . i 5 . o @ & 1‘12,007 o
Boston Mill, . . i . 5 . . . 2, A

Dividends.

Tombstone Mill and Mining Company, 2 : 311,;(3(3,888

Contention Consolidated, . ,.6(.)3,000

Grand Central, = & 8 . 80.000

Vizina, . x 5 . . : . \

This will suffice to show the importance of the locality for mining,
and to indicate at the same time the principal claims.

GEOLOGY OF THE DISTRICT.

In going from the railway at Benson to the mines the tmvel.lte.zr
s i i San Pedro to a granitic
ises f :enc deposits an Pedro toa

rises from the post-pliocene deposits along the Sa . g o
The rock is gray and highly erystalline, and is appiuen ){
i i iganti cks and

Tt weathers in places into gigantic rounded blo ks an
here by some Titanic

plateau.
eruptive. s
i ¢ - as 1f pilec
masses, lying one upon another as 1t | o kT
force, rather than by the gentle and gradual effects of 1rresis
d E - . . - - .
decay. This rock extends to within a mile or two of Tombstone,
where stratified formations oecur overlying the granite. S
; . S Jiales
These stratificd beds consist of quartzites, limestones, and 8 1]1fe :
ith f itions in an ascendi ries several thousand feet
with frequent repetitions in an ascending series e“ e
Y . 1 1 " Ape v & a 0 “
thick, but all conformable and dipping generally af s %
from 20° to 45° to the eastward. The fossils which mvel e
gl i v beds sisti iefly of Productus
found in the middle and upper beds, consisting chicHy

i - the s Paleozoic, yrobably
and evathophylloid corals, <how them to be Paleozoic, and | y
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Lower Carboniferous, The lower strata are probably older. A small
shell, like Lingula, oceurs in the shales of the Contention mine.

In addition to the stratified formations we find intrusive por-
phyritic dikes cutting through the strata indiscriminately, nearly at
right angles, and trending approximately 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 veins,

In the central portion of the district, coveriny the claims known '

as the Toughnut, Goodenough, Way-Up, Vizina, and others, erosion
has exposed the outeropping edges 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 signs of granular structure, The latter, particularly, is
flint-like and very hard, and is more exactly described as a novaculite
or honestone, In places it passes insensibly into limestone, appar-
ently forming beds of silicious limestone, Tt is, no doubt, largely
organic in its origin, and is a very fine sedimen, totally ditferent
from the typical quartzites, with granular structure, found in the
higher parts of the series of strata, It evidently, in forming, accu-
mulated slowly, beyond the influence of currents, at the sea-bottom.
An abundance of iron pyrites in fine crystalline grains, disseminated
through the layers of this rock, gives evidence of jts organic origin
in part, at least. This rock has special importance from the fact that
the miners in the Toughnut and Goodenongh elaims find it below
the chief ore-bearing limestone. Tt is regularly and evenly stratified
for a thickness of about 140 feet, and rests upon a thickly-bedded
dolomitic limestone below, The beds above it consist of dark, black
or blue limestones, and of thick beds of dark argillaceous shale,
alternating with black silicious shales for nearly half a mile to the
eastward. The black liniestones above the novaculite 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 district is
thrown into folds, being regularly plicated in g series of wave-like
flexures, the steepest and sharpest folds being on the northwest of
the Toughnut and Goodenough claims facing the granitic region in
that direction. These folds may be traced, but with difficulty, upon
the surface, but are best seen in the crosscuts of the mines and along
the drifts. In the open cut upon the Toughnut there is o good ex-
posure of some of the beds at the crest of an anticlinal fold present-

o~
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o i ‘est cut
ing an appearance in section, alox‘g a northeast and southwe 5
=

nearly as shown in the annexed drawing:
) FiaG. 1.

Anticlindg jold.  Toughiut.
I. Novaculite—under the limestone. ‘
II. Limestone—bending over t.he novaculite.
III. Shales—bending over the limestone.

“adit.”
i ion is level known as the “adit.
This little section is along the ulpper . e ke
is di ] lace on the surface whe as
It is directly below the pli ' ' ' )],wed
cropping ov* - " _.d with soil and vein-stuff. At anothelf 1 1‘- 5
‘ o5 re find ¢ ies of plica-
upon thz western end of the Goodenough, we find a se[:xels : l} "
. t s shown, and with rich o
ions ¢ 'n, at about the angles s ,
tions, up and down, a o B s 5
lying in the folds. These folds are not large, cov ernllg i ’l aﬁ lfedv
ifully regular and well defined.
i but are beautifully reg
hundred feet in extent, ' : ular ¢ e
A S the hill, rising higher in the series of strata 0.
tward, the dip b ; 1 coarse-grained quartzites,
eastward, the dip becomes more regular, and coarse-grs ;
thicke i ai >posits.
in thicker beds, take the place of the finer-grained deOb]'ﬁ .
All of the formations named have not only l)lee{l lup 1 tLtLl ik
| "OK ¢ aulted either at the
i av n much broken and fa ]
seribed, but have bee e . o
iods It This is shown by the nm
ift or ¢ seriods later.  This is s
of uplift or at long | yf g
3 s by :rop of dikes ot po
ines of fi as well as by the outerog
fissures and lines of fault, y i . e
phyry, and the dissimilarity of the stratified beds on Ielthu S
T i . 3 imes beds.
them, and the disjointed outerops of the limestone
L4

THE CONTENTION MINE.

= re @ = d b d = t
t]\e al t et t
T]]e Chlef ﬁ sure l]l(l ore bC Al lll_)" vein Of l St t raverses he
Glr.).“(l C(_‘lltl.ll ‘ln(l tlle CUlltL‘llt on e]tl“nb . 1 [lee c[d““‘- were
] cat ‘1', 14 i n upon 1 niew ll(lt onse
ocate na nc th ll)(l 5()[”1\ (llIOCtl( l tl e SO l ure
roppinoes of ¢ (l l' f (1]() ritie or \h Iy carry o 2o 1n t]n‘()[]()h
16} (] I f‘ a 1ke 0 I ]) } yry car \Il]h 0]‘(,, 3 =t
c_'“l(l dl()“ rsiae o t ]lh l on W n .l(lt‘)’ b‘ Jk.\.&l\ “ hlte (In(l
§ lL t 1T, r h ocation we Y )
arsocns. PINGs Il ll)l\ W Cll (l(,‘ﬁ“(’(l, consist-
I 1'son _[‘ll(“ ( 10] I o3 W ere not remarke
|
3 t l A l Shess & : J P ,l I vr ,’ } = ) l
me of t l HE l a CC ﬂﬁlh( l nixtu o
o 1¢ porphvry 1( ) o m ure ()i orpn IO\ ( ]e)lt 1841
qlhl[t 2y WI bl [ S (I".ll t/4 ¢ alongside y B
y W th masses ()1 orou ite 11 st 1) none « t th( Se
roc 1\5/1 1S o e b()ll. _[ h(.'l C WS h wever, a (.011:1(1(31 a-
> ”L_,“ hlgh lb()\ e tll ) 6] 3
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ble dizcoloration of the soil by iron-rust along the line, and a little
digging revealed good ore near the surface, The harder parts of the
dike were the most prominent, and its direction governed the direction
of location of the claim. This dike varies in width from a few feet to 50
feet or 70 feet, and dips to the westward at an angle of from 55° to 65°,
It cuts indiscriminately through shales, quartzites, and limestones, and
is evidently of igneous origin.  The contact, however, with the
abutting edges of the disrupted beds is not always marked by any
great change in their appearance or composition, though in places
there ' is obscure metamorphism, impregnations of silic: , and some
modifications of structure. The dike itcelf has a distinet vertical
lamination or structure through most of its substance, and is more
or less penetrated by veinlets of quartz. In some portions it is
highly erystalline and nearly barren, and in others consists chiefly
of a feldspathic base, in which the feldspar crystals are obscure.
It passes into a felsite, which, in the decomposed portions of the
dike, and when slaty in structure, might be mistaken for the partly
decayed shales or quartzites. Large portions of the dike are so
penetrated by quartz as to consist largely of it, and might be called
quartz, although close examination will show the presence of feld-

spar.

The accompanying cross section (Fig. 2) of the chief part of the
dike taken on the first level of the Head Centre mine, upon the
Contention lode, will convey a better idea than can be given in
words, It shows the vertical structare, and the general distribu-
tion of quartz in vertical seams or layers, and in one place a vug,
or cavity, in which there are distinet quartz crystals.  In gencral,

however, combs of quartz erystals are wanting; the
quartz being in an amorphous, subvitreous state, or in

L'} the form of chert. The lamellar arrangement of this
AL quartz near the central part of the section is shown by
L the dittle cut of full size (Fig. 3) of a fiagment ground
Gl down toa plane surfice. The lines represent the lavers
fii | i of quartz; the intermediate spaces are filled with feld-
J"f : '\J!! spar. This lamination is typical of the vertieal strue-
o tuire of the dike.  Another fragment, with less quartz,
taken at a distance of about two feet from the first,

o O O
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consists chiefly of a felsite base with obscu're crystals of f'eldspu.r‘s"]‘mr—
ingly distributed. Examination shows it to be penetrfxte(la;’r‘xtc.cfui
larly by veinlets of’ quartz, as shown l:v the accompanying sketches
from ground and polished surfaces. (Ifigs. 4 and 5.)

FiG. 5.

There is also a considerable amount of mineralization o.f' the]d.llc?
by iron pyrites disseminated irregularly in its s‘ubstuuce. in cu ])1(;1
crystals, most of ="’ _.. have dissolved out and left the cavities only ‘o
indicate their former presence, making in some-pluocs a spongy maaj
of porphyry or of quartz. Although the mine hﬁus !)een f?v(l)ll'l\feQ
to a depth of 600 feet, and there are some 1.'2' tf’ 15 1.nlles of « n]t. .
levels, and winzes in the Contention and adjoining mines, tllxe llufc ei
composed ores below the water-line. have not yet been reac 1u 1f§n’(1
mined, and all the ores ‘nbove are in the decompi)sed and oxi¢ 111,(].('
condition common to surface ores. A large part of the ore is lllg’l y
charged with red oxide of iron, to such an exte'nt that the clothing
of the miners becomes saturated with the rouge-like powder, and the
tailings at the mills are blood-red. N

There has been an extensive decomposition of the hpnrph)}l),
especially along the upper 300 feet of t‘he dike, .1'esult«ing.m thf: fUI:-
mation of quantities of white clay, kaolin, son{etlmes‘ perfectly .'snow}
white and pure, but generally more or less mixed \v1tl.1 }'efl oxide (?
iron. This kaolinization extends in places to the adjoining shales,
and there are some white, claylike, interstratified beds which may, o
further examination, be found to be altered felsitic offshoots from

the dike. It is not yet possible to say what the exact nature of tlfe
ore below the water-level will be found to be. The only metallic
contents so far found, with the exception of the pyrites and some
galenite and lead carbonate, are gold and silver‘ ina compumh.vnily
free state; part of the gold, if not all, being fr.ce, and thf: 5}1\ et"
occurring chiefly as chloride, or llm'n-sil\"er (\\:ltll pr()lmhly\j some
iodide), in crusts and films, also occurring in minute crystals upon
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cleavage surfaces. The average value of silver and gold in the ores
worked last year was about $70 per ton. The gold has of late in-

creased from 20 to 25 per cent. of the value of the product, the rest
being silver. . *
GOLD IN PORPHYRY.

One very interesting fact is the occurrence of free metallic gold,
together with chloride of silver, in the midst of the porphyritic rocks,
at a distance of many feet from the portions of the porphyry carrying
quartz in veins, and disseminated. This gold is found chiefly in a
portion of the rock apparently dioritic, containing finely-dissemi-
nated hornblende. In decomposing, this porphyry ‘becomes steatitic,
and in places appears to be changing to serpentine. The gold is
found in thin sub-crystalline flakes and scales, chiefly in and alone
thin seams and cracks in the mass of the rock, as if it had been
infiltrated and deposited from solution. This is probably the fact,
and the magnesian nature of the rock has no doubt exerted an im-
portant influence in its deposition. Free gold is also found in quartz
in the usual manner of association, but even in such specimens the
erystalline feldspar of the dike is found,

METALLIZATION OF THE DIKE.

The time and manner of metallization of the dike may be consid-
ered as open questions, for a solution of whicl we must wait until
the mining extends below the permanent water-level of the forma-
tion. It scems most probable that the rock, at the time of its intru-
sion, was pyritous, and the strata adjoining it no doubt were, Tt is
not impossible that there may have been a concentration of the pre-
cious metals in the dike from the surrounding beds, the result of the
decay and change of the pyrites diffused in the strata.  On the other
hand, we may suppose that the dike has been the source of the silver
and gold we find in and about it.

In either case the vertical laminated or stratiform structure par
alle] with the walls has been an important factor in the distribution
of the metals, and in the changes and modifications of the original
condition of the dike. We may readily conceive of such vertieal
planes of structure affording planes or lines of least resistance to
vertical movements, while the abutting ends of the strata, in contact
with the walls of the dike, would offer great resistance by friction.
The condition of the dike along a great part of its course seems to
sustain and verify this hypothesis. There has evidently been con-
siderable movement of parts of the dike upon itself, resulting in the

® ..
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formation of heavy clay seams and brecciated layers of porphyry an
g ¢ . . AR ay S ] _
quartz, sometimes occupying a medial position along t}le dll}(‘, O!l'l e't
K v g i,
i ¥ g o the line of contac
times at one side or the other, and again a]on.O s
with the country rocks. Such seams and brecciated gt OL;]-(1 are som:
i ing, : : e : sondition of the dike remain
times wanting, and the structure and cond
unchanged. . : .
i ith t joi ; 1ave been sub-
The whole of the dike with the adjoining strata i
jected to extensive movements and displacements, shown n(l)‘ ye
. inui y recel ss-courses and seams
by breaks of continuity, but by the brecciated erc 38-C atdl genm
- i tified formations. One of these
traversing both the igneous and stratifie 1 Wi el
1 'ther 't itentior
faults resulting in a throw of the northern portion of the onte
e artly outside of the west side-line of
lode 150 feet to the west, and partly outs ¢ of t e
the claim, has recently led to expensive litigation. 1e1 dlf tlo
’ n dri y s of the
seam or break has been drifted upon between the two enc Ay
H i I. . :‘ l
disjointed dike. Tt consists of a heavy breceia of fi ag.mentls 0 |
% 1 r '8 arlc Clne
joining strata, together with a strong clay wall, marking the pla
g e i irection is southwest and
of greatest movement and slip. Its direction is
=]

north~~-* =
In addition to the lateral movement there have been extensiv

vertical displacements, and it is probable that thei latemtlt j]l]u)itnzg
may be referred to them. It would be premature .t(‘) 1:1 lt.n},.es -
exact description of the numerous faults and m‘echamcla ‘c‘lta lb, o
which the dike has been subjected. They require further study ¥
surveys. Mr. Isaac L. James, so long nnd‘we]l l’mowu .up()]rt v
Comstock lode as an accomplished mine engineer, is no'\\im]ctnuai:
and has the subject under investigation. W e owe the' f‘n.st-‘(el ?rmd
nation of the nature and position of many of the v.ertlcul faults z:n
throws to his careful observation and surveys. \thholtt fl-o“,r-]elnilf‘-:
ing into precise descriptions of p.zn‘twulur (115|)lucenllcnts,dxfc\i\nl‘r ;Ch
fice to give a sketch indicative of what h.as oceurred, plro uc D,I "
a confused recurrence of ore upon certain levels of the flllll:]e.,l"a‘ 2
lead at one time to the supposition that there. were S?V'Tlfi'l, \ ikes
porphyry and ore over a breadth of five or six llul‘l(}le(' j;e B

The moyement appears to have been frf)m th‘c. west ea‘a.‘ j.\u;l 7 !
down \vurd.;, the top of the dike being carr}ed oﬂ‘m EUCC..JT.“L ) O(t:l;e
by the sliding of masses of the Stratiﬁed.tor.nmtlons p:ult() “11‘_0;;* L
pianes of deposition of the beds (these dipping cast.\\'u,r( ,tlml,:]e(; v
ing surfaces of easy movement), and partly upon ;tC( pe:li}:c‘ iy
fracture generally dipping enstw:u'q, uls shown in the ou :

ti ich may be taken as typical. ‘
Se‘(;ﬁ;: ‘(;,il.lslrbuli)tioxir of the dike, with its attendant fracturing and
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breceiation of the country
the dike upon itself, and th
vided favorable places for the accumulation of ore.
found in the softer and most broken
no doubt, with the regions of greatest original metallization and
subsequent movement, attended by clay seams.

Such clay seams,
with the accompanying ore, have by some be

en considered as marking

FIa. 6.

b

~f!f
4 ”
[/

the limits of a second or subsequontl_v—ﬁ)rmed v
dike and independent of it.

ein, following the
This theory, formed under the inspi-
ration of the necessity of narrowing down the vein
as far west as possible, in order to secure
the Head Centre gronnd, would be mor

and throwing it
a greater length of it upon
e defensible, if in the stopes
any vein structure referable to a later. deposition could be found,
Instead of the fragments of broken porphyry, shale, and quartz
being cemented together by quartz, they are loosely aggregated, and
show clearly that the formation is due to mechanieal for
tion.  The clay seams are also not certain boundaric
occurs on both sides of clay seams.
taken as separating ore from waste.
continuous, but give ont

ce and attri-
s of the ore; it
The clay cannot, therefore, be
The seams, moreover, are not
, and in some parts of the dike are absent.

The only place upon the lode where water has bee

n reached is
upon the Sulphuret claim.

At this point the lode intersects strata
of limestone, and there is a bedded layer of ore following the strati-
fication and connected with the dike. This ore is chiefly galena and
iron pyrites.  Very little has yet been taken out.
Head Centre ground, at a higher level, where the dike intersects
limestone, a bedded or interstratified layer of ore occurs. But the
best examples of bedded deposits in the district are
and Goodenough claims before referred to.

So also in the

in the Toughnut

rock, accompanied by the movement of
e formation of heavy clay searns, has pro-

It is generally
portions of the dike, coincident,

Eyeihid mo.eay
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BEDDED ORE DEPOSITS.

These also are associated with dikes and vertical ﬁssur;esbnemlly

1w i 3 st de-
p'u'allel with the Contention lode. One of the longest anc LSt'I

X . = ) . S

fined is the West-Side lode, which may be traced for about two miles,

il 1 ses‘into the underlvine oranite. Its northern prolongation

until it passes‘into ving ¢ : ] -prolongatiba

appears to cut across the Toughnut claim, and to connec
ars 3 g

oppings ¢ iscovery shaft on the
“vertical fissure and quartz croppings at the D ¥

Goodenough. e -
A second line of fissure cuts across the anticlinal line of the for

ations at the open cut on the Toughnut, and crosses t]ie \V&:;)l.e
b : i Jay slai -ond. s
breadth of the Goodenough into the Way-Up claim })(!} oxTn o

f Jay- an
has been followed on ore from the open cut to the Way })pl, 11 1

" i its. £ o has also
connected with the chief lateral bedded deposits. A loc e has o
been followed in the same general direction from the claim callec

ho ¢ Dof hnut into the Goodenough. This
the « Defence,” across the Toughnut 1 e
; )’ acros ‘ ugh ‘

( 7 heavy ings artz and flinty boul
lode is marked by very heavy cm};pmgafof qu a
i 7 - yestone on the surface.
ers lying above the T*-aes : . e
In the fissure extending into the Way-Up claim the ore was f'_ll‘
ing t ¢ el ctending
in layers and bunches following the plane of the xem,.e.\;ex; t(__,
. . 3 a3 H arle veor " shoots
«ds and downwards along its course in nearly vertica
o re-bodic in ¥ ljoining strata in flat bed-
or ore-bodies, but breaking off into the adjoining strat:
— in intersee -er limestone

i y articularly where the vein interseets the lower limesto
iyl e lded offshoots from the
restine on the novaculite beds. These bedded offshoot: ] :

e:in ‘lbrc often of considerable lateral extent, following the planes o
v : . -1 3 A £ »

tratification on either side. We cannot yet state with un.hd(x]u.e
s i Ges it Thew mne ue
what the exact origin of these bedded deposits is.  They may be (l

it £ nodular masses, but they are generally de-
to the decomposition of’ nodula ’ r "
posited in the limestoue as if by replacement.  They may el i h,l
: ' strata by metal-
as filline irregular cavernous spaces eroded from the .,tr:ltll Y in .
; - - ariee *Thece be o
i ri » recular boundaries. *These bedc
liferous solutions, and without any regular bo : i
masses do not have a symmetrical arrangement of the ore, except s
Z = : ) - . : ¥ . > i '- =
as may be referred to stratification or deposition by gravity .l %
- - Qs N2 e} - \ 10-
Tt is to be observed that these bedded masses of ore occupy the in lct
' - ey . ’ - e s " . ] ‘(r l :
stones rather than the silicious or argillaceous strata, as we 111,,
it f ili imes as 1 as
expect from the greater solubility of the limestoue. Inlunuc;-
: 2 . spe : e
these limestone strata are folded and turned up in different (FL}C
’ i " ’ i i s vertics d the

tions. the intersection of the limestone with the vertical plane o

el irre Vul w line. At such intersections the walls of the fis-

vein is an irregult . Atsuch e g Lol L0

sure are corroded away and are obliterated, or are furthe ‘lpa.it.:
whers Y :hales, or the quartzites,
where the fissure cuts the silicious beds, the shales, or the quar

ar Wh
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In this respect the formations are similar to many abroad. Mois-
senet® represents bodies or shoots of ore corresponding in their pitch
to the intersection of strata with the plane of a vein. Wallace de-
scribes a series of strata in the North of England consisting of lime-
stones and shales traversed by lodes productive in the limestone, but
poor when passing through shales. Other examples might be cited.

In extent, the bedded masses of the Goodenough and Toughnut
claims have been much greater than the ore-bodies of the vertical
fissures, and it may be said that the greater part of the production
has been from the beds or flats. They extend irregularly between
the two fissures a distance of about 400 feet, measured diagonally
along the dip. It is noteworthy that they follow the stratification,
and then suddenly break across it vertically, following a crack or
break of the bedding, and then expand again horizontally for some
distance to another, dropping down by a series of steps from one
layer to another in and between the limestones.

j’!,}u«z - (4 (=
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The ores found in these bedded deposits in the limestones are much
more plumbiferous than the ore of the feldspathic dikes. Galenite,
blende, and iron pyrites are abundant in masses, which, 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 contiguous to the vertical fissure in the west-
ward prolongation of the West-Side lode, or vertical ore-bearing
fissure.  This contiguity of the bedded deposits of the camp to the
vertical fissures and dikes, and the occurrence of bedded ores where
the dikes intersect limestone strata, lead me to the opinion that the

* Annales des Mines (6) 9, p. 10.
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metallization of the district is due to the igneous intrusions, and that

: . : P L o i e
these intrusions, with the accompanying 1mp1egnat101’1’s Tnd mmlfi)
s P « Q
ing veinlets of quartz, are the true lodes, or “leads,” that may be
followed with confidence in the search for ores.

THE GOLD FIELDS OF THE SOUTHERN PORTION OF
THE ISLAND OF SAN DOMINGO.

BY RICHARD P, ROTHWELL, NEW YORK.

Ix the year 1881, I visited San Domingo, in the. in‘t‘erest of
French capitalists, to examine and report _upon certain ‘‘conces-
sions” of gold-bearing gravel and quartz veins, on the Isabella and
Jaina rivers and their tributaries. e

This district is periodically reported to be extraon'(llnar{ly rich,
apd ** __1s cast around it the glamour of the mysteriou.s sl.npmeuts
of gold, credited, in romance and in more or less mmz.mtlc history, to
Columbus and the Spaniards of the fifteenth and sixteenth cel.ltu-
ries. Since considerable sums of money and several valuabl.e hve.s
have been lost in the unsuccessful search for its profitable mines, it
seems desirable to place on record some of the information collected
concerning the value of these famous gold fields, with the hope.of
facilitating the work of those who may hereafter be called on to in-
vestigate these claims, and of preventing the unnecessary waste of
capital, ' .

It is needless to add that the capitalists for whom my investiga-
tions were made abandoned the enterprise they had in View,a]thoug‘h
no doubt similar schemes will be brought forward many times in
the future, as they have been in the past, under the fervent advocacy
of too sanguine enthusiasts.

Since the time of the Spanish occupation of the Is]anfl of San
Domingo, in 1497, when Columbus found the natives wearing orna~
ments of gold, more or less of the precious metal has bec?n obtained
annually by washing the gold-bearing sands of several of its s?reams.
Tt is said that during the Spanish domination, when the native In-

dians were held in the most abject servitude, a certain amount of

gold was required of each one as the result of his labor. Under this
=
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The consuniptidn of wood, per ton of ore, was 0.15 cord, and of
quicksilver 0.96 pound. . '

Most of the mills working the ores of the Tombstone district are
distributed along the line of the San Pedro River, at an average dis-
tance of ten miles from the mines at Tombstone.

The works at Charleston, of which I am manager, are the prop-
erty of 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- '
vided with rotary dryers, automatic roasters, and all the necessary para-
- phernalia for a chloridizing roasting; as it was expected that the ore
would become base as depth was obtained in the mines. But, con-
. trry to expectation, the deposits retained their free milling qualities
s they went down, and the furnaces were never brought into requi-
sition, Upon ascertaining the true character of the ore under treatment
!twu_-; decided to change the batteries to “ wet crushers,” in order to
. Werease their capacity, which alterations injured the symmetry of the
l.‘ﬂlnt, and left it working at some disadvantage over what might.
Bave been had such a change been foreseen in the original designs.
.T.he smaller of these mills (the Pioneer mill of the district), was
#ginally built by the company as an experiment, and constructed
¥ith an eye to economy; a wise precaution, as many have learned to

®astruction of expensive reduction works. - This mill was originally

et

It; b of one mill will suffice for both.

\

SILVER MILLING IN ARIZONA.

'

Tue Mirts AT CHARLESTON.

T cost who have anticipated developments in their mines by the

with ten stamps, four pans, and two settlers, and run by a Leffel
"¢, water being brought in a ditch from a dam about one mile
the river, Later, in' order to increase the capacity, five stamps,
" Fans, and a settler were added. To run this additional plant up

* Mecessary speed required more power than the turbine could
:"h,so an engine was purchased as an auxiliary. The second
. Tger mill was subsequently acquired by the company. ~ As both
0 on ore from the same mines and the processes are identical,

"8 © be regretted that owing to the separation of the mills, Gon-
B dOubling of the pay-roll, and increased expenses from every
™ the cost of milling given below will be scarcely a guide to
':mld be done with a properly arranged plant. I do not hesi-

Y that with altered conditions a reduction of 20 per cent. per
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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 mil]
alone. The power is furnished by a horizontal engine with Corlisg
bed and Meyers patent 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
orly 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 pounds pressure,
Farciot’s patent pump and heater feeds them, pumping the water in
at boiling-point. They consume on an average seven cords of mixed
wood per day, costing $9 per cord ; black oak, white oak, willow, and
pine being used indiscriminately. All the water for the mill js
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 oreis brought down from the mines, a distance of ten miles,
in wagons. These wagons are connected 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”7 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 wheeled 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
shoots leading from the breaker to the bins are, for a distance of 5
feet, made of }"” steel bars set $’ 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 used in the batteries, and
separates 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 “ Challenge”
self-feeders, which here, as elsewhere in my experience, give entire
satisfaction. The stamps are 20 in number, drop 100 times a
minute, fall 63/, and when freshly shod weigh about 750 pounds;
the weight being divided as follows :

Stem, . . . . . « « « . 340 pounds.
Boss, . . . . . . . . .20 “
Tappet, . . & W g s . . 90 ¢«
Shoe, . 5w & . @ 5 5 . 120

The die weighs about 85 pounds. Some of the stamps carry extra
tappets, bringing their weight up to 800 pounds and over. The
shoes 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 the 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
3}/-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
33 practicable. The average product of these batteries, during the
first six months of the year, including stoppages, has been 2.9 tons of
medium hard rock to the head of stamps, per day of 24 hours, crushed
through a 80-mesh screen. Various screens have been tried, but the
best results have been obtained from Russian iron screens, vertical
slotted, with a burr on the inside.

. From the batteries the pulp goes into settling tanks. The pans,
€ight in number, are flat-bottomed, 5 feet in diameter, 3 feet high,
and have wooden sides of Oregon pine curbs, 2} inches thick. The
die is a_solid cast-iron ring 1} inches thick, weighing 750 pounds,
a0d occapying 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.

ch pan is provided with three wings shaped like a reversed
Ploughshare, The settlers are 9 feet in diameter with iron mullers
*hod with wooden shoes 6 inches 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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SILVER MILLING IN ARIZONA.

and the time required for amalgamation varies from three to five
hours after charging the quicksilver. Repeated experiments 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,
runping respectively on four and six hour charges, gave a gain of one
per cent. in favor of the six hour charge, but this slight advantage
did not compensate on low grade ores for the limited capacity 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, and 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 was gained 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 less 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 sulphurets
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 cent. 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 stand-
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 themselves, namely, either to prevent the
amalgamation of the base metals in the paus,* ot if that proved im-
practicable, to eliminate them from the amalgam before retorting, or
during the melting. Although several metals were taken up by the '
quicksilver, in varying quantities, and so found their way into the

* T am indebted to Mr. J. M. Adams, of San Francisco, for valuable suggestions
in regard to the handling of ores containing lead in pan amalgamation.
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top-discharge retorts.  About

» and subsequently

giving up the grinding in the Pans, and by using finer screens in the
bhtteries, but little of the lead was taken up;* and by the use of lime,
efc,, in cleaning the amalgam, as already described above, the bullion
was brought up to .970 fine; the remaining base, being principally

copper, resulting from the bluestone used, was not of sufficient .
portance to extracts

Iy a varying amount of

gold, which in some cases is visible ; but in others it only makes its

presence. known by the assays. At Charleston it is not positively
. known in what form this metal oceurs, 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 value, however, rarely
reaches two dollars to the ton.  The amalgam is retorted in 15-inch

4 cords of . willow wood are con-

sumed to the ton of amalgam, The firing lasts five hours, and the

charge varies from a ton upward. _
For bullion averaging .938 fine the loss by v
ming averages 7.55 per cent., and the time r
hours, twenty-one minutes. The average wei
ounces, which require 43 pounds of charcoal
The average cost of milling for the past five months has been $4.90

per ton. This amount was subdivided as follows :
—_—

¥ The experience of a former management wag ver
carried on two hours, the bullion sank to .200-
finer and not grinding at all, it rose in a day
ing one-half hour it was kept at .850 fine.

olatilization and skim.-
equired averages three
ght of the bars is 2711
and 20 pounds of coke,

'y similar; when grinding was
-300 fine, and even lower. By crushing

or 50 to .900 fine and over. By grind-
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COST OF MILLING. ’
Pael,s, « = % & o @ @ $1.05
Chemicals (including quicksilver), . . 3 . . 077
Lubrication, . . . . . 0.04
Illumination, . . 2t @ s . . e 0.03
Castings, - ' : ' 0.33
Supplies, . 5 . 3 0.16
Labor, 8 g S . . . . . 2.52

Total, . . & o« o« -« $490

COST OF LABOR IN REDUCING ONE TON OF ORE.*

Crushing, . - « = = o+ o+ $0.52
Amalgamation, . . . .« @ . 0.67
Power, pumps, ete., . . . . . . 047
* Foreman, etc., - 5 5 . . 5 . . . 087
Tailings pit, .« -« . > . . . . . 011
' $2.64
The loss in quicksilver to the ton of ore milled varies according to
‘the grade and character of the ore, but averages about 1.3 pounds.
About 0.11 cords of wood and 1200 gallons of water are consumed

to the ton.

A NATIVE PROCESS OF SMELTING COPPER ORES IN THE
STATE OF JALISCO, MEXICO.

BY WALTER B. DEVEREUX, E.M., 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 metal-
lurgical operations, and apparently without excessive loss. The pro-
cess was carried on in buildings which were part of a plant erected
by an American more than twenty-five years ago for the purpose of
smelting and working copper. After a few years this man met with
accidental 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 WALNUOT STREET,

Philadelphia, April 30th, 1888.
70 the Stockholders of 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, be-
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 them 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 zmmediate
extinguishment of the Company’s debt.

The total receipts of the Co. for the year, April 1, 1882 to March 31, 1883—

from Silver, Gold and Lead bullion amounted t0. ...cccovensenenen $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........ seisvEwEseeees s's b4 $119,401 89
Of the total expenditure, there was invested during the year—
In new permanent plant. ......ccvniiiiiiiiiiiiianns $24,560 83
Mining Claims on side lines.....cceeveeeecscccescccns 6,400 0O

Excess of supplies on hand, March 31,83, over April 1,’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 the 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 ton. Total. Per ton.

April 1, 1881, to March 31, 1882............ 29,212 $1,337,361  $45.78 $700,412  $23.96
April 1, 1882, to March 31, 1883...... sossee 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 previously paid from the combined profits of
Mill and Furnace.

o s . e e
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The total gross debt of the Company when the last circular to stockholders was issued,
April 29, 1882, less cash on hand (no other asset being deducted) was. ...8401,051 o9
The total gross debt on the 1st day of April, 1883, less cash on hand (no
other agset being AedUStEA) Wasiii sv o oo siise s ionss s oossiteeds $355,353 o2

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 1st 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 1, 1883; of which $85,000 have
been redeemed and cancelled; leaving Bonds outstanding payable in -
1883 $115,000, in 1884 $116,000, 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 1st of this month, no deduction being made for assets, of
which the supplies on hand alone amount to $48,697.46.

There are unascertained Zabilities consisting of taxes; legal

“expenses and costs connected with our litigation ; and posszéle 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 Connecticut 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 where
no such business had been heretofore 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 #ow 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 of Directors.
‘ GEORGE BURNHAM,

President.

W. J. CHEYNEY,
Secretary.
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SUPERINTENDENT'S REPORT.

The product from April 1, 1882 to March 31, 1883, was:

Oremined ..ouvsvse30s D ...........-.--o.-21,991'°2'0"5
Ore milled................ § SieeieseT el T S eIRES ¥ S 21,474°00 tons
Fire-clay and limestone mined for furnace.............uvevuencnonss +ee0.6067 tons
The mill produced :

Number of Silver bars.............. S PRy Al vaadaserennies 22
Crude Bullion (Mint weight)....ecvvvunieneeeneeninnnannnns ...642,83002 ounces
Fine Silver........ SRASES £ 60 ¥ AEE I 3 s +eesseee532,372°03 Ounces
FinetGoldiswmressaivasssoninsmnd s doas i cresesssansasasasss1,813'00 ounces
Base metal. ..., B L e AT R Ouy o IO N veesees.102,823-82 ounces
Market value of Silver (deducting discount, freight and shortage)..... ...$565,790 67
Market value of Gold. ..oovvvnnnnnn. R e vesessscsassess 37,474 71
Tl s s it s bl sieivieliie Tt LAl e UL T O ) s $603,265 38
The furnace produced........... R e . csssseccssencess..2708 bars
Containing fine Silver sold ....... tetesreestenssennansensassas.40,883°57 vunces
Containing fine Gold ¢ .............. el VR Sl K, ees....298'81 ounces
Containing Lead 96 yraiuini R TSR AN 263,333'00 pounds
Market value of furnace product deducting freight and charges........... $55,062 31
Base Bullion on hand ....... Sonialeiel ) o Sy R Tt 2 6,000 00

The total marketed product of the year’s work is:

Silver, 573.255°60 OUNCES. v veseennrreoreeesnoannnsnnn +eesesesvalue, $609,960 85
Gold, 2,11I-81 OUNCeS..eseevenerrrraranens Sttt AT e.eoovalue, 43,487 93
Lead, ) B L Gl F ) 1 LR R SRR = Ll evene el v YAINE 5 14,878 01

$658,327 69

The returns given from base bullion are exact, but 2/ 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. Currency.

Gross value of ore per ton Silver,...... e P 32°19 $34 92
677 1 [Ap— e e A e 018 372

Yield per-ton Silver.wwsu s sosamwmmmnicsie s os o e e 24°71 $26 81
Gold......ovauue e e sersesses 0084 174

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

$38 64

$28 55




-~ "\\\
)
N

The percentage of extraction varies slightly from that 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
certain 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. Ounces, Qunces, Per cent.
Crude Bullion........0ues.. 641,978 637,00885 — 4,969 —o077
Fine Silver,....ca00e eeeesss 528,046 532,372'03 + 3,426 + 064
Fine Goldissiaessssaoer sas 1,821°99 1,813-00 — 899 —o049

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

cluded:
Shortage on Bars, $1,989 85 Gain, $267 87 Nett shortage $1,721 98

BULLION PRODUCT.
April 1st, 1882, to March 31st, 1883.

(BY MINT RETURNS.)

Number Gross Weight, Bilver, Gold, Base Metal,

of Bars.
April, 1882, .0000s ssvensesniiieiens 40 112,864°30 75,258'24 25758 37,345'48
MAY S e rsesisncanosseses venoesveses 30 76,017°30 35,631°71 102°55 40,283'04
Junei i eaeas Sieie o ST wes e vy 18 49,140°70 47,649°62 42°39 1,448:69
Julysiccesiionssvonas’ssvuns PSR 20  54,020°90 51,154'01 5008 2,816-81
August....... P T E o S Y vaases 15 . 42,021°90 41,14604 5064 855°22
September........u0. eidiaain s & raseisiaindie 18 49,357°35 48,755°54 97°04 474°77
Ist 6 months, cvuet caseseneennnnan..a 141 383,422°45 299,595°16 60028 83,227°01
OCtober; svisimnin s samvaness o sussns eee.. 16 44,98310 43,551°95 163°42 1,267°73
November, ......... veuesassssnennes 10 T 43/032°00 38,297°24 202°00 4,532°76
December. .c..vvevnsnn. e EA b s 14 39,717°50 35,364°61 157°83 4,195°06
January, 1883..... aioiaieiniaiainieisinis’s oTetesese 12 34,449'10 30,072°01 169°45 4,207°64
February; oo sessovasssi sorsveneasnvss 14  38,845%70 36,375°10 219°55 2,251°05
March,cceeoeseecscesccscs sonssscesse 19  52,550°00 49,115°96 300.47 3,142.57

91 253,586:40 232,776°87 1212.72 19,596-81

'fotal fOr year..veeeeeeesceeesssas232 637,008 85 532,372'03 1813~oo. 102,823°82
Average fineness, Silver........ e T o 1 ..835'74
o “ oIt as.ccuemvn s dnatnniss sonasdisesbes & i s R susmeaeee " 285
Percentage, Base Metal. ,........ T P V- AV W et e B~ A 161°41
100000
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In 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 tributers 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 March 31st, 1883.

Main Works. Combination. West Side. Lucky Cuss. Defence. Northwest.

Tons. Tons. Tons. Tons. Tons. Tons. Aol

April, 1882........ 1,211°67 1,393°12 6155 reteieini 144°06 2,810°40
MaY.csoanwvsonsen . 1387772 1,390°84 5302 .l dwee 143'28 2,774'86
June ivesivasaas 10823 1,469'21  177°32 easonn 1,754'76
(1 SRV NS i S 104'02 1,52205  257°46 el W 1,883'53
August i siuis enen 36775 1,334'53  198'57 s 1,900°85
September......... 36652 89581 53308 78°20" | ussene 1,873°61

1st 6 months..... 3,345'9t  8,005°56 1,281-00 78:20 287°34 12,998'01
OAODEL oiuis oo cnsioes 50465 46003  746°87 14884 . ceeoes Lhna;one 1,860'39
November..... cwes . 41470 46304 76458 164°53 50°00 Fir:-n(:hy'. 1,923'83
December......... 49421 37395 766°17 15283  Tribute. 11°05 1,787°16
January, 1883...... 33632 61:80 63590 X33°00 iesnes 37°50 1,167-02
February.eeeeceo.. 230°37 6320 570°30 17°35 5078 12°12 93200
Marchiiiiinis eee  257°48 4568  768:90 18553 6500  ...... 1,322°59

2d 6 months . ....  2,304'73 1,467°70 4,252'72 80208 16578 6067 8,993-01

Total for year.... §5,650°64 9,473.26 5,533'72 88028 165°78 34801  21,991°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........ e sviee i 2,025°00 284-86 129,215°81 eI
October, 1879—March, 1880.....0..0es  3,733°00 45060 137:375:065 . i ooy
April—September, 1880.............. 7,242'00 74570 392,017°11 R
October, 1880—March, 1881.......... 9,363-05 109942 474,831°77 AT
April—September, 1881........... ... 12,229°08 1275°54 607:232:26: 5 505 a0k
October, 1881—March, 1882. ........ . 16,982:58 1187:30 590,886:56 © ......
April—September, 1882..... T 12,998:01 60028 299,595 16 esswins
October, 1882—March, 1883.......... 8,993-01 121272 232,776°37 131:67

73,565°73 6856°42 2,863,930°70 131°67
Average extraction (in mill only)...... 0'093 3835




A

Ll

A

4

The above total weight of silver is about 981 tons, aweirdupois.
In proportions, the silver is o'cor 3 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,

17T R SR T NBEY ST P ePus S TS SRRSO M $50 29
GOl s & ST T e SR s TR R T s O T e e e 2 s s . 192
$52 21

Probably the ore actually contained about 19,000 ounces of gold
and 3,811,000 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. '

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 basis 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 the 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 willbe noticed that the proportionate loss of gold in amalga-
mation is greater than of silver. Concentration 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 £zown ore bodies in the Goodenough have been ex-
hausted, and most of the ground within the claim has been pros-
pected, leaving our future almost entirely to the finding of ore with-
in our 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 £Zzown 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 well
opened. 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
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advantage of the favorable position of the Survey and Péfence and
utilize them to prospect the Toughnut. The West Side vein which
runs through the former has been opened with great success, and
some work has been done 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 268 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 Side 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%; acres, and
the areas given in the following table show the proportionate size of
the different claims, the areas being taken from the official surveys:

Acres. Character of Title, Acres, Character of Title.
Goodenough. ....... 1572 patent East Side. oo sonmn 1690 patent
Toughnut,,......... 2066 patent East Side No. 2... . 257 entry
SUIVENLi on vssnsionss 64 1-80 patent Lucky Cuss......... 2056 patent
Defence., .ueuswes s 2033 patent Owl's Nest...o.oeiiss 20'11 “patent
West Side.veseeones 2050 patent Owl’s Last Hoot..... 446 entry

(LRbAte s0nls s u wnine 17:80 patent Total area.,....., 161°41 acres.
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The “claims 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-bearing ground. Ore has
been sent to the mill 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:

Goopenouch.—This has been the most productive property of
the Company, having yielded about 41,500 tons of rich ore 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) eeeeessovsnss cresesesannans eesses 25,088 tons,
Number Six ¢ (2)s 50e ' wuemsipin SR 8 SpeEe sieie 1 3:500; 1%
From Number 2 Incline (East End).coicicaracnceccnccranncs snsinely 3,000 ¢
“ 1« Upperorebody.ceccesuncrcsossasssnnes wees 310004
£ «  Middle ore body.....uees sesssassiscssenes ol 156,000 1%
“ «« Lowestore body.....coceeeeieneccccsscences + 1,000 “
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.

TouceNuT.—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, 180 foot ore body about.......euuss 8,000 tons
88 foot ore body about............. 2,200 “ North West mine....... savias e 7,500
130 foot ore body about,.... seseoen 5,500 ¢ Total....... viesssesssssnesses 24,700 ¢
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Here the ore has not been carried down to the sid&line at any
point, but has crossed the East end line. From the large outcrop
on the surface at the quarry a chute of ore continued down to the
256 foot level dipping both toward the south side line, and the East
end line. This chute was crossed almost at right angles by two flat
ore bodies, the 88 foot and 130 foot. At the lower termination of
the chute, the grade 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
mine 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 No-
vember, 1881, and June, 1882. Since the latter date the yield has
been 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 SipE.—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. 1 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. 1 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-

-




times in a-thin vein or in bunches, sometimes in continuous bodies
from 100 to 200 feet long, and 2 to 10 feet thick. The greatest
thickness yet opened 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 735 feet, 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 Nos. 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 1 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 235 feet below that level. The ore continues throughout 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 increased
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 excellent 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 14 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 br
appears to be in the mine at least one-half more ore than was taken
from it during the last year, or say 8ooco 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 50 foot shaft,
and no work is done in it, the expectation being that its vein will be
opened from the West Side works. As there is another mine of this .
name in Tombstone, this one is usually called the Surveyor.

The DErENCE 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.

TrisuTe.—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 Sipe and East Sipg, 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.
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Luck¥ Cuss.—This is the scat of large deposits of silver bearing
manganese ore, which is now mined as a flux for 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 25 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 only 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 always 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 sometimes
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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Owr’s Nesrand Owv’s Last Hoort are also two contintous claims
lying nearly parallel to and the former overlapping the Lucky Cuss.
They form the southern termination of the Company’s property.
They are interesting mainly from the fact that they cover the contact
between granite 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.

TrisuTing.—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 115 tons have been mined in this manner,
besides about 50 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. 1 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 hoisting 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, Per ton,
TAbOtcs tani st cissnisngsspasesesnnmeassnivedmsmmis cecesssesess$I90,531 0O $8 70
Contract,...... seessseessssesteesccsescesssassscscascssssssssscssse 4372 10 o 20
Supplies...o.vave s o o samasiion nbnsasTmsSS se e SRS RGO TS s et 1 34703 48 1 58
Repairsand renewals.eeueeninieeennniaennnans teestsenanns vesecsencns 980 60 o o5
Ore hauling (21,064.85 tonS).cseeesececiescccsccsnsosessssscacccssces 63,204 65 3 00

Totaleeseessesssssctacrsosossassanssssssnasanonnossensessassse:$203,791-83 ' 813753
MILLING (21,474 TONS).

TabOT: s s esi USRS e wimind Al SR e e isnte saseneses $50:3067:84 $2 62
Supplies,.ieesnioisees D Genie.s & 5w seismensissanes AI1582:97. 219
Repairs and renewals.....c..ee.. o b s saeieesoaewese s Sisiaa svieeenis . 22,500:08 12
Total:fe. i aiesnnssisinivnis v 0 Vias s e R s B ceeseess.$106,026 89 84 93
CONCENTRATION.
Labor..... eI s s Siae b B R Semdinns ie RS ¢ eesees  $9,672 40
Supplies...eeaesnson iaes AL wRT SRS § S e R s e oo dlnes ewemasns suaee 873 13
Totaleione assimeninnes cerecssscssscsss $10,545 53
FURNACE,
Labo"..-.ooc-o--coo--.--..-..-.....-....-...-..-.......----o--o-o- $7)529 6o
Supplies.soveeeeeans AT Y Sia e aYe o vesewis il § ol wivaes 23,353 63
Lucky Cuss mining (Manganese) ...... T P R PRl eees 9,665 56
Ontside MiINING e o enninsinsnin simsssweanes s sssaensoss SR 8§ e 379 62
Ore purchased.eeecccennnenrnne ceeseses e BRI AT A e sane seaae ) . 3952713
Ore hatling, cocesccoccrcacsossesoessecasssacscs sue salnmwremssmseeis . 308018
Bullion hauling, ,.......... saisisein s s weR BN SSNSEVRRE SR EL Y SR s RS e 263 89
Lol tves e mnnaenessn s seiiin s s Ras i a s arnan s ens sBe 8581 6T

1
i



U

14
SUNDRIES, =
Total. Per ton,
G EnETal SRPETERT . oivsawitioron vt LABHN S BRI R EEE 28 4T B SRR e e Rl e $8,367 51 $o 38
AAINTEEIALTION v o voiaia sioa o 0 ais'nioin MBS EEDE S8 15 SOFHA PGS SRS ROTE Sa a5 # 8 22,262 84 1 02
Totals is sesveminsess 2 sales AP g o . $30,630 35 $1 40
Grand total of mining, milling, and sundries,....oivaviinieiaieiiannnenes $430,449 o7 $19 86
EXTRAORDINARY,
: Per ton.
Légal expenses, ..« escsssvois w50 ks welaere s ¢ aille SueNs $15,827 49
Mine construction,,.eveeeeseeecacanses 58 ayge e e 8,847 70
BRI Constraction ; vs.csmcessmasss s 3 sowie e e 2,183 15
Furnace construction, including concentrators........... «. 13,524 98
Tribute ore...c.vese S e veswn s anis T 7,559 16
Adjoining Mining Claims. ... cvvieeennnieecenesines 6,400 00 $54,347 48 $1 g0
Total of all expenses,.eeueeeeeennens sdie Be e s $543,926 69
There is now on hand, of supplies by inventory :
Per ton.
Mine supplies.......... R —— S PEE RS ST heimnb i . $4,187 o1 $o 19
). 111 B SEon T TeNeebE mee sy ee sasaesusaie - 9180 02 0 43
B TIACE s o R e sss s A ssalemep e ase S taves 29,280 93 $42,647 96

The record of the year shows a considerable decrease in all ex-
penses which are within control. Mining and milling expenses are
$10.86 per ton against $23.96 for the previous year, and including
extraordinary expenses the comparison is as $21.76 to $27.16 for the
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 2834 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.

il .
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The costs of mining, $9.54, are distributed as follows, the list in-
cluding every servant of the company except the Superintendent:

Total by classes. Total. Per ton.
DIIRINGE i e o eintiios o o o woigmmeibs s i w ba s ol S138,551 00 56 33
FRAHSPOTIANON, 4 2 1 ¢ 5w 85 5uPEches s v6 65 8PETRHE TR E VRS s 16,314 75 075
Carmen............ . B 88 S BN 88 o $12,611 50
ShovElers; i cainweio sanmio o s ot susan wus e, 3,703 2§
Hoilsting. o ovuiriiiiiieeeneeenennnans ¥ SRR e . 15,304 7% o 70
Engineers............. EHAEHE § B SRR A e 7,901 25
BATSINEn ol i 5 S S T e s B TR Kustas e 213 50
TOPMEN. tun it iteeeen et e aeaans 6,000 50
Whim and horses .................. GRS R e s 1,189 50
MEChaticRzss oy ot s na o were o sisiowaivasisis s & s suis SiGie e s 10,683 0o 0 49
BlacLsmxths ............................... ST 6,781, 50.
TOOICATNICIS . 4 s 55000 o visiarorersasiin s oo o wiorminsais e s siivie sios 1,417 00
FImbermien ... .oeencoone hrewemiisie s ¢ REvee I Gew 1,417 0O
Carpenters............. o Hre s w Simiae wmerdsmses paa 1,067 50
Sorting—Ore SOrters. . vovevererenrenennenncesns woneeee 9,454 00 043
Sutfacementieiesovenes aves Coeen s saETEsene s vhen e 2015500 012
Teamster........covennen.. 1,174 50
Watchman.... ...... S s o 1,440 50
SUPerintendence. . viieiactetosooccoccsansenionnssoos 10,412 66 0 47
Assistant Superintendent. .........0vteineirannceann 3,600 0o y
Foremen,........ B s Rl T e 2,637 66
Shift bosses....ovennn.. eieiibiaale e wtile e A seE e 4,175 00 -
Office, surveyor, and bookkeeper, ...... WAt Sivhe bt eee 3,323 40 o 1§
Assay office, assayer and helper. ....... tesesscestcnnanes 2,200 7§ o 10
$9 54

THE MILLS.

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 quantity to 1800 tons monthly for the seven following months,

and ﬁnally to 8331 tons in February, rising again to more than 1000
tons in March, 1883.

yes
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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 1877 tons, and by 15 stamps 1163
tons ; total 21,474 tons.

No changes of moment have occurred in the mills, except the re-
introduction of chemicals, z. ¢., 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........ i o e G & S AR o5 de s oo 21,186

Tons ore milled........ T A VIR, « e afeisTein Aot aTeve Tsats o TiT . 21,474

Average batlery assay, OUNCes. .......eeueuns «ee 32°19 Silver 018 Gold

Average tailings assay.....ccoiieeencecciceens 8-or Silver o'10 Gold

Average per cent saved ..... » siweiansieiad 86 v.evs. 76707 Silver 44°44 Gold

Total. Per Ton Ore, Per cent,

Pounds (avoir.) amalgam produced.......... 266,026 12:39

Pounds (avoir.) retort metal......... oo s 46,888 218

Retort metal ratio to amalgam.... 1: 5.67

Troy ounces retort metal,..... ..... .. 682,637 3179

Troy ounces bars ce.veun... T lovala ol he B0 641,978 29'89

LossIn melting, iooseeses’ssesanssnes ¢ smsiew 40,659 190 5°95

Average fineness of bars silver............. 8229 8239
s LD % GOld...inmmmmis siens 2-8 028

Troy ounces in bars silver.... ..ccoeeanas. 528,946°02 2463

Troy ounces by assay ““  .eeeveesnences ’.. 519,010°00 2418

Gain over assay #  esssssnmennes eee 993602 045 g

Troy ounces in bars gold...... Gy s e s 1,821°99 0084

Troy ounces by assay “ ...eeieeiininieees 1444752 0067

Gain over assay L Ppp—— 37747 o017 2613




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 i 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, - Total, Per Ton.

Cost of fuel.vevreeerennannn 0o semissisewe s bR ssssscsssce cesssnseess $22,838 56 31 o6
Chemicals . vrivss s swaswamns ssommesens G555 056 o5 ailssnsens eee 13,624 79 o 64
INumination .. s bee s sesswoss SR RS oo 729 49 003

LubriCation . s sswasison i smenenas ssrs crsmvansonssses s 845 02 o 04
Castings .......................... ceee .o 6’757 06 o 3I
Hardware. oo cosensssswivoos Tleas .o 555 62 0 03
L hu— . - 240 42 0 o1
Sundries.iiriciiiassone o8 s e 3,018 03 o 14
LABOT, o0iinionivomsinics sss susis SRR S A & e e 56,802 43 2 65

p 2 SHRE SR AR S § SRS e e T T STy .+ $105,501 42 $4 91




OMEl IR, POUNMS e w544 4 ot b a oo ditasieseba s s va s s Total, 21,629

iS;:}nh, POUNAS. 5 5o svie b yn o aorsinsil sesie 3 bR e e bR e # no,ozg L 5 12
BESIONE. o L ste e oo s Soeleliion s 375 5 P 0@ P ainaabomeodion £ 22, & 104

Cords wood. , ... Ria,0 30 § 38 SEEER S RS s SR e “ 2,?:‘6% o o 12

85512 580 T R A N S “ 13,011 o o 6o

The quantity of quicksilver 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 ton 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 justifies 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 concentration 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 failure, 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 the
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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i CONCENTRATION,

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 buddles 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 {5 and ¢ 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 these fine slimes run over the table, without
yielding their silver. This defect, however, is now cured mostly by
the buddles. '

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 buddle, which removes about
one-third of the silver still remaining in them. From 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 buddles 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 te_ulmg 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 engine 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 of lead is estimated at § per cent.

Tons. Assay, per Ton.
Silver, 0z., Gold, oz. Lead, B ct. Per cent.
Mill tailings treated..eeeeeveeeennanns Rt T 11,467 13°21 022 (?) 8-00
Production,
From the Agitator, ..... G alaee s sae sessey. VO3 ' 52968 0.48 2320
From the Frue Vanners....ee.vveeenensn. 1483 45°22 9.58 3090
Percentage saved by weight.........ccvvvvune.. 13°31

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.
Tailings. Concentrates.
Labor.ceeseesiuniannnnanenncacesnsecnssce..Total, 9,672 40  Perton, $0'843  $6 34

Supplies. ..... trsesecssetsrsccctnsne sheaesse L 873 13 L 0076 o 57
TOtALL ' i wisannms sosswos s 66 S seseesss$10,545 53 $o-919 $6 81

The extraction of silver in the mill has been about 8o 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. ....svuesesesseesasesieonsaenaanss. .80 per cent.

“ “ concentration, 203X 41°29.,.... Sy A SR »wadiaslesy 81207788
TOtAL) o 2 manels's sinmlaminwine sl erabmsaieitviscs B s «+000.8826 per cent,
Gold, extracted by amalgamation. ..... o Sonine e N e ¥ v o eupiniere oo oeds ¢
st . concentration, 55X 34°00.seececccncncaan ssoeolodinea IO “
[ 3e] 23 L Yot R e R e ol e SO SRS g W R ssasess oo vs s O3 i Percents

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 15 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. Itis 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, butupon

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. On hand. Total.
Construction............ O e R $603 97  $12,921 or  $13,524 98
Manganese (mining and hauling).... ..... R eeess 6,046 58 6,810 77 12,857 35
Concentrates and OreS..uevevereeerescesssoncosesnnne 6,043 99 7,927 62 13,971 61
Furnace supplies, hauling and labor,.vv.vvveercscesss. 16,522 70 14,542 54 31,065 24

$29,217 24 $42,201 94 $71,419 18
Among these items, purchased ores and hauling of them, amount

i
|
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to $1889.43, and purchased manganese and its hauling to'$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 consumed the following materials :

Tons, Percentage of charge.
Concentrates,, , soeses e oos 8% e T T TR 438 2365
Tailingsisccerevosacecsocoascsocansacens S 438 2365
OER: b sl msinties o8 areio ieels s e s sisenee 4792 270
Manganese 3380
Silver bearing material......ovviiriennneciseinin.s 1549°17 8380
Limestene, . ... R Byl eerraarada T Tl gy 3302 1-80
Slag recharged ......ooiiveveiiciiiaiacnnns NI ST 260-80 :
Cleanings recharged........cocavt siennvasennns S 600 } e
TIRKES s siamansimsion oa ss s waiosis T e T T 299-82 16-20.
100°00
Colorado Coke. issesssnasvesssonseennriics svavonse 16817
English Coke .ovvvinrnnnnnniiianeaacinenens oo simieme 81-00
Charcoal ..... S A R P P v campeise . 57984 317°01 17°15
Total materials.ceeveeee cosnsccasaccscene e seeees 216600 tons,
Production, 2708 bars; 14488 tons, containing
Silver, Gold, Lead, pound

In Bullion shipped, 131°95 tOnS.. cueesecracanns e 40,88357 298-81 263,333
In Bullion on hand, 12°93 tONS, . cecsesscsccsccnssans 4,654'80 2400 25,537

45,538:37 332°81 288,870
Market value of Bullion shipped. soeeveeeerescsncenes 844,170 18 $6,013 22 $9,068 52
Total value., . cooasss sieeda T SRR INE P Sy I o S~ St ceecsenses $59,251 92
Freight and charges........ PR R e e P St 4,189 61
Net retlinnoibsoilioses siniisie au ssEneiniins aine o sawiw R PR R e e e e e vvess $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...... o PR N RCI A PR AR 27 s o e oL R
F2e03 ot Band . Gis s nisesmssie s s suseianesaess vpaes Seme e e s SR R ek, - 10,000500
Returas from 93 tons concentrates amalgamated..ce.oeessossscrsscnces eee.essesees 5,500 0O

Total product from re-working tailings...........oueee s e S e Sl $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 635 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 of the tailings, could be smelted without concentration, but
its poverty in lead prevents this result. The greatest difficulty ex-
perienced in operating the furnace was when the attempt was made
to utilize the unconcentrated 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 obtained, 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 per 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. TItaffords 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 $3.36 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 asin 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 10,417 tons of tailings there was obtained in 12 months 1480
tons of concentrates, or in the proportion 7°08 to 1. Of the concen-
trates 438 tons, or 296 per cent were smelted with an equal weight
of tailings, so that the quantity of tailings represented in the furnacc
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product is 438 x 7°08 + 438 = 3540 tons. This yielded 61,000, or
$19.61 per ton at a cost of $29,217.24 or §9.42 per 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 is 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, ma-
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 an 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 the 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 itis 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,
Superintendent.
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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 hoisted is
almost wholly first-class and lean ore,

THE OCCURRENCE AND TREATMENT OF THE ARGENTI-
FEROUS MANGANESE ORES OF TOMBSTONE
DISTRICT, ARIZONA.

BY CHARLES W. GOODALE, BUTTE CITY, MONTANA.

(Utah and Montana Meeting, July, 1887.)

THE attention of the Institute has been called by Prof. John A.
Church* and Mr. W. Lawrence Austint tothe 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 yielded
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 Kuoxville, as it has been the
one 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 mining has been done along these contacts, and a considerable
amount of pay ore has been extracted, but development has been
very superficial. The ore found along these contact planes contains
very little manganese, and differs entirely from the ore in the lime-
stones.

No attempt will be made to assign this limestone eountry-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” (Trans., x., 334), speaks of the middle and upper strati-
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* Concentration and Smelting at Tombstone, Arizona. Trans., xv., 601.
+ Silver Milling in Arizona. Trans., xi., 91.
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fied .beds of limestones, shales, and quartzites as  Palmozoic and e
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 944 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 evidences of slips and
faults are entirely wanting, and an effort to apply the theory of hot
springs to account for 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 150

feet. j}-'

In drifting from the main shaft, the crack or plane of cleavage
above mentioned was a sure guide to the ore-bodies, though 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., The
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-
ganite, and hausmannite. 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 r} 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
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- composed 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 two classes
of ore, which will be designated as “milling” and “smelting "’ ore:

Milling Ore.

Analysts: D, Baker, A. H. Low, M. W. Iles.

Per cent. Per cent. Per cent.
Mn,0;, . . . . % . 7416 42.77 41.30
Si0,, . . . . g . 1810 . 25.28 24.25
CaO, . .. s ‘ : . 132 =
Co, . . . . . . 133 } 2160 18.75
Fe,0;, . . . . . . .68 3.64 6.80
Mgo, . . . . . . 13
Naand K, . § = 5 s 122
Sb, . . . . , s .66
PboO, . . . . . . .50
CuO, . A s 5 . . .20
Ag, . . - . . . 15 S N
Cl, . .« . . . . A7
S, . . . ” s . " .08
H,0, . s . . . . 1.67

100.27

Smelting Ore.
Analyst : Walter Bunce.
Per cent.

Mp, . . . . . . . . . . . . 4770
O in combination, . - o g : 5 . . . 2622
Si0,, . . . . . . 3 . = . . . 870
Fe,0,, . = . . . . 2 . . . . 120
CaCO,;, . 5 . . . . . " . s . 630
Cu, . . . . . . . . . 8 . . 121
Po, . o . .. 45
Ag, . . ; . " i ) . . i . : .06
H,0,. . . ' 3 . . s G . . . 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 Fe,0, and CaCO, 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. XVII,—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 so 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 over-
flow from it.

It is probable that the chimneys were cut out by carbonic acid
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 acids, '

The origin of the manganese is worthy of study. Prof, W. P,

Blake, after a hasty visit to the Knoxville, expressed 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 Jess manganese than hé expected, he
wrote: “This leaves the origin of the abundant black oxides more
‘in doubt, but I still beljeve that the limestone is the source.” A
determination of manganese in a piece of limesione taken from the
340-foot level, about midway between chimneys 2 and 3, showed
0.1 per cent. manganese. -

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-level—
perhaps 3(\)0 feet deeper—the fillings were nyq‘nd to be rhodochrosite _
and rhodonite below all decomposing influences, all doubts as to the .
first form of deposition would be settled. It would be much easier
~ . to account for the origin of these highly oxidize%)resif they were

. found in bedded deposits, for then the theories w ich apply to the
* deposition of hematites and limonites might explain their origin,

The treatment of these argentiferous manganese ores, with no

smelting works in the district and no market for them nearer than

Colorado or San Francisco, was tuc problem to be solved in Tomb- -

stone'in the fall of 1881. :
Efforts were first made to work. them by free milling, the heaviest
manganese being 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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amalgamate 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 on 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, Ingersoll, 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 of 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. Tt
will be seen from the analyses already given that no tellurium was
reported, though it is not improbable 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 oxidizing power of the manganese
oxides that the bullion showed no trace of copper even when, as an
experiment, a pan-charge 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 together, 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 effective work. This showed that the silver was very intimately
associated 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 flame as much
as possible, half of the bricks were placed edgeways. A short run,
however, showed that the draft carried too much of the pulp into the
dust-chamber, and the bricks on edge were chipped out.. A marked. .
improvement was the result, but after making another short run, a ‘
diaphragm or flange was placed on the 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
given 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
could 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 b
dropping it into the chamber which received 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- 4 :
fore adopted. The dust-chambers were cleaned out every day, and
i the furnace-men fed the dust into an elevator, which raised it up 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-dust
possessed different characteristics, having been subjected to the heat
of the dust-chambers long enough to lose its carbonic acid, oxygen,
and 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 17 per cent. of the
pulp-assay, which would leave 83 per cent. in bullion, but the bul-
lion product was 81% per cent. This difference is accounted for by
the loss in dust, some of which collected on the roof of the waste- . 4
building. It assayed about 70 ounces per ton, when the pulp-assay
was about 50 ounces.
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An examination of the -quicksilver in the pan-charges showed a
somewhat broken condition, but,it was no longer foul, as in the case
of raw amalgamation, and there was little difficulty in collecting it

in the settlers. However, it seemed impossible to avoid a consider- -

able loss of quicksilver—about three pounds :and a half 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 Silver-Ores, by G. Kiistel,
pages 22 and 27.) Bat 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 Kiistel —that “ calcareous ore requires as much more green vitriol
or iron pyrites as is necessary to transform all the lime into sul-
phate ”—had been put into practice; but sulphuretted ores in suff-
cient quantity were not available, and the use of copperas was out of
the question, as will be seen by the following figures : The analyses of
Knoxville ore sitow from 2.65 to 21.60 per cent. of CaCO,. These
were probably extremes, and the average wasnot 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 Ca0, SO,, 160 pounds of SO, would be
required, or more than 500 pounds of copperas (FeSO, + 7H,0).

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

It is worthy of note that the ore as it dropped from the cylinder
into the chamber was at a very low red heat, and imperfectly chlo-
ridized (not over 60 per cent. of the silver being combined with
chlorine), but that while accamulating 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
Mining and Milling Company in smelting concentrates, and Prof.
Church has mentioned the treatment of this ore in his paper already
referred 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,. MgCOs. 8i0,.
No. 1, . . 91.33 per cent. trace 6.00 per cent.
No. 2, .. 9075 ¢ 2.85 per cent. 520
No. 8, v . 9646 « trace 2.41 N

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 limestonein
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 locdtion of the group of mines referred
to. The dotted lines indicate the granite-limestone and limestone-

* quartzite contacts as traced on the ground.

Tn the eastern part of Tombstone district there is another belt of
limestone, in which are located the Bunker Hill, Rattlesnake, and
Mammoth claims ; the ores from these claims contain much manga-
nese, though not to the same extent as the Knoxville, Lucky Cuss,
and Wedge ores. '

Discussion.

RicuarD 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, I 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-rotk and are evidently the
result of water-action. Carbonate of manganese enters largely into -

the composition of the veins adjoining these isolated -deposits, and
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water circulating through the veins, containing, perhaps, manganese
carbonate in solution in carbonic acid, finds some lateral outlet
through the natural 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 silver ; 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 account of mill-experiments confirms my impression

that the action of MnO, on quicksilver in the amalgamation of silver-
ores is scarcely understood. It appears from all the evidence we can
obtain, that under certain conditions MnO, 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 than mercury. In the treatment of silver-ores,
containing much base metal, by amalgamation, it is often found
desirable to add manganese oxide, which 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 + 8i0, + H,0 = Na,0, Si0, + 2HCL.

J. 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 Targe amount of zine
has been present in our ores, the loss of silver by volatilization has
been much reduced by a plentiful mixture of oxidized manganese
ore. ‘ _

Another point may be mentioned as showing the important action
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of iron in assisting amalgamation. While running the Dexter mill
in Butte, in 1876, where we chloridized in reverberatory furnaces,
the tailings continued to rise in value most unaccountably, until 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 mullers, and as soon as they
arrived and were put in, the yield went right back to where it
should be, according to the chlorination-tests.

An examination of the old mullers and other iron parts of the
pan showed that they were so heavily coated with iron oxide, say
ti-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, 3" 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. GoopALE: 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 to
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 the blankets are collected and
worked in pans. They usually yield from ,£3 10s. or £4 to
A£6 per ton.

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

Various other contrivances for concentration have also been
introduced.

Tailing Reservoirs.—The tailings coming down the cafions
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 adjacent to the mouths of the canons. Thus at Dayton,
where Gold Hill Cafion opens upon the plain, there are two
or three reservoirs, the aggregate contents of which probably
amount, at present, to 400,000 tons. This quantity is daily
increased by what is brought down from the mills above.
Further down the river, near the mouth of Six Mile Caifion,
and receiving everything brought down from the mills on that
watercourse, is another known as the Carson reservoir, con-
taining not less than zoo,000 tons of tailings. In Six Mile
Cainon, two miles above its mouth, is a smaller reservoir, for-
merly estimated to contain 100,co0 tons, but of which a large
portion was swept away some years ago Dby freshets. The
quality of the tailings in these dams varies considerably, de-
pending on several conditions ; among others, the proportion
of slimes that may be mixed with the sands. Thus assays of
the slimy and richer parts may show a value of £5 or £6 per
ton, while the coarse sands vary in value from 41 to £z or £3
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horacter of the ore and the
l= contents have been
Dayton are generally

per ton, according to the or
degree of efficiency with wh.oh.
extracted. The smaller reservo.rs
richer than the large ones.

Since the discovery of the Co
fornia ore bodies on the Com
the famous Bonanza mine:—
have been accumulated which are now Lzing treated.

Virginia and Cali-
zenerzlly known as
ntities of tailings

Successful Concentration of SI
considerable attention has L=e= 2 )
centrating the tailings on pro;
an easy question when it is co
verization of the ore in the battery
ing process during the pan amalz :
four hours, whereby the ore is relzczd n almost impal-
pable powder. As for the slimes, they cons .tgenferal‘.y of‘the
finest particles of the chlorides, and the ezsily friable l_arlttle
silver ores, float gold if any, and the clay or talcose portion of
the ore. As the name “slime” indicates, it is a slimy, pasty
agglomeration of matter, which one would‘ hardly judg;e capable
of bearing a mechanical separation ; but it has been found that
with the best of concentrators, like the Frue vanner, and pro-
perly constructed buddles, a proper concentration of tailings
and slimes may be effected. They have been thus succ§ssfully
dealt with at several mills, and as examples I may cite the

cases which follow.

zz.—In later years
== jusstion of con-
i5 by no means
zfter the fine pul-
zme undergoes a grind-
g from three to

m

Concentration of Tailings at Tombstone, Arizona.—
The ores from Tombstone mine above water-level were mostly
chlorides in quartz gangue, containing also le.ad carbogate,
manganese and iron oxides, and some sulphides of silver,
iron, copper, lead, and zinc. They assaved on an average
6o oz of silver and ¥ oz. of gold per ton and 3 per cent. of
lead. With depth the chlorides gave way to the 1e‘ss.tr;\ct~:lb1e
sulphides. Tellurides of silver and gold also made their sppear-
ance. The surface ores were closely milied, averaging 83 per
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cent. of the silver and 45 per cent, of the gold contents, These
results disappeared as the ore lost its chloride character and
began to carry its silver in the form of sulphide,

Up to March, 1884, the mill had amalgamated 89,608 tons

of ore, estimated to contain 4,168,527 o0z, of silver and
18,244 0z. of gold, and had produced 3,225,110 0z. of silver
and 9.454 oz. of gold.  This would leave tailings containing
about 10°5 0zs. of silver and ©'098 oz of gold per ton, or g
value of $15-60 at the legal rate for silver. The actual valye
at market prices at the time of the operation was alyout S12
per ton,

Mr. T, A, Church, the superintendent of the mine, gives the
following description of the apparatus and machinery which pe
erected for the concentration of the tailings ;-

“The amount of silver and gold locked up in tailings, which
Were accumulating at the rate of 15,000 to 25,000 tons a year,
and were worth about Srz g ton, was so great that its recovery
Decame a serioys problem. The ore being thoroughly oxidized,
no benefit could be expected from weathering, and amalgama-
tion having failed once to extract the metals i the tailings, it
Was assumed that it would fail again, Roasting and chlorina-
tion were prohibitjve by their cost, which was not less than $20
or £4aton at that time and Place, or twice the value of the
tailings.  Guided by the fact that the lead carbonat

¢ carried a
high percentage of silver, experiments were immed;

ately made
in concentration. A second amalgamation wag also tried and
vielded about $1°50 per ton,

“At that day, 1883 to 1884, the experience had in concen-
trating pan tailings was not at aJ) reassuring.  Experiments had
been made, but without success, except on ore that contained
as much as 8 or 10 Per cent. of lead.  Qres of 3 per cent. lead,
like those in Tombstone, had not been Successfuily treated,
The outlook for utilisation of the concentrates was also poor,
No iron ore for flux was at hand, and the only substance that
was free from silica wasg limestone. There were on the com-
bany’s property some mines of manganese ore, carrying about
20 0z. of silver to the tonp, This ore would not amalgamate
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well, and trials made subsequently proved that it would not
concentrate well, .

“Under these circumstances i -
concentration of the tailings on |
ceeded to attempt to smelt the cor--
with nanganese as the flux.

“ Experiment showed that the t= ‘
either on the Frue vanner or on 1=~
table. The principal difficultics experien
extreme fineness of the tailings, wi had beerll starilp'ed
throuzh screens of 30 and 40 mesh, giving pulp of ¢ to 3% in.
diameter as a maximum, and from this down to the finest par-
ticle. The proportion of very fine slime was increased greatly
by grinding in the pans, so that probalfl)" 6o per cent, o{ the
ore was in the condition of slimes sufficiently fine to form a
tenacious mass, though no more than 3 Or 4 per cent. of .clay
was present.  In the course of the wo.rk two m].lls \\'ere'bmlt..

Y First Concentrating Mill.—The mill first built co.ntalneq six
Frue vanners and three round tables, the latfer serving entirely
as tailing machines to the vanners, An ordinary agltatolr, such
as is found in pan mills, g ft. in diameter, se'rved to receive the
dry tailings taken from the old bed.s and mix them with water,
This mixer was connected with a mill of 15 stamps, the tailings

rotating round
were from the

-

from which ran directly to the mixer. The three discharge-

plugs, usual to settlers, were retained, but were bored wiFh I-in.
holes, limiting the discharge, so that the Pu]p was k.ept at a
certain height in the mixer. With about nine revolu_tu.)ns per
minute of the mixer arms, the current was .not sufficient to
carry off the heaviest part of the pulp.  This s_ettl'ed to the
bottom of the mixer, and was shovelled out periodically. It
was rich enough in lead for smelting, and was richer than any
other part of the product in gold and silver.. )

“The rest of the tailings ran from the mixer to the six Frge
vanners, on which it was distributed without sizing. The tail-
ings from the vanners were collected in a belt -elevator, and
raised high enough to run on the round tables. )

“The vanners worked well when the quantity passed over
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them was restricted, 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?n 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 following table ;—

THIRTEEN MoxTHS’ WORK AT FIRST MILL.

Assa Ton.
Tons. i

Silver. Gold. | Lead.

oz, per cent,

Mill-tailings treated . . | 11,467 | 1321 o?z'z 8-00
Production : —
From the mixer . . 93| 5265 | 048 | 2320
Frue vanners , | 1,48 *22 +58% 8
Percef{tagé’saved by weight . AR 38| 5o 13:31

Weight of tailings required to make one ton of concentrates, 7:5 tons,
Percentage saved, by value: Silver, 41'29; Gold, 34'09; Lead, 50-61.

‘“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 this mill being taken from the best and richest parts of
the beds.

“ Second Concentrating Mill—The attempt thus made to con-
centrate was not considered an entire success until the round
tables were putin. They were introduced to prevent the loss
of fine material which passed over the vanners, and they proved
to be so well adapted to the treatment of the finest slimes that
a new mill was designed in which they bore all the work of
concentrating the slimes, while jigs were made to treat the
coarse product that had settled in the mixer. In addition to
the changes, sizing was introduced, both by trommel screens
and by hoppers with a rising current of water. The old mixer
was replaced by an agitator made like a pug mill. It consisted

* This is probably erroneous, as 7% tons of tailings, worth 0-22 oz. gold,
could not produce 9-58 oz. in the concentrations.—M. E,

CONCENTRATION OF TAILINGS. 107

of an upright box, 30 in. square, with the corners filled in to
make an octagon. A shaft making 105 revolutions per minute
stands in the centre, and carries a frame or basket 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 first the central shaft carried radial
arms that ran between the fixed arms of the box ; but when the
latter were cut off and the former reduced to a basket of ver-
tical arms running 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 4o to Go tons a day. The mill tailings
were drawn from the settlers, each of which contained two pan
charges, or about 2} to 3 tons of ore with about 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 2z X 2 ft. section, with three discharge openings at
one end. When a settler was discharged this box would fill,
and the heavy tailings settled to the bottom. As soon as the
flush was over the surplus water would run out, and the deposit
in the bottom of the box was removed gradually by a stream of
clear water which poured with some force from a spout.  All
of the water needed for mixing with the dry tailings passed in
this way through the equalizer.

“The equalizing box, as this contrivance was called, dis-
charged into the agitator or mixer, which was fed with dry
tailings by hand.

“ The dry tailings were wheeled from the old settling pits to a
platform, and then shovelled with regularity into the agitator.
Shovelling stopped when the mill was sending down tailings, -
and was resumed when the flush began to decline. From the
agitator the tailings, now become pulp, ran to a belt elevator
with rz-in. buckets, lifting 26 ft. high, and entered the mill at
one corner of the building.- -From this point they ran through
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two trommel-screens to a series of six hoppers, forming the
sizing apparatus and occupying the upper story of the mill.
The last two of these hoppers were quite capacious, holding
probably Goo gallons. "They would fill to the brim during a
flush, but in the intervening period the water level in them
would sink so low that the discharge launder of the fifth
hopper was not covered, and the sixth received no pulp.
During a flush the water-level would rise in the hoppers, and
their spouts discharged an increased quantity of pulp, that
showed its effects immediately in a thicker deposit on all the
concentrating machines. Thus the effects of flushing the tail-
ings down from the mill were met partly by stopping the use of
dry tailings, partly by storage in tanks and hoppers, and partly
by greater supply of pulp to the concentrating machines, and it
was constantly shown that all of these resources were needed
to reduce the fluctuations due to this cause to their lowest
possible value as disturbing factors.

«The trommels had punched screens of #r-in, mesh, wire
screens being used also, but giving trouble from the opening of
the meshes. The trommel rosettes had round wrought-iron
spokes, and a 1-in. blank nut was strung on each spoke to give
percussive action. Both trommels sent their through-fall to
the line of hoppers and their coarse stuff to the first jig. The
second jig was supplied from the first hopper, and the second,
third, and fourth hoppers supplied three round tables, while the
fifth and sixth hoppers supplied three other round tables. The
jigs had percussive action, the pistons being carried by springs,
and forced down by the blows of a ram. The speed, 120
strokes per minute, was not enough for such fine material.

«The round tables were all 15 ft. in diameter, turning 105
times in one hundred minutes, and had aslope that varied from
7 in. in 7% ft. for coarse slimes, to 4% in. for fine slimes. All
of them were covered with Akron cement, which is well adapted
to this use. Brushes were not used, the ore being cleaned and
the concentrates washed off by jets of water. These 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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the circumference, caused the retention of the fine carbonate
of lcad and other heavy minerals most perfectly. It was
proved that when the concentrates were once deposited, Fhe
losses by cleaning were very small, most of the loss occuring
in the very fine slime that ran over the table on the raw pulp.
The mill was overcrowded, and with slower work it is quite cer-
tain that much better results cquld be obtained, even upon pan
tailings.  Two jigs and six tables were expected to treat 120
tons a day, but they frequently treated 15¢ tO 179 tons at a
time when the tailings were so fine that the jigs id not do
their proper share of tHe work. Some of the tables rreated a
ton an hour constantly.

«In considering the following table it is to be remembered
also that the choicest part of the tailing beds had been removed
Dbefore the second mill was built.

O~xg YEAR'S WORK AT THE Two Mrers, April 1st, 1885, 10 March
31st, 1884,
01d Mill. - L., Tozal.
Days run 126 270
Tons treated 3,340 16,59
New tailings 6,130
Old tailings . . 3,346
Ore crushed . . .
Product, tons. . s 93 1,890°20
Ratio, tailings to product 1:89
Gold . 48-81
Per cent. saved by concentrates Siiver . 40°37
Lead
Gold
Do. by tailings Siiver .
Lead .

e TV
W) T2 e Lo
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«The actual saving was greater than the table shows. The
tailings from the tables on which the finest slimes were treated
were run through a series of six settling tanks, and a product
containing about 8 to 10 per cent. of lead and 12 to 15 0Z. 9{
gilver obtained. This was used as a binding substance in
making the concentrates into bricks, but no account was taken
of this material in estimating the work of the mill.
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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 sort the stock closely, but it was very important to separate
the finest slime from coarser sizes; and this the hopper failed
todo. Every one of the concentrating machines that depended
on the hoppers received a considerable proportion of slime ;
and it is likely that much of the richest and heaviest part of
this slime followed the coarse table stock to those tables which
had the greatest slope and were least suited to its treatment.
“The 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 the result
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 the losses
would have been reduced below 25 per cent. except by crush-
ing the coarse part of the tailings so as to unlock the minute
particles of silver minerals enclosed in them. Probably one
half the loss was due to this 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 built for the purpose of reducing the silica in the extremely
fine slimes, that were used for binding materials in making the
concentrates into bricks for the subsequent smelting operation
in the shaft furnace. 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 light breath,
though no trouble was experienced in saving them.

MEL R AT N
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“The cost of the work varied with the constantly increasing
distance of the tailing beds from the mill. The first mill was
run by water power, and used a large proportion of tailings
direct from the amalgamation, and under these circumstances
the cost was about 2 cents per ton. When the tailings were
brought in by hand, water power bL=inz retained, the cost rose to
$1°39, both of these data relating 1o Frae vanners. When the
tables were put in and a larger q.znt'ty of material handled and
the treatment of tailings direc: rorn amalzamation was re-
sumed the cost was $1°23, thou: n power was used ex-
clusively, and increased the cost 24 cexts 2 ton. These figures
of cost cover the experimental s: 2 mills, and should
be reduced materially for regular ienced work.

““The quality of the concentrz::s = ziient. They con-
tained more than 5o per cent. lez 2 amount of silver
that varied according to the m:: irom which they were
made.”

Coxicentrating Tailings at the Montana Co.'s Mine.*—
Here, as at Tombstone, pan tailinzs rom one of the company’s
mills are carried by launders to the tailing mill, where they
undergo a preliminary sizing in a series of spitzkasten, and
discharge through a syphon on to the Frue vanners. Each of
the spitzkasten—there are five of them—discharge each on to a
separate vanner. The tailings leaving the vanners show that the
work has been well performed, and that a large percentage of
the mineral particles have been collected on the vanners ; and
what goes to the pit, although not worthless, assays very low.
(The amount is not stated.) In the 50-stamp mill twenty Frue
vanners are set up, so as to receive the discharze from the
agitators and the pulp from the end of the vanners, or tai]iqgs
flow to the tailing pit to undergo an “ oxidation process,” with
a view to further treatment subsequently. The subjoined
paragraphs are in the director’s own words :—

* I am indebted to the Directors of ti:e Montana Mining Company for
the information here given. An accoun: of the operauden of the Montana
Comj\?ny’s mills will be found later on, p. 123.







