
' 

Lunes 20 

' 

Kartes 21 

' 

' , 10 horas 

'10 13 horas 

13 15 horas -

15 " horas 

, 13 horas 

CLASIFICACION.ACTUALIZADA 

Abril, 1981 
• 

lntroduccl6rl 

Clasificaciones genétiCas recientes 

Comida -" 

111 N ERALES 

Los .fen6meoos geológicos y los yaclmlentos minerales 
Concepto de metalotecton, lntemperismo. Sedimentación. 
Het111110rf 1 smo, 1 ntrUs iones, Vulcan 1 smo .. Vulcanismo-Sed 1 
mentaclón. •' .. 
Los fen6menos.geotOglcos·y los yacimientos minerales 

13 \S horas Comida· . . ,. ' 
15 19 horas Consideraciones sobre metalogenia regional. Esquemas 

. modernos._ El futuro de \a prospección minera 

Hiercoles 22 9 - 13 horas DePóslt~s de s11lfuros masivos vulcanogénicos. Distri­
buctón:reglonal y-emplazamiénto tectónico. Realción 
esp.,.c.lo·iempora 1 . Características geo lóg 1 cas genera les 
Depósitos precambricos; Depositas Fanerozoicos. Deposi 
tos de sulfuros masivos en ambientes sedimentarios. -
DepÓ5itos·precambricos en ambientes eugeoslncl inales . 

':-
' 

13 -
15 

Jueves " 
, 

15 horas 

" horas 

13 horas 

. DepÓsitos mlsceUneos con· Posible Interpretación sing~ 
nética 

Comida 

DepOsitas de sulfuros masi~~s vulcanogénlcos 

DepÓsitos de cobre~moi lbderio {Pórfidos cupriferos) 
Definición general, tonelaje y ley. Dist'rlbuel6n mun­
dial y emplazamiento teetóOieo. Posición dentro del mo 
de lo de placas tectónicas. Relación espaclo-temporal.­
Comperaelón con depositas de sulfuros masivos slngene­
tlcos. Cara<:.terístlcas gene'rales. Cahlflcadón en ter­
minot·de composición y asodac:lón·lltológlca-. 
Forma; estruetural<is, regiOnales y locales. Mineral iza­
clón y alteracioneS asociadas. Mineralogía de los yaci­
mientos; D:ddaclón secundarla.· Geoqulmlca. Naturaleza y 
origen de los fluidos mineralizantes. Descripción gene­
ral de ejemplos. 

l 

lng Miguel Vera Ocám.po 

lng Germán Arriaga García 

lng Germán Arrlaga Garcfa 

lng Germán Arrlaga Garcia 

Dr Samuel Romberger 

Dr. Samuel Romberger 



Jueves 23 

' 

" 
" 

15 horas 

19 horas 

' 
" 

' 

'. 

" 
, Cornii:l." 

,' 
Oepós i tos de cobre-rno 1 i bdeno Porfídicos (Pórfidos cupriferos) Or 

" 

' . ".~ ' 
' ,, 

ba5e y preciosos, emplazados en 

base y preciosOs, emplazados en 

Samuel Romberger 
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MINERALES" · 
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. . . .. -
· • TEM~RIO 

1.-. INTRODUCCION 

11.- CLAS IF 1 CACI O~IES GENETI CAS ACTUI.LES 

. . 
. -JI!.- lOS FENOMENOS GEOlOGICOS Y lOS YACIMIENTOS MINEPJ\lES 

. . 
3,1 CONCEPTO DE METALOTECTÓN 

3,2, iNTEf'iPERISMO 
• 

3,3, SEDIMENTACIÓN 

{4·:- METAMORFISMO 

3,5·:. INTRUSIONES 

-3, 6·: VULCAN 1 SMO 

3.7, VuléAiúsMO- SEo·Ú.,EtnACiÓN 

IV.- CONSIDERACIONES SOBRE f:ET~.lOGENIA REGIONI.l 
4-;I'; Esa.UEMAS MonERNos 

. . .. 
4,2, EL FUTURO DE LA PROSPECCIÓN MINERA 
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JIHRDDUCCJDN 

n A LAS DISTINTAS CIVILIZACIONES QUE SE HAN DESARROLLADO EN 
. 

LA TIERRA, SE LES HA DADO EL NOMBRE DEL PRINCIPAL MATERIAL QUE'ELLAS 
. . . 
UTILIZARON, Asf, SE TIENEN: 

. . . 
lA EDAD DE P 1 EDRA 

lA EDAD'DE BRONCE 

lA EDAD DE FIERRO 
. . . . . 

UNA CIVILIZACIÓN SE DESARROLLA Y ESTÁ LIMITADA POR LOS MATE-
. . . . 

RIALES DE QUE ELLA DISPONE, Se PODRÍA DECIR QUE NOS ENCONTRAMOS AC-

TUALMENTE EN LA FRONTERA QUE SEPARA LA EDAD DE FIERRO DE UNA EDAD 

DE MATERIALES NUEVOS", 
. . 

EN UN ARTICULO SOBRE LA PROSPECCIÓN DE MATERIALES Y El DESA-
. . . . . . . . . . . 

RROLLO INDUSTRIAL J. SERVANT PRINCIPIA SU EXPOSICIÓN CITANDO ESTAS 

PALABRAS DEL PREMIO 

C1ÓN DE M·.· PRÜi·uÚL 
NosEL SIR·. GeÓRGE THoMsoN A PARTIR oe UNA RELA-

... . .. . . . . 
PRESENTADO EN 1968, ESTA RELACIÓN ESTABLECE Efl 

5 Plmi-Os LA NUEvA ·IMPoRlANéiA ADoUiRÚlA POR LOS MATERIALES NATURA­

LEs EN LA VIDA I',ODERNA: 
. . .. 

1) ExPLOSIÓN DE INNOVACIONES EN DIFERENTES MATERIALES QUE 
. . . 

SE HA PRODUCIDO EN EL TRANSCURSO DE LOS ÚLTIMOS 30 AfiOS Y QUE SE HA ... . . . .. 
MANIFESTADO EN TODAS LAS CATEGOR1AS DE LA CIENCIA Y LA T¡;ctHCA MO-

DERNA, 

DESDE AUTOMÓVILES HASTA VEHfCULOS ESPACIALES, LOS DOMINIOS í. 
.. .. . . . . . . . . . . . . 

DEL.MAGtiETISMO, LA ELECTRÓtUCA, EN FIN DE TODA LA INDUSTRIA DE 
. . . . -. . . ... 

TRANSFORMACIÓN, LA INDUSTRIA ALIMENTICIA, ETC, 
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EL PROBLEMA ES EL DE SACAR PARTIDO DE ESTA EXPLOSIÓN PERMA­

NENTE Y FAVORIZARLA PARA QUE SE CONTINÚE EN LOS AÑOS POR VENIR, 
. . . . . - . . . 

Es INTERESANTE NOTAR OUE LOS MATERIALES No-METALICOS CADA DfA UTI-

LIZAN EN UNA RELACION MAYOR CON RESPECTO A LOS MATERIALES METÁLI­

COS, 

EL RITMO DE PRODUCCiÓN DE LOS ACEROS TIENDE A DISMINUIR EN 

COMPARACION CON LOS MATERIALES NO-METALJCOS QUE SE PRODUCEN CON 
. . " . . -. 

UN" INCREMENTO EXPONENCIAL. EÚA NUEVA EXPANSIÓN EN LA PRODUCCIÓN 
. . . . . . . . 

DE MATERIALES CERÁMICOS, VIDRIO O PLÁSTICOS EXIGE UNA SERIE ATEN-

CION DE PAISES COMO EL NUESTRO TAN PREOCUPADO SIEMPRE EN LA EXPLO­

TACION DE METALES, 

2) EL RECONOCII11ENTO DE LAS NECESIDADES SOCIALES. ESTE HE-

CHO MARCA NUMEROSOS PROBLEMAS POR LA CARENCIA DE LOS MATERIALES PA-
-.... 

RA ESTAS NECESIDADES,. TALES PROBLEMAS SE IRAN RESOLVIENDO A MEDIDA 
. . 

QUE LOS MATERIALES Y SUS PROBLEMAS DE PRODUCCIÓN SEAN />',EJOR CONOCI-. . . 
DOS Y POR TANTO LA DEMANDA SE ACRECENTARÁ, PoR NECESIDADES SOCIA-

LES, ES NECESARIO ENTENDER AQUELLAS QUE INTERESAN A: 
. .. ' - . . . 

LA SALUD .PÚBLICA 
. .. ' . 

LA CONTAMINACIÓN 

El cONrRoL DEL MEmo AMBIENTE 

EL TRANSPORTE 
.. . -

LA HABITACION A PRECIO BAJO 
. . . . . .. 

EL DESARROLLO URBANO 

PUEDEN SER CITADOS NUMEROSOS EJEMPLOS DE PROBLEMAS MATERIA-

LES EN ESTE DOMINIO, 
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YA SE IMPLANTAN MILLONES DE PIEZAS METÁLICAS Y NO-METALICAS 
. 

EN CUERPOS HUMANOS; SIN EMBARGO, ESTE FACTOR TODAVIA SIGUE EN 

PAÑALES, 

:... los PROGRESOS DEL TRANSPORTE POR FIERRO A GRAN VELOCIDAD 

HAN SIDO RETRASADOS POR PROBLEMAS DE DESGASTE DE SUPERFICIES, 

FRICCIONES Y APLICACION DE FRENOS, 
. . 

- EL CONTROL DEL MEDIO AMBIENTE EXIGE ME-TODOS CQI',PLEJOS PARA 

TRATAR LOS MATERIALES UTILIZADOS; REDUCIR AL MÁXIMO LOS DES­

HECHOS Y AUN ESTOS, APROVECHARLOS, 
.. ... . 
- EN MATERIA DE DESARROLLO URBANO UN PROBLEMA IMPORTANTE SE 

.. 
TIENE EN LA CONSTRUCCION DE GALERIAS ENORMES (COLECTORES) 

MUY RAPIDAMENTE; POR TANTO, SQN NECESARIOS MATERIALES ADE-
. . 

.CUADOS PARA CONSTRUIR MÁQUINAS APROPIADAS PARA REALIZAR TA-

LES TÚNELES, 
.. 

ESTOS SON SOLO ALGUNOS DE LOS PROBLEMAS MÁS EVIDENTES EN LO 

QUE ATAÑE AL SECTOR SOCIAL, .. ..... . ... 
3), lAs NECESIDADES EN MATERIALES PARA LA DEFENSA NACIONAL Y, 

EN ALGUNOS PAISES PARA LA CIENCIA Y LA TECNOLOGIA LIGADAS AL ESPA-
. . . . . . 

CIO JUEGAN UN PAPEL l)o',PORTANTE QUE NO SERÁ VJTAL PARA NOSOTROS. 
. . . . . . . . ' . . . . 

SiN EMBARGO, ES NECESARIO NOTAR LOS tXITOS QUE HAN PODIDO OBTENERS~ 
.. 

BAJO LA PRESIÓN DE ESTOS ASPECTOS HAN LLEGADO A PROPORCIONES FANTÁS-
. . . . ·- .. 

. TICAS, PARA SEÑALAR UN EJHiPLO NO HAY MÁS QUE PENSAR EN LOS SEMI-
• ' • • • • 1 

MATERIALES ELECTRÓNICOS Y r1AGNtTI-: CONDUCTORES Y EN TODA LA SERIE DE 

COS; EN LOS MATERIALES DE GRAN RESISTENCIA UTILIZADOS A TEMPERATU-. 

RAS QUE ALCANZAN MILES DE GRADOS: AL NACIMIENTO Y DESARROLLO EN POCO 

' 



.. 
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.. 
MENOS DE 10 AÑOS DE UNA INDUSTRIA NUEVA PARA EL TITANIO.i EL CO/ICEP-

. . . . 
TO AVANZADO DE MATERIALES A PARTIR DE COMPÓSITOS FIBROSOS QUE PER-

' . . . ' 
MITIRÁ SIN DUDA FABRICAR MATERIALES QUE RESPONDÁN A NECESIDADES TAN 

- .. .. . .. . --· ... . . .. .. 
COMPLEJAS QUE NO PODRfAN SER SATISFECHAS POR NINGUN MATERIAL DE LOS .. ". .. 
LLAMADOS HOMOG~NEOS, 

q), EL PROBLEr~ DE LOS RECURSOS NATURALES Y DE LAS FUENTES 

DE ENERGIA. 

EsTE PROBLEMA HA EXISTIDO SIEMPRE, PERO HA LLAMADO FUERTEI1EN-
' - - . . . . 

TE LA ATENCIÓN EN LOS ÚLTIMOS AÑOS, NO SOLAMENTE PORQUE AHORA EXJS-
.. 

TE LA PREOCUPACIÓN DE ENCARAR A LAS NUEVAS llECESIDADES NACIDAS DEL 
... - . . .. - - - . . . - . .. . 

PROGRESO TECNOLÓGICO Y DE LA' EXPLOSIÓN DEMOGRÁFICA• .SINO TAMBI~N A 
. . ·- ... . . 

CAUSA DE LA CORREL.Ac(óN QUE EXISTE ENTRE LA TRANSFOR~;ACJÓN Y LA UTI-
. . . . . .. . 

LIZACIÓN EFICIENTE DE LOS RECURSOS NATURALES, LA FORMACIÓN DE DES-
. . . . . 

HECHOS Y LA CONTAMINACIÓN DEL MEDIO AMBIENTE RESULTANTE ASI COMO LA 
. . . . . .. 

NECESIDAD Y LAS VENTAJAS DE RECUPERAR AL MÁXIMO ESTOS DESHECHOS Y 
. . ... . :· ... ... . . . . . 

LA ECONOM!A DEL SISTEMA EN SU CONJUNTO. ESTAS CONSIDERACIONES CREAN 
. . . ... .. . ... . . . . . 

PROBLEMAS NO SOLAMENTE EN EL CUADRO DE UN PAfS DETERMINADO, SINO 
. . . . . . . . . . . 

TAMBl~N PROBLEMAS INTERNACIONALES; EN EFECTO, TODOS LOS PAISES TIE-
. . . . . . . 

NEN LA "NECESIDAD DE ALGO" .y DEPENDEN DE LAS IMPORTACIONES Y DE Ifl-
.- ... . . ... .. . .· 

. TERCAMBIOS DE MERCANCIAS PARA ACABAR CON SUS NECESIDADES INTERNAS, 

lA úmUSriúALi"zAcióN CRECÚNTE DE rODas LoS PAises OTORGA AL PROBLE-
. . . . . -. . - .. . . .. 
MA DE LOS MlrlERALES UNA DI~1ENSIÓN INTERNACIONAL DE TAL MAGNITUD QUE 

. ... .. . . 
SE PUEDE PENSAR QUE EN UN MO/',ENTO DADO UN PAIS DETERMINADO SE EN-

CUENTRE ANTE LA DESAGRADABLE NECESIDAD DE ESCOGER ENTRE UNA PENURIA 

DE MINERALES Y UNA PENURIA DE PRODUCTOS ALIMENTICIOS YA QUE UNOS \ 
. -. . . . . . ' . . . ... . 

PUEDEN SER INTERCAMBIADOS POR LOS OTROS, lAs NUEVAS FUENTES DE EllER-
. . . . . . . . 

G!A, EN PARTICULAR LA ENERGIA NUCLEAR HACEN NECESARIO UN NUEVO EXA-

,...,EN DEL EoUI PO· ú~DuS.TRIAL, As·! cOMo El EiluD·w De LÁ PL.~.N 1F 1 CAC 1 óN 
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DE INTALACIONES INDUSTRIALES TANTO DE UN PUNTO DE VISTA ECONÓMICO 

COMO T~CNICO. UN ESTUDIO JUICIOSO SOBRE ESTAS NUEVAS FUENTES DE 

ENERGÍA EN EL DOMINIO DE LOS MATERIALES ESTÁ POR REALIZARSE, 

5), lA EXPLOTACION POR lA lliDUSTRIA DE lAS POSIBILIDADES 

QUE OFRECEN LOS.11ATERII.LES PRODUCIDOS POR lA INVESTIGAC!ON CIEN­

TIFICA Y TECIIICA. 
. . 

ESTE FAClOR CONSTITUYE OTRA-DIMENSIÓN IMPORTANTE DE LA CIEN-
. . . 

CIA Y LA TECNOLOGÍA DE LOS MATERIALES QUE SON EXAMINADOS ACTUALMEN-
. - . . 

TE POR T~CNICAS Y MtTODOS MAS SISTEMÁTICOS EN RAZÓN DE LAS VENTA-

JAS QUE PUEDEN SER SACADAS DE ESTOS, los EJEMPLOS INNOVADORES· RE-
. ... .. 
VOLUC 1 ONAR 1 AS ABUNDAN_·, 

. . . . .. 
-NUEVAS TtCNICAS EN EL DOMINIO· DE LA ACÚSTICA. 

NACIMIENTO DE LA INDUSTRIA DEL TITANIO, 
. . .. . . -·. 

INDUSTRIA DEL PLÁSTICO, 
- . . . . .. -

INDUSTRIA DE FIBRAS Y FILAMENTOS' PARA MATERIALES COMPÓSJTOS,. 

Eau·J-Po Cúrn'if:¡co. 

Ere. 
. . -. 

EN ESTA EXPOSICIÓN DEL SR, PROMISEL DIRECTOR DEL MATERIALS 

Aovi.sDRY BoARD. SEGUIDA POR M. SERVANT PONE EN EvÚJENCIA CIERTos 
... ' . .. . - - . . . - . 

FACTORES PERDIDOS DE VISTA POR LOS. GEÓLOGOS PROSPECTO RES Y DE ACUER-

. . . 
BLEMAS Y LAS REPERCUSIONES EN LA SITUACIÓN SOCIAL Y ECONÓMICA DE 

E-SE PAtS Y LA Auú:~KIA DE u·N r.EcANISMO NACIONAL auE PUEDA OFRECER 

UN CENTRO DE EXÁMEN Y DE DISCUSIÓN PARA EL ESTUDIO, LA PLANIFICA-
-- - . . . - . . 

CIÓN YLA PiWGRAMACIÓN DE. LA PRODUCCIÓN DE ESTOS MATERIALES QUE IN-

TERESAN TANTO Al ESTADO coMo A LA-INnusrRIA y A LA UNIVERSIDAD 

<ée·N-TRos DE EStuDIOs SUPEÍn-oREs>"·, 
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SOLO"CON UN CENTRO DE PLANEACIÓN DE ESTE TIPO, LAS NECESI­

DADES DE LA INDUSTRIA EN CUANTO SE REFIERE A LAS MATERIAS PRIMAS 
. . . --· .. 

SE PODRÁN TRATAR DE ELIMINAR CON PROSPECCIONES MINERAS ADECUADAS 

EN TODO El ÁMBITO NACIONAL, 

AHORA BIEN, Al TRATAR DE ANAL! ZAR LAS CL:ASIFICACJOtlES DE 

YACIMIENTOS MINERALES Y ACTUALIZAR NUESTROS CONOCIMIENTOS DE ELLAS, 
- . . . 

NO HEMOS DE PERDER DE VISTA LOS PUNTOS CITADOS ANTERIORMENTE, 

PoR O~RÁ PARrE·.· y YA SITUADOS EN LOS YACIMIENTos MINERALES 

PROPIAMENTE DICHOS, SE HA DE CITAR UNA ANTIGUA FRASE MENCIONADA 

POR H. PELISSONJER~ 

"PARA ENCONTRAR MINAS, ES NECESARIO MUCHO CORAZÓN Y LA 
. .. . . .. . . . -- . . . . . . . . . .. -' 

DISPONIBILIDAD IUMITADA·DEL DINERO DE OTROS". 

ES I.MPÜRTANÚ SEÑALAR QUe EL OBJET.IVO FuNDAMENTAL QUE NOS 
.. .... . . . . . .. . . 
HEMOS PROPUESTO EN EL ANÁLISIS SOBRE LAS CLASIFICACIONES DE YA-
. . . . . . . . . . . . . . . 
Clt11ENTOS MINERALES ES EL DE FACILITAR LA "PROSPECCIÓN MINERA" Y 
. . . . . ' . . . . . . . . .. . . . . . ' 
QUE ESTA SOLO PODRÁ REALIZARSE CON SUFICIENTES MEDIOS ECONOMICOS 

. . . . . . . . . 
PARA LLEVARLA A CABO, Es OBVIO QUE TANTO EL ESTADO PARA LA PLANEA-
.... . . . . . ... .. . . 
CIÓN DEL DESARROLLO NACIONAL COMO LA INDUSTRIA PARA SU PRODUCCIÓN 

-· ... ... .. .. 
PARTICULAR NECESITAN INCREMENTAR DfA CON OlA LA EXPLOTACIÓN DE LOS 

. . . . . 
RECURSOS NATURALES DEL PAÍS, ESTA NECESfDAD NO PODRÁ LLEVARSE A 

. . . . . . . . . 
CABO EVIDENTE/1ENTE SIN UNA TECNOLOGIA ADECUADA PERO TAMPOCO SIN LOS 

. . .. 
MEDIOS ECONÓMICOS SUFICIENTES PARA REALIZARLA, 

. . . . .. . . . . .. . 
EN OTROS PAÍSES, CANADÁ POR EJEMPLO, LLEVAN A CABO PROSPEC-

ClONES MASIVAS, SIN IMPORTAR LOS COSTOS, COMO CONSECUENCIA TIENEN : 
. . . . . . . . . . . . . . . . 

f · ~XITOS QUE PODRÍAN CONSIDERARSE COMO SORPRENDENTES SI NO SE TUVIE-
.. . . . 

RAN EN CUENTA LOS ~;EDIOS TANTO ECONÓMICOS COMO T~CNICOS OUE HAN 
. . . . .. 

ES OBVIO, QUE UN PAIS DE LOS LLAMADOS EN VIA DE 
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DESARROLLO NO CUENTEN CON EL POTENCIAL ECO/lÓMICO QUE E/1PLEAfl LOS 

PAISES EN DESARROLLO; SIN EI'IBARGO, NO DEBE PERDERSE DE VISTA QUE 
. . . 

PARA "ENCONTRAR" ES NECESARIO "INVERTIR". Y HASTA CIERTO PUNTO SA-
. . .. 

CRIFICAR (APARENTEMENTE) CIERTOS MEDIOS QUE DESPU~S SE VERÁN RECOM~ 

PENSADOS AMPLIAMENTE CON-LOS DESCUBRIMIENTOS OUE INVARIABLEMENTE-; 
. . . - . - ' . . . 

SERÁN REALIZADOS, M~XICO YA HA PROBADO ALGO DE ESTOS ~XITOS, BASTA 

NOMBRAR LOS. GRANDES DESCUBRIMIENTOS REALIZADOS EN EL DOMINIO DEL 
.. . . . ... . . . . . ... 

COBRE CON LA CARIDAD Y EN DEL FÓSFORO CON BAJA CALIFORNIA SUR, 

AÍÚ,LiZAREMÜ$ LAS NUEVAS clAÚficAci()NES DE YACIMIENTOS MINE-

RALES PERO CON UN OBJETIVO FUNDAMENTAL• ESENCIAL PARA LA METALO-
. .. ... . . . .. . . 

. GENIA QUE SERÁ.~ EL CONOCIMIENTO DE LAS FORMAS, CONTENIDO Y VARIA-
•,, . 

ClONES DE LOS YACIMIENTOS MIIIERALES EN SU CUADRO GEOLÓGICO CONPLE-
. .. ... . .. . . ,._ . _, 

TO, Es EVIDENTE QUE UN YACIMIENTO MINERAL NO SE FORMÓ AISLADAMENTE 

SINO DENTRO DEL DESARROLLO DE LA HISTORIA DE LA GEOLOGIA DE LA RE-

GIÓN DONDE SE ENCUENTRA, 
- . . . 

lA REVISIÓN DE LAS CLASIFICACIONES DE YACIMIENTOS MINERALES 
.. ,. 

CON PROPÓSITO DE ACTUALIZARLAS ES CADA VEZ MÁS URGENTE PUESTO 
. ' . . 

QUE D1A CON DfA SE CONOCE MEJOR DESDE EL PUNTO DE VISTA GEOLÓGICO 

MWERo EL TERRlTÓR.iÓ NACiótiAL AL MISMO TIEMPO QUE NUE.STRos PRoFE-
.... , .. .. . ... .. . . ... . 

SJONALES EN LA_ GEOLOGfA HAN LOCALIZADO NUEVOS DEPÓSITOS MINERALES 

DE RENDIMIENTO ECONÓMICO, 
. . . . 

Se HAN PODIDO ENCONTRAR UNA DIVERSIDAD ENORME DE TIPOS DE 

YACIMIENTOS NINERALES, ESToS DeSCusRIMÚN-iOs·: HA.Ñ MOSTRADO QUE 
' . .. . 

LOS CRIADEROS 11EXICMIOS PUEDEN COLOCARSE DENTRO DE CIERTOS /•'iQDE-
. . . . ' 

lOS MUY BIEN DEFINIDOS, Es DECIR. QUE CADA UNO DE ELLOS Jo'oUESTRAtl ; 
. ---- .. - .. 

METALOTECTONES TAN CONSTANTES QUE PUEDEN PERfECTM'oENTE AGRUPAP.SE 
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DENTRO DE TIPOS MUY ESPECIALES Y CONSTANTES EN SU ASOCIACIÓN A 
. . . 

LOS_ GRANDES FENÓ/1ENOS GEOLÓGICOS QUE AFECTAN LA CORTEZA TERRES-

TRE ~lEXICANA, 
. . .. 

PARA EJEMPLARIZAR ESTE HECHO, HEMOS DE CITAR Al VULCANISMO. 
. . . . . ' . . . -
CUYA IMPORTANCIA EN M~XICO ES SOBRESALIENTE, EN LO QUE SE REFIE-.. . .. -. . . .. 
RE TANTO A SU ENORI'oE DISTRIBUCIÓN GEOGRÁFICA COMO A LA GRAN DI-

VERSIDAD DE SUS COMPOSICIONES Y ESTRUCTURAS QUE LO ENMARCAN, 
. . . . . . . . . . . . - . - . . . 

C0110 VAMOS A PUNTUALIZAR MÁS ADELANTE, UN GRAN NÚr~.ERO DE 
..... ' - .. . . - --

DEPÓSITOS ESTÁN DIRECTAMENTE ASOCIADOS A ESTE VULCANISMO, EN AL-
. 

GUNOS DE ELLOS, C~LEBRES POR SU RIQUEZA, ESTA ASOCIACIÓN ES RE-

CONOCIDA E INDUSCUTIBLE, NO SE PUEDEN OMITIR EN ESTE NOMENTO: 
. . . .. . . . . . . 

PACHUCA, GUANAJUATO Y lAYOLTITA, COMO SOLO ALGUNCS DE LOS EJEM-

PLOS MÁs FÁMosoS"." s·I-N EMBARGa·; EN LA MAYOR lA·; "LA RELACIÓN CON 
. . . . . . 

LOS FENÓMENOS VOLCÁNICOS ES MUY CONTROVERTIDA Y EN ALGUNOS CASOS 

. TAM:iúif.i 6NMA.ScARADA POR LO auE PODR!AN LLAMARsE ACCIDENTES GEo-
... . . ... . . 

LÓGICOS, QUE POSTERIORMENTE A SU FORMACIÓN, VIENEN A ENCUBRIR 
... . . . ....... ·- ·- .... . 
SU REAL ASOCIACIÓN CON ESTE METALOTECTÓN, DE ESTA MANERA PODR!AN 

ENNUNERARSE TODA UNA SERIE DE MODELOS EXISTENTES Y MUY CARACTE-
. ... .. . .. 
. RISTICOS DE NUESTRO PAIS, 

. . . . . . . . 
PoR OTRA PARTE, VAMOS A INSISTIR EN El CONCEPTO DE TIPO O 

MODELO DE YACIMIENTO MINERAL, ES DECIR· SERÁ NECESARIO TOMAR EL 
. . . ... . 

INDIVIDUO "YACIMIENTO MINERAL" COMO UN "ENTE" QUE HA SIDO FOR-
. . .. 

MADO POR UNA SERIE MUY COMPLEJA DE /':ETALOTECTor:ES LOS CUALES. HAN 
... .. . . . . .. .. . . 

CONCURRIDO A LA CREACIÓN DE ESE DEPÓSITO, 
. . . ... 

AoErAs, COMO SE HA DISCUTIDO CON VARIOS DE USTEDES EL UTJLI-... .. ... .. -. .. .. 
ZAR EXCLUSJVN1EIHE ALGUNA DE .LAS CLASIFICACIONES EXISTENTES SOBRE 

. . 
LOS YACIMIENTOS MINERALES TIENE MUCHOS RIESGOS: 
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1.- lAs CLASIFICACIONES HASTA LA ACTUALIDAD ESTÁN BASADAS ESTRIC­

TAMENTE EN LA G~NESIS DE LOS YACIMIENTOS Y POR TANTO, ES. TOMAR EX­

CLUSIVAMENTE UN SOLO I'.ETALOTECTÓN Y NO .EL CONJUNTO DE ELLOS, 

i,- UN MISMO YAciMIENTO PlJED.E INCLUIRSE EN VARIOS APARTADOS DE ES-' . 
TAS CLASIFICACIONES; POR EJEI'oPLO, EN EL CASO DE LOS YACIMIENTOS 

RELACiONADOS CON EL GRANITO, EN UNA LOCALIDAD MINERA DEFINIDA PUE­

DEN ENCONTRARSE PIROMETASOMÁTICOS E HIDROTER~~LES COMO ES EL CASO 

DE fRESNILLO, ZAC, 

3.- EN UN MOMENTO DADO, LAS CLASIFICACIONES DE UN YACIMIENTO MI-
. . . . 

NERAL PUEDE SER UNA CUESTIÓN ENTERA!"oENTE SUBJETIVA. UN ~.ISMO DE-

PÓSITO ~liNERAL PUEDE SER CLASIFICADO DE MANERA DIFERENTE DE ACUER-
. . . . . 

DO A LAS CONCEPCIONES TEÓRICAS DEL AUTOR: O BIEN A LA ZONA DEL 

DEPÓSITO QUE LA HAYA TOCADO INVESTIGAR, 

4-::_ MUY A MENUDo Y PAP.A UN GRAN NÚMERO DE YAciMIENTos MINERALEs EL 
. . . . . . 

CUADRO GEOLÓGICO QUE LOS ENMARCA ES BASTANTE MAL CONOCIDO! POR 
. .. 

TANTO, LOS PROCESOS GENERADORES DE LOS DEPÓSITOS, TAMBI~N SERÁN 
...... --· .. . . . . . . . . .. 
DESCONOCIDOS Y LA CLASIFICACJÓN SERÁ BASTANTE FICTICIA; POR EJEM-

PLO PUEDEN MENCIONARSE EN ESTE CASO LA APARENTE AUSENCIA DE LA 

"fUENTE". GEiiERADoRA DE DEPÓsiTOs EN EL CASO DE LA MAYOR lA DE LAS 

ACUMULACIONES 

5,- EN MUCHOS 

. . . 
MINERALES EN ROCAS VOLCÁNICAS, 

. . .. . . . . . . -

DEPÓSITOS MINERALES LAS RELACIONES 
. . ... ---- . . ........ . 

CRONOLÓGICAS EN-

""fRE LA FORMACIÓN DE LOS DEPÓSITOS MINERALES Y LAS ROCAS ENCAJO-
. . . . . . . . . 

NANTES ESTÁN SUJETAS A DISCUSIÓN Y A 1-'•ENUDO SON DESCONOCIDAS. 
. . . - . . . . . 

AúN CON LA ELABORACIÓN DE LOS ANÁLISIS TERHOMÉTRICOS, CON 

EXCELENTES RESULTADOS EN NUI-'.EROSAS OCASIONES, ES PROBABLE LLEGAR 

A CONCLUSIOfiES ERRÓtiEAS, UN MISI~O YACIMIENTO PUEDE FORMARSE POR 

' 

. ¡ . 

• 





•• 

EN SENTIDO TOTALMENTE EQUIVOCADO SE UTILIZA LA PALABRA PA­

RAG~NESJS CON EL SIGUIENTE SIGNIFICADO 

nliSTA DE MINERALES CON EL ORDEN D~_SUCESJÓN 11 

PoR TANTO, El CONCEPTO DE PARAGtNESJS ES UN DATO TOTALMENTE 

OBJETIVO Y SUSCEPTIBLE DE SER CONOCIDO EN TANTO SE ESTUDIA LA MI-
. . . . 

NERALOGIA DE UN DEPÓSITO: MIENTRAS OUE LA SUCESIÓN ES UNA CONCEP.:. 

CIÓN DE ALGUNA MANERA HIPOTtTJCA Y FACTIBLE DE SER REFORMADA EN 
. . . 

CUANTO SE INTEfiSIFJaUE El CONOCIMIENTO DEL DEPÓSITO, 
.. - - . . . . . ' - ... 

e).- MEJM OTECTON. 
. . 

EsTE TtRMINO ES DE GRAN J/",PORTANCIA PARA TENERLO PRESENTE EN 
.. . . -. 

LA ELABORACIÓN DE LOS PROGRAMAS DE PROSPECCIÓN MINERA PUESTO QUE 

DEFINE "TODO RASGO. GEOLÓGICO" LlGADO A:· 
. . . 

TECTÓNICA 

MAGMATISMO 

MET AMORF 1 SMO 

liTOLOGIA 
. . ... . 

PALEOCLJMATOLOGÍA 
. . . 

QUE PUEDEN FAVORECER LA EDIFICACIÓN DE UN YACII~JENTO MINERAL y· 
. . 

QUE POR CONSECUENCIA ES ESCOGIDO PARA LOS TRABAJOS DE CARTOGRAFIA 

METALOG~NicA. 

PARA RoUTHIER (1977), UN NETALOTECTÓN ES PRIMERANENTE UNA HJ-
. . 

PÓTESIS. QUE POR OBSERVACIONES SUCESIVAS Y DIRECTAS PUEDE CONVER-
. ' . '. . . . .. . . 

. TIRSE EN UNA CERTEZA, ENTONCES SE PUEDE PENSAR EN ESTE METALOTEC-
. . . . . . . . . . . .. . . . 

TÓN CO~lO UNA GUlA DE PROSPECCIÓN APLICABLE EN AMPLIAS EXTENSIOIJES 
. . . . ' . 

GEOGRÁFICAS, EN ESTE PUNTO SE VUELVE ·A PONER EVIDENTE EL EJEMPLO 
.. . . . . . . . . 

EN 111~XJCO DEL VULCANISMO CONO UN l"oETALDTECTÓN APROPIADO PARA CON-
. . .. . .. . . . .. 

SIDERARLO CONO EXCELENTE GUfA PARA LA PROSPECCIÓN MINERA EN EX-

lEN5A·s A.RÚS GEÜGRÁFiúS De NuesrRo PAfs, 
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Es NECESARIO IGUAL~lENTE DEFINIR DOS CONCEPTOS EN CUANTO A 
. 

SUS RELACIONES ESPACIO-TEMPORALES CON LAS ROCAS ENCAJONANTES, 

ESroS' TÉRi·nNOs soN: COGflADOS Y ALlENIGENOS: 
. . . . . . 

YACIMIENTOS (OGNADOS 
- . . . . ... - . . 

SoN AQUELLOS DONDE LOS MINERALES DE MENA TIENEN LA MISMA 

FUENTE QUE lA ROCA ENCAJONANTE; COMO EJEMPLOS SE HENCIONAN: 

A) UN _YAciM,ENrO DE sUL~lmOs DE N!QUEL y coBALTo ES coG-
. . . ... . . .. 

NADO A LAS ROCAS ULTRAMÁFICAS ENCAJONANTES, 

B> IGUAL Coi{S,-nf"RACJ(lN PUEnE HACERsE PÁRA LOS DEPósiTos DE 

PLATA Y ORO EN LAS ANDESITAS Y DACITAS DEL TERCIARIO DE MtXJCO. 
. . . . . . . -

YAciMIENTos AueNIGErms. 

SoN LAS CONCENTRACIONES MINERALES DONDE LAS MENAS SON TO-
. . . . . - - . . . . 

TAU1ENTE EXTRAfiAS .t.L ORIGEN IlE SU ROCA ENCAJONANTE, POR EJE/~PLO. 

A) VETÁs Y CH-ú1úliiA.s DE PB-AG-cU-ZN <A.u)-fE, PRoVENIENTES 
. . . ' - . . . 

DE ROCAS GRANITICAS E/1/'LAZADAS EN CALIZAS DEL JURÁS!CO-(RETÁ-
- . . . - . - . . . . . . . . 
C!co DE lAS! ERRA M.11Dr..:: ÜEIENTAL DE MÉXIco.· 

.. . . - . . 
Esros T¡;RMINOS DE COGNADOS-P.LIENIGENOS NO DEBEN SER CONFUN-

. ·- .. . .. .. . -· ··-
DIDOS CON LOS TÉRMINOS SJNGENÉTJCO-EPIGENÉTJCO, 

. ... . . . . . .. .. 
UN YACIMIENTO CoGNADO, PUEDE SER EPIGENÉTICO, lAs VETAS AU-

. - -. .. . . .... - . . -· 
RO-ARGENTfFERAS SON EPJGENÉTJCAS EN LAS DACITAS-ANDESITAS Y SIN 

EMBARGO SON COGNADO$ PUESTO QUE HAN TENIDO LOS MISMOS ORfGENES 
-.·- .. ·-- .. 

VOLCÁNICOS QUE LAS ROCAS ENCAJONANTES. 
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s).- EN LO QUE SE REFIER!: A. LOS YACHl!EiHOS llliHOIEKi-~U:.S ES !:ECEs;,-

RIA LA S!GIJ!E 11TE ACL!.!\.~CJÓ!-1. lA D!V!S!Ón DE ESTE G~:..!PC !:E YACI:-\!Et:-

TOS SE DEBE Al/, l!NDGREH. ANIILIZHiOS LOS DIFEREITES TtR;-;!OJOS: 

TELE (GRIEGO): PREPOSICIÓN INSEPARABLE QUE SIG!I!FiCA·TRA::s­

~\ISCJÓC.: DE ALGO A LO LEJOS. 

EPI {GRIEGO): PRE?OSIC!Ól'l H~SEPARABLE QUE S!Gi·:IFJCA SOBRE, 

lEPTO (GRIEGO): PREPOSIC!Óil INSEPARABLE ClJE SJG!l!FJCA 

DELGADO, Dt'.BIL, 

T ""''~ ~··~::.. 

MESO (GRIEGO}: PREPOSICIÓN lilSEPARABLE QUE SIGNIF!C:\ l·iEDIO, 

11ED1Ail0. 

f/¡po (GRIEGO): PREPOSICJÓI·! INSEPARABLE QUE SIGiliFIC/\ 

RIORIDf,D O D!::PEt!DEI!CJA, 

XEtW (GRIEGO): GAS VOLÁTIL 

lERI.Jt,L, DEL GRIEGO TERi·iOS QUE SlG!JIF!CA Cf,LOR. 
. . 

·PoR T/\IHQ, LOS VOC/\TILOS UTILIZIIDOS Ell l.i\ CLf,SII'ICACIÓ•': D:O. 

LOS YACI~liEirTOs HIDRoTERi'lALES DE LINDGREI-1, Aui·\:OI~TADOS POR. B,\TEi-:r,;: 

S!Gil!FJCAI~: 

TELETERJ.tfiL: TRAilSnlTJDO LEJOS DEL CALOR. 
- . .. 

EPJTEfU-iAL: SOD!l:EC/1LENTt,DO, TEI·iPERATUR/\ ELEVADA. 

lEPTOTERI·iAL: DE CALOR O TWPER,\TURA Dt:BJL, 

f·iESOTERI-iAL! DE 1-iEDiflt~A TEi-".PERATURA O CALOR. 

HIPOTERI-;;,L: DE BAJA TE:·',PERATURA, 
. 

XENOTERI-iAL: GAS YOLA TI L CAL! ENTE O COfl TEI-i?E:RATUR,\, 

. . 
JNDEPENDIENTE:;E1!TE DE TODAS LAS EXPLICi,CJO:-:ES C.UE SE TR,'..lE:! 

·DE DAR Pf1RA ACL,\R/1R E lllTER?RETfiR LO QUE SE QUIER:O: DECIR, ES CLMRO 
' 

QUE EXCEPTO DOS Tt:IU·\li!OS {TE: LE Y 11'ESO)' LOS DE~iÁS ESTAr< f,UY LEJOS 
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DE DESCRIBIR EXACT.'.~:!:;'!T.': LO QUE SE DESEA EXPRESf,R. POR OTRA PARTE, 

ES CLARO QUE ESTA l·iULTIPLICACIÓtl DE LA TERn!NOLCGfA VlEI~E A Co;.;­

PLICAR Y AÚii A OSCURECER I".UCHO LAS HiTERPRETACJG;~ES DEL ORIGE:i DE 

tlU~',EROSOS YACJHIEtlTos (LEPTOTERV,fiL, XmoTERF.AL), 

EN LA FIG, 2 <JE;/SEN Y BATEI·1Ail) SE EXPRESA DE l"'.AtlERA t·:uy 

CLAP.A EL CAr'.BlO DE I·~I:lERALIZACIONES A p;.RT!R DEL GRANITO DE f,LTA 

TEI·iPERATURA QUE CO!tiCIDE EXACTA,"iEIHE CotJ EL "SISTEI\A DE VETAS RE­

CONSTRUIDO DESDE LA SUPERFICIE HACIA ABAJO" PROPUESTO POR Er·:•'iOI~S 

EN LA PAG. 196 DE SU LIBRO "PR!tiCIPLES OF EcOl'IO:·llC GEOLOGY, 19i.;0", 

At·1BOS ESG:UEI·\1\S COIIIClDEo'l AI':PLIAI\H'TE f•L PROPUESTO POR F.<:RSI·it,:: 

PARA EL Zot!E/\MIEIHO PERIPLUTÓI:!CO (ROUTHIER, PAG. ~71) A EXCEPC!Ó;! 

DE LA ZONA DE ORO Y PLATA REPETIDA ENTRE LA ZONA DE PLATA, PL0:·\0 

Y LA DE ANTJHONJO, SoBRE ESTO l!!SISTIREi'OS HÁS ADELAi1TE, fl.. co;n¡­

NUAC 1 ÓN SE PRESEIH A EL f:SQUEI,.ill DE Er:nor:s, 

"S¡ STEt-\A DE VETAS RECONSTRU fDO DESDf: LA SUPER¡:: IC! E fi/1C 1 A 

ABAJo, Ei-:..~:orrs (19!;0)''. 
. . . .. 

1.- EsTÉRIL: CALCEDONIA, CUARZO, MRITA, FLUOR\Tfl, ETC,, ALGU~'AS 

DE LAS VETAS CO<HIEt!EN POCO /·1ERCURIO, ANTH:ONIO Y ARSÉJHCO, 
. . . 

2,..: l'lERCURIO: DEPÓSJTOS DE Clf.'ABRIO COo'·iUW·1EJHE cm! Cf,LCEDO<!!A, i·'.AR-

CASJTA, ETC,, Y VETAS DE BAR!Tt,-FLUOR\TA, 
.. .. . . . . 

3,- 1\rHI!·mNJO: DEPÓSITOS DE ESTJBI;~JTA C0!1 FRECUEI·:CIA PASNl HMCII\ 

ABAJO A GALENA, COl'! AtlTH10NIATOS,ALGUNOS CON ORO ARRASTRADO. 
. . 

4,- ÜRO-PLATA: DEPÓSITOS DE ORO DE BOi!AtiZA y DEPÓSITOS DE ORO-Plf•TA 

·ARGEtHITA co;r ARSÉtl!CC y IHNERALES DE Arnw.onto co;-:Úi!ES·. TELu?.u;;:~s 
• 

Y SELENIUROS IN SJTU, ESTÁi~ PRESEI1TES RELATIVM:Et!TE PECUErAS c;~·:n­

DADES DE GALENA, ESFALERITA Y CALCOPIRITA, LA GANGA liKLUY¡; CUARZO, 
• 

• 



ADULARIA, ALUtUTA COl! CALCITA, RODOCROSITA '{OTROS CARt>Ot!ATOS. 

5,- ESTERIL: LOS 1·\ÁS CERCAiWS A LA ZONA ESTt.RIL flEPPESENT.r·.n EL FOtl­

. DO DE 1-'oUCHAS VETAS DE J·:ETALES PRECIOSOS TEP.CIARIOS; CUARZO, CARBO­

NATOS, ETC,, Cotl PEOUEnAs CANTIDADES DE PIRITA, CALCOPIRITA. ESF'A­

LERITA Y GALEllA, 

6,- PLATA. VETAS DE ARGEilTIT/1, C0:1PLEJOS ~·\It!ERALES DE PLATA con Ail­

TIV.ONIO Y ARSt.tHCO, ESTJBir!lTA ALGO DE ARSEI!OP!R!Tfl, ETC., Gfli~GA 

DE CUARZO Itl SITU COil S!Di:RITA. 

7,- PLo;.-,o· VETAS DE GALENfl, GEI·iERALF,ENTE CO!l PLfiT/¡, ES."ALERlTA GE­

NERALfloE!lTE PRESEIITE, 1 NCREI·i:O!JT !IDA COl! LA PRO.""UtlDI D,\D, ALGO DE C/!L­

COPJRIT,\, GlltlGA DE CUARZO COi! CARBONATOS, 

8.- ZINC: DEPÓSITOS DE ESFALERIT/1, GALEl1A Y ALGO DE CALCOPIRIT;, G:O­

NERI,U·1EtlTE PRESEnTE, LA GAI!GA ES CUARZO Y El! ALGUiWS DEPÓSITOS; c;..R-

BOilATOS DE CALCIO, HIERRO Y llflt\'Gflt.'ESO. 
. . . . 

9.- COBRE:" TETRAEDRITA, CO:·iut:i·\EiiTE ARG~tHÍFERA, Cf,LCOP!RiTA, ALGe::os 

PASAN HACIA ABAJO DEt!TRO DE Cf,LCOPlRITA, VETAS DE EtiARGITA GEi:EP.;..L­

I'iENTE CON TETRAED?.ITA. 
. .. 

10,- COBRE: VETAS DE CALCOPIRITA LA I':AYORÍA COi! PIRITA. I",UCHAS CO:l 

·P!RROTITA LA GAt·!GA ES CUARZO'( W ALGUi!OS LUGARES CARBONATOS Y FEL­

DESPATOS, U\ ORTCCLASA '( PLAG!OCLASA SÓDICAS NO SOi: RARAS, PERO LAS 

PLAGICCLASAS COtl BASTANTE COi:TEi·!!DO DE C/,LCIO SOtl t·:UY RARt'\S, GEI:i:RAL-

MEt!TE ARRASTRA I'ET ALES PREC !OSOS, 

11.- ÜRO: DEPÓS.ITOS Cot! PIRITÁ (cor.ut~t·\EtHE ARSEIWPIRITA), CUARZO Y 

CARBOilATOS '( ALGUilOS FELDES?ATOS DE GAI~GA. ALGUIWS CON TURI·;t:.L liil\~ 

LOS TELURURCS cor-",út1ES E w snu ABuimNrTEs . ." lN s1TU. zor.:As 10 Y 11 

SON REVERSIBLES, 

• 
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12,- ARStNICO: fl.RSE!.JOPIR!TA CON CALCOPIRITA, ETC, 

13.- BISI·\UTo: DEPÓSITOS DE B!Si·:UTJTHT,\, IJ!S!·\UTO NATIVO, CUA;;:Lo, 

PIRJTA, ETC, 

}l¡,- TuNGSTENO: VETAS CON ~~UJERALES DE TUNGSTniO, ARSl:NOP!RlTA, p¡­

RROTJTA, PIRITA Y CALCOPIRITA, EL TU<:GSTETIO OC'JRRE EN LAS ZOL:AS i·:As 

ALTAS EN Cllt!TIDADES ¡\COi<O!l;\DAS A LO LARGO, PERO tsTE ·ES EL PRWCI­

PAL HORlZOi:TE, 

}5,- ESTAI~O: VETAS DE CASITERITA CON CUARZO, TUR1'-!AL!NA, TOPACIO Y 

FELDESPATOS, 

16.- Esn~.RIL: CUARZO, fELDESPATOS, PIRITA, CARBOtJATOS Y PEG'UE~If1S CMi­

TlDADES DE OTROS 1-t!Hf:RALE$, 
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-
A.- YICII'I!EI!TOS EI:DOSEilOS 

},- YACln!ENTOS i·iAG~-;ÁTJCOS PROPJAI-\E~!TE DICHOS 

. . 
2.- YACII·HENTOS REC 1 EtiTES _( T ARDHiARGÁI-\,\T 1 COS) 

3.- YACI!·llENTOS DE L!CUACJÓtl 

11.- PEGI-lATJTAS 

1 1 J.- POSHiAGI·iATICOS 

1.- PNEUNATOL!TJCOS 

A) POR EXHALASJÓr1 

· B) DE sK,~-RNs 

2,- YIICIHJENTOS HJDROTERI',ALES 

-

A) DE riwfU~mrnADfs j .. ,ED-JA!if.S Y GRI\TmEs, DE TH',?ER;..TuR.;s 

ELEVADAS, I·\EDIA11AS Y BAJAS, 

B) DE POCAS PROFUNDIDADES Y VECJIWS DE LA SUPERFICIE, 

B.- YACIIHENTOS EXOGEI-iüc 
. . 

I.- DE ALTERAC I 6;; 

1,- DE COIKEIHRACIÓN - ELUV!ALES Y DILUVU,LES 

2,- RESIDUALES 

A) ArKILLAS CAoLinEs y LATERITAS 

B) TIPO SOi·lBRERO DE FE 

3,- DE lNFILTRACJÓN 

II.- SEDii',ElnAR!OS 

1.- DEPÓSITOS r·:EcÁNlCOS 

A) t',JtiERALES DE ALUVIÓN Y COllGLO:·iERÁTICOS 

B) DEpóS !TOS REACOi·\ODADOS DE PRODUCTOS DE EROS 1 Gt,' 

DISPERSOS, 
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2.- DEPósiTos Quf;1,Jcos 

A) PKO\'EiliEi·!IES 0:0 Vi'_RLIADER¡\S SOLUCIONES. 

B) PROVEIHWTES DE SOLUC!Oh'ES COLOIDALES. 

e) BIOouU·\Jcos 

C,- YP.Cll'iJE,\trOS i·iETA··:OR,cOSENOS 

l.- f1ETM1DRFOSEi,DOS 

-2,- f·lETfi11ÓPFICOS 
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3.3, CLASIFICACION GENETICA DE DEPOSITO~ 

SERIE 

ENDÓGENO 

MINERALES 

SEGUN V: 1: SMI RNOV 

GRUPO 

MAGMÁTICO 

PEGMAT!TICO 
' 

(ARBONATITAS 

SKARN 

GRE!SEN-ALBITICO 

HIDROTERMAL 

PIRITICO 

CLASE 

SEGREGACIÓN 
~1AGMÁTICO TEMPRANO 

MAGMÁTICO TARDIO 

MAGMÁTICO 
PEGMATITAS RECRISTALI-
ZADAS 

' 

PEGMATITAS CON·REEM-
PLAZAMIENTO METASOMÁ-
TICO 

MAGMÁTICAS 

METASOMÁTICO 
COMBINADO 

SKARN EN CALIZAS 

SKARN MAGNESIANO 

SKARN S!LICATADO 

ALBITITA 

GREISEN 

PLUTOG~NICO 

VULCANOG~NICO 

lELETERMAL 

METASOMÁTICO 

SUBCLASE 

VoLCANOG~NJCO - SEDIMENTARIO 

COMBINADO 



• 

• - 22 -

q • LOS FEIIIJ-IENOS GEOLOG 1 COS Y LOS YAC !M 1 EN TOS 

M INERI.LES ASOC lADOS 

EL OBSERVAR A LOS YACIMIENTOS CONSTANTEMENTE Etl SU RELACIÓN 

CON LOS GRANDES FENÓMENOS GEOLÓGICOS QUE AFECTAN LA CORTEZA TERRES­

TRE SERA UNO DE LOS PROPÓSITOS MAS APROPIADOS QUE SON ORIGINADOS Al 

REALIZAR LA PROSPECCIÓN MINERA, ES·NATURAL QUE LA ASOCIACIÓN.' 

FENÓMENO 

GEOLÓGICO 
YACIMIENTO 

MINERAL 

LA CORRESPONDENCIA ENTRE AMBOS ACONTECIMIENTOS ES EVIDENTE. 

UN FENÓMENO GEOLÓGICO DETERMINADO PUEDE SER EL ORIGEN DE UN YACIMIEN­

TO MINERAL BIEN DEFINIDO. ASIMISMO, LA ASOCIACIÓN DE LOS DIFERENTES 

ELEMENTOS QUIMICOS EN RELACIÓN CON ROCAS DE COMPOSICIÓN Y TEXTURA DE-

FINIDAS ES CONSTANTE, 

POR TANTO, UN YACIMIENTO MINERAL QUEDA ENMARCADO DENTRO DE 

UN CUADRO GEOLÓGICO ESTABLECIDO CON ROCAS ENCAJONANTES DE UNA COM­

POSICIÓN ESPECIFICA. 

EN LA FIGURA 3, PRESENTO A USTEDES UN CUADRO CON EL CICLO 

GEOLÓGICO SIMPLIFICADO DONDE ESTÁN EXPUESTOS LOS GRANDES fENÓMENOS 

QUE OCURREN EN LA CORTEZA TERRESTRE, NATURALMENTE, ESTOS FENÓMENOS 

CONSTITUYEN EL MARCO DONDE SE CREARÁN LOS METALOTECTONES QUE CONS­

'fRU 1 RAN LOS DEPÓSITOS EXPLOTABLES, 

EN LA SIGUIENTE FIGURA (4) SE EXPONEN LAS RELACIONES ENTRE 

LOS EMPLAZAMIENTOS DE LAS MINERALIZACIONES Y SUS CONEXIONES CON LAS 

DEFORMACIONES DE LA LHOSFERA; Es DECIR, LAS CONCENTRACIONES MINE­

RALES SE ORIGINAN EN MOMENTOS DIVERSOS DEL CICLO GEOLÓGICO Y SU ES-
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MENTE SINO DE RELEVANTE IMPORTANCIA PARA LA PROSPECCIÓN MINERA, 

CONOCIDA EN ESTE SENTIDO COMO PROSPECCIÓN ALUVJONAR, 

2,- lA SEDIMENTACIÓN POR EVAPORACIÓN, 

Paul SE TIENEN LOS DEPÓSITOS SALINOS, BASTANTE ABUNDANTES 

EN El SURESTE DEL PA!S CON UNA AMPLIA GAMA DE MINERALES GENERADOS 

A PARTIR DE LA PRECIPITACIÓN DE LAS AGUAS MARINAS DEBIDO A LA EVA­

PORACIÓN. 

CoN RESPECTO A LOS DEPÓSITOS DE P,ZUFRE, ES NECESARIO NOTAR 

LA CURIOSA CLASIFICACIÓN RECIENTE DE JENSEN Y BATEMAN DONDE, EN 

CAPfTUI.O APARTE MENCIONA A LOS DEPÓSITOS 
11

BACTERIOGÉNICOS" COMO 

UNA "RENOVACióN" EN LAS HIPÓTESIS GENÉTICAS, CoN ESTO SE PODRÁ 

-P"'f ·>CoMPLETAR INSUPERABLEMENTE LAS CLASIFICACIONES GENÉTICAS DE LOS 
23~ '-

YACIMIENTOS MINERALES, AHORA, EL ORIGEN DEL AZUFRE DE DOMOS SALI-

NOS ES ENMARCADO EXPLENDIDAMENTE EN Dü~ APARTADOS"D!FERENTES: 

"YACI,:1!ENTOS EYAPORfTICOS" Y "YACIMIENTOS BACTERIOGtN!COS", 

3,- lA SEDIMENTACIÓN QU{MICA . 

EN ESTE CAPITULO ES DONDE SE SUELE ACEPTAR LA ACCIÓN BJO­

GtNJCA COMBINADA CON LA QU{MJCA PARA LAS HIPÓTESIS GENtT!CAS SO­

BRE LOS YACIMIENTOS PRODUCIDOS POR LA ALTERACIÓN DE LOS MATERIA­

LES DE LA CORTEZA TERRESTRE, SU TRANSPORTE Y DEPÓSITO, 

EJEMPLOS: YACIMIENTOS DE fE MAS GRANDES DEL MUNDO, 

~ANGANESO, ETC, 

4,4, METAMORFISMO 

EN GENERAL, EL METAMORFISMO PUEDE AFECTAR A LAS CONCENTRA-

··/" ·.ClONES PREVIAMENTE FORMADAS POR OTROS METALOTECTONES: EN OCASIONES, 
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LA FORMA DE ASOCIACIÓN PUDE SER: 

DISEMINACIONES 

SEGREGACIONES: 
CUERPOS IRREGULARES 
CUERPOS ESTRATIFORMES 

INYECCIONES EN LA VECINDAD INMEDIATA 

ESTOS DIVERSOS MODELOS DE MINERALIZACIONES SE PRESENTAN 

PERSJSTENTEMENTE EN TIPOS BIEN DEFINIDOS: 

PoR EJEMPLo: 

EL CROMO Y EL PLATINO SE ASOCIAN A ROCAS PERIDO­
TJTfCAS Y DUNITAS, 

EL NIQUEL - COBALTO - COBRE EN SULFUROS SE ASO­
CIAN A NORITAS, 

LA !LMEN!TA ES FRECUENTE EN ANORTOSITAS, 

q.5.2. ROCAS GRANITICAS 
• 

EN ESTE GRUPO DE ROCAS SE INSERTA ÚNA AMPLIA GANA DE YA-

CIMIENTOS MJNERfHS, PoR TANTO~ PUEDE HABLARSE DE UNA COMPLEJA META.LO­

GENIA ASOCIADA AL GRANITO. ALGUNOS AUTORES (lATARINOV) LA DENOMINAN 
. 

YACIMIENTOS POST-MAGMÁTICOS, 
.; 1 • PoR GRANITO, DEBE ENTENDERSE TODAS LAS CLASES DE ROCAS ÁCIDAS: 

GRANITO ALCALINO, GRANITO CALCOALCALINO, CUARZOMONZONITA, GRANOOIORJ­

T.A Y CUARZODIOR!TA, 

·SiN EMBARGO, PUEDE HABLARSE DE ASOCIACIONES MAS O MENOS CONS-

TANTES: 

, ,.:111-.\ ~: •• A. GRANITOS ALCALINOS Y CALCOALCALINOS: 
l '' PEGMATITAS 

PNEUMATOLITICOS 
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POR EL CONTRARIO LOS GRANITOS ORIGINADOS POR METAMORFISMO 

SON NORMALMENTE EST~RILES} ESTAS ROCAS SE INSERTAN EN REGIONES DE 

METAMORFISMO REGIONAL, SUS AFLORAMIENTOS SON MUY EXTENSOS Y SUS 

BORDES SON DIFUSOS, 

q,6, VULCANISMO 
EN LA CLASIFICACIÓN QUE HEMOS VISTO DE JENSEN Y BATEMAN 

COMO EN LA GENERALIDAD DE LAS CLASIFICACIONES GEN~TICAS, EL PAPEL 

DEL VULCANISMO ES GENERALMENTE MENOSPRECIADO, SiN EMBARGO, EN 

NUESTRO PAIS NUMEROSOS YACIMIENTOS SE ENCUENTRAN ASOCIADOS A ROCAS 

VOLCÁNICAS DE TIPOS MUY VARIADOS, ALGUNOS EJEMPLOS SERÁN SUFICIEN-

TES PARA ILUSTRAR ESTA ASEVERACIÓN, 

URANIO DISEMINADO Y EN VETAS EN ROCAS RJOLITICAS: EL 
NOPAL Y lAs MARGARITAS EN CHIHUAHUA, 

[STAÑO EN FORMA BOTROIDAL DE CASITERITA Y CRISTALIZADA 

EN RCl.AS RIOLITICAS; NUMEROSOS EJEMPLOS EN DuRANGO Y lA-' 

CA TECAS, 

FIERRO: EN FORMA DE MAGNETITA CON ABUNDANTE APATITA EN 

CUERPOS IRREGULARES ASOCIADO A ROCAS "RIOL{TICAS COMO 

CERRO DE MERCADO O TRAQUITICAS COMO EN LA PERLA. 

ÜRO Y PLATA EN VETAS, A ESTE MODELO PERTENECEN LOS CtLE­

BRES DEPÓSITOS AURO-ARGENTIFEROS MEXICANOS, YA SE MEN­

CIONAN AL INICIO DE LA PLÁTICA GUANAJUATO, PACHUCA Y lA­

VOL TITA, 
t"T$13.?· : . ' ~ 

' - FLUORITA EN CUERPOS IRREGULARES EN LA VECINDAD DEL CON­

•· TACTO ENTRE _ROCAS RIOLfTICAS Y ROCAS CARBONATADAS. EJEM-. . •;' .,,,, ,• <r·· ''•'TéS :3 f''. ·""1.'-'~'13:•.·" ~l·¡.,: ·~ 

PLOS: EL RÜLITO, GUANAJUATO, LAS CUEVAS, S.L.P, 
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EN CIERTOS CASOS LA PATERNIDAD DE LOS YACIMIENTOS ES ATRIBUIDA A 

GRANITOS CON ARGUMENTOS DE MUY DUDOSA VALIDEZ COMO ESTÁ BIEN DIS­

CUTIDO EN EL TRABAJO DE l, CEPEDA A PROPÓSITO DEL ORIGEN DE LA 

MINERALIZACIÓN DE GUANAJUATO ATRIBUIDA ANTIGUAMENTE AL GRANITO DE 

ARPE ROS. 

Es GRANDE EL NÚMERO DE VACIMIENTOS VOLCÁNICOS Y SUBVOLCÁNJ­

.COS CUYA FUENTE DE ORIGEN O ES TOTALMENTE DESCONOCIDA 0 ES ATRI­

BUIÍDA A CUERPOS PLUTÓNICOS CON BASES MUY DISCUTIBLES COMO EN EL 

CASO DE GUANAJUATO, 

POR EL CONTRARIO, EXISTE UNA SERIE DE METALOTECTONES QUE 

PERMANECEtl CONSTANTES EN LAS MlNERALlZ\CIONES VINCULADAS A LAS 

U
-J>·· ROCAS VOLCÁNICAS O SUBVOLCÁNICAS, A CONTINUACIÓN SE MENCIONAN ALGU­

y C' NOS DE LOS MÁS SOBRESALIENTES, 

A) lAS PARAGÉNESIS QUE SE MANIFIESTAN EN CADA MODELO DE YA­

CIMI_ENTO MINERAL ES CONSTANTE; A COMPOSICIÓN DETERMINADA DE ROCA 

VOLCÁNICA CORRESPONDE UNA MISMA ASOCIACIÓN MINERALÓGICA, P, EG: 

LA CASITERITA CON ESPECULARITA EN ROCAS RIOLlTICASJ EL ORO Y LA 

PLATA PARA LAS ANDESITAS Y DACITAS, ETC, 

B),- lA POTENCIALIDAD DE LAS MINERALIZACIONES SE MANTIENE 

,SIMILAR EN LA MAYOR PARTE DE LOS DISTRITOS MINEROS, No SE PRETEN­

DE DECIR QUE SE TENGA UN TONELAJE IDÉNTICO, SINO QUE CONSTITUYEN 

DISTRITOS MINEROS CON UN CONTENIDO MINERAL EQUIVALENTE, lA GENERA­

LIDAD DE LOS EJEMPLOS QUE SE HAN MENCIONADO SON VÁLI,DOS EN ESTA 

ASEVERACIÓN, 
-Oiit . · -

"e) lA PROPORCIÓN RELATIVA DE LOS ELEMENTOS PRESENTES EN ESTOS 

DEPÓSITOS ES CONSTANTE; POR EJEMPLO, LOS YACIMIENTOS CONSIDERADOS 
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5, METALOGENIA REGIONAL 
EL PROBLEMA DE AGRUPAR A LOS DISTINTOS YACIMIENTOS MINERALES 

METÁLICOS EN ÁREAS O PROVINCIAS METALOGENJCAS CON CRITERIOS DEFI­

NIDOS ES UNA TAREA INDISPENSABLE Y A MENUDO MENOSPRECIADA SOBRE TODO 

EN NUESTRO PA!S, ES INDUDABLE QUE El CONOCIMIENTO DE PROVINCIAS 

COHERENTEMENTE SELECCIONADAS Y FUNDAMENTADAS EN LOS DISTINTOS META­

LOTECTONES DE ACUERDO CON SU DISTRIBUCIÓN EN EL ESPACIO Y EN EL 

TIEMPO. PODRÁ ORIENTAR ADECUADAMENTE-LA PROSPECCIÓN; EN ESTE SEN-

TIDO LA METALOGEN!A REGIONAL SE INTERESA TANTO EN LAS AGRUPACIONES 

DE YACIMIENTOS CONOCIDOS COMO EN EL CONJUNTO DE ESTOS Y LOS QUE ESTÁÑ 

POR DESCUBRIRSE EN LA CORTEZA TERRESTRE, 

EN MtX!CO EL PROBLEMA DE LA METALOGENIA REGIONAL PERMANECE 

S AÚN EN UNA ETAPA MUY INCIPIENTE; 'APENAS SE CUENTA CON UNA CARTA 

{ 1 

DE REPARTICIÓN DE YACIMIENTOS MINERALES V QUEDA AÚN MUCHO POR HA­

CER PARA REALIZAR UNA CARTA METALOGtNICA A ESCALAS CONVENIENTES PA­

RA SER UTILIZADO~ EN LA PROSPECCIÓN MINERA, 
' 

HA EXISTIDO VARIOS GRUPOS DE IDEAS TENDIENTES A ESTABLECER 

UNA METALOGENIA REGIONAL A LAS CUALES p, RoUTHIER LE DA El NOM­

BRE DE EscUELAS LAS CUALES SERIAN AGRUPADAS BAJO EL CALIFICATIVO 

DE "ESTRUCTURAL! STAS", SiN EMBARGO, PUEDEN DEFINIRSE 3 TIPOS DI­

FERENTES, 

1,- EscuELA CRONO-ESTRUCTURA-FACIOLÓGICA, 

ESTA ESCUELA FUNDADA POR BILIBINE Y SEGUIDA POR I'ATARIN01' 

INDICA: 

' TODA REGIÓN DE LA CORTEZA CONTINENTAL HA S !DO UN FRAG~!ENTO 

DE UN C 1 NTU RÓN MÓV 1 L (ZONA TEÓO-oRoGtN 1 CA). T CDO C 1 NTURÓN MÓV 1 L 

SE DESARROLLÓ A PARTIR DE UNA SUBSIDENCIA ALARGADA O GEOSINCLINAL 

EN DIVERSAS ETAPAS SIGUIENDO UN SISTEMA CASI 'INMUTABLE HASTA LLE-
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EN ESTE CASO SE HACE CASO OMISO DE EL SIGNIFICADO TECTÓNICO Y SE 

TIENEN LA CONSTANCIA ESENCIAL DE LA REPARTICIÓN DE LOS YACIMIEN­

TOS MINERALES EN REDES O ELEMENTOS LINEARES Y EN DONDE EN NUMERO­

SAS OCASIONES LA INTERSECCIÓN DE DOS RASGOS ESTRUCTURALES CONSTI­

TUYE UN "NUDO" MINERALIZADO. 

ACTUALMENTE ESTE TIPO DE ESTUDIOS SE LLEVA A CABO POR LAS 

FOTOS DE SATÉLITES, PoR MEDIO DE 'tRAZOS DE LOS LINEAMIENTOS EXIS­

TENTES SE LLEGAN A INTERPOLACIONES O EXTRAPOLACIONES EVENTUALMEN­

TE ÚTILES EN LA PROSPECCIÓN DE YACIMIENTOS POR DESCUBRIR, 

ESTE MÉTODO (LINEAMIENTOS A PARTIR DE FOTOS DE SATÉLITES) 

PUEDE, TENIENDO EN CUENTA LOS CONOCIMIENTOS PREVIOS DE LA METALO­

GENJA, Y LA GEOLOGIA Y LA TECTÓNICA, DE UNA REGIÓN, MARCAR EN CIER­

TA FORMA ·LA EXISTENCIA DE UN METALOTECTON DE ORDEN ESTRUCTURAL IM­

PORTANTE PARA DETERMINADO METAL, 

3.- EsCUELA DE LA TECTÓNICA GLOBAL O SUBDUCCIONISTA, 
. 

ESTA SE ESTABLECE SOBRE ESQUEMAS DE LA TECTÓNICA. GLOBAL Y 

SOBRE LAS RELACIONES ESPACIALES CON LAS MARGENES ACTIVAS DE· LOS 

CÓÑTINENTES Y LOS PLANOS DE SUBDUCCION·, 

ESTO SE HA ESTABLECIDO ESENCIALMENTE POR S!LLIT OC (1972) 
EN LA PERIFERIA DEL ÜC~ANO PACIFICO, DE MANERA ESPECIAL PARA LOS 

PÓRFIDOS CUPRIFEROS, 

q,- EscUELA METÁLICA, 

ESTA PROPUESTA POR ROUTHIER PONE DE MANIFESTO EL "OLVIDO" 

..:ü¡)E·DISCONTINUIDADES Y HfTEROGENEIDADES DEL EMPLAZAMIENTO Y DIVER-
. ·- . . . 

) S!DADES DE LOS YACIMIENTOS MINERALES, EL AUTOR PLANTEA UN M~TODO 

ANALfTICO DE LA METALOGENIA REGIONAL FUNDAMENTADA SOBRE UNA BASE 

DE ÁREAS METÁLICAS EN FORMA DE CINTURONES CON UN CONTENIDO· DE 
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5,2,1. RECURSOS MARINOS 

los RECURSOS DE MINERALES MARINOS SON DE LEJOS, ENORMES TAL 

COMO LO HAN DEMOSTRADO LOS ESTUDIOS RELATIVAMENTE RECIENTES QUE 

HAN EFECTUADO EN PARTICULAR LOS CIENTIFICOS AMERCIANOS, 

AHORA BIEN, HASTA QUE PUNTO ES POSIBLE LA EXPLOTACIÓN MA­

SIVA DE ESTOS RECURSOS SIN ROMPER El EQUILIBRIO ECOLÓGICO EXIS­

TENTE EN LAS AGUAS MARINAS. 

Es INDUDABLE QUE LOS FACTORES CIENCIA, TECNOLOGIA AUNADOS 

A LA EXPLOSIÓN DEMOGRÁFICA COMO SE SE~ALÓ EN LA INTRODUCCIÓN, 

MARCAN UNA IMPORTANTE NECESIDAD DE MATERIAS MINERALES CADA VEZ 

UN MAYOR VOLÚMEN, PoR TANTO, EN CASO DE SER El AGUA DEL MAR UNA FUEH 

TE PARA LOS RECURSOS Y DADA SU FACILIDAD EN UNA POSIBLE EXPLOTA-

~ ) CIÓN ECONÓMICA CON TECONOLOG!AS MODERNAS lHASTA DONDE PODRÁ EL HOM­

BRE EXTRAER LAS SUSTANCIAS MINERALES QUE NECESITA ANTES DE QUE LAS 

CONDICIONES FAVORABLES AL DESARROLLO DE LA VIDA DEJEN DE EXISTIR? 

TAL VEZ ES~ A PREGUNTA PUEDA NO 'SER CONTESTADA AÚN; SIN EM­

BARGO, ES UN HECHO QUE SE PODRÁN SER EXPLOTADOS LOS RECURSOS MARI­

NOS HASTA UN LfMJTE RAZONABLE QUE SIEMPRE SERÁ BASTANTE GRANDE Y 

QUE PROVEERÁ DE RECURSOS A LA HUMANIDAD DURANTE UN BUEN NUMERO DE 

AÑOS. 

5,2, LA CoRTEZA TERRESTRE Y LA TECTÓNICA REGIONAL 

AHORA BIEN, EN LO QUE SE REFIERE A LOS RECURSOS EXISTENTéS 

EN LAS ÁREAS CONTINENTALES: ¿HASTA DONDE EXISTEN LAS RESERVAS? 

DE ACUERDO CON p, ROUTHIER (DICIEMBRE DE 19771. UNA HIPÓTESIS PLAUSI­

BLE SER[A EL CONSIDERAR QUE LA EXPLOTACIÓN ACTUAL DE LOS YACIMIENTOS 

} MINERALES LLEGARÁ A UNA MEDIA DEL ORDEN DE 300 METROS, PoR OTRA PAR­

TE, SE SUPONE QUE SOLO LA MITAD (2) DE LOS YACIMIENTOS QUE EXISTEN 
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SYNGENETIC MASSIVE SULFlDE DEPOSITS 

Syngenetic massive sulfide deposits belong to a distinct 

group of deposits having a set of characteristics which set them 

apart from other metalliferous hydrothermal deposits. The 

deposits essentually consist of chemical sediments where the 

metals are transported and deposited by hot aqueous solutions in 

a submarine hot spring environrnent. Oeposition occurs typically 

at or near the ocean floor-seawater interface around a vent. 

Stockwork mineralization often occupies the feeder system below 

the massive sulfide body. 

The source of the metals in these deposits is probably the 

enclosing, or footwall, volcanic rocks or sediments. Stable 

isotope studies on Tertiary massive sulfide deposits suggest the 

sulfur may be derived fram seawater (Ohmoto and Rye, 1974). 

Thcse same studics also suggest the solutions responsible for 

mineralization are heated deep circulating sea water. The heat 

responsible for driving the convecting hydrothermal system may 

be derived from local centers of cooling volcanic units or from 

a decpcr magmatic source. However, sorne of these deposits occur 

in geologic environments lacking any evidence of magmatism which 

can be genetically related to the base metal mineralization. 

Many massive sulfide deposits havc experienced one or more 

periods of deformation and metamorphism where the sulfides have 

benn remobilized significantly. Replacement textures in the ores 

are common, however these can be interpreted as a result of 

recrystallization during mctamorphism. These textures, along 

with cross-cutting relationships, rcsulted in the interpretation 

1 
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of these deposits as products of epigenetic rcplacement processes. 

The syngenetic origin for these deposits has becomc popular in 

recent years only after much geologic work on these and less 

disturbed occurrences. Detailed studies involving the ínter-

pretation of the geologic histories of mineralized arcas have 

resulted in a better understanding of the regional and local 

environment of mineral deposition. As a result more and more 

sulfidc deposits oríginally considerad as epigenetic now are 

being reinterpretcd as having syngenetic origins (Anderson and 

Nash, 1972). 

• 
Syngentic massive sulfide deposits occur in two majar groups: 

those associated with volcanic rocks with which they are related 

genetically; and those which a~e not ~elated to volcanism. The 

majar difference between the two groups is the presence of 

volcanic rocks. The~e are also differences in the mineralogy of 

the ores which will be discussed la ter. 

Volcanogenic Massive Sulfide Deposits 

The volcanogenic deposits are the most numerous of the two 

types and are easiest to interpret. They occur in many volcanic 

terranes which can be interpreted as submarine in origin. The 

largest number of volcanogenic massive sulfide deposits have been 

found in the Precarnbrian shield of canada where they occur in 

thick pilcs of metamorphosed submarine basaltic to rhyolitic 

volcanic rocks referred to as grenstone belts. similar deposits 

are known in Precambrian rocks of South Africa and western 

Australia. Younger deposits occur in volcanic island are 
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sequences aloñg the orogenic zones of the Appalachian chain in 

eastern North America and the western Cordillera of North and 

south Arnerica. These deposits range in age from early Paleozoic 

to early Mesozoic. Deposita of this tectonic setting and age also 

occur iri ea~tern Australia, Still younger deposits occur in 

island ares in western and southwestern Pacific regions, for 

exarnple the mid-Tertiary Ruroko deposits of Japan. Finally, base 

metal sulfides are being deposited in present day submarine hot 

spring environrnents, prirnarily along the East Pacific Rise and 

mid-Atlantic Ridge (Francheteau, and others, 1979). 

There appears to be a relationship between the composition, 

grade, age, and tectonic setting of the massive sulfide deposits. 

Hutchinson-(1973)-classified-these·deposits-according-to-their­

base and precious metal content (Table 1). The most impressive 

of the types shown are the ~inc-copper-pyrite deposits of 

Archean age. These probably represent the greatest cOncentrati~n 

of base metals of-any type of metalliferous deposits. The same 

type of deposits reappear during younger geologic periods, but 

is nowhere near the same scale as during the Archean. These 

deposits are best preserved on the stable Archean shields, 

particularly the Canadian shield. However, similar deposits 

occur in younger terranes in many parts of the World, but 

deformation, metamorphism, and remobili~ation have obscured 

their original syngenetic character. Such deposits occur in 

California, Arizona, Wyoming, and colorado. 

The lead-zinc-copper-pyrite type of deposit did not appear 

until Proterozoic time but even thesc do not have the size and 
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grade as the zinc-copper-pyrite deposits of Archean age. This 

type occurs in Proterozoic to recent orogenic belts around the 

world .. 

The•copper-pyrite type'of massive sulfide ?eposit did not * 

appear in the geologic record until Phanerozoic time.- These 

deposits commonly occur along spreading centers characterized by 

··-·basaltic volcanism. The·varióus-tectonic, petrologic,· and geo- ---.­

chemical characteristics of the various types of massive sulfide 

deposits are summarized in Table 1 from Hutchinson (1973). 

Because of their relatively well preserved nature and significance 

as metal producers, the Archean neposits will be considered 

first . 

• , Precambrian volcanogCnic Massive Sulfide Deposits 

Rocks of Archean age are recognized on many continents 

around the World in stable cratonic Shields or uplifted erosiona! 

windows in younger geologic terranes. Notable examples of the 

former are the Canadian, south African, and western·Australia 

shields. Examples of the latter occur in Wyoming, Montana, and 

Arizona. 

Archcan time was a pcriod of cxtensive volcanism and 

deposition of great thicknesses of sediments, -mostly greywackes 

with minar iron formations. Volcanism occurred around specific 

centers or along belts where up to 60,000 feet of volcanic rocks 

are found. In many places volcanism appears to be contcmporaneous­

with, and conformable to sedimentation. The volcanic units range 

in composition from ultra~afic through basalt to rhyolite, where 

• 
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often basaltic rocks grade upward-to more felsic volcanic units. 

However, reversals in this trend occur, and cyclicity in the 

volcanism is apparent. Locally, ultramafic intrusive and 

-~-- extrusive rocks are abundant'and may be important hosts for 

nickel sulfide deposits. The entire sequence of volcanic and 

sedimentary rocks is metamorphosed to at least the greenschist 

,- ·facies, and ·in· sorne ·caSes· to··upper amphiboli te facies ;"?··Sorne 

areas show multiple metamorphic events. The periods of volcanism 

and sedimentation are culminated by a majar invasion of·granitic 

plutons which are themselves often metarnorphosed. This·results in 

·areas of volcanic and sedimentary rocks, called greenstone belts, 

separated by large areas of gneissic granite terrane. The most 

significant massive sulfide deposits occur in the volcanic '' 

complexes_of these greenstone belts. 

The greenstone belts of the three shield areas consist of 

ultramafic extrusive and intrusive rocks, mafic to volcanic rocks, 

and sedimentary rocks composed mostly of greywackes and iron 

formations. Even though the rock types of the three shield areas·-

are similar, their relative proportions may vary. The Canadian 

shield appears to have been most favorable for the formation of 

massive sulfide deposits as this is where most of the known 

deposits occur. syngenetic copper-zinc-pyrite deposits are •·· 

associated with felsic volcanic rocks in thick piles of extrusive 

units ranging from basalt to rhyolite. Therefore these sulfide 

deposits would be most abundant in terranes containing a high 

proportion of felsic units. 

A comparison of the relative abundance of the various rack 

'· ., 
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in the Abitibi greenstone belt of the canadian'shield and the 

Barberton greenstone belt of South Africa reveals the following 

proportions: Abitibi belt: ultramafic rocks, 4.B%; basalt, 57%; 

; andesite, 28%;-felsite, 9:7%; Barberton'belt: ultramafic rocXs, 

24%; basalt and andesite, 72%; and felsite, 3.7%. The greenstone 

belts of the Yilgarn and Pilbara blocks of western Australia 

-apP.E-ar"·to·be similar to those-of·south·Africa. Therefore, if·the ... 

abundance of felsic volcanic units can be used as an indicator, 

the belts of the .Canadian shield should contain more massive 

sulfide deposits than those of South Africa and Australia: 

Massive sulfide deposits may not have formed in larger numbers 

on the canadian shield. The latter may be exhibiting a higher 

stratigraphic level of.preservation and _the other·shields may be 

more deeply eroded thus rernoving the horizons favorable for 

massive "sulfides. AlternatiVely, the South African and Australian 

shields may be exhibiting a more primitive stage in the geo­

chernical evolution of the crust and upper mantle as evidenced by 

• the abundance of primitive ultramafic rocks. The rocks of the 

canadian shield are as much as one billion years younger than 

those of the other two shields. 

Figure 1 shows the distribution of massive sulfide deposits 

of the canadian shield. The clUstering of deposits into belts 

or areas is apparent. Basaltic volcanics and greywackes are the 

predominant lithologies in any one greenstone belts. lt~nor 

komatiitic; "or high magnesLum, ultrarnafic and basal tic units 

occur. Locally the basalts grade upward into andesite and 

rhyolite and more than one cycle may occur. The differentiation 

.. 
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of the rack units appears to follow a normal calc-alkaline trend. 

Most of the volcanism appears to be deep marine and is character-

i2ed by pillowed flows, bedded tuffaceous units, ash beds, 

agglomerates and volcarric breccias. The latter occurrences typify 

the more felsic lithologies. Dikes and sills of mafic rocks are 

associated with the basalts, and shallow felsic intrusions may 

· ··occur with the andesites ,1-nd rhyolites. Iron formatio·n and chert 

beds are common and represcnt chemical precipitates deposited by 

submarine hot springs. These deposits locally grade laterally 
.. 

into massive sulfide accumulations. The latter are usually 

associated with rhyolitic domes and brcccias and mark the clase 

of a basalt or andesite to rhyolite volcanic cycle. Many massive 

·sulfide deposits can be·related-to a stratigraphic horizon which 

represents thc sea floor during a period of quiescence where 

chemical sedimentation predominated over volcanism. 

· • The largest~greenstone belt of the canadian shield, and 

perhaps in the World, is the Abitibi greenstone belt of eastern 

ontario and northwestern Quebec (Fig. 2). The belt is 125 miles 

long and 47 miles wide·and-·is bounded on the west by the 

Kapuskasing subprovince and on the east by the Grenville 

structural province (Fig. 3). The general geology of the belt is 

shown in Figure 4. Even within'the belt, the volcanic rocks are 

concentrated in centers separated by areas of granite gneiss and 

metamorphosed sediments. The volcanic centers consist of thick 

s·equences of volc<iriic rocks' iind associated sediments. Figure 5 

outlines the volcanic centers and the distribution of felsic 

volcanic rocks within the centers. The felsic rocks constitute 
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only a very small proportion of the total volume of volcanic 

units. However, these felsic units are very important as the 

massive sulfide deposits show a clase spatial relationship to 

them. The association of the mineral deposite' with the volcanic 

centers is shown in Figure 6. Of approximately 150 past and 

present producing deposits, all but 3 occur in or near ene of the 

11 volcanic complexos. This is true·for all mineral deposite and 

not just the massive sulfide deposits. 

The structure of the Abitibi greenstone belt is dominated 

by east-west trending doubly-plunging anticlines which are 

actually elongated domes centered about the thick volcanic 

sequences (Fig. 7). The intervening areas consist of granitic 

complcxes of camposite plutons ranging in composition from 

granite to diorite. It is thought that the elongated volcanic 

complexes were originally roughly circular and deformed into 

their·present-shape·by later orogenic activity. Figure 8 is a 

hypothetical reconstruction of Abitibi orogenic belt at the time 

of volcanic activity. It consisted of an arca of crustal 

thinning between 2 cratonic land masses where the volcanic 

complexes occur along the margins as a result of erosion of both 

the cratons and the volcanic islands (Goodwin and Ridler, 1970). 
. . . 

Iron formations were widely deposited in thc basin as shown in 
• 

Figure 9. These are important because of their suggested 

relationship to gold mineralization in the arca (Ridler,l970 ) . 

There are differences between the various volcanic complexes 

in terms of the relative proportions of volcanic rocks, clastic 

sediments, ultramafic rocks, and iron formation. There are 

' 
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differences in the nature of the mineral deposits found in the 

various cornplexes also. This is particularly well illustrated 

in the Noranda-Kirkland Lake-Timmins areas which represent 

,.. typical dorned volcanic oomplexes (Goodwin, 1965; Fig. lO). 

Kirkland Lake and Ti~ins (Porcupine) have been important gold-, 

producing districts where the gold occurs mostly in quartz veins 

-~-along majar east-west structural zones. These areas contain 

• 

significant amounts of clastic sedimenta and iron formations. 

The Kidd Creek deposit is the only majar massive sulfide deposit 

known in the Timrnins area, "and none is known in the Kirkland Lake 

area. Ultramafic intrusive and extrusive units are known in 

these areas and sorne contain significant nickel sulfide deposita. 

The Noranda area is dominated by volcanic rocks and 

associated int~usions. Sedimenta are essentually absent in this 

area. The Horne and Quemont mines are the only significant gold 

producers in the N6randa a~ea. These lie astride the eastern 

extension of the Kirkland Lake-Larder Lake break, a majar 

atructural feature containing important gold deposita to the 

west. The Noranda volcanic complex contains mo~e known massive 

sulfide deposita than any other complex in the Abitibi belt 

(Fig. 6). These deposita are closely associated with felsic 

volcanic units whiCh appear to be particularly-abundant in this 

' . area. 

Massive-sulfide Deposita of the Noranda District 

Figure 11 illustrates the general geology of the No~anda 

area. The area is dominated by mafic to felsic volcanic ~ocks. 

and associated-intrusions., Spence and de .Rosen-Spence (1975) 

' " 
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recognized 5 cycles of volcaniam beginning with ~nde&it~C 

extrusive activity at the beginning of each cycle changing to 

rhyolitic volcanisrn towards the enQ. An apparent break in 

volcanic activity occurred at the end of each cycle. The Flavrian 

Lake and Lake Dufault granite and granodiorite shown on Figure 

11 are two large hypabyssal intrusions of the same composition 

as the felsic volcanic rocks and are interpreted as being related 

to volcanism, They appear to be unrelated to the development of 

the massive sulfide deposits,· however. 

Until recently, no deposits have been found associated with 

the two lowermost volcanic'cycles. Most of the known deposits 

are found at the top of cycle 3 where the mineralizing events 

occurred at or very clase to a single horizon overlying the 

uppermost rhyolites of cycle 3. This horizon appears te have 

been•·the-·scaf loor- for: a- signi f icant: but··unknown-length-of.-.time ·· 

at the end of cycle 3 volcanism. Most of these deposits occur 

in a belt trending northwest between the two large felsic 

intrusions (Fig. 11). Minar mineralization also occurs assoc­

iated with cycles 4 and 5 volcanism. Figure 12 schematically 

summarized the occurrences of massive sulfide deposits with the 

various horizons and units within the volcanic sequence in the 

Noranda area. The large number of deposits along the top of 

cycle 3 volcanic rocks is guite cvident. This horizon can be 

traccd throughout the district and in unmineralized areas amounts 

to a few inches of fine grained siliceous material often 

containing small amounts of pyrite and other sulfides. In all 

arcas except to the south the hanging wall of this horizon is 
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thc Amulct Andesite, the lowermost unit of cycle 4. sorne 

mineralization occurs slightly above the horizon within the 

andesite, indicating the hot spring activity continued after 

andesite volcanism began. 

Locally, the massive sulfide deposits are associated with 

rhyolite extrusion domes emplaced along this horizon. Emplacement 

of these domes appears to be most favorable along fractures or 

zones of weakness asindicated by the linear arrangement of 

deposits in sorne arcas. Even on a very local scale within a 

single deposits the sulfides appear to be distribUted along 

linear zones. The individual sulfide masses occur on and in the 

rhyolitic domes along with rhyolite tuffs and breccias. 

The Millenbach deposit (Fig. 11) is one of the recent 

producers in the Noranda district, and while it is not one of 

the 1arge!- deposits, it exhibits· in-a relative1y·we1-l·preserved · 

state the characteristics typical of these massive sulfide 

deposits. The deposit occurs about 3000 feet below the surface 

and was discovered in 1966 during a drilling program with the 

objective of testing favorable structural si tes a1ong the horizon 

discussed above. Production began in 1971, and in 1973 reserves 

amounled to over 2.5 mil1ion tons at 3.5% copper, 5% zinc, 3 to 

4 oz. si1ver and 0.004 oz. gold per ton. Since that time 

additional ore bodies have been found by subsurface exploration. 

Most of the sulfidcs occur as lenses and pods at the crest 

and flanks of a large rhyo1itc porphyry dome referred to as 

the 1ower QFP, or quartz feldspar porphyry. The dome appears to 

be e1ongate in a southwest direction and sulfide lenses are 
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arranged along a linear zone parallel to this direction. Each 

lense appears to be a separate hot spring center. The largest 

concentration of sulfides occurs at the intersection between this 

southwest linear zone and a more regional northwest structural 

zone. The massive lenses are often underlain by vein and stringer 

ore in a circular to ellyptical pipe-like body. The latter may 

represent the feeder pipe for the syngenetic hot spring deposits 

precipitated on the seafloor. Figure 13 is a geologic section 
.. 

throught the largest ore body in the mine. The upper QFP is a 

second rhyolite porphyry which overlies the massive sulfide body 

and probably represents the distal portian of another dome 
' 

extruded ·trom another center. This latter dome appears to be 

genetically unrclated to the Millenbach ores. 

Between the upper and lower quart~ feldspar porphryies lies 

a thin tuffaceous bed·consisting of·chemically pr~c~pitated 

chert, volcanic fragments, and.disseminated sulfides. .. This 

material grades laterally into massivc sulfide in thc ore zones, 

and converges at the margins of the extrusion dome with another 

tuffaceous unit lying between the lowcr QFP and underlying Amulet 

rhyolite (Fig. 13). The resultant tuff unit is widespread 

throughout the district and marks the end of cycle 3 volcanic 

activity. If followed far enough this unit can be traced to 

other massive sulfide deposits (Fig. 12). 

Associated with the domes are breccias consisting pre-

dominantly of rhyolite and tuff fragments in a cherty matrix. 

These breccias are rare or absent away from mineralized arcas, 

which led many prospectors to the rcalization that they. served 
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as good ore guides. Locally fragments of sulfide ore occur in 

the breccias, and sulfide material m~y serve as a matrix to 

volcanic fragments. In sorne deposita fragmenta of sulfide occur 

in a matrix of finer grained sulfide often of a different comp­

osition. The breccias appear to have formed from explosive 

activity resulting from the interaction between hot salid 

material and cooler seawater. 

The sulfide deposits are zoned both texturally and 

compositionally. In the footwall below the massive sulfide 

lenses occurs a pipe of stringer ore where chalcopyrite and 

pyrrhotite with minar pyrite and Sphalerite occur in a stockwork 

of interconnecting veins 1 to 12 inches wide. This pipe is 

surrounded by a lO to 20 foot envelope of anomalous zinc where 

sphalerite occurs in small veinlets and as fine intergranular 

material. 

The strin9~zone g¡;-ades upwa¡;-d into the mass"ive sulfide of 

the main·ore· lenses: The lower zones ot· th"e massive ore"bodies 

may be brecciated where fragments of chalcopyrite occur in a 

matrix of pyrite and pyrrhotite. The upper portions of the 

massive zone grade upward into banded material where sphalerite 

bands altei"nate with bands of pyri"hotite and pyrite. From the 

massive to thc bandcd sulfide there is a general decrease in 

chalcopyrite and increase in sphalerite. From the bottom to the 

top of the banded zone there is a decrease in sphaleritc content. 

At the top of the banded zone sulfide layers may alternate with 

layers of chert. The uppcr contact between the sulfide lense 

and upper quartz fcldspar porphyry is sharp and may show a 
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scalloped surface. Sulfide fragments have been found in the 

hanging wall in the upper QFP. Also present in the massive 

sulfide deposits of the Millenbach mine are minar magnetite and 

rare arsenopyrite, galena, and silver minerals. 

Alteration at the Millenbach deposit consista of a halo of 

spotted rack, or dalmatianite, around the pipe of stringer ore 

and in the immediate footwall of the massive sulfide lenses. 

The altered rack consists of small fine grained aggregates of 

chlorite, sericite, or anthophyllite in otherwise relatively 

frcsh rhyolite. Locally rhyolite has been intensely altered to 

chlorite and biotite. Individual sulfide veins within the 

stringer ore have selvages of chlorite, sericite, epidote, and 

carbonate. Alteration in the hanging wall of the massive sulfide 

lenses is either weak or abseñt. 

Figure 14 is a geologic cross section.through another part 

of the Millenbach deposite showing a satellite fumarolic center 

on. the. flank .of_ the_ rhyoli te_ dome._ Figure. 1 S. shows_an .. addi tional. 

ore zone at the contact between the upper QFP and the·overlying 

Amulet andesite. This sulfide·body representa a continuation 

of hot spring activity after the emplacement of the upper QFP. 

A continuous pipe of alteration extends from the lower massive 

zone to this upper body. 

The Horne mine was the largest ~n the Noranda area, producing 

over 1.2 million tons of copper and 8.6 million cunees of gold 

from in excess of 56 million tons of ore. The rocks along the 

southern margin of the Noranda volcanic complex containing the 

Horne and Quemont mines have been fractured and deformed (Fig. 
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11). The volcanic units strike roughly east-west, dips 85 to 90 

degrees to the north, and have tops to the north. The Horne mine 

is unusual in the Noranda district because of its high gold 

content. There are 2 main ore zones in the deposit, the upper 

zone and the lower H. These bodies are roughly circular in plan 

and approximately 500 feet in diameter. The ore bodiea are 

conformable to the foliation where developed and plunge down 

dip of the enclosing volcanics for severa! thousand feet. The 

most abundant sulfides are pyrite, pyrrhotite and chalcopyrite. 

The gold occurs in the native state, as tellurides and in·solid 

solution in pyrite. 

The No. 5 zone is a subeconomic body of massive and dis­

seminated mineralization stratigraphically above the lower H ore 

body (Sinclair, 1971). This lense extends down dip from a depth 

of 1900 feet· to 8900 feet, has a strike length of 3000 feet, and 

a .. thickness .ranging from lOO to 450 feet. This roughly 

conformable~mass-consists-of·tuffs7 rhyolite tuff•breccias, 

and rhyolite breccias as complex interfingering units which were 

deposited by pyroclastic activity and subsequent collapse off a 

topographic high on the seafloor. The sulfides, mostly pyrite, 

occur as irregularly distributed conformable lenses within the 

volcanic units. Sulfide fragments are commonly enclosed in the 

tuff breccias. These fragments are chemically and mineralogically 

similar to the massive sulfides of the lower H ore body strati­

graphically below. The more massive sulfide lenses in the No. S 

zone appear to have been formed by post-depositional slumping 

and flow of sulfide mud_accompanied by explosive volcanic 



• 

• activity to produce the fr~gmentation. 

In the vicinity of the Horne mine the volcanic units are 

intruded by structurally controlled syenite porphyry dikes, 

These intrusions. are genetically unrelated to the volcanic ·units 

and appear to be related to igneous activity along the majar 

east-west fracture system extending to the west, Similar 

intrUsions occur in the Larder Lake and Kirkland Lake gold 

districts. These porphyries are post deformation and faulting 

and therefore are post massive sulfide deposition. The gold in 

the Horne deposit may be related to this intrusive activity, 

Kidd Creek Massive Sulfide neposit, Timmins, Ontario 

The Kidd creek ~ssive sulfide deposits is the only known 

majar deposit of its type in the Kamiskotia vo1canic comp1ex 

containing the Tirnmins district (Fig. 5). Figure 16 shows the 

location of the deposit within the Abitibi greenstone be1t. The 

geo1ogy of.the·Timmins area is-shown--in·-Figure ·17.- The area is 

domina ted .. by __ u1 tramafic-_ and mafici. intrusiv'e._and_ extrusi ve u ni t.s __ 

and c1astic sedimentary rocks. Fe1sic vo1canic rocks occur 

1ocally as in the vicinity of the Kidd creek deposit. The 

structure of the area is very comp1ex. LOCa11y the rocks have 

been highly deformed and fau1ted and in p1aces are overturned. 

A major fracture zone striking s1ight1y north of east passes 

through the Timmins area. Most of the gold deposits are assoc­

iated with subsidiary fau1ts and folds associated with this 

structure. Sorne of the ultramafic units contain magma tic 

nickel sulfide deposits, however these are genera1ly small and 

uneconomical. 

• 
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The Kidd Creek deposit is located 17 miles north of the town 

of Timmins. The deposit was discovered in the early 1960's and 

production began in the late 1960's by open pit mining, In excess 

, "~-- .of 100 million tons of~ore 'were.proved toa depth of approximately 

2800 feet. The grade of ore is approximately 8% zinc, 1.8% 

copper, 0.5% lead and 5 cunees silver per ton. Tin is locally 

, ... _,,,, .• ,present in.amounts. as~high~as-•31!. •This.deposit is.-considered-to ·--~­

be the largest zinc-silver-cadmium deposit in the world. 

The Kidd Creek deposit is located in an isolated patch of 

. - _, .... ,felsicovolcanic-rocks within~an~area dominated by mafic· and ··-·· 

ultramafic units. The massive sulfide deposits occur in a pile 

of rhyolites, fragmenta! rhyolites, tuff.breccias, and andesites 

-·overturned to the west.· The local strike is north although the 

regional structural trend is east-west conforming to the domal 

nature of the volcanic complex. Figur~s 18 and 19 show a 

· · -•- _..__ -geolog ic- plan and ·cross · section-•respecti vely of the ·mine are a:· 

The-massive sulfide bodies are associated with, and conformable 

to, local concentrations of fragmenta! rhyolite and rhyolite 

--· ··tuff breccia which may represent a rhyolite dome which has been 

strung out by later deformation. Intense shearing has complicated 

the original·geologic relationships, however there are sufficient 

·recognizable features to place this deposit in the volcanogenic 

syngenetic massive sulfide type. 

As shown on the cross section in Figure 19, the ore zone 

-dipS steeply-to the east, however the deposit is overturned as 

are the enclosing volcanic units. Additional evidence for the 

overturned nature of the deposit is the apparent inverse zoning 

. - . 

. . . -
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in the volcanic rocks and sulfide units. The rhyolite which 

normally lics in the stratigraphic footwall of massive sulfide 

deposits occurs in-the structural hanging wall. Conversely, the 

andesitc occupics the structural footwall. In addition, 

chalcopyrite stringer ore occurs in the hanging wall and massive 

sphalerite and sphalerite-pyrite banded ore occur in the 

structural footwall-.- Intense~alteration occurs-in the hanging 

wall rhyolite whereas there is little alteration in the footwall 

andesite. 

The volcanoclastic rocks associated with the deposit consist 

of both fragmenta! volcanic rocks and sulfide breccias. The 

deposit averages 25 to 30% pyrite, 15% sphalerite, 5% chalcopyrite, 

0.5% galena, 1% pyrrhotite and lesser amounts of silver, acanthite, 

tetrahedrite, tennantite, stromeyerite, stephanite, pyrargyrite, 

pearceite, bornite, and cassiterite. The ores show most of the 

textures and structures observed in the well preserved 

Millenbach deposit, including the banding, stringer zone, and 

overall mineral zoning. Also-present are siliceous zones­

resembling quartz veins which cross cut the ore. There is a 

high copper zone near thc core of the deposit whic is 

charactcrized by high bornite content and unusual silver 

minerals. Both the siliceous zones and bornite zonc appear to 

represent remobilized material which cross cut the syngenetic 

massive sulfides. 

The geologic relationships suggest the presence of two 

separate ore bodies plunging stecply down dip, the n~rth and 

south ore bodics separatcd by thc middle shear (Fig. lB). The 
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ore bodies have a rough cross section measuring 500 by 1500 feet, 

Thc ore bodies converge at depth, and are known to go to a depth 

exceeding 4100 feet. It is unclear if the north a·na south ore 

bodies were separated by later movernent along the middle shear, 

or if they represent two separate depositional units. 

Alteration in the wallrocks consista mostly of silicification, 

·chloritization, and sericitiiation 6f rhyolite around the stringer 

ore pipe. Contacts between sericitized and unaltered rhyolite 

can be quite sharp. The andesite of the structural foot wall 

(stratigraphic hanging walll is essentually unaltered. 

An unusual carbonaceous unit occurs in.the m~ne area which 

is conformable to the enclosing volcanic rocks. There appears 

to be a spatial if not genetic relationship between this 

carbonaceous unit and the massive sulfide bodies. It consists 

of carbonaceous argillite, slate and chert containing disseminated 

pyrite, pyrrhotite, chalcopyrite, and sphalerite. 

Massive Sulfide Deposita at Manitouwadge, Ontario 

The Manitouwadge massive sulfide deposits are located in 

western Ontario northeast of Marathon on the north shore of 

Lake Superior. These deposits are of interest because they lie 

in a high grade metamorphic terrane. The massive sulfide bodies 

occur in a synclinal roof pendant of Archean metavolcanic and 

metasedimentary rocks completely surrounded by·granitic gneisses. 

Preservation of this small remnant of greenstone occurred by 

down-folding.of the syncline into the gneiss during intensa 

deformation and metamorphisrn. The volcanic rocks have been so 

intensely metamorphosed that it is impossible to determine the 
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nature o:t: the protolith. The wallrocks of the massive sulfide 

deposits are described as muscovite schist, however other 

lithologies prcsent are biotite-amphibole-garnet schist, iron 

fo~ation, and metabasalts. The sulfide bodies occur as lenses 

conforrnable to the. enclosing rocks, however they are enveloped 

by a halo of disseminated mineralization. 

Three mines have operated in the district, the Geco, Willroy, 

and Willecho. The Geco is the largest and highest grade, having 

2.1% copper, 5.1% zinc, and 2.2 cunees silver per ton. The 

massive ores consist of 25% pyrite, 20% pyrrhotite, ·14% sphalerite, 

6% chalcopyrite, and less than 1% galena. The silver appears to 

be associated with the chalcopyrite. Gahnite, ZnA1 2o 4 is found, 

however this phase is considered to be a result of high grade 

metamorphism of sphalerite-bearing rocks. The origin of this 

deposit is interpreted"as being typically syngenetic, with post 

depositional metamorphism and remobilization. 

Syngenetic Massive Sulfide Deposits·of Paleozoic Age 

___ ,The lead-zinc-copper-pyrite type of syngenetic massive 

sulfide deposit did not appear until Proterozoic or later time 

(Table 1). The appearance of lead in these deposits is attributed 

to a more advance stage of differentiation within the crust and -upper mantle. Ultramafic rocks were becoming less abundant in 

tho rock record of these later periods and more fclsic volcanic 

units and their intrusive equivalents were becoming more abundant. 

Thcre are no important deposits of this type of Proterozoic age 

although a number of examples occur in Paleozoic and younger 

rocks. Massive sulfide deposits of early Paleozoic age occur at 
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the northern end of the Appalachian orogen in eastern North 

America, particularly in Ncw Brunswick and Newfoundland of 

eastern Canada. 

The Buchans deposit of Newfoundland líes in a belt of Silurian 

and Ordovician sedimentary and volcanic rocks intruded by later 

Devonian plutons and batholiths of various compositions. The 

local geology_of this area is shown in Figure ZO. All rocks have 

been regionally metamorphosed to lower greenschist facies and 

deformed du~ing the Acadian orogeny. The folding ·auring this 

·-event was locally intense and open to isoclinal folds within the 

bedded units are common. 

The Ordovician rocks consist of mafic pyroclastic units and 

sorne pillow lavas intercalat~d with marine greywacke, siltstone, 

argillite and chert. Felsic volcanic units occur locally. The 

ovcrlying Silurian rocks consist of a thick sequence of shallow 

water conglomerate and greywacke overlain by mafic agglomerate, 

fel sic· pyroclastic-uni ts; and- ignimbri tes -which··are··overli!l in- in·-

turn by fluvial red micaceous sandstone. 

Thc Buchans group of volcanic rocks lies in the middle of 

the Ordovician scquence and appears to represent 4 cycles of 

of volcanism with andesitc at the base of each cycle and dacite -at the top. The andesites contain local interflow arkose and 

siltstone. The local area of the deposits appears to contain a 

local concentration of felsic volcanic rocks, however the 

terrane is isolated from the regional stratigraphic setting by 

the Devonian intrusions (Fig. 20). 

Figure 2l.shows_the.distribution of rock units and metal 
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zonin9 in cn>ss scction. Thc sulfida bodies accur ~s confon~~~blc 

len5CS ,.,ithin thc dodtes of cydcs l ond 2 "'hich appear to orcu¡.y 

topograph:.c depressions in the !oot~·all andcsite. The hrgest 

dcpreosion is ol>cut ~ M in <li~meter. Thc dietributlon of the 

volcanic rocks oppcar~ to be otructurally controlled ~·here a 

distinct pilc or volconic units havc dcvelopcd over t~e depressi.on. 

The ovcrall Geologic en:Tironment suggcsts the depressions 

rcprc 5ent coHapse co)deras ovor volconic vents. 

The d~dte unlts ~<ere cl:lplocGd rapidly a~ ash flo .. s, ""'l~cd 

tuEs a~d a9qlomer~tes. !"ollowing dacne deposition, siltstone 

wu dcposited in a sub.,~ucous environment alon~ with beddod 

coarse-gr>incd cry~tal-rich tUff of docite composiüon. Tlle 

'"aosive s~·lfide d"¡><>sits occur in a 5trHigraphic horhon abco·c 

the 5Íhstones and td!s ond aa aósociated with a diHinct 

breccia zone. The Mlts•one is crossbedded and exhibits soft 

se"-im~nt defonr.~tion !ea•ures. It contalnS cilSs~min~tOd pyrioa, 

often 1n distinct bads in a crossbed Set. Detl'it,,l sphalerite 

is ,üso fo~n~ i~ thc sihstona as indivi<lu¡¡l 9rúns and in 

rr.ine~oli2c~ volconic :'r.,gmente. rhe brcccios containing thc 

sul!i<le Jcn,cs consist of a mixture of sediment11ry and ·.-olconic 

rock frag:ncnts in a f1nc detrhal m~trh. Frag1:1ents o: massivQ 

sc:lfide and Mrite occur ncar ore bodi~s. 

)lagsive sulfide dcposits Occur !n horizo"o at thc top. w<thin, 

or ~t t~~ ba~e o! the bre~cias and appeor to b~ rouqhly 

conternporaneous >.Jitll tha brcccias. The brcccüs are c<>nceo.Hated 

alon~ trc~~t.s and could repre~cnt hhar.(c ~reccias rclea•ed by 

Gislodging '-'~Go~soli<lHod rr-~•eTial on the flan~s of ¡¡ dome by 

-JB- • 
explosivo activity. The con~octs bet.,ecn rnass!ve sulfido lcnso" 

and s-orroundin9 uniu ore ge~~rally sharp except whero breccia 

occurs as~~-~ foot.:oll, in which caso faotwall contacts ar<> 

gradational. T!".a ore lenseo are overlain hy an"-eshe ;md <ladto 

of the next volcanic cycle. 

The ore consists of a fine 9T•>inc•d mixtu;ce a[ sph>lcrite, 

galena, O:ld ch.ücopyrit<> with small amounts of pyrit<> and 

te~rahedrHe. Trae~ amounto of bornite and covcllile occur 

th~oughout th~ ores, and ~nMgHe, nativ<> silv<>r. ltr9entite, ac.d 

r~by silver have been ~aport"d also. Thc moot abun~ant gan~ue 

t.tineul is b~rHe ~·hJ.ch rnay constitutc up to 25' of thc ore. 

Qu~ru, calc~oe, se~icitc and chlorito are also preacnt. 

l"he:.-e ~re 3 ore typcs recognize¿, maosiv" oro>, barite ore, 

ar.<O breccla ore. The rr.aasive ore is ussontually str~ct~re!ess, 

but locally contains co~fm.,;,abla b~nda ~nd streakin9. Slwr.p 

struct,res occur l<hero masswe ore grades into brccciB ore. The 

1:1aSsive sul!ida ores occupy ch~nnQls in tlle foot.,all. llorite 

ore co!>sis~s of a mixture of fine to co~roe grained harüe a~<l 

suL'ide mlncrals cor.cant:.-ated towar<ls the top cf the ore bodies. 

llrecd~ ore consbts of íra9.~eMs of ""ll rock suspended ir. 

s""lfi6e. :!"r~9ffients of sul~ide in o rr.atrix of sulflclc also occu:.-s 

locally in the masoivo ore. 

,\ "'o~kwork of rr.inerali•a~ion o~cuE ü the foot.,aH ot t~e 

:"tosoive ~ulfidc lansQs, anC in ~~~ces grades upward into rr.assive 

ore. Thio st~;:n~er or~ hAs the •~m~ sulfide minor~h as the 

>ousive ore ~x~~pt !ora large propO<-<io~ o:" py~ite. :rhis •one 

' 

!".as a~ alteradon halo of intense silicltication and chloritization. 

• 
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,The Buchans area has produced approximately 20 million tons 

of ore since 1928 with an average grade of approximately 15% 

zinc, 7.7% lead, 1.4% copper and 3.7 cunees of silver and 0.046 

cunees of gold per ton.· 

Massive Sulfide Deposits of Tertiary Age 

!1assive sulfide deposits of the lead-zinc-copper-pyrite type 

also occur in··Tertiary•age rocks (Table·l·). The Kuroko deposits 

of Japan represent the best example of this class of deposits, 

Much geologic and geochemical work has been carried out in recent 

years and theresults of these studies have contributed much to 

the interpretation of all massive sulfide deposits. The term 

· Kuroko is an old Japanese mining term meaning black ore beca use 

of the fine grained nature of the sphalerite-galena mixture which 

constitutes the ore. The individual deposits are not large in 

comparison to their Precambrian equivalents. The total tonnage 

of ore discoverd in the last 25 years is approximately 80 

million tons containing important amounts of ~inc, lead, copper, 

silver, gold, and other minerals. 

Figure 22 shows the various tectonic provinces of Japan and 

the distribution of mineral deposits associated with volcanic 

rocks. The Kuroko deposits occur in the green tuff regían of 

northern Honshu, a narrow·belt characterized by extensive sub­

marine volcanisrn during Miocene time. The massive sulfide 

deposits were formed during a relatively short time period during 

Middle Miocene as shown in Table:and Figure 23. The deposits 

occur along a relatively narrow time-stratigraphic horizon. 

The massive sulfide deposits are spatially associated with 

--~-
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• "'" • Au.A1.(Cul 
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H)'li"otllenul ,."""""1 

• CI>J .-.:1 lkl •- d!;>os.!o 

Toctom<: provu>"'" ond distribo,otiot~ of minenJ d<pOSits ofvolcanic 
alfuUty oi tho N <OS=• in J•I'U'-

1 ~ ..r Euly M10etn< "'>l<onam, oo-<;&lled "G"""' Tuff r.g;on". 
(Mainly nlbmarino, ...OO>ted with aomo addic ¡,.,.,..¡va o( l..aro 
Mioc<D<.) (~'l!-J iD f"¡g. 2.) 

I1 Zone o{ Mioo=~e vokoniml i<l thc R~ Are, (Mainly oubaoriol.) 
(Z,.,o 13-11 in Fig. 2.) 

111 ~ of!>i~• volcaniam along 1M Medi..._ Te<tonic Line. (M•mly 
oub>.orial.) (Zone 13-IV io Fo8. 2.) 

IV Zooo oC r.... ... N005..,. foldinp. mainly iD the e,...;. Tulf ~on. 
(Z.,e 14 iD Fog. 2.) 

V Zono of s....,.. iatnui..., &Dd ""truoiva DD. 1M Sbi.mt.nto l<on.in. 
(Zono 9-IU ia FiJ. 2,) 

_-Figure 22 (Tatsur:li, and other, 1970) 
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• clsic py;odasüc unas and rhyolite ~o dacl~e do:>e • 

Volc~nlc ex¡>losion breccia 

ara co=on along w>th Ped~ of tuff and t"~f breccias orighatlng 

by sut:.-,arlne slu.>cping- a~d tu~bidlty currents. The s~l!icle Gcpo~its 

~hOW evldcnce of being ca\!ght up in this slu!:tping ana breccutio~. 

Hany occunences indic~~ed ü.e sulfide material has been t~ans-

porte<'! into Cepressions ir. tbe sea ;"loor by density or turbidlty 

!lowaver, th<> sourcc of the s"l~idcs can be tuced to 

~ !unarolic center on o~ near an extrualon done (fig. :lB). 

Ore ooaics-~re tabular and-lensc-like ond tn rnost cases 

confo:--;oab;e to t~.e er.c:os1~9 volcanic units. 

oftcn occorr.panled by a stookworks o! J'l.ss~ro> fillln~s and 

oreplace.,ent veins "'hich served u the !eeder s~stcm !or the 

m~ssive sulfides. Thc Geposits ~re commonly underlain by altered 

rJ-.yoll~c volcanic ~r.its -.·hich have "<!~n hy~roth~'-Oally altered. 

This ~lteration consists mostly of silic>fication ar.d ser>~iti-

zotion . T~e han~ing volcanic units olso shOw a low ic.tensi~y 

altna~io~ (Fi~. 2·;). The al~euticn o! ~he ha~\ling wall roc~s 

r.~y be a r~sult of tile rapld ;equcnc<:! of evcnts where fumarollc 

~cth-ity co~tinued ~hrough the pcncd of =>pla~emant of 0\'So"!yi.ng 

u ni ts. Loc~lly t.ile rn.->ssive suHide deposit• aY<:! overlain by 

This relatio:>ship r:~ay h~ve Pee~ a 

r~sul~ af u~ ... O! metal-bearing brhes along the ;nterface 

bet.,oc~ solía foot«Oll roc~s and ovcrlying ~·ater-sHureHed 

r:..,-~ru 25 and 26 sha" the relationshi;> 

af the m~ssive 5'.>lHde depooi~s with fal5ic cxtr~sion dom~s. 

•· 
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Flg"re 23 St~ot1¡;rApjt1o Rolationsh1ps of Kuroko O~e" in tM~ Koaoka 
Dl~trJ.ct (llorlkoH.l and S~to, 1970) 
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GeoJo¡;1c Scc~lcn of the Shaka~a1 Y.!ne S'lO,.Ir-~ Zo~al 
i!elat!onshlps of AlteNUor. ~ypes (~'tsukurna an~ 
llorlkosr.l, ~970) 
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&imihr te, but more eomplicatcd than, th~t obse.ved b their 

Precambiro~ oqlllv~lcnts. Relow is a surr.rnQry of t~~s zoning frcn: 

top to POttcm: 

L 

'. 

' 

'· 
ó. 

•• 

Han>;hg wall con~istir::¡ o! an uppcr volc~nic or 

scdimcnt~ry unit W~ich ::1ay cr l"ay no~ be alt<Hed; 

Fcrruginous quorU zone consisti:lq o! he,atite, 

Barite zonc usually consisting of monominenlic 

b<>.rite; 

~uro~o zone, or blac~ ore, consisünq of :Oine 

grained bar1te, sphalor~te, galena with minor 

Oko •ene, or )'<'llow ore, consinéng of c!-.alcopyritc 

Keüo zon~. or siliceo~s ore, which consi.sto of 

ehalcopy;ile ~nd pynto "ith guartz gangue in a 

stoc~"'orks in silicHied rhyollte; 

Sú~oko zonc, cm1Sisting of a!lhyt:riu, gypsU!O. 

FooUNall consisting o! silicCfieC rhyolit~ onC 

pyrocl~stic rocks co~t~inin~ disser.lin~ted or vein 

suHi~es. 

11 wide unge o~ ~e><t~~es and Hructures ~~e observed 

rlüpending en the minerals bcing ~reci~itated and the ~de of 
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bedding, 9''aded bedding and ot~ers. 1111 these featu~es a~e 

bdicativc of tha syngenctic origin for the o~es. llreccias are 

bhO com:non where frb\)"ents of suHidc rr~y occur i, fine gra!ned 

sedh:1e::tt a~d t\Offaceous t.loterial, or in ~ sclfide r.lot~ix of ~ 

i!iffe~cnt cornpositior:. Tlle Kuroko b:>d Oko zones are genc~ally 

r:fassive or ))ae.ded w~ereas tM<> Keiko ore occurs in a stoch'Ons 

in the footwall. TMc l"inerah>~y and tcxtures are tran•itlonal 

t.>twe~r. the v~rious sul~i~e zones, 

• 

The Kuro);o ore ;,. the ooain hase metal zone. It eonsists of 

sph~lcút~, galen<>, b<lrHa, chalco~yrite, ~yriu, an<! tetra­

heóritc in or~er o: abu~donce. Hinor ~MountE of born1~e. electrwo, 

and r.~dve silver aloe occ~r. Tetrahedrite and silver íncreaoe 

to~·ards the top of ~h<> zone ond chalcopyrite increases to.:ord¡¡ 

thc bottom. Si.lver occurs in the naüve state, u.~ as tetra­

hc¿ritc, "rgentiu, j~lp~ite, stro~.cyerite, ac.d polyb.>site. 

Less COr.u':lOn mineral. presentare covellJte, idaitQ, !ukuchilite, 

and enargite, 

lenscs and also occu~ arcund the rr.argins. TMe \'O!u.-.e o~ a~lfate 

rnal<>ria: usually ~xce~ds th~t of the sulf1dcs. ~he gypsUl'l lS 

t>ed~cd and ü a seco~.dary <>lteration .~ . -· 
of anhydrito, the pdmary 

r:d~cr~: de¡>osit<!. ~·irab';lhe, Na
2
so

4 
lOH

2
o, is also to~n~ 

wit~ th~ gy¡;sUl'l. M1c.or =ounts of S>.:lfide oce~r in the >;yps..,, 

precipit.atíon. ';'lle f~nuginous ~uartz '"n" rt~y ba "q~ivalcnt te incl~~ing pyrite, hase rr.etal sulfidcs, and un~sual cop¡>cr 

iron !o,.,aüon .,hJ.ch is co:o,":lon:y assodated ~·ill:c F.rct.un ,.assive sulfidcs, :"iq>.:re 27 sl1ows th~ metal and mineral zoning for thc 

sul!Ode Ccpc-sit.B. Within the r:;assive a~~ stratiiied ore, 

' 
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Colu:c-~ar Secticn of ~u~c~:<> Ore 3o~ies 
¡.:jneralo~ical an~ G<•oohe~loal Zonlr.E 
(M~touJ.:ur.1a and Horikoohl, 1970) 

[ZJ !SD ·-----
F1~ure 2d Oeo1og1c Sect1on of ~·o. 1 Ore Body, Shaknr.a1 

Dlsti-lct (Kajiwara, 197Dl 

• 
Fouc ~Hterent episo<lcs o!' olterHion hove occurred in the 

vicinity of thc "auivc sulflCe de~<>sits. The first of the '-""' 

rnoin cpisodes consists ot t1iG~spr~ad r~9ioc.al net~t.1orph>sm ond 

is chanccerhed by the- conversion o: th<> volcar.i~ >"'Ocks to the 

o s5aTT.bhge epi ~o te -chlori te -,>lbi to~ser le i t e-qua&z . The sccond 

=•• cor.-,..on alte,.atic..n is that asoodated .,ith nineralization a~d 

liho·.·s o zonal distribut:"fun around t.hc dcposlts. Frli"rn <Oo.altered 

l. ~onttnodlloniU-O<!olite zone in thc outer orus 

roe k: 

2. Sedc'-te-chlorite-pyrüa zone obve the sulfiCe ore 

body' 

'"'here sericite ond chlorite prcdo;dnate; 

'· SHici:ied zon~ • 
wit~ s<>rne sericüo> and chlorite 

in footwaU and cer.tr~l pan o! ore body within 

So:nc deposits are as&odatcd wü~ the :oarqins ot Msino 

whic!:: e1ay be interpreted u cal<ieras. l!egional di~tribution o! 

thes~ cald~u• in~icate they are controlled hy proo,nent frac~ure 

as well. However. the s::tall ütr~sions an not h:-ge ~no~gh to 

supply all th~ heat required to drive t.hc minerohdn<J systcl'l. 

~cn<perat~res of for.natloit of tr.c depo<>U froot flUld inclusions 

ar.d 
o 

•~lfur >sotope geothermo~.e~ry '><ere 300 C fe¡· t!".e 

ore ar.d 2S0°c !or tha Ku~oko eres. Theu!ore there had to be a 
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'!'te clo!Oes intr~cled along 

tiBing stable isotope Cat~ fr0<11 s~lfides a.nd !luid inclusions 

1\y~ and Ch.CJOtO [1971 dev,lo~ed o ;no~.el for the origin of the 

K~roko dcposits. 

Heet, either horn the intc¡¡sio~s or f~o:n 

a ph:ton at depth, set up a ccnvectlon cen which pullecl sea-

"~ter into thc mineraliúng syGte:n. '!'he rnet~ls ~re leachecl =~om 

floo~ as the solutions rose along the ascendi~9 li:ob o! tha 

convection systmo. Anhy~rite :n~y hove pr~oipitoted Uir~ctly 

':"h<> solubHity of 

anhydrite Cecreases as te . .,peuture inco,ases. The "'cchanis:n by 

l<hicl: ne s•olfate was reduced ~o sul!ide in unclear. 

beon ?OBtulted to be a asu:t of inteuetion with ~"'rrous iro~ 

in the volcanie rocks. 

tha 15lond of Fi¡i. FOgures 29 a~d JO o!".ow the )ocat1on of the 

~epos;.ta an~ the generalne¿ geology o: n.e ncrtheast sectioo ol 

andesites, and bas~lts with associate~ voleanOc)astic sei:;.;.o~ts. 

Fí~urc Jl s~o"s the g~ology in the vicinity of the Un~u ~-•na. 

at the cnd of the volca".lC epísode. 

so ..... • •• 

.,., ••• ,,_, ,.,-

(Co!ley actd R!ce,l975) 
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Figure 31 (Collü~ and Rtce, 19 75 ) 
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Flgcre 32 

(Col!ey a.nd ~:ce, 1975) 

C><><o >«1,,. or '''' l-,,,, '"";"'"'' lo •'• "1'"' o[ U•d• rn<•• '"" "' >1-< 
"''"""''-•> o[ >h< """"' m<mb>" o< ''·' l.oo \'ol<••~ Ó•••O· 

-

• 
lesser ~:>e>u,~s <>! enargiu, tennanüte, bo<nite, ""d idaite. The 

depcs.its are 70ned vcnieolly, ~·ith eopper s~Hides concentrated 

at the b<lse and lead and zinc suEidos are eoneentrated at tlle to¡: 

Ore deposit¡on ~·.>s acco:<panied by silicification and 

argilhzation of ~~e er.closin9 1<1>1l rOcks. Barite and anhydritc 

wer& also depoahe:'. with the s~lfidea. The footwall of th<> 

sulfide ienses consists of breccia, Mwever, well developed 

on th~ •~• floor . Minar rophccrnent Df tho volc~nic rocks nlso 

~·as observed. 

n~~re 32 is a crass section of t~e area in the vicinity o! 

tl".e Undu mine ~howhg the stratigraphic relatiansh•ps of the 

v;;.::-ious volca:lic !!r.its. The auociatio:> of the depodt "ith a 

''Olcanic conter is apparent. E"igure 33 schettotically shows th.e 

local c;cological ;elauonships of ~he mine uea and the idenüe~ 

r<>presentation of the f=arolic ce~ter. 

rccanstructian oí tho environe¡nnt at '-he time of formation of 

th~ depasns . 

copper-Pyri~e Sy~aenetlc Masslvc S~lfide o~r.ooito 

ourln9 P~anerozoic ti>oe maulve suHidc deposito cor.s!St>ng 

ossaciation with ,..Mic volconic rocks. 

fo;-:o~tiDn o! these deposiU is pOstulated to be o~eanic s~rcading 

cer.ters. The depasits on" the iolond of cyprus appear ta be o! 

t~is ty?e. ThUe depasits a~e "".saciated I.'Üh a larga ultr<ll"lafic 

coe".plex, the ":"r<>Odos co:oplcx, tr. the "Utern ~arto! the ishnd. 

• 
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Fl¡;~re. 3~ (Calley a"'d RiCe, l975l 

' 
This 1gneous comp!cx covers an area of approúrnUely 1200 sguare 

The t<>ctonic se::otir.9 is interpretad 

as be;~g an oceanJ.c t.IG!:lile eugeosy:'lclbe ,_,;.th ~he ':roodoo cmoplex. 

re¡:>re~ent>ng ~" o¡:>hiolite environn:ent "'hich has been obducted 

onto thc c~uH ~uc to thrustir.g to the north. 

"Che uoo<los comple>: consisto of t\N> parts, " plutonic 

COC".ple~ ~t the cec.ter and arO\ónd thc edgas consioting of a 

dJ.Hercntiated ult;,-a,a:=ic co,.plex 1it.h dunote, serpentinite, 

pyra~ec.ite, gahbro, and gra:'l<>phyre, andan intervening st\ened 

si.::lilar co:opo5itlon. The upper series consists of :ooa feet o! 

bosolt:ic a~uusi.ve and i.ntrusive roc~s. The natic nature of the 

volcan1c units increases upword, ,,na thü last st~~cs of 

¡,,~crca~ated YÜ~ the upper volcanic unns, and overlyir.~ thern, 

deposhs occur conforrnably .. ithin the up~cr basalti.c unJ.ts. 

hi.ghcst grada ~cposits occur ot the very top of the scquence 

23 Ceposits "'ere fObed. Mac.y ott\er occ:.:~rences are kno~-n. 



-55-

total tonna~e of Ore was ~be'"' JO mil!ion tons, abo~t half o:!' 

which camc :rorn one Ccposit a• .~avrovouni. The buer averilges 

3.5 to q,SI copper a~d O.ó\ ZlfiC. one snoll deposH pf 50,000 

tons contaic.ed 41 co¡>pcr and B to 91 nnc. 

Nost o.!' the sulfide Jenses are ••"·'•• 0 •' • , · • """- an -•h-,y>ng, ac.d 

frequently have !Jroad synclinal fcrms. The latter deposOta a~e 

thic~cst ;,; thc rr.iclrlle ond io!low üreg~hr~ties j.n the ~nder­

lying lava sc:rface. Thay cons>St of mojor pyrit~ with Jessur 

a=~~ts o! c~alcopyrit.,, sphalerlte and traces o~ 9 alena. 

)~arca•ite h presenL as a sccondary ni!:eral. and pyrrhot:.te ¡ 5 
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No¿ern Sub..,arlne rumarolic Sys:erns 

s~~fide-depositing ~.ot springs hove been <hscovered recently 

on t.hc ~oH racific Risc "'~st of tha Las Tres .•~arios hlands o!f 

the coast of Mcxico IFr~ncJ,ete~u. ond others, B79). The area of 

acuve ~ydDthe~:oal a~t.lvity occurs on a spr~oding center go 

Hlo:ncters r.orth of t!l& Riura and HO Ulo::~<>ters south of the 

Tomayo uansfo.-m faults at <> depth of approxitt.otely 2620 ::~eh""· 

The total width of th~ apreoding zonu la 1.5 J<m. The area ls 

~=inned by a senes of horst and graben st.-uctures. 

Thc area aae::pled during th.e l97B CYAJ<EX exped!tion .oonSisted 

ol>sent.. !1,¡ny oí thc d~posits have !>ecr. exposcd to weathcring on~ of llghUy oedimented flank• oó oteep-sidcd structural deprcssions 

sccondary copp<>r sulfidus oro nrcsent. "'-~- o-- , ' , • .,.,.~. ..,~unes O Sl.<V<'r 

and gold oce~r. '"' ,,.,,,, o·-•·• -"n-•• 0 ,, , '" 700 ooetexs west o¡ the axis -f ,~, •-•••O'•o ·•-•·•· • ~~- -• w .. _ '"" ·- to .<.ü cunees ~ -" '" '•• • "• 

silver a~d 0.01 to 0.02S O\Onces goCd per to:.. 

The ores ~re layermL and colloform banding is corr.moc .. 

el!yptic~l bodies up toa foot lon~ occur, "'"·lCM glves the ore a 

conglon:eratic appearar.ce. 11nndon9 cons;sts o! alternating 

laycrs of pyo-ite, ~arcasite. chalcop¡•r:i:e, ar.d sn:all a:no~.~ts ot 

sp~alerHe. Fragn-.cnt~l texture~ ~loo occur where fr<>g~.c~ts of 

pyritc .re c10bedded in Hne gro:inod fnah!c sulfid<>•. co~tacts 

between sdH~u.~r.d '"olcanic u~.its are :.sually Yery sharp 

except w~erc fine str~ngcrs occur ;n and l>c>tl<een ~dpcent ;>ü:o~·&. 

J\HeraLion lS al>sent. in han~ing wall rocko but ¡ 5 cxtensive 

The r.tine;al deposits l<ere b~ilt 

on ~ pill<>w lav~ terran~ with only minor arnounts of sediments. 

The ~eposas are aligned along boun~HY taulto of the guben 

struct\Ores. They ta~e the fo= o! are~ular col\;:-..ns up to 10 ::1 

high ""' ' " '" diametcr. Tllese struct~reo "" ver y porous ar.~ 

consist " .. interlocl<lng oyste:n o:" tubes. .. o~<tn vent occurs 

•• ~~.e tO? " '"' edl!iccs . 

Three ty~es o!: "''~eralüation occur away fro::t tl:c large 

constructiana~ featurcs: >~crusutions coating rnoderately steop 

in thc ore horizon an<! tootw~!l rocY.s. The "'oH corn."!lan altera:~on surtaces; lO to 2o c:n ~·ide conelets huilt o~ ""d>mcnts; and 

sea floor fumo~olic activity. 

~u·"~nir.e-li:<c tlows ~upping nearly venic>l s<:e~rps. The 

r..aterial ~n the la::-9e ::our:~5 is ~dable ~nd poro,. 5 and easily 

tragrten~ed. It Shows a vorioty of colars fro;, yellow to brown, 
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g:ccy and "'etal!ic blue, honze red and ~<hite. Native sul!c:r 

loc.>llY occurs ln cooting~. Thc t~bco oca co~ccntrically zonod 

where the J.nncr w3ll5 ue llned with meullic nicrocrystallina 

""'teroal. The l:rownOsh r-audal CO"-Si-sts of a100rphOus iro~ 

oxi~e as secon~ory alteratiO"- of sulfldes and is found in the 

intcrstices betwecn sulfid~ gralns. 1he sulfldcs consist o~ 

s~h~lerite and pyrite with minor chalcopyrite an<l r.arcasite. 

.~inor elcnenU found in the sulfides were cobalt, lead. silve;, 

The "?" of the dcposits is ~oti:nat~d to be less 

t~.an 10,000 to 20,000 years based on the age o! the hvas. '"' 
areo sanpled appears to be dormant at the present time as the 

J:,otto:n 11ater >1"-s not anornolously hot. 

Genual Model~ for o~'qin of Volcanogcnic Mass!vo Sulíi~e lleoo5i~s 

~utchinson 097l) &Ufl",.,..rhed tt.e tectonic settings for the 

formotion of the v~rwus typos of volcanogenic ~.~ssive sulfide 

deposits. FigHe 35 sche:natie~lly reprcsents the tocto~ic 

!t consuts 

of an are~ of volcan(sm in a thin crusul env.ronrnent overlpng 

a thlck poorly diffcrentiat"d uppcr rr.ar.tle. Flgure J6 suJM"arücs 

t~e tec,or.ic environr.:ent. Oor the Protcrowic lead-zinc-ca~pc~-

pyrite type. rn this case the crust is thicker and n:ore 

cliffcrc.etiated ,,nd the upper rnantle J.s tUnncr.and mor~ di!fercntiatcd. 

the dnc-copper-pyriet atld lcad-zlnc-copper-pyritc aappem< Oc. 

Phanoroic tirr.c. This environrncnt is tho clossic~J subduction 

2c~.e "~He the massi.ve sulóidc Ceposia are ge~erated in a sub-
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envlrenment from Dcvonian to J~r.>ssic time (figs. 37 and 3BI. 

syn9enet1c Husive S~IHC~ oeecsits in Sedinlentarv ROcks 

Nassive and ban~ccl suHide depesits occur ,;s lenses con!e1""able 

to e~geo'syncHnal sedime~ts of Prccan\brl~" ~nd youn;cr age. :"~e 

beU exa::-plo of this type ot dcposit h the Sullivan mine near 

¡o~.berley, llritish Colurr.bia (l'ig. 41). o..-er lOO rnillion tons o! 

ore halle b"en produced'cor.ainint 6.6, "e~a. 5.11 2inc, a~d 68 

grarns sil\ler per rr.etr!.c ton (rithicr ~n<l othcrs, 1976). 

cther s.=lle~ de?Osits oc"ur in the area. The cle;>osit occurs i~ 

?reclll!lbrian eugeosyn<:linal sedi:ooen~s en ~h~ oaBt flan!< ot the 

Purccll t<~nch. 'l'h~ ~ock5 are eq;;ivalcnt to the Belt Series, 

a:c:d consisto! o'•er 45,000 feH ar':jillaceous and a~e:c:aceot:s 

seclim.,nts dopositecl from l/00 to BSO ~r.illion yc~rs ogo. The 

=.ss!.\le sulfide lenses ecccr con!'onaably '-'J.th;n argillite5 an<l 

süts~enes of thü Aldridse For~r.ation depositod bet...,ecn 1700 ond 

1300 n1l~ion years ~go. Tl10 dcposits occur at ~ r.orizon wherc 

of Jepositicn began t.o •~~sido rapidly . The lo ... er Purcoll 
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gradad bedding an<l othcr feH'!Ores su~gcsting " turbidite sequance. 

The r.ain ore lense occurs "ithin a 5ingle strHiJUPhic horizon. 

Ore ~as been recovered throu9h a thic~ness ot 200 to 300 feet, 

along str.D.e for 6000 íeet, and 45GO fcet down dip. 

thic~ens ~nd thins along :oinor irregularitiu in the surroundin\1 

figure 42 is a cross ae~tion through the ~:~ine area 

<hmáng the variOu5 geologl-c reloticmships . 
. 

There are iqneo~s r<>cl<a in ~he viclnity of ~he dcpOsit, such 

as thc sullivan sill in F1gure 41, ho.,nvcr it ~s generally 

accepted that th<>y ara not genetically rclated ~o the rnineral-

bation. 

M irr.port~nt fcature in the foo~wall of the or<> lense is the 

presence of breccia an~ conglo;:¡erate. The bre~da is interpreted 

ao a result of collapse of the 1\ldridge sedi<<enu during 

deposnio~ on a ste~p slope. ':his <lopc could be >ehted ~o a 

local hui~ sca~p >~hich, in tc:rn, is rehted ~o the iniüation 

o¡ sulJsidence of the bosion. 1hio braccia appears to occur 

b<>ne~th t~.<> ZOne' of :ouil:mm thic~ness of the massive sulfides. 

1he Cepresoion proCuced by the col!apse is fllleC with up to 60 

mcte.•s of conglomcrate. Thc ~ebblcs wcre ac;iv"d from Hthifl<>d 

Pes~ depositlonal tectonic activny along 

north-sout~ zones ~esuHed in the beecciation cf conglor:~eratcs 

ar.d othcr roO.s. Brecd~uon occurred befor~, during, ac.d 

Brecciatíon 

occurrcd primarily "' ~he wastern up-~i~ portlon of tho de~osh. 

' 



-6~ 

l\Ost of thfl ore sho~·s l~yering rnnging in thickncss from 

ccmtino~ous laOlinations are cc:;;mon ar.d =y show crir.klbg. 

' 
T)le sulfi<le lcnse "~s C.eposited on thc sea floor at the 

sa01e time as ·the assocated argilla~eous sedim~nts in a rapidly 

s;::bs!Cit.g geosynclinal ~>aün. '!'~e overall thic""csa o~ the 

str~tlgrophic cOhmm indiCates the sedimentO He thickened in 

'l'he suHidc or~s consiH predcrnina~t.ly o;' pynhotit.e, galena, the 1:1ine orea because of the addition of tl'.e sul!ides. 

1 
sphüerite, and pyrite "üh m::.nor chalcopyrite, arscnopyrite, 

r .. >gnetite, cassiterüe, boulongcrlte, joooesonHe, and tetra-

hednte. AlteuUion consins of tou!"lf.aliniz"tion in thoo foot-

walls bencath the ore lenae aa a funnel-zhapcd zone in the 

..,cstern port of thc depodt. 'I'hio alt~r~tion >one cxlencls tor 

teed~r systcm for the rnassive sulficles. ,Ubitization ancl 

chlo~iü~otion occur above the ccn~r•l zono o!' the ore 'ene 

str~tiqraphically ~bovc t~e zone o! to~noalinhatio~. 

Tt'ta ore clepooit i5 <Oncd vnrllcally ancl conccntdcally 

at>o-..-e t!::e ar<>a o! r:>OSt inte~se alteratio" bot sliql-.tly down clip. 

1< central iron zonc consisting of rr:ostly pyrrhotite occurs 

of the ore lense. Pyrüe increases towarda the hoc.qlnq "'all. 

cossitent~ is associ.>tecl with the pyrrhotite as in some of the 

arsenopyrite. L<:!ad in concentrHed in a concentdc zone ~rou~u 

the central iran zoc.c. The lea~ to ünc rat;o decreases to~·aeds 

tt>c periphcry of ~he ~epo~it. ~ncl up~·ard abovu thc cc~tral zone. 

!-lassive pynhotüe gra~es upward into '-!eH ban<::ed g~lena-

sphaleritc ore. To~·ards the ~angtng ""l! sul!ide bac.ds ,-.ay he 

interhyer"cl with Silicco~s argilloceous !"laterial. Silver 

appeau t.o be ,ost clo~ely usociated "'hh galena. 

- - ··--· ·----
• 

.. " . . . ,. 

• 
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K20 + 1:o 20 - Sto, and K20-Ho 20-S102 YOdatton diogc.,-s foc 100 
fre•h laroni~c igr.eou< roc~s fri)lll Arizon•- l¡;neoJs roe~ clo,.Hi"tion> 
(Fig. 2a) follow u.e '"fte tnde• {Rittm>nn, 1<;62) and the aHali-11~• 
index {Poacock, 1531}. AAalyses of the Chlle-Pcru ar.~esite-rhyollte for­
o:.otions plotted in Fig. 2• are fr"'" Pichler ond Zeil (1969). 
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b. 

tarami~e volcano-toctonic frame•Ork of southwestern !iew Ha.iCO 
ond •outhern Ariza"' showing tho distribution of rn.'ljor and minor porpr.yry 
~•~osiu (Sa), derlve~ inte,.ir.oral ¡»le<>Hrain fie\d (Sa, in<ot), positlon 
of ir.ferrc~ cotrposhe Andeon ore orogon, ond sevoral tra"'"""" (1;(-trend· 
in~ porpl1yry break• (5b). The N~-tronding linoar discontlnuities are ado~ted 
froa THloy (197~). 
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Albei·s and Klein!Hl!:lpl (197()) 

.I.W'Oro. •.••••••••. Yoloanlo ~~te, 
undllleunti>l.<:l. 

"" ,, -"~""""" ' "''"'""' ,, ,.,..,¡ 

Yeino •••.•••.••••••• -- ••••• > 12.5 •••••••. _ 

_ ••• ,do. •.•••.••••••• -- ••••• 7.9 (•dulOTI~)- .• llodle ••.•••••••• _ 

BWifrog ••••••••.• 

Intru,ion, ...-ith 
u~lift(l). 

C&lilern. _ ••••••••••• _ Depoolt.. o long rlm f,...etur• 
•oo•• ¡,.,;,, and bo~ 

<tL ......... . 

Ooldfield ••••••• __ 

MojubA Hill ••••• _ 

Opollt.e ••••••••••• 

Io\r"'lon, mth 
uphH(1). 

C&ldora(l) an.J (or) 
IDtru<lo~, ..-ith loeo.l 
uplift. 

Inlru!l'e e<>rn¡>• 
(hoort of ''O catJe 
«nloc). 

Ca.ldef& •••. --- •••••• -

SUv•r Peok ••••.••..••• do .•. ------ •••••. 

. ~·d-
' eono ••••.••••••••••..••••• 13 (~ul..r¡a¡ ___ _ 

..••• do ••.•••••••••••..••••• ±21 •.••••••••. 

\'elo~ •=• "'Plaotment of 
rh;ohto ood br<cda. 

Dopo•i" •loos rlm fr«lun! .. ,. .. 
Yt>nL •••••.•••••••.••••••• 

<13.. .•••.•••.. 

<~.9----------

Tonopa.h. •••• - .••. In\ru•lo,, ..-:iU. uplUL. __ •. do..................... > 17.5, prob­
a.bly ">22. 

Albers and Kleinharr,pl ( 1970) 

Gilbet\ and oth.,.. (195S, p. ~iJ); 
Y•b¡-a Al-l!.ari (o,-,.1 cO"""".lii-, 
19GS). 

M. ¡,_ Süb<rmn (oral commu~ .• 
l~!W). 

!1. H. Cocn..-611 (ol"lll con:u:>un., 
1969) . 

Trlt.-. and Thur>'-<>n (19:;5, p. 1~, 
201)-201). 

G. W. W&lk<r (ornl comrnun., 
1905) . 

Robln'""• :.lcl\0<, end :.:olo!• 
(!90S, p. ~9>) t.ok<n üorn J. l'­
Alber; ond J. H. O:e .. ort. 
Unpub)i,bed d~t.o. 
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~l•p of t~< T>upo Volconk Zone ohowtn 5 >•d•« ~o<>lo¡y ond =ior 

otru<rurol f"hH<' (odopt«l hom Gnndley, !90»). l, Qu>tm"'Y ft<>h»ot<r ><dHn<n«, 
l>k< b«h. rhyciL1e domM, ond pHo<l>"•<•: l, T"tL>ry-Q"'""'''Y tt\Ofln< ,.,Jom<nt<; 
), Q-">!tmar¡· .,d.,,< (:<oMnl\ ¡>.,\.); l. Qu•!<"'''l' i¡;;n,:>bn'" "i~"< minor rh)'<'ht<>, 
andmt<O, and b,,_,~t>; 5, Pormi;rn-MO>Ozoic S">""'''<k .. ond ><gillo1<o, 6, Holoc<M 
pumico pyroclalli<> · 
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Table l. Spectro¡~raphic analyses of chcmical precipitates, Steamboat Spr!nga thermal arca, Nevada¡ '" PJ>11' except where noted 1• 

'· •e '" 
,, 

" " "' " ' e" '" " 
' ~-so, s!Jtceous IDUd, Spdng " 95.5 " '" '" l. 5% '" '"' '" '" 50 ' ~-JlOJ,sinter S stlbnite, Spdng ' " u ' 50 l.O:t " " 1,000 l o. 2 

>l-9~1c, ID~tastlbnltc & opal, erupting " " '" .00 >0.2% '" 2,000 >2,000 >2,000 >2,()00 '" Ncvadd Thama l ~4 wdl 
GS-5 drlllcor~, d~pth '" " ,., H ('l J¡) npal !nc alntcr " 0.3 2 >50 lOO 2 10 1,000 " " n.d. 

" ( S .!:1) .. .. 
" n .d. 0.3 " 300 500 ' 300 3 ' n .d. 

" (ll.R) .. .. 
" 0,2 0.3 :wo 3,001) '" " >oo 10 10 n.d. 

" (25.6) chalcedonlc slnter "' n .d. <0.2 " lOO 3 u '" u ' n.d. 
)U (JI..5) vcln chal~c<lnny "' u 30 " '" n.d. "' " ' " n. d • 

"' (5L 1) .. .. -cal cite "' o.' 20 50 30 n.d. "' " 10 lO n.d. 
m (10.1) .. .. .. 

'"' 0.3 " " JO n .d. n.d. " 3 30 n.d, 

m (Wl. 2) .. .. .. 
"" n.d. '" 50 30 n.d. n.d, '" 10 ' n .d. 

Jlob (11)~.4) .. .. -quartz "' n.d. " ' "' n.d. n.d. 10 l ' n ,d. 

>ó3 (110.6) .. .. -en lci te "' n.d. lOO " 30 n • d • <l '" ' 30 n.d. 

'" (IJ5.H) .. .. -quarn- "' n.d, '·' .., 
"' n.d. n.d. " 2 lO n.d. 

cnlcite 

1 Sern l-qum!l i tn ti ve 6-atep •peclrugrnphic analyses by Chrls llcropolous, u.s. Geologlcal Survcy, lncludlng ahort ~avelength 
radlatlun Jata; "· '"· ""' '" belo~o~ dctectlon; datn '"' !le, e, and ,, ""' lncludcd. 

: --·· 
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"' 
Cl!APTER 11 

Pom\ ~l~On In 1970 """"'arh!c.g Híty yeoro of ~orld•fde pocchyry 

~of!ne<i "' \orto, rcu~hly qul·di~lno!onal depos\t' th" ooc.toln 

<lotod wlth t~ooouo r""plc~oo intruding • wtde voriety of rook 

typoo, Tho oooocloted lgneouo rocks aro ~onorally porphyritjc vi< 

ohQW contontrlt glnorollrotion and alterotlon potterns that often 

QVerloo both the intruolvo ond hoot rocko, ond moy be atc~panfod 

Por~byry copper depoolto ore found vlthln belt< of Lar~ide 

and youn&<r to<tomle ><<lulty and oro oso<>eioted viü. lar~• feo-

tu« O ouch oo the •"••"'" Cordlll«a of the l.'.,tern He,.!sp'.ere, ti 

hingeo of th< Colorado Plateau, the lranlan o<<>g<nlc bol:, •d 

thr Paclflc ore. They ><< ou<><htcd vtth .cneo nf intm>lveo 

In •nos of re<cnt vnluotc octt,·lty. 

Porphyry <oppor dtpod<o on> foood In a wtde vorl«y of hoot 

2. /.;oo<oi2eion ·~itl> f•lsio to f<,t<.-,,ói.O< <rocl•.lH.o lo.r•· 
S(<"" o<>Ocoote,l<ed Ly Oc. ap<>Onitic ¡;c.ocoO,-.,; o"oloio(c.z 
:;ooe<z or feld•por, o< hoth. 

~- ,·.,o eaogtng f«>O> 1 to 200 mlllion yoaro, "l!h oor-.t >xcep· 
tocos. 

5. Concoc.tcio zone<l Oclos o: '''"c't!co ond ~ln<roll"'U·.~ 
thot vacy io &<="'7 an¿ int.cs!ty. 

6. AH.rat!cn halo cooo!il«obly lo>·;-or t~an <he ~ro body, 
g'o~<o~ ir.·.·ord fr= propyHtic •.'.eoo~h rhyl:l'-. 

7. l:Ooe"cl >oof03 gro~~Of. iov•td f~= en outet p¡·c\te h•lc 
eootddog :.·ooeo of et"'" """'''' to B p~~lte <~ell "l'h 
""'ll o~ou"'' d oopp•r <''d ~OI)'l>Jeo>"' >urr"''"·¿¡,~ o lP 
e:'"'" ocre rioh i~ o<,por ond/oo ~olybdoou,, 

l. Pcosoc.ce oc.G ~uoot!ty of tour""' lino. 

<. \'<rio>ion '" &e>~e onli rotlo of cooe<r, oolyhclonu:o, ool,!, 
s;i sih·or ond ot"<r ~H~lo. 

l. C=.po,!Cion of tl>e ln<rusivo ancl ohorocte< of tOe ;.o>C 
rook. 

A. ;;•<lo cf oet•! oo\oe• oocuHiug •• ae<uol clinedoete~ 
<c•E!de g<>ins to t~o•e •• a oto,lnrork or thh velole:o 
oloo~ haotur ... 



"' «cal ortontotlon hov!og a goo<l fo~c.é•t!on in ~·~p!o~, o libnt 

'"~?ly of '"""""" oenoe, and who kno~s 6e eoo<> of ,.[otns, tho 

geology of ~"""" dopoolto, ond lo ~Ul!ng to u•• thl• ~~owlodso 

to .. ueh for, !lnd, ~nd ovoluate ol=!la< Mpo<HO in vulouo 

~·"S"'rhte, geo\oglo, '"~ cli=Ue '""~'"'""· l!o v!ll """ loo< 

o: tho ehnraetor!otlco of porphyry cOppee dopo,lto ~01"0 rlno<ly, 

Tbe <><curronco oí Known porphyry copper depoolta in rocoot 

oro"eolc •oneo lo charao<etl<cd by the depoo!U lytns In ~ulto 

~oooo-o belL,, p•r<lcu\O<Iy "'"""d the roclftc. -r...o orooo d!ffor 

jo th!o reo,eet, ''""h"''""'" No<th ""•rloo and <Ut<rn ~uropo 

(Iron), ~~•re the depoolto occur lo broo><l ooo ... 

:!-.e cge of _ _. dopoo!U h chsr•ctec!otlc•lly yo..n¡, h=<vor 

o feu date back to the Tr!o,.lc, ond •= In t~e App•hchlon 

"'ocntaln be!t a<o onn oidor. s..,e <lepooit• ace u Y"""l u 1 

t.:illlon yooro; '""~.pleo ore (ounJ in <he southo·e" roolflo. Xn 

Nor'h A<&oc<e>, the"o h o ~<n<rol ~"""'• in ag• fro~ tho depeotr 

in Erl<lnh Colu~blo O<>.Hhr .. cward th<ougO A<i>ooo !nto northorn 

l'.exlco. Tile &ethieho= dopo<tt. co•'>loting of In .. , .. , cf lOO 

mi Ilion ton, •v.rontn¡ 0.6 p««nt coypor, 1< '"""iotod ""h 

lda•<!c volconlco. The "lnerollzo<loo h •••oda<eJ "!th o quO<, 

dlod<e !o<ru>lvo da<eJ a< 200 mllllon yoaro. The ~ndoko dO?Oolt. 

«mHaUng ot ¡~ ettUf of \00 cllll>O tooa avo.oglng 0.0~ p<c«n< 

oolybdoo~~. oe<ue> In on lnt"'oive, of <;oart> "'<>OZO~!to <o '"""h• 
•=i>••ltlon, tn >leoo>olc oed!mento <Od volo.ntoo. The lntru•tv .. 

h,-,e hoon dato~ •t lootwoon ll9 eoJ 14J ;clllion yea". Thto lo 

the larB"" colyl;>do""'' ~opO>I< lo Cooo~o. n" Bioboe, Arioono. 

depo•it 1< •n .. eop<lon to tho Loto~!Je oo<l youngor ~opoolto to t. 

<""theoot. It n., b~on doted oc 163 =!lllon y<&<>. n,. ~Ir, 

~ev•ol• dopo<!~ lo opporontly 109 "!llloo yuro cid. D.¡opco:to h 

m 

the '"""'~ Ro,~y Hounulo Cordll\ora, \n<ludtn~ ~<~:;ho~, C\lmo%, 

ond Queou, a<e of "'ld·1ontuy ago. The youoeeot le~~•lto occur 

tn ,.,, •euthu .. r Poelfle wbore the 01< Tcd! depo•it or ~'"Guineo 

'' :,,, tf.oo S <~lilton yuro o~d, •~d the P<~•• d~!><J•!• e; l!.>u­

z•l,.·r!He l• 1 cill!oo yeuo cid. The fo<"""-<r hu t~e ~i>tlnctl0<1 

dO >elog ono of tho few dopoolto discovored by geoch•~icol 'I".<:OoJo. 

t;., IH<ec ~•• dheove<ed in \9ó4, eon•lot• M ~uact: dlorUe oc.d 

sroo<od!o,lto lotru~o~ ln<o Tertlory ondo<iteo, •n~ lo a oo~:'"" 

g~\~ <l•po•lt exoeoJio¡ ~00 mi Ilion ton•. 

In lbTt~ A~ortco, th .. e opp~ar• to be o grn~ral <ontns h0111 

""' to eos< of coppor, to ooppor-moly~rl<n=, to =lybdoM"' In tho 

;cc;~;ro· de~o•lto. 

.'.Ithoush <ho -a< '"""'"" rook type 1~ pO;ph}"'Y oyot..,_. lo 

~oart2 ~n.onl<e porph¡ry, dcpoo!t, =ay be •••oolotod w!th otocko 

"oefng in '""~<>itton free dtorit< to gronl<o. n,,,. otoeko <ro 

intruded loto • wt~o UO<!ety ot eountry rook•, '""'''"" oot<o of H.o 

be>t por,hyry eyotr~o h.vo devo\o~cd -mero «<Oooote rooko ot"O ln­

vohod. !fultiple lntroolono or< '"""'""• ond mtner•ll•><tco ''"<' 

be .. oociated wlth oll ln«oolo:-.o, •• o< Cllr.ax, or tOo lotol< 

e veo<, scch 00 4< ~ln¡h.... Whe<e thece lo • '•'I"<O<O ol !ntruol'""r 

1t l• <=on to oeo • uquenco lobleh ••&ee<t< "''&'>'<!e d(ffot"<'oHo· 

Hoc., '"'~ H diOTit~ to 100I><OOHe to >;»•rt• "'on•O<>!to to lo< izo 

anó 0t~"' quarto·t!<h r<><ko fr"" old~>' to youns<ot. T!lo l~h 

pr .• ,.. •r• often expr .. oed •• !~te orcsa·<u«lng apl!tlc dlku. 

;:nonJSiooa •,,~oor to l>e ohnl\ow, an~ ace o[ten ""oelot<d "lth 

folete vole.,nto roo~, co;onetlo ~lth the lnt<uaiv.,. Tho volc.nloo 

are 0["" ootr.«alho~, ond horo h one place,.·.,., tho tronoltl~t: 

"'"''"· a typ!eally mtnorolhe~ .. "'~ on~ '"eln typo preelo..• ""tal 

"'lner.!b•tlon ""Y bo oppo:<n<. O"h<re th<re h o lO<\& h!ot·"1 of 



2\~ 

!~ooooo o.\J voloon<o •otlv\ty, tho ¡,,tros!v< ""'' oCooo\y ..... 

datod wU~ tOo ore lo of rolat!voly s<:~all t•oh;o•, 

'""'"'""' !.rrgu\ar In oOapo, w!th 00 ovocago si« o: loOOO by óCOO 

foot lo plon e<oU·OooUon. :he =-do of' .-opl.o<'"'o< ~o ~ .. <dh~ 

•• poulvo, lnvo\vtns tho •ppacont replaoe-.... nt, «"!>1"!1, O< ... u.,¡. 

\ot:on of ''>11 ;ook, uth<r Iban fO<e<ful lnjoot!O<!. H-.:t·or, iut• 

Ftt&nt •~<optlono do oeeur, o• at Cl¡""'~- A<<='<'" ! .. turo a .. o­

o!otod wlth rh• dopo.tto aro booce\a pipos ..ht<h ccoy or =•Y not be 

~!nooo\!tod, nra«lotlon oppoor• tobo on \~portont foa<uro ... o• 

<l"od ,.¡._~ 1>lnoral!""tl<1t and lmpl!<a a rolotl''<ly ohol\o~ d<Pth, 

n.e •«· bodloo oonoist oL di•••~"'"'"J ou\Hdoo in hoot 

,-cploc.,.,onto ln c•rbonate uc.lto, ~tloo the ht<or o« proooot. 11>0 

erad• o! ore lo ehouot«<otloally low, and ""Y Qfton tho ooor.o­

r.too o! o porphy:y eop~e< ~o;.o•!t vCII depcnd oo oupor~•ne •~­

r!cl=<nt anJ c.lnoobll!ty by Jorge vo!""" ""r!o« .,.thodo (In addi· 

:Ion U tho a•<kot, loto>lon, ood OY'r~OC•~lltty). The nYor~z• 

gro4e o! ?TI""ry .,Jn~roltzatton 1• osual!y le" rhon 0.~ r««~: 

<Oppor ond/or 0.015 peroent ~oly~donu~, ood ••onndory olnorol!on­

tion ovor03<>1 obo.~t O.B poroent oopp<r, ~nlyb~eou~ do .. not nor­

~ol\y oxhlbit ooonodoty <otr!thoeot, Chuoutoomau, C~!le, proboO!y 

tho IHgeot pOtl'hy<)' cuppor depoút In tOe ~orld, hoo gono t:lrot,g;, 

o Cüfl)~\'" ~xldo>lo;m ond •uporgonc <c.<lehou: htatory. Tho ••v<t<&O 

~codo nf nre ~oro lo oh""t 1.2 P""'"' enpp<r. Tho Brod<n, Chito, 

, .• ,.o'" <o<ugoo 1 po.e.nt <opper ir. the pcbory ore, ¿od :.1~ 

~««nt eop¡><r tn tho •~r•c~'"' ooo, Tho Lo CO<Idod ~<pooH, 

ronou,l!odon, ov«ag« 0.8 ~eroont oopper, prha<lly •• OV?ICS•o' 

o<e, Thi> dopoolt ouppO•od\y OO<'.UIM 150 nilHoo tono o! na. 

g,... ~f th< ~¡heno d<p-O•Ito ooc.t•l• pr<=ry mtoeull:o<l<><> oo io-• 

~~~ 

oo 0.1 pccont ooppor, ond '"''"' ~1>~< ouporgon• mo "' lov "' D.'<S 

to 0.5 pe~cont. In •o~e o! th• 

~- 2~ ;-•:oo~t, ¡;;_.,., 0.\5 to 0.1& p-orooot, orul Hend«••• go .. :e: 

::~. 00 O.l ~·re•~•-=lybden'-"1. 

·ro. .,-orag• """'" '"""•a• of ~orth ...;.:loo~ po:pf.r:r ooppH 

~epootco lo •bout \50 mtllton tona. B!n¡h.,, t<.tt<, C'huqoica~oco, 

end clt,•x """"d 500 mtlllon rono. The Pet.~ullla, Paoo.,., ~opoo: 

p:~l••• to be ono o! tho \orgoot In th• "'orl~. so ~o '"""' of tOe 

colhCivdy m••xp\e"ed Jopoo\10 of tho soutl.weot r,e!f!c. 

r~·ciee la the ,..., ¡.,~ortonl ou\flde. Cholcop~oite, Mly~­

donl:e, ond \eooer ""'"'"" o( bornH• o<< tho ~<i=ry neo dnor•lo. 

chaleoolte, and o=ll OlllOUOto of coooUito oc• the cost tcponoot 

ooconclcty ~\o<rS\o, olthou¡b In o~ depoolto th< \stt<< 1• fouod 

to he pcc.-.uy. 

Cne cf tho coot ohotootorlot\C foot~••• of p~,~~yr¡ d•p~olto 

1> tho hyjrot"•~l o\torotiO> ooon<loted vlth ood <ovel~~~~ 

mlneral!»t!Oc-. Thlo oltoro<!O!'. hao rote1ved olgn\!!oon< ottooO!c, 

10 <>plorot,on progro~o. Tho oltorot\00 lo tonod conce~trtto\ly 

orounJ tho eopootto, The ~""'honU"'• of tonins are not well und<'· 

otood, hcwever it ""Y be rc\oted to grodlenu In te~perotuce, ?H, 

oc.d choclcal potcntl•l of d!ooolwd oo~ponents. 

Loooll sod Gu,lbort tlluotrot< olt<ratlon <Ontng ~•<ng tho 

?•l•~ocoo-S~n H•~~·l ~epoolt tO!I>plox •• o tood•l. The foil=lo& 

di•~~~~• <t th• co? •uo=o<t>< th< local &<olO<Y of th< d•roolt, 

The 2 éepool" ottu•lly rop«O<nt cno ""'"~h., beec. cut to holi' 

by :~o son""'""<\ foult, o \011 ••~1< no<=\ fault. Note tb< oa¡>O<· 

0'"" oc.de""-ont b\ank<t !ormod p«v<""s to t!\Hng •~¿ fouh\og. 

., 



buncn of m!no<Ol!toUO<I •boo• thc tntcu<t~e. 

of aony porphyry co~rer dero>lto, concor.toicolly <o~od Hour.d tho 

of feet out fr""' tho dopoolt, ond wtll effect tho '""ntry rocko 

o• wol\ oo tho otook. Coniocto b<tween <on,, are sradatior.ol n\·tt· 

h found !n tho oulor •on<·• of ~lnorolhat1on in ront•<t <.'lth !r•ol 

to <hlodto ond plogtorto>< to <pldote. PYri<e onó caldte ~•Y 

oloo be found In thlo tone. The p~ytl!c •one involv<> th< roeon• 

oult ho" tho oltorotlon of pro·e.toting plagico!.'", ch\orHo, 

V(Oilo •!norolo to potoul~3 feldopar, bjotto.. ~""'"•"'¿ <~ly 

onhydr(te. lt lo th< Mglloot B'""' alterotton o>served. 

Thfo <ontns dHfero ollgMly fr= the classioal " .. ot U..t<e 

O~Ol\0<> l~•!o ~opootto. In the latt,., t~e orgl!ltc '""' w" '''J 

\ohoro oortctto wu convo<ted to ka~ltni<e or.d pyroph;ll«e. 1-"':tc~ 

: ;·¡ 

c=pooltlon. 

Tho '"~,.~uent di,gro~ coe.pares the al<crot!,,n •onln¡, tho 

<llOI<~Ino<od ~inerali•ation. The scale uill d<p<nó on "" ov"roll 

otu of tho •r•••~. ~ot< that th< dcgr<e of fro<tore davolop~ont 

lr.<roooo> ootw.rl, ''htch is re!ated in part to con!lnlna P"""'"· 

'""pooltt,., o! tho invaded rocks. :•• <>••plo, <lon¡otloo "! :ho 

zono\ P"""' ""'Y occur along a"'='"'"' pro·Dln<rü!ut!~n foo:c. 

tton oouol!y conolo" of dol"-"!tl~•<lon, oll!dU<Otton. on<l «• 

cry<t•lllzoclon. 

d'onmont, oul!id.• replaeomont bodlco a<e oouo\Jy ~r<•<nt, but In 

"' •ooot '""' "'" •~•ll with thc o,.ecptioa su,gha~, ~!'"'"• onJ ~""''' 

4•poO!U ••• oidh< to <~ooc "''"'' tho a .. oolot!on -.tth o ~0<Fi1~· 

c\tl< \nt<"o!vo i• obocuu, or vbrc th• latt« h o;n•ll T<IOCIV< 



In onc deHolt\<>tl of the porphyry oyo<e10. 

eopper. The ~oot '""""" dnou\o aro opho\e<ite ood Jal~n4 "lt~ 

o<>.Oil<r ...ount> of otlvOr m!n«ah, eholoopyrtte, t<tuOodri<•. 

ri<h <<dltoon<o, reph«,..nt lo h!~h\y oo\od!~< t""udo th< <ar­

bccete un! h. l"no only cinerollzotlon in the q""''•-r!Oh nnito ,;,l 

••lecttvity lo VO<Y vdl 11\uotutod In the Etr.gho"' d!otrl«. 

than tho •korn ~lnerolo. 11•<" \attor aro typl<al o( o eonto<t m'ta-

~orphle aooo~lato of &>rnet, dlopo!de, eptdote. forotorlto, v~l-

and othor•, doponding on the '""poo!tton of tho orlsloal ur~<>.•>te. 

S=• dopoOito hove boen "'lnod prln<!poily for th<lr okarno • 

• ,,"" roooldo<ln~ lhe porphy<y <Cpper•molybd<"num o~lt<>• •• a 

""'"' .,..,,,.rd: (1) ohaloopy<lte, pyrlto, bornite, ~!ybde~lto; 

' ""\ 
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l•od. Ooe Ou<h rlepa>i< •djocont to <ho f<<•~nt plt, tho ''"' Fork 

up lo lOO !oot t),lck ond ''"''oral hundrd foet lona. The coppor 

th•tr cont•nt in t~ •• =In rtt on•. 

10,000 f•·•t •~oy fro~ <ho contoct ""~ tbe po<p~oyrleo, ood too 

dcpth of 5000 fe.t. Eoth lotorol ond verO!oal •OOlng cccur> Y!t•. 

CO?P"< lncr .. olng at dep<h. Sttbol<e, roa\g.c, orpl,.ot, •~~ 

AccorJ!ne to <'• pcrphycy n:odel gtvon In tho \ow<t dg~.t. 

Loen <ro~ed vory rlceply. 

lbe corpor .-!ne,oli"t!oo ¡, ouoe1ot~J vHh oco\y teo<l"-;" '·"'"0• 

OboH< pO>ph;,1 "'''" lnt<uJ•d !r.<o o!~<o o~dl.,.o:o; '"" Po·oo,;.•.· 

cf eco<\cr. horo lo ~eeper t~on o< B!nghaoo. fceoer.t =1"\og U to 

'""''"~ rhe s«l< <f o"•• 1: lo •~¡:;¡cote~ ""' • olc~\!lo>nt 

<ol"o~ <>f T<><k ~ .. hee~ leo;~e4 oo~ <<<><!<' •'o•e. Thor~fo~o the 



' 

1or<ta<y fehl< vol<antc ro><kl .. oO<la<od vitb frhlc dtke• •M 

•=ti pl~z•- Even t~<ru~h no «n<ral por~hyr«lc o<o<k lo •?c•not 

the depth ol eroolon '"Y be •~•ll, ond the prooor.oo of """ a oto.ol 

ot depth c•nnot bo rul<d oot. 

p<r eepoolto of the Anclcan ~OUnt~!ns o! Chile •n4 Argentina, ~ 

ogc of the le lote volcanlcs ood plutona ~ecreaoeo frc~ <he cooot, 

hos< for the we\l b""" porpl•yry coppcr clopoolto ol Cl\1\e. The 

k• d!keo nnd •otall p\ugs. 

kcouoo the rod<o g<t o\doc towOTds the co.,t, the d<pth of 

o~d olutono vlll<h ore oxpooed l!<>ng t~e co .. t, wb~reas t~e v~l<on-

p<etd thlo oo the Q".>lcr '"""' <>f alte<e"""· fr""' hls !nve"tso-

P"'" !or porphyry conor depol!to. lt lndudoo both o ""''""'" 

ond aubveleonle enviror.:ent •·ltb ~recela pip<O ond <eplocc~en< 

"' 

' 

poocnttol for Hnding por,hyry •>·<«es, the l"tor ·~• •o<p<Ot<J 

•~d "'""' ln<~ruting pooop<«O OH botnz explo«d. In other O«U 

oooh as Ar\:Qno the «o=lotlon Qf porphyrl<l vUh vo!e~nt:oo 1> 

1) p,~ooHicn or e~.rl><O~.cnt o! o\1 pro-oro epioo~o rooko, 
loo\~dtn, ooy >troc\Ut>l ehenses >.Moh o•y cc~trol the 
•o:¡.!<>cao•nO o! p«p'>yrltio btn>o!ves. 

• 

' ' 
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2) Stru"u<>lly oon<rollod "olcon!•~ oo~/or ·~~lo<o~oot of 
pb,cc•. ~o,..,o!iy, a •orlo• O( 1n"<u>lv01 "'e reoq;nh<d 
onj • <l!fferont(<tlon tr<nJ t<>w."Td> ""'"' o!H<io .ock 
<tr" '' <o=on. Ml.,aa\h.1<lon o~peo~o to Oe .,.,ocP­
teJ <>ltfl o lote phaae, stnp!nr, oo<l 'Ulmibtion a,oac 
tn ~o"'"'" i~PO"'"' '""'' !orcofL,] lnje<~lo,, "d tho 
fntru•lnn o! ono pluton '"" toko p\o,o ~<furo <<opleto 
oryotalll,ot!on of '"'' P<<<Od!nz, 

J) Cry•<ollhatlon of th• oro•r<l>t•J otnd fe~~ the .,,¡!, 
lw•rd; ooo\!ng l• not n«o.,ary fnr cryotalltzaUoo, hu< 
F"~•'il •«=p<nleo «yooallt .. <loo u Je.,t. 

4) Frooturlr.g •~ó •~•t<•c<n; of t~.o •ol~d!Hod out« corti= 
of tl¡e "e'~' thlo uy ~~ tho lt~l< <t ~-h!oh brccda 
plp•• dcvdo?. 

'i) lova<lon cf "' •o!!dtf!od po:<l.,. by altutn~, >=!=r•lf­
zlr.;:, hy<lro:!oo"""l oolut\010•. ~!ooroH>~tlon lo by 
roplaoo~oc~ od fr<«u« fl!Hng, locallhod by <~• fo.<o­
turoo ptúd~<cd dot\r.s •h•<totlnl e!. tho ""'"' •hcll. 

~) Cool!o.g, up;!tt, ood oto•lon, 

1) "l1<B tho eopo•!< boo-• ••poud, oddot!O<O and •u;-oc~ano 
on:!ch~enc ~111 Goour. 

hroooln [·!rH. y,. fr>o!udng onJ br•ooto plpe dovdop.,.nt moy ~' 

ro\o:ed to tho gonerotion of tho r.;•dro,,h.,...,¡ íl"ld, 

l'dn md cepla<e~cot eoro•lto auoe\<tod w\th porf'>yr!•-" 

~lkco aod atlls •« <<=omo, ~nd oro un\lko l<<><k <><<ur<oc.«o. ¡,•• 

"'Y be looklr.a ot ooly "''""' dlffo<on<oo In c.r.u of •••!~ of 

ooluUon "ene<otlon aae <>eblltut!oo. !~Mol\ •h pou!bilioy '~'" 

·'h• intTu•IO<> <<rv~• oniY ao • h .. t """'" ond th~ I>IOOralhlog 

~olution• "'' <x<<rnally dorivoJ. 

"'"'"'" Picos <~pea< <o bo oloooly Dosoohtod ~ith h¡·o!ro,h.:­

""1 ~inonlhotlon ooó ohould Oo conoldoro<.: ln ~"'" de"l\, ~>"l 

col In plon. Tl>oy ungo fn"' o fov hund<<i to 1 fMI thou""' 

.,d. R.roly mlnorallzotiOn lo ooexten•h• vith <h< ptpo, oo " 

''"S" lo uoknovn. lhoy <ommGnly out<<~e on the surfo<o ond <X• 

t<r.d downvord boyond tho dop<h o! mlnlng ot devolo.,oot. Thoy 

""Y •ppeo~ to bottoc "'" In o ><O<~, ot jn ""'C:"Y cod. Suu 

otr"tlgrophloolly obovo thoi< p<ooont po•ition. 

Th• pipe o c"""'only hove o~ooth, ol>ocp vollo. Oo~•«=o •~• 

lo:tor oh"" o trooo!tlon•l note« vhere éhe ~egroo o! <O<otion, 

t~< ~o~ oi ,.,_<lo oo<lvlty u <hoy nrely con <oto Lgncouo .. , ... 

Lo l. Thoy o loo opput to b< pr<-~Lneroli<ation •• chey d~ not 

•hloh ¡, tho <0\<0'" ot P'"""'" bullt u~ by <'•• ool\eot!on of 

"'"'"' nutd " th< <op or the ~·s= '""""''' aft« tOe ,l>cglnnlng 

' 

' ' 



"" 

olon~ pc<·<Xlotlr,& '""'' of w .. ~"""· Af'<• oh•ttodng ond ~orlo~ 

pruour• r~louo the flut~ vould _, .• "?"~rd ropld;y onJ ,..,¡_ 
fo.cefully t•lHylog "'"'"'-l. Th< lot"r =uld bo tucl>l<d •nd 

.., 0dcd, enh•no!ng lli< "'""" uf the b"'ttl•o. ""'''"" thh llul~ 

¡ 0 ~·· ][~< o d<n>• v•poo thon o ]{~éld lt dooo oot h•v• tho 

P"'"'"" lo re!oo,ed ~a<ortnl olll fo\1 boclt !nto the voloJ, thuo 

th< eollap.od notut<. Thto vo.,\d bo relotod to 1 vlolrnt S•• eru~ 

nc 

orl¡¡ln of th< .. oo\ut!ono. n.oro h so<><! o·J!d<n<• '-'-'' In ,..ny 

<lo.o ot t.'hl mapo. Th!s bo!llng b.pl1e• th<ro h \t~\td oo\u-

<Oto ~<loo: 1) Tho oobbiHty of "-'"'jo • olllcat• "'"lt <n-

t~< t~<lt. Tho s"b-v•rtioal oootoo"' ~t<h • ~oo!tlvo slopo r•p«· 



tcoxyl 4111', rloo lo tbo crus< respoodlnl to p~<OOnr• 

, ,, , ,,,, , ,,• , ' '''' •'•••, t~• off<ct """''""", uOOOUOO n< 000 <>u <O ""• • " r ' r 

of tr~pc<O<u<O oo tho •olub¡[lty of '""' ln O •lH<ote ,.,,¡,U 

mueh J<>O thon tMt o! pr<o;u«. In '"""'''Y• olll"'' ~ol" dth 

h!gh w><or eontont hove \ow "'Hin; to"'poroturoo, oo<l ""•~ s"eh O 

.,<lt )OOU "'''"• !U ... !<Co~ t=p<rotore wlll ln<r<a>O. -;¡-..,_,, 
,..,. prtoe!plu •1';>ly eo =1< e[ leu fehto •=po.<«en. It •• 

<loo o;>paront fre;a thh di~"'"" ;h.O J••' o Utol< "''"' ~ .. • 

Jorge ofroot o~ oilloote ooolt!og t<=¡'<roturoo. 

"ih< fol\owl•LC loot>.<,.,ol •'''~"~ in Fl¡ure l.4 '""'"',;.,¡loe 

' . 
,.¡ 0uon•h<p• for tho oolubll!ty o(""'"' ln .1 oilt<ote ~e.e o. 

oit.tte co~roonton, ·~,¡~, ' funotion of P'""""'· n,pch '' 

~:o~n on LO~ rl¡bt ol~~ fH '""?acisoo. !n th< \o.>O~ lef"t pocUor 

o[ th~ ducrr.o tM colt """'" b• n~eu~turot•d ,.lth reopooe to 

"'"'• and !n the ""'" dEC.t .. loTO<!on """'' ~. •"""'.!'~ eo ~~ 

,.0,)J bovo b,th 0 li~utd •iil<•« I~••• • .,,¡ o wo<er·rich P~"" 

P"""'· B•IO<> the em·;e, whioh io •o=uol\y o botlic.t o~ ><tuC·'-

<ion'"'"'· only lt<¡u!d 'U""'' .,¡Jl b• p«<ent, 

bdlod P~lllD oro oqdlibriu~ portio! p:o·uurc of ••<« '""""'• 

., ' . ' .,,,. •'· ••'""' """"""" "•'""' ,.,11 an~ oh<> '" O "'1''"" to.a> p«• " • r " 

1lo tao u•• eh!< dlo~r&:". to ~-<1? '"?latn ho.. h,-d,~c~r"'·'l 

' ' ' ···, ',',', "'' •ole>!""' ro"' oo~ """ porp~.y<itlc lntt·•• VU uevo>cp. ·• 

~u:, r••r·tt to u.Ooc. 

In on !de;! •ltuatloo at oo.,.<ont t<O<Co<•tur< ooó ~'·"" -.o 

~.eor ¡, &otnod or Jo" >y thc dll<oto <Oo)e. oO•n • ~e:o "'~''"' 

a\ong on• ot tho ?E~2(l co~twro. ~"hi<~ to'lt"'-'' lt fo!lov• ..,¡l\ 

ood au!,.!lation aro lnpo<taot proco .. oo to the ·~~l«<~<nt of our 

)0<\l u tto ido! al ~otee cootont lo not moOH!o¿ toa clc•ett"OI!y, 

ooJ pro\•ldod tr.o :.~p<C•<ure doeo oot <haoge "'"'1 .,,,;,, tho o;,ove 

olt~Otly ""'" "''"' thao "'" 1<>«« poctto><. >C.ooo <~e d•pth !o 

reoch•d •uo~. ehoC int<r~•er!OQ ""b tho boiHnh curve ls atto~r~d, 

!.o th• ~•le lo clooo ~o t~o liqut~'" t<~perotuc·e '" b<aln wt<h, 

,., 



'-

.,.,.,.,, ~o,¡ ~l!~ omo<»d pu• "'"'''""'"'' ¡ooppo u¡ ollJ~~o '"' 

~u¡•.o~o ""''" >~1 •1 ~"~'l? 'C'(l ¡o oon><•J '""'"~"'! ""' ·'<;.", 

''"''"'"""' '"'P'" 1' ~"'"0>"'' ''" '"''"' '"""·PJ'"~J"I "'"'"''' 
•?1''1'' mn¡po, pu• ''"'"'''~"';o UOJ''""J • •• ''""" re' P'""'' 

¡o uo¡noo.:ooo oq> fq.-o~' ,,.,,,._,ppo;~o ~"IF'' on•f.• ·~· <¡ 

';'5 oonS¡J "1!< >• l)Oq 01 •H• >>< Aa~o 11 o.o¡o>O<¡l pu" "'-'""'" 

~J ]O>JHl»<ÓOO 10 ¡•>nJ>o~n· 020 o<IO)lOjOO j01100)0>,A<; •"~' 

101 10 H•lH~~ 01 •• .,,.,noo¡p o¡qoHOP-• o•"'l »~ uoo¡¡ 

"UO>'''!l<>OOJ~ po~ """"''01' lO>nbooqno 01 P'!'>( uopn:o• 

~ll" A>¡ouop ,s,~ ><:> puo uocon¡~¡nu ·~· ?O>n¡>»O >odon Ao¡ou•p 

r-<>¡ 0~1 OHV' co¡;....,o¡ o~¡d .,,,__,q ¡o uo¡,ouo¡d~• t•UO)l)ppo uo 

oq p¡r.oo •J'U. ·Su¡.:n»••l 01 '"l' ''"'"'d ¡o oooo¡•• p)<o> • 10 

~1~0¡> ""ll"'i> • •¡s.S~n> p•• 'oO«>~ouo~U "'"'"''J ""! • n •~o¡; 

·':o• ·~> ¡o ~"liJO~ •,;¡..,s; Cl ¡o .1>1'"•1' • q>J" '"""''~"' "ll"" 

q>l~ P"OJX>OO »>•~;ou>> >1~n> H<i O:l'>l~ ('0 puo \'0 U>.nHq 

~,ouop • Ou¡no~ pu< ~OJ u¡ ~>1> ndoA V ·ooo¡J ~OO> Ou<>nn¡oo 

¡n>. .. ~>O>pó~ oq¡ '" ~u,noq «q> ••••PI•• Mqo •uo,on¡>u¡ """S 

-~,OH •> ,liót •-.¡oo><lop ""1~-PI'•J ¡uoqdp><l ,..,¡ o;po¡oo¡do puo 

t~,l)')' 'o..o• \0>10>> oq; o¡ OUJOA ""-'l •»onb >0""' t,,nt o; ,0~1 

'~>O:S -q~u¡~ oql ;o'''"'' >q: """l .,anb .>OJ '"'" "'""'"!>~~· 

uop~>¡uo8o""q =ol¡ pou¡o>;o oo¡,....,o¡ ¡O 00>01.,>0=•• o>O>>l>O' 

·uo¡<n¡ou¡ o¡8o¡• o u¡ pan»oqo ,_,..., oon~O ""-'"doo 01 so ~Uir-

00 puo '>!qo~n:u>p¡on •-'•" •><•qd ~110• ¡o;o''S 'Ol)lO:II•~ PO" 

'•>l~pf.<¡uo '••1'1~' '»n•<; 'oooopo•G• ¡o »plo o¡ '"-''" p>•H•q<> 

o¡ouol"' ,,-,qSnop uo=oo ""~ •'!1 ·oogoq ~u¡¡ooo poo ""'"P 

""''"1'"1 •~•1• P"'""' ~~1'1" •¡o»o¡~ 'o¡oJOo¡= »><¡3ncp pou¡n 

-'-"<> ooo¡on¡oo¡ ~non•• q~¡q •q> JO ""'-' 'lO>\OhJnb~ •?P<>!<;> 

-li"" 1ua>>Od l'<~iM Q9 01 ~n paguo.> lpl\00 ?>o¡ o"¡~ ¡o;o¡ 

JllOJC =q~~¡;¡ •<;> L><llj n•? JO~,,._., 1 o¡ IUJ-l\OJ • .._ 

-··· 

"•U<JJ,n¡o, h¡»od'"""' !'"""'"' ""~' """'" <uo¡,¡oo 

~<>]<po~•p ¡o~ou¡~ '-'0 '"'l' ooo;-, p<>OO',pun •q """' l) '.>o,,;.,._,,! 

·.,,~,.,,., a<J:o•3 P"" '"" e¡ "'"1"'10"1 p;.·o; J" '¡st.¡oco ••p ~o•; 

Oo~oo <l<P JO ·•>-'MO "'q •'l.l. '"Upn¡oo l'~"ql"'P<I'l ¡oo¡d<l ,.~, 

p 00\"lJ<OÓ,,>O >~l UO 01•~ >oiJ•up·o~o >JO> JI >to4 0," 'l[llOJ O> 

puo 's:ooo~ '•n•~¡o '••n>o¡o• '"'lP"I'"l '•¡o~ •q< u¡ ''"~' ''"~~ 

,_.,,o:,. •<;> o¡ o¡qn¡oo '"""' l"P'0""' o~ 10>'-""' ''""''~ '"'"'"'' 

O'j> c:u) >!"' 0~1 ""~J 10l-"'""' JO ¡¡-O]UC]l]lO•~ O Oq i\lft ~J•'jl 

o=o; •••~J '""'"~' •'11 u uooo •• ·~u:nl> ·~1 JO on¡p••~oa 

·¡ooz¡¡oHUJ"' •·'•~¡• 10~ •>• 
so¿¡~ •p>»1 •• 2:>¡~¡1 •o u¡~po o¡ r•>•¡•O oq >0~ 6"' OUOJln¡oo 

~up¡:>,ou¡~ "l' O·'" op;o¡J l .. ¡~lOJ·•;oo''' ''>" '""-"'"11 •,.,n 

;o p;»d o ><•O ooo¡d o·;q "" ~un¡cq •4> •~ '""ll"l"' Uu¡'ll" 

->•ol-« "·'-1 01 ''"'PUco !.¡¡o'""'"·'""" •r¡o¡¡ ·~t ·o;d¡d O lOO>>~ 

""·' ¡o uo¡,.>LIOJ ••11 01 p••: o<¡ o <e"' op;n\J ""q' ¡o copol"'1;: 

"'!l. ·~opn10oo¡ ·~1 "'""' '¡¡•"1 ·~~J\loq .,!l >o ·uo¡lO>J¡¡n 

-•~~' puo ~UJ\10~ OO<noo "'"'!'' o.m'"'"d ''"""'» •;> puo 'P>l 

-•<•·' /.¡po¡u~»•> o¡ $upn:o<>¡ eo<ic,oAop ll'"' >41 1041 o¡q¡oood 

•1 :¡ 'a¡dco>o lO~ 'UIOl-'''"" o¡ OlU>ao 006Jl•• oqJ ¡o ~u¡m11 ·~ 

·~~"""'-'l J'-10 """"'11•»~1" ., """l'-•~d a>~¡d .... , ~ ... ,. ·~· 

'""" f""q o JO ""I'"'J\\011~» ., .. ~~"' """P'"' ¡•>¡no¡oo~ 

'"'""'~ """'""'""'""' "" '"" o¡ uo¡, 

""'HI•:ol» >>'"'>'1 o¡ <l'U ·~u¡¡¡o1 ~"l""ll"l •~H o JO) onup 

-m> lo" uo¡on.,o¡ >0111 _ol '"'""J ¡ouOJljppo uv ·oop l\1·' n•m 

>'ll <;>1'1·' Ol 1'"'1 "1' oouon¡p¡ .<o~ l'OJJ> >Oll<! l\U '""''·' 

-ouo4d pl"'-'OJ /.poOl ¡o ·~' ¡o uond'""' o;m·o ~<u J»JJ> '"~"J 

o;¡¡; ·o:t:l.,; ·~'¡o '¡:><.o¡""""-'""" >o''""""',,.,., 041 '''1'-' 

·-!">><ÁO Ol3>\!l0 041 lO >.>n;oo•'~., onpJnól! ''11 '"'·"! :Spo¡;¡• 

••e; OJ'U '~><» l""""' 04> "''") ,., ... 010\J"'JS<o l ... >1 

(~t ' 



tb~ ouno lo quito oHOp. 1n <><lit byOr~<her.od >r>«"'l tho 

ooaunt of d!ooolvod ..,,.,¡~¡ ~o 10 poteont o, ;¡roo'<f. A< th<o 

ern~odttoo tho e<H!oal ••~P"'"'"'" !o ~~o·c. Evon th< h!~~ 

te.oporatu.o !neluo!ono obeorvod O< Blngh.., h.-·o dtoool\•od .. Jt 

eo~teoto o( 50 to ~O pcreoot, ..norc tho crltleol «~r««~c• t• 

1o~<ton.lnont h"" !tolo ~logro=. Thocofoce, H ton be eonolul<i 

thot mO>t hydrothor,ol eyoto~o ore ouber!t!eo\ '·"" d? ~r-eeod hov• 

tOo poten <lo! to bol!, The ll~uld-vopor """'00 of U.o dt•t<'-"' 

"""·' it poeotblo to dot•·""'lno tho oonJlt1m>o undor ,¡,!eh v.rto~O 

oolu,.ooa wi\1 boll,ln '''""'' of «'"~''"''"'• P'"""''• ond total 

dlooolvod oolto (•o<li<"" ehlor!<lo oq"!volont), 

c:J.urr.l 1~ 

""'" l)fst,i<t !''""''"' 

:::,. !lo"~• """"'-~• ti•"'"' io oo. of <'o ¡.,~ .. , <~<r'" 

f'"~""'"' in 'he "o~ld, o~~ l•os p~odocod .Jw.;flooot ..,.o•m'< o! 

~,~., toetolo os,.,:¡_ Tho rol!'""!"& •o=•<loa<; ¡oroto<t~on f"= 
•n,n.ó,6n '""' oi c<e d•nolog cbe porlod !StO to ¡~¡¡, 

"'~·!>•" 
Ene' 

1cad' 

Go!d' 

.;, 90!' 201. 51• o 

3, 7G2, 1~7, l'.¡ 

85!;,797 .•o; 

I;,:JC6,15ó 

4,042,M3 

"',t;; 

237,206 

" 

" 

" 

" 

" 

671,51.1,1~6 ounooo 

<,757,710 

't'l' ore recovoco¿ io t~e P"' "'"'"" po(,.c·llJ lo. vo~n• t~d •·o!n­

ioh !r. Eo"• q"•"• coooooO''• o rh.,o cf tt.• torree "oo~ld•= 

''·'" •he ~'"''' .,oc,oc.:oo, .r.:.oob to About 6a ~llltc~ r•o:·• ~14. 

Y~oo rc«nt:y dee; nioln8 on~ ~o•·eio;oo-.o~• ha• rev•olo4 o u:~or 

<ypicai <O<~•=·>=l)·bdO'.u.o ;>oo,,yry ''""" u~d.rly\og t~o oo ea!hd 

,,¡~ <la~o '"eic.•. ln t!-.o eb:!ov •·etn '~"'"' th• ~lto«t!oo oo~­

l<z to voi2 <=<,oi:o¿, '·'' "ide= '"' '"'"• C'>• "Ideo the allor~­

=<·o• .,,,.,;~~·• u~!il b ere•' ~f hC¡;~ vol~ de~ol:y, ,¡¡ !ote<vo· 

l!e, <.cl;o~tc zoo,, <o oede!<!o to •<•·~r·<<~ orgi:l!e, 

!o '~' deococ '='>, ''"'~""" ts P"'"'">Oho zn¿ ecot~•ll? 

• 



' 

21,7 

'""'""· ¡, <"·••• d«? "'""" •horo 

aco •• loast 2 •••• of voi<.o v':.ic~ ''" urli« thac th• .,.¡o •«t< 

ve in• •~d alt<r,,ttoo. ~a<l~ dack <:(cocoouo, or é"D.~, vo!no ate ti« 

olécOf ood c0<11t.1only '"""'' ot """''"• ""tnH\te,¡•ydto, •n<l Oh.1)· 

co~yr!te or.c to ton \ochos thtck. 'lte<O 'Je!oo ~-•ve <ludo P"'"d~< 

follcp•c •lteution onvolopto •~ton<l\ng up to 1.5 feo< f«>., the 

voin•. >ho oeoond '"'cono! oto of quono ""d qe'O!~·•olyb<loo1tc 

veir.o o;.d vdoloto "lth..,t obvlcu• aloccatloo cnvclop••· ':\>e nc­

ourcene• of the>e ""'"" ougsUO t~oy ><• pact ot tho =>in otag~ 

fro<tu<e ryo<oo f!llcd oarlio< ty quac"·~oly;,~or.tto, on~ lotor by 

nain oto;;• ~lneral!"Uon. 

A''"' 1 nile ••ot of tho ""'k•i<l ?" <he,.. lo a ""J"" ~or< 

••uth !oul<, th< Coot[Tion~al /aui,, ~tl[o;¡ •PP""" to hoo• no,..,al 

d\splo«~<nt ')' obout ~00~ teot, ,.,. st<le do-r.1. >;o¡o~oot alonf. 

'~·¡' hul; h., rol<<~ <l<e~ .,¡neroli:O";\o~, <he hO\yb<l<~= IOI<enl! 

.. <ico, <nd ex¡>ooeci it o; tho .. .: blook of tha fodt. '&le eady 

[O e<poood on t~o •udo<e e•>t cf the ¡..,jt, TI> lo lo '"• P'""·" 

\o~a<~on of ~ lov F:;do oo;>p«-<C~lybio~"" ~e,oolc ~~l<b lo O.bg 

M;elop<d so~ ~lll Oe ~tnod Oy open ~1<. 1bo "lo.,rali<OOIQO ~. 

•hollu " >'hOt " fouo~ 
,, tto< ~··~ io'Jeh e< the ~tkoloy ~~'. 

.,~ " t\oo de~~~= ¡., .• ¡, 
"' tl•• ~,.~.r~<ooc,d J:tn«. :::~euli~~tl~o 

'" l>oon ""'""' in <ois "" '" o lon~ t:~o .. <"'?"' has """" 
"'""'; O< oxtdi<od o<e fro, nol\ op<o pito oorly '" •:\e hlo<ocy o! 

t~e ~loccC<t. 

' 



",., ,, __ '"' '":'r·•t·l,;, ,;,,,, '"' ,,,.._,. r '"'" _,,. 
"" llw onolo•o ,.f "", •'"'""' In t_ 

·n., ¡,~-,] 1'•~ .. ~;,. """'" h -1.-10" 1.,1 ,¡,;,L ( 10). 
lt h ""''r''"'l]•<••hni ... u•tly ,.¡ 1""'"1''"' ,.,¡, ,, 
'''"" 1 '1' "lb"' "" ,.,¡.,.1' J k "" 1 "' ""' "' 1 ..... ··:·· 
1.,._.,, • " 1. · """ · r 1"" :; ·"" r .. ' ' lok·L . 1 '" '1 " r.~"" · " 
""' ' """'1 ol v.m-r .. t ""'''"'"'"""' c .. ,~tuo, .. -,,.,, 
,..,¡ ,¡,_,¡.-_ ,.,.,¡ ,,Lmic· •>nd ,1""'' , "-"·" 1··•;,.. rl" lc>l,­
ol"~.'· \'ul."nlc .ord "'lnm·nt.ny ""h ,.¡ ,-.,rly Tc·r. 
">ry( ') >¡;<· '1:;''1:·"' """" tl•m ~.1100 h·t in thl<k­
nc,., TI"'~ nml> "" u«>¡;ni».-d 1~ <loo.,,,,,.,.. (1-1) 0 
(,,¡<k Cbll:" ¡¡_,,d, ¡,,],<>t)-<""~l"m'''·'" ""' 
ro.t<<e >OH<hl""' m.o<lo• "!' ].,g,]y nf '~·""'" fo.<g. 

""'"" =J ""'"'"'"!: • r"" l'l ""'"''" L"crb.-J,, ( b ¡ 
'"" biiV<o n<tl-o..-1"''" 1"''1''·)•) ¡,,, "''· ¡ni O< ip •lly 
ol """~IT"· otl~lo. ac.~ 1 <) Li>c ,--:,, .\locoo><"'n'-r)' n­

<i,,><;<>, roml"""l m• .. ,ly of ,.¡,~""' (o"]"""'"'""'· 
<>I<On, W>I>On, !Xl). . 

¡,,,,,,, ol ,¡,.t,to '""' l.cd th< l"~"'mng ol ¡_,_ 
m;Jo i;:'-''"" '"''''''Y· 1l "'" cm¡ol ,,,.,1"' on ,-lo,¡;oio 
"""' wi<Eo ;¡, no.tho.ut ,;,t., do,.·] y tnnlor.oing to tl.o 
"'"'~~''""'''"]lino¡., • d;,.,.,., ol nmly < mil= 
T).e ,],¡loto w" .1t ono ,;,," "'""1<-d ,., , ,¡.,.,,, ],~"k 
.,¡ J "'""'"·"' "~l (O); ],,-,,.:,.,."• <1•·" '""''"''' nf 
'" lot"''"~ r<ht;,n ,.,,¡, ]•ru,_.,,,,, lin~•·•"' =ú 
Cn-t"""">(?) »l.=¡,,. "n"" br.-n r,md. 

Tloo '"''"'"' "1" "Y "'•" ot thl1 ''"<:' '"1' m1pM 
by 00 l"tm.l ,.¡ """""· rcml''"~ 1" !'""''] ''!'""-'' 
..1. :1"' >[.,lote •locl, ¡,,.~,_] ly ,¡,1~'"'"" ,,¡ tloo 
a.mn 11"""!' ~""'' B<ll. •od C.! -'!"'-"''''" units, 
111'"" ,¡,, ""'' "" r:•m•rc-J "T"""ri'IJ ,.,¡_ 
o .. nlc ,,,¡ ,ro;,""''"'l' r<>d< oo "~"'" ' """"· _,,_¡ 
"'"'' l<rm«l "ol-1< ·'" >!;![k.,O<r>le" on r.E:"' o ~ ll2 ) by 
n~h"d on<l ,..,,,.,;~¡,_¡A <imil" '"!"'""" ¡,., kon 

'"~'ó"i'e<! by '''" "' '"'" '1""1"'"' m tk s,,l]'" "' 
( !!). 

Thc tO<'<I ._..-.-.t ""' ,;,o In!.~~'"" ol • ll•~e """l Q' 

"11 uf <ttc<ro!'"'rhJ')' ;]""'' -1 milesio <>iJLh ,,.,J" 
'·"' ~ ,.,¡,.,"'¡,.,,,u, in" '""'i.w<'i<dy oh,t·cU<>n 1« 
~,~,. "-''-' i> o_,t :J, .... ,] .:~.~ ;:.,. """¡"''' ''"6" ul 
he"''"""'"""!''""'" Al<l,..•;h il> .oottlm-,!e>ly liJo 
oomi<t> of "~'~"1" ,,,.,\,, liJ],, ""¡ Mo~ "'"'"'"0 
"'''d.,."""'''!'"" """'• Lho·-.c ,.1wpl.)"'' .. r •fe 
¡,,.,. ]'D'J'I')'Y "" i«nilcJ ¡,. ,¡,:, oluo·ch"" i>y !ho 
uo¡;r "'""""¡¡;...,_A nnmlk~ of l•t,;< 1"""1»><• o! 
·,¡_¡.,¡ ,.,,¡ fooll• ,] )",,k"'"'' -cJ'""'"'·")' "" h ·~~"' 
n 11" '""'1'"'"'' ,],;o ol ,¡.,. <i•colc po•ph¡ty. Thu<, it 
, inlom-J ,¡.,, 11., ""S'"'' •• ,¡or r.,,ll ltcl"'"" tho 
.. _,~en,.,;, ""' ('"'"''""{~) '""'""""'•')' roo,\¡ ¡,.. 
'"'" ,, "'""" ¡.,,,.,., ,L"I''' '""1 r_,l,-e.,io ,.,]¡. 
'""'·"Y,,,¡,,.,,¡ ,¡,_, ·' <~nl><t '"'""-" ""'" 
""PI.J'Y ,.,.¡ ob•l'«. 

.\o.d.;Hc ¡.-.--pl•y•y omy ¡,,.., lxo_, ;,,,.,,¡,.,¡ '"" 
0,,,. rl,.· ,] <" lk I""J'I•) r_y, ¡,,¡ rcL'<i""' "" •••1 do .rr, <1 
'-"; ¡,. ><mply • f•oio> ni lho· btto·r. 

' •· '' •¡:«"' ., <• '" m r- 1~-. boro ,,,,;,~ '"' ,.,..,, 
~' "'"'"' "" m,,..,,,. ""'"",. n ''' u.,~.,. , , ,J o" 1«· 
"'""'~ '" rr,l,.~, 101. T""·"> ¡;_,~ .... ,,,.,.,1,," m>: "'f 

'"'"' '1"' "' ,,,.,,,]Id ¡_,..¡,,~ -'1""~ ,,.,. "'·'i"' ·1'' 
l "'·'' ¡.,, < 1 ~ n] Ll lo' 1 nb.,¡,. -" .,] Go·l.!<"<-. "" (.' ) ""-­
i>Hb ]o••t ·""' ¡;•.J•-n >!rn<hm~ 11.~·· bo,]h >re 
"'"·" hld_,. 1" '.;,,, 1•1 '""lln· hlo '1,>' • ,1, ,,],,_; "''' ,_,¡ 

.. -,¡,., ''')"'"' ''"" "'·'1' '11 .. '_1' l"""'hly "'""'!,.,] 
,¡,.,.,~¡, • 1.- "'"' ''"'~t !"'' 1 .. r ,¡,, ''"" "'· '·"' 11" ro ,. ¡,,.le,¡'"" cmk·'""- ·n.- !"'"'''';,., .,¡ ¡¡,.,., lmlt> 

¡,"11'""'' "' 1],,, '"1"' ·' •Id] '""'"' ,¡,., 1' >c·:.l<•d "'"' 
of ""'""' ,]on~ ti>< m.,¡ .. """'""llln•-

11<X<mnoro """'' .,¡ tnOim•¡><:m_.,.,. Jik; wore 
11"-'n ""'~l.t«-d ,¡,,.~ nnr] "''-" thi, l11><, nhlamting 
P"''' of Ll~e [,.,,], .hc·nlwol in L~"' (,,,·go"'~ 1'·"'. 
gc>plo. Tl1e ''"''!' '"' ,.¡,'"1>-''" 1'-'"lld te tl<O "'-'f' 
~-'•""""') !:"": but tJ>., ,u,. t•noJ """'" i!, ¡,. tho 
"'"'' 1'·'"· noth '" ·""'·'g' e.nr-nMI.co<t ;triLo, Tlw 
cl,f,., c.ro• 'lcm<'"" of "' •>lo~hi><' m·"'" h.,..;,..¡ , 
g<ncrol ••>rlh'"""''l)' "'"" >00 oc""""~ !I~"'•SI""" 
!loe 5olm lkll "'""''''"'-

Sy>10'm> of <~•»<->!"'"" ¡wm!!d {,,,""'"'ti,., do­
•·clo¡>c-.1 ']]"'"<)'""m'"" ~"rnlnoloJ ;lo"g tl,o tn>· 

fo• "'""""'' ¡.,,. ond g<ocrolt¡· ""~• '"""' !1. ·""'""-'<· "'"' ,,¡r.~o mi,.,.,-o';"tiuo ,oo~; 1•l•« 
""--'- -, ¡,., tl<po,•tiuo oi ,,.¡¡,.¡,.,, P'" ti.,.¡_.,]¡ ,Jo.,¡,ry· 
'"''· '"' c"'''"ll"l In old.<ll l.y !he "'"-'""diHg 
f••c"""- Altho.J¡;I> ,¡,... .,.. ¿¡,~,L.!ttd olong 1!tc 
n>•jor '"""'"'>1 ¡.,,. >•-' "''""'" ~~~1, '' 1< ""'"blo 
ll<lt ''"''"~¡,"''' '""''h of '" len~t'> 11.,·1< "" """' "" 
r .. "l' '" ""'"~' t•J •=•"•1 lor e~ "'""' ,.¡ ti .. , "'"'· 

r,.t.,.,llldo <iolod ol .>n<k'-10 '"" rhp>htc "~""'"" 
ti., l>•l lohmho o<i . .,l) m 11>< imo.,l:•!O <ill!tict. 
c.,,.,, .. lr. "'"" ,¡ ,¡,..., ,,,,1,·•"·· ,r,;,, ""' l'-"•lkl 1u 
lh<- m.•r·• "'"<""'· ,l:f.on~h " '"ouiJ '«"' •he,\ tl•o 
"""''""'''"~ !'""""' ''7'<'""1cd .... bblc ¡,..,o! 
w<olm». T],;, ""''~ to <rn¡•),,.;,. 1!"" ""i"' ""'"­
'""·] Hoo "' Od .. g ' profo"'"l -h·¡'-""l''rl '0"' d 
"'"''"" P''""""~ """"~h o long pooL.>.] of t;,.,_ 

' L'rhfl >nd ,..,.,e_, o.' <Oe r.¡;;o.-. "~ ''-" ¡.,.n 
primoty '"'"""J,.,t<;o, CO !'"«'<-'"al lo•d>ing .1nd 
• ,.,,.¡,,.,ni, '""11111~ m ti .e O<e01mubtlmo in <f.o ol><­
¡,;., ,; ,.¡],., ¡,¡_,,.;., of ,¡._.¡,""'"· Two 'r'""l'<l oro 

l.otl:('< "'"" '" '"'' ''''"'•1. 
n'''"'""'' of nnw. of '-'"k'"" '"'1 ¡_,,lt ="' lo 

ti« n,,,. "" '"""Jio~ ti .. , Sth" Hcll ""-~'· lo '1 !(.,.,, 
''"' loo.loly te tC., c.ut ti.,. n""'""' '"'"''r ¡¡_,. ;o<l 
"'"rl;c ""'~''""""'"· uhlo cl•p• •0<«•1 zs• o·.ol ron. 
1-''"' ¡,.,.,],],., ,,¡ 1 '·'l;m•·r,l> ""~c·ol fm"' CC"'! l<ld~ 

lc.,docd e •¡>pmg <>f '''" "''-"'·'lin·J '""'- ])..,,,_,, " ,¡_ 
(~) lcwo ,kt<nni .... l, ·~·o! :r;_9 '"·)'·ro, tho;e 
~""~ 11oi< ;, !''~¡,,.¡_.,¡)' '"""~nng ¡,,.,,,a incll· 

'·'"' ,,,,,,, 1"''" '" "'" ""'· j]l( '" """'] ... """' ""' 
,_,.,¡ !"'""'"";; lot•••Licn ol k,,<],..,¡ «:'é'"S .,J, 
pr..,om>loly, , <h>k<><ooe _..._ 

Slii~L"fL'll.!l, lOYfHOI. m· l<Yt'OCL.~E 
>U":R\1.<1_. T!O~ 

A> ;., ti.<- m.o¡onty ni l"''l'l'l'Y ''fP'' '"'1"'"!>. ~'" 
l"""'l'·'l 1"'"'-"Y ,.,¡f,,!,. ,,;,,.,,,¡. ·'' s,f,,. Bdl "' 

•il•· ·""1 ''"'''"i'Y'"''· ,\ld.,.,,:h '"''"''"~ "' 
<o do g"im, ll•1· ·"' ,..,.,- ,¡,,.,.¡,.,,_,.,,.,.1'"'­

¡"¡ lo)',,;.,,,,_¡,.<)~' m> ,J ,-inkh nr """'"' 11.:.1 ·"" 
"'" ,11¡ ... -... " 'lol _,¡ ;., ''"1 ,d. ,,,.] 1" ""1' "'ty 1'·" ,,¡_ 
h-1 V.11)in~ ;, 11<~<1,,«, 1""" 1'"1"'' tld" ''' ,.,..,.¡ 
;.,,;,., onJ ;,, ~·ui•oglmm no 1., lo~'' r.t 1,.,, ,¡....,. 
,¡,;, ,.,¡,,¡,. '''"'' ,._,.,," g''"'l" .,r ''''"" ,¡,~, io 
,,,.. """"' ,,_,¡,,,,_,,,..,.,,, '""'' d l.y•''"l'"''"'·'l 

"''' '·"'"" (IJ,o '" tlc• """11 .._,]o, "'Y >i4o '""' In 
<IH• p.\11<-m ol'~ta.~_,¡¡,.-J Fi"""'' "" f'!l'•n- 1 oli>· 
F.'·"""'·'""IIY ''1"'"'"" n 1-"[:< o<om!.cr al r·"'lld 
,,,.,kh, ,,,.¡.,., 1],,., ''" i.,,¡,.,,.¡,,,],) In olo·[,.,l the 

,,,.,_,~,- ,,.,¡"'~""' rc..,,. 'l'i'"" " " ,¡,, '1" ""'­
,.,,r,J,. ><~m .,..-,.¡ l.y • utl...- ""ifu= ¡.,n,J d 

'" ], '", 11 e """"' .w ]'1 , .Iom ; "·"" 1 )' ""' "'''' 1 i " Llw 
'"'"1"'"" '1""1'''"1.' ""·'" ¡m•polli"" ''"''' """''" 
""' .<n.l • ¡,..,. '" """"""- frum" Ln"d '""'l'""' 
tlo,.. ,-_,,._ "">011" ti= mt<""' 01 ""'""'- .., ino.-...-.~ 
''"'" .,¡ """''!"''"" _ w,'d"" " gw•:]'. ,],,,,,, m ''"'' 
""'"' ~nl .. olly "'"1 "'"" ;, ,..,,.;,~ 1,,,¿, A< noL«l 
'"'lo< r. !!""' g>O<~>< ol rr.IO<'ro<l''"l ¡,., '" "" ,]i>tnl• 
,.,,..¡ ,)n,,~ lh< '"'fo >lrut1n,.]l,no, ,,.d ;, ;¡ ,,,nnu-d 

th." 11•7 "'" f•m,.,J "' "'!"""" '" olo.poo.,Lc<l 
,,.;{ooH> '''"" ,..¡_.,,.,¡ to ''"' ¡.,,_ 

"' ~, .. , • r ..... hm.rn>lrlu o! 1 ¡><m-ni "'1'1"'' " 
1'"""' no-.,]¡-~.,..,~ '•~e ¡, ''" ~·~ of <loe~ 0 ,¡.,_,.-.) 
"' 1 n.t •. ,_ l~·llc·• y_,] "" "'"" " loo" j],., o •'" '~¡,:. h ' 
,,,¡ 11 , • b<> t ' ;],_,., " "" " ].,. '" llo<· ' o· '" icL , ,,. < <],"o 
'1''"''1 TI"' •~o ...._,,,dy b,']!<' ~"'"!'' of 1l••• 

, '""-''''"-cd "'"""""' "''""'k ~Hh ,¡,.. 1'"""'" o! 
"··· '"" "'" ¡,,,¡,., (fi~. 1) ][,, . ., ... <l~e .,, .. ,¡ 
.: "" ""' 1, '"''" "~'~" •J. .,,.,¡ l.t ¡_., lo~' ool """ m·t Ion< 
'"""'~ 11=< ,.,¡ "lu =llor gro"]" "" ,.¡,..,,, ond 
,¡,, ["""" ,¡,, o-oo-.,rolletl ol.e 1'"''""" ;rd ''"' of 
tk-.· '"" '""'l ,, _,,. ""' .t""'r c..,¡, .. 1, A "'""~ ,.,,,_ 
"'"' r.,,lt ,¡,., '"'"""'''' ¡.,,¡_,o,,¡,.'"'' may '""' 
''~'~.......,; ,¡,. o-onmorr.H"" ol bduoio;: <'~><. ""' " 
[] T .. o t!w ,¡,.'1' ¡,,.t] ;, tll< '~"'·"'''"'~"',,,.,]¡],e 
~'""1' ni ""' Ll-e.t'O .,,,L,,.~ M<·, ],\, ~ '" ""'~' '"' ]"'"' 
a <1.,,_,, .... ]..,~ lm< ol "~-'l'"'' ,¡.,, ],,.¡,,._.,¡ 
oto~•'· '\oo.-.h.-ln>, ti•• lm¡"~'""' <~ Oh<.,., •t•no­
t,..,l ,,,.Jtlioll<" '"'' <brl_, do"""""·""'·,,.,,¡"" 
~o"d ,., ·i.k-H. ,. i< 1 '"'"' 1 lo ,., p 1 > " , \ 1 .,. ¡1 ' "' Lo ' ,,] , ·"'"' 

of t].,. '"""' ''·'""' lr.«tm:nt ,.:,ido ¡.~,1·.-..J tlo· 1"" 
too ]._•.,~ 1 , ¡],,.;r !"'"""" ]""'"""' in ¡«cfcr<"'' 10 
m: .. -, ¡,,,1;,,, ,.¡,,:; 1],.. "'-'("' ''""'"'·''] "'· 

(),,,.,.], ,¡_,. """' "1 ollo'r,;l Ion ,¡.,. ,1,,. ;¡,. l'"' ploy• y " 

r,,,.-1¡- 1•-•<1""'\ ''"'¡o; .... ,¡ m'""" uf ''' ll<~< "'l"''"'l 
""·'· ¡, ~"~' ,,..,,.._, \u t]., ''''""' ,r ¡u.olld 
fh,,,.., '" ,¡,. ,.¡,,_,,,, '"'""· lh<'"' ¡,_,,,,., ;,. ,¡,. 
,¡_,. . .,,. I'''L;,.,_,. ""' "]"""' '""'··'•l·lr of '·""'""' 
mk•><>li••>o 1'-"·'lk-l"'"' ""' ,.,. ,.,¡ ''"'"·-'"''' f,~ 
nnh- o 1. ,. "" '"' '" ht. 11 .. ) ,,,. !'""",;,,.,_,¡ ;, ,,~, . 
,,,;,.. "" ,,,..¡,,.,,¡ '" 1],. _,:,,-,,,,,,, "''·'' ¡, 11 .. -

'"'"dy ""• """'""''"'-'' 1'·'"' ,.¡ ''"' ,]_,,,,, 1'"'" 
]~•)'" lo '""''¡ ~"" •l••• ;, pi~..;,-.,],.,.,.., 1¡.,, 
¡,,,,;.,," ,, ''"''1'"·"' '")' '""111'"1"'" ,¡ '" ¡ •. ,,,,_ 
,.,_,¡,.,¡_1'"1'·'1'' r,,, "'·"' ,_,. '"''' .. r n,.· .. ,. 

'"' """' 1""1''' ,,,..J .... '1 ,.,, ,,,,,,¡,,.,¡ ""'' 
l•K·o:l¡ "'·')'lo.·"""'"'".,¡. < !"'"· hy !!.cE.i"''"~ 
uf'!!'''""'"< r,,"" "'· n •• 1 ~>. ,.,,r¡ ,¡,.. 'J'''""' ,.¡ 
1'·"·'11< 1 f,,, ''"' , "'' ,.. ,,,,,, . .,,.,¡ ".11, lln· ,¡,' 1' ".,,,,.J 
""'" e .,¡ n<ioa ., _,¡;, ,, Li<m, ,,¡ L he ~"'"' ,,,.,. h~o· ¡ U "g o.) 

!he ol.K;<c ¡""]'~~<)' JKI 001 "~'"' <¡•,.l•!y ot lo; '"'"". 

,,¡ "·""'"· 
E,,, ]•Li"~ ''"' 1"'" ooln•·o.ll ,,,_¡,.""" ,],Le<, ,u 1¡:· 

'"'""' ,,.\, in olw nmow """'"''"'-'""J¡,,,; """' 
~""'" "" r.surc J _,,.¡~Jn•l"''"'-'lly >h<-t<~ y,;,. 
,;,, "' ,¡.,, ;,,,,,,.;,)' "' in lk co•nl']'""''" o[ ti"· 
1'"~''" l.evt· 1.-w ,,,¡.¡.,,,.¡,o] 1')' ¡;.,, {f>) inlo ""' 
'L>:;c~ 111• .m>l)<i• <lo"'""'"'' <1, '""""~,.¡k~ thlu~<, 
tl •• t ,,,. \"º''"" "1< '•·1 .. ~ _,,." ti•< "'"'< """'"~) 
,,¡,,.,,¡ ·"''" Tlo.· """·'"'""'"'']lo)' 1],.. ,-,;,,. "" 
L~""' j ,,.:.,,¡e¡ oll tlo-g"'' of ,,ih·•.H•on, ¡,,., no 

,¡,rr,."'"""""' ;, "'·"''· lt m<rtly "1'''""'" •t.. ""'¡ 
,.,,.,.,ni ],J,.,,t,.,..•¡·;=•'o¡; f¡;t.OO"o r-:>:1:; o~,,,,~_. •• 
,.,.;,:, . .,,_..in \]~e ¡,.,.,¡,.J """'"1" ol¡>tc-o·•i"'ng ,]". 
""''n"•·ol ,.,!lidc·<-]>ri""P•lly I'F'" Tl.e "'""'l"n 
lo .cl .. iv<lr r, ... h ntá ,, ~ ...... !.up "' '""")' pi>C<"O, 
P"t],,].,]¡· ;long 1l.o '~·"'•<~ woth >cd,,,.,.,my ,,..¡, 
""""" ,¡,.. r ... ,]L< ,,, ''·· "'"''"-·'" 1'"'- 11""' ,,.,, ol<mg 
mo<l <-f !he• "''"lm<<l "'·"g'" ol.o "·"'•ition" gt><lo­
lion>l, ,.,.:¡ rl.,_ limol ¡, on "''"''"'r J,.,, 

T'"''..--.<>"'1"""1 """'"·'11) el 0·'""'· .tnp•i•l,-, 
.,,¡,., ¡,,,.. '"'"'''' ,.,;,,.,_,1,, _,,,¡ '1"-'"'-;, ''''"""'" '" 
·' ''""'" IKit ,¡,,.,g <loo-""'';'""'' '""~'" .,¡ 11.,• 
¡;"""'""' 1"""'¡_."'"· ""T' "'"' tl"' >1:'00'"'!-- ... ~ 
O<.ioo min<'' wlut<· i!lo>, ""1':"~'1 ti.-¡.,¡¡~¡,:,¡, of 
1].,. '"l'"''''"l' ¡,¡,,, Tk·•e, J'"" ol tl•o IC.<Ii!•' 
'"n<.<ln ,,.flim·nl oH•><·mln .• to,] d"l"l'l'"'" Lo 1.­
<b"'-J " low-;;"~'· "'"- ~~ ;., tf.o ~l<uion cl"l""'l 
( 13), thh ''''"''' .. \m·,] '·"'"" ;, .c~.t<d"l hr ,¡.,. "rU­
''" '" ],,,.;,~ IK-<'n l• '""'J 1·)' tl.o-' '"'" F''"-'''"' rio.<l 
ult<tO<I "'"1 omnc"],..,-.1 tho- '"'"~'" "~''- Tlms," i< 
'l""'-1'"" or t.y~·ooJ •. ,,,¡ """'·""''"'""" "''"" tl"" 
"'"'"' "'"·"""~'¡,;,"' '""'"'] l•¡ tl.c <l..cil< ¡>O']>l•_> '_Y 
ond ti•· "'""'"'''" ·" 1'"'1'""'" 1,) S<o-w.lll (15). 

Tl.o '-'-'" ""' do'JH<<ih """i•t of mdcl¡- !.llml.u OC<OI• 
'""t..""'" .. r d .. ~'""" r,,.,, ¡ro"'~ r..., ,:.:.t. 
!.¡ ;.,0 ¡, , 10,,1. ,¡,,.,1 ¡m 1.,; ,,¡ lo,.,'"'' '·'~1''";. ,¡.,.1• '"'"' ¡,, "" ,¡¡,J r·.· .,¡,.•,¡ 1<> 1'"', r .. rtl , "' ,¡,,,-,, ol 11"' 

< "I']W• """'"""] "' <l•• 1" ""·")' '"''"'',,).,.-.!Ion_ T¡¡•i· 
•• 1 ,.,. ;, '"'"'1"''"1 uf"''""' ... ~ ·""' ,,.]fi,b ;, • 
'·"'" ,¡ _,¡.,,, lfl_¡ !.y ,.-,·;~¡,,_ 

.llml ,¡ '],.· '-'1'1""!' "" ' ''"' "1'' 1.-o.lic, """'"'" ],."' 
''"" '"" · 1< .,,1, ,¡ 1 1• "• "' '"i'l'" " • "i'"''' '" otl• • 
..... l ...... 1'"'1'"" ·""·~~-' ~ilh !l.- ,.,, .... le_ o.,.. 
,;., .. •'1¡-. , ........ ¡, ,, ld·¡l •. ' '_,¡,,., '"' ,,, "],-,. '"1'1""' 
''·" ,,, ' " 1'" '•:• 1 11• .1 ·" .. l,.._,l,-1 ,.,,¡ '·" ¡"'""''' ].y 
""·""" !''"~"'' '"·"' ,;,,¡ !'"'~'"' '" ¡,." ,olr,.nl ,,.L, 
In ti•- •~·- 1·•'•' "'"'"' .olh ,_.,¡,., n "'""~ ,,.,] ti•• 
~-·"~"' ;. '""'"'·"""._ ,¡,.. "1'1"'' ¡, . .,, .. r 11..- _,,¡r,,,,. 
''"·"' (nt <11•" '""•- .,¡ •nl<l.d;,..,¡ •'J'i"' "' '"' "l'" !"' 



1'""1' r."''' ·"" ol, ,¡,¡:,,.¡ 1":'.1•'' in•t:•dot 
'''"'r .. ., .. ""'r '·'" '' ·· .... • "·'""""' ~ .... ·" 
"''"'' ,,¡¡,¡,. ···' ..... ~- '·~~·" ,,;,,. .• k ""'"' "' ,,., 
in,-~,.¡,,.;,;,' ,.¡ Lk h,,.,. ni .,,;,1,,,,,,. ·'" '"'"" ,¡ l•y 
.r,,,,_,., ""''" "" 1""' ,¡,,,k,,,,,.!."'"'·¡,.,,'""'' ,, '"' 
'" 1., ,,,,.. ,,, ,,,; '"'"" ¡, ""l 1,.,..,.,,¡,¡,1y. n.r, ;, 
,.,¡,¡,.,...,_¡¡,y""' ......... ,¡¡; ..... ",¡.,,,.,,.,,¡-¡,,. 
... :r.,,. "'""""" """"'"~ '"' n ,, '" ,,,. r. ,,¡,.,¡ "'"" 
on•l Ly k·.;,l .. -.1 ¡,,lc.,I.Hi.m• ,¡ '''" ,,lnolc '""' "'""~ 
"'·'"Y of 1!w li"""''· 

Tl"·l'""''"' '"'" Lt~,. "' ~ .. ~~' llo·ll i< wdllo·low 
o l., d,;.,,., """'• " """lolion ,¡,., ,.,¡,., m """)' .,¡ 
llw I"''P"! •Y "'I'P'" ,¡,,,id< ( 1 l- TJ,¡, ,,,¡:,._,,,~ ,¡,,,1 
ol,.. S.IVct Jkll <i'"h"l" '"'" ''"' lt ¡,. "'' ''"""'"" 
'"'"' d miol.,tion, ooJ <1 ,¡,.,,.Id be "'"'''"~"'"~ lcoo ],. 
ios ,.,¡,,_., thon <nri<lo""'''· tJ.~ """"''' tllimti< oydo 
"-"Y ¡,_,., ¡,.., "'''"·dy ol~~• ""d doy ""'' moy ]"" 

'·"'""" oooly """"' mmlof>c "'""' "1 tloe oi1.okodto 

"'""'"" TI"''=< ul O>iJ•!ion o o. lomo< in ~··no·c•l ~"'1"' lo 
,...,.¡, . .,. l>l"'¡;<"'phy, >~i>om~h locol r.-1~·1 i, mouc t)o>n 

:oo kc1. ·n,,, ,,¡,_ '"''r"""-'""" "'"",., """' oo '" 
'J"ioo o ,_.1,,.,,¡, wn ,¡"""" '"''' ¡), '"''"' l.ohl" 
!ocio~ oo "'"''' ohon " low ""' .,¡ IM klc-• ll.o 
¡oound outl'-<o ., thc ,,..¡,m plopiogrnphy ohd· -lo :loo"' ly obp ot Mo,.n< i, Lind¡;tcu (7) nl.mml 

<i·ot "".!"""' ·""1 1. 'd""' r .. d. ¡,, '"'"" '"'·''""· 
~· "'"' . ,., 1 ·' '""~ fc '"'"" •l "' ', " .¡,., .. ' ~~- ti ... ( 1 '. ],,,,. 
·"'" und":) lo¡: primtlty ,.,¡¡~,1«: ¡.., abo oi>O<t .,,_¡ ""' 
"''''"'· <J a,.,., C.-crk '"'")"" h,,.¡ M o !l,c pin<~pol 
:h,,looci<o '""' < """'kol l.1~h .>loO>'O t!.e t -'"Y"" hol• 
''"'· ¡,,,¡,,,.,,.,~ ol,ot 11"· ,¡,,,¡,-.-;,, f,rn><·d nti~""lly 
''"'"' on •n<-1<-nt """" t.L!e ""'"' ¡,.,,<],.,¡ ltd 
'''""" tbo ~,.,._ .. , ~·"...- t>Lk Altl""'!',l> "'"'""' >< 
111'"' n.~,,~, ""' r• .,,.,,., ,, ·" o1 ., ply _, .,, ~'""""· 
" d .. , l, ""' ,, "" '" c·«m '" 1 y h ¡., a , i n " 1,., " ,.¡,,,1,,.,..,.d 
·ovlr•>""'•""' .,¡ "'"b''"" ,.,.¡, "·' '1'1"' <'l'l.lo ""''"" 
,..,,, """' t.ol>n¡: ,,,_..,.,_ ¡:,.,¡,":''"~oto! •• "rr<• ,,.. 
·,,... o[,¡.,¡.......,,''"-~ '" loo[, ,¡,,,;,., '" ,.,rmm ·~ 
h• "'''""~ !!""'"'' ..,,¡,,,. 'I'P'""• ,¡, . .,, '" J,,wo• 
"'""'e ,r,,,,., r""""'""' ,.r ,¡., ,,,,¡,.," '"i'"~'·'J·'·¡· 
ml M'"""'·'"" 1"'"' tn ol~ ,.,,,.,.,,],y di ... tio 
'f<"'-

I.F.Ar.Jtr.U OLilU:O¡•< 

lo tl.c '"'"'·'''"",.¡'""'Y ol""'"""'"-1 .¡,,¡,oc·itc 
1 [""'"!loo noidomonl P'"''"" ¡, i'"~"meJ t•< ¡.,..., 
•(.-n ric . .-o t~''l;''""''"''r-<""~"-' '"""~ '"'"' ••· 
><.ilo-dl¡ o].,,;j,,,l, '·'""" ,¡,..,,,v,ml. '"'ll""iiJi. 

l. llh..cl~"'• 1\ul.oml_ 1~1 o, hl<'p«l.•ll•"' ,,¡ ¡,.,,j.,,¡ 
'""""''· )""'· (:hcm._ "'l. ,,,,¡ "'" ''~- of ~­
M""'··'"'' z. """'''· u. '. -··"1" ,¡.,,,_ r.. u. '"-"· cJ.r,,,, "'"'""'' 
'''"""·M"'""""' "'"'"' ,_,11 to>, p. 7<. 

3. """-'- <l ·'· 1003. """¡.,;., ,..,¡ ,~vu.o~og_, ,._¡ 

'"'' •l lt ''-'" ¡,.' " <v• 11 ,.,, ,¡,¡,¡., .1 1 ·y IL),,., ¡,,, ,¡ (: 
·-~"'' (.,) .... , "''"'' ,,..,,,.,.,.,ti··~- ... .,,,,¡.., .. 
-¡;, ... it.··- ,J ""·''" "'"" ·""' ""''""' _,,. "" 1·~· 1. 
¡,;,,¡ '" ,,,. ¡.._.,,,,1 ''·'l'i'i"J: "' ,.,.,.,,,,,. ,¡ ,,,. 1"" 
,.,,,,..,:; ,.¡,,,¡.,,,,,._ ·¡¡,. '''"' ''•11 ,¡¡,,,,,, !"'"''"''' ' 
''"'''J>Iio.mlly ·"""' < '"'"P''~ ,.¡ tl•i< ¡•l••no"" wo, lno1 
¡,,,..,,¡,.., n! d"k'" lOo d.-ti•-•<ion "0' nol ""'f.no;<l ID 

" 

""'· ,,_ .... l~f.). '''"''·''""" ¡, ''""' ·'' ,;,.,., JI,\). 
Aoi.•n•o; C.o-..1. "'"'· ,¡,.,.,b l••ll, Y ~ ¡> l"ol·!'ll. 

¡;,.¡,,,..,,, "'···~...-. 1005. 1]., .. ~, ..... .., ........ 
""un .... ,,,.,,.,",''"'"''· F.>."'"' '""·J· 1•,.r. 
1'·'1'" n. , .. ~'"· 
t • .!.-. h"""''"'· 1~.!<1. ,.,_.,._.¡,¡ ,.,,.,,,., "' ~,,,¡, 
'" ,.,,,., "'" '"'"'""'· w.::'""'''"' w.~ .. ~ 
"'"""· 11. 1., o,"'""', r. E.""""'· n J. IOGJ, A~e 
"' ""' ole¡"""'" ,.;,¡,., L~~ ~,,,¡,,.,,,.,., '"l'l'" 
" ,, •.• n .. ~· "' , " ,.,., " '"' '" ·' , " '"" ' "' 1 '"'" '¡,,, "~ 
<!" •ll. 1~ t "'"'" m ¡:, '"'"""'· D ol'-"· T" "'• ,.-• 1 ""·"Y. 

10. ",u,..,,.r,, "-F.. 1m. r • ........, ~"''';;r.or-l<r o/ 
Lh< W,L,10~• ~'"""""''• 1'1""' (;,.,.,Lv, All,.-~, 
Al"""·' r;.,.l, Soc, >o.MI,cm At'""" r:,;,,,,l,,mk H. 

111< """"~" ""' ,¡ •. ""' ¡,.,]]('> 11••) ~·< "'""' 
,¡;,,,.,~,¡ti.,.,,~¡, ti"""'".,¡'"'~"'"" !'"'1'" in 

''''1'"''-"""' ,¡ ,¡,.;, ,;,,,.¡r.c.""" ¡., "'!~" to "" 

~"""l·i!,ti, ,,,. "~'"' "'"""'r ... q'"""'·"'" "'''"' 
~"'" '1""¡,,,;,.., •l'r<•'••l. ~l't'P'"g d tloo Siho, llcll 
""''''"1" "" ,¡,¡, ""'' '--" 1'""'''"1 .• ,.,,,,,,,.,. ~ .. ,,. '" 
o·•pln<·''"'" olnll"'~ kt ol." 1 "' 15 ycon, lio'<"l" lmo 1). 
"'"""""-""1 tloot tloc 1""''"' o( tcl.otil'<ly •<roo; 
,J,.J,,.-¡to •t okptlo i>nB<~t<ol in rl« '""<Wf'< b)- tloc 
""'"1" olon ,,.,,¡,,¡,.,,¡_,.,.,o[ olm¡;""'"' ''"'"""''· 

!t "'·'Y be ol ..,¡, . .,,. ot ''"' ¡oo;, '" '"''"'"'' thc 
'"" k " L "''·" " ;,, ' <lo,¡ '" "" mooo"' 1 " 1 l.o ""'""!" 
o/ ti., mincool,<d znr-< >l S•l•'" !Jdl. Tlo<ro i< tv~ 

J.,,., Hdicoting '"-' th.y ore .._...=¡ "'"'"""' o/d . 
. \""' o!"" '"' ''" P"'';""' m•l,ol> Ot ';,.!,lo '~1'1"~ in 
o],-.,'"""·'< ¡, ¡.l.,o<oh!o lo'"""'" L],,,, tilO '"""""'" 
_,.,.¡ < l.<y '"'"'""'' """ ...,,.,;,1, . .,._¡ vofu>hle, pc<l"!" 
!oo I"""'J or "'''1'-''"'- 1'!.u<, in t]., t.i<omv ol 
ko.I.00-<><'<"'1' ''""'''S''""'~ •1 ><-<m> ,¡,, ''""' 
,.,,.¡!' -"'"'"·' ¡,,¡," '' 1be <!"''"'"' . .o ~c;,, I10nooohle 

"""''""· 
rm'""' ,.,¡ ~od "''''"!<J;m<""·-'r.>o ~"' 

¡,.;.-nrofto '""IY of t).c d><!tid "'" poÜl,;l.-d lo :~: ~ loy 
'" W,(( 0 ( ]5 ), (;'><'<iJt•tohlc f.,•]<l •oJ hi>01 l<tf")' ~otk 

¡,, ¡,_.,., olono ¡., "'",... <«:<"1 )"'""by'"'''·'' g'""l" 
,,.¡ iwbid-'.)1,, indnol:.,g tl.c ""''"'· oll «[>Mm~ 
F"""Y <o tl.c Mnook•n Smdoin~ =1 n,s,,;,0 C.o, 
n,,!_,,,¡ nl.mdoml '""'~"'t<J bd.d-m"' , ''1' ""J'" 
"' p.t<< of li" "'·'- ll.rr .. ooo >.lomin, ll, >!. K'"b~¡,lt)', 
•nd l. r. r ntu-o~tlo ""J'?'-d ''""'""' •n,l """""l~a­
llon In ot.c «.O:t>l p;rt of oho d"'""- ~. F_ 1:"' 
,,.,.¡;.,¡ ,¡.., ,,.,,_,;,," f,.,.,,."' ,,¡; ho,. •• .,t.0 .. 0....-1 • 

'"'"1'"'""''"' !'·'!'"' ((>) "" 11,.- -1,,,,;;·1. Tknm 
·"''"'-'-""' '1'1'''" -'·''""""'llc·.Oiw"-' io ''" "''""md­
no:: ·''" Th< "''''" ],.,, J'""'" ror.o!~.d-~y on 
,¡...,, no•l ,,¡..,. ""I"'M"-.'>,-.1 o0.-t>, f'-'<t;t.o.~trly ¡_, •-· 
pl.o11w ,.¡ :e~ S'"'"<:'< '•"r· n.o lli¡;lo 'I"·'~"Y onol 
"" 1 "'"'"' ,f "'" ,,_,,,., i ,¡ " W-•Lo·l,lly "\""" l,·c]~,-J, 
¡,,, ""("''""·"dr ot " ""' tc.,;1lo oo ~"" •rc<>>l 
;,,¡.,;,¡, __ ¡ ,,..,¡,,._ n-..-.~, '" d"" ''"' ·'""''""~ 
Sm• ''""~ ""'1 n,r,,,;ng e,_ ¡,, fl<"""""" o o ¡ub';,~, 
,¡,, 1'·'1"~-

o<c· d~>,._;,, ,,,.¡ ''"""',;' ,,,¡, "'·'"· A<l'''"'• ,Ion. 
)'"'""" "•'P'"' oo 5 

1 t:mm'""· \\', 1<, ""• 1 ho ""~l.rr.o"t of o« "'" 
"'""" U '- <"-«<1. ~"n'<> ""''- 0~'-

:;_ u ....... -'"'""· )Of.O. -_. ""'"' .. ~-o!o;:~ ...... ....,:., 
r;,r~w,,h '""''· "'"'- T""' .•. t7, r 1>-l-:ta. 

'·'"'"·''"· ·r. w. '""\m""~'''" ,fp•r-·•. ""'""''' 

,,,¡ ,.,;,.,,,li,,oll••• "' s.· .. ..-,:'.11. ''''""'·" ,-,.,_ ¡,,,, 
M"'"~ )t, t•ll. ¡-..,,¡,,.,¡ '.1,í.,~•'- y ~Z. p. 00>. 

12 ., .. , ..... ,_ ""'""· .... .-... ,,,,,,,_J. 11. "'"- '"'"" 
' "" ·""' ,.,,,:, ·''" .• ""' ·" '" ,.. ,.¡¡ __ , ' '"'"' - _,o;,;" J' 
¡:,~. N""'"'"'·,,,.¡ '"' '"''· "'"'"~ .~''"·'"· 
!~ti o ko. ,, ¡· ''·1'"" ,., 'L', "'·' , • 1 'lO, 1' HeJ,__ 1 u '"-

" --- l!ll!l, """" ""''"¡:.. r.~'"'" ,¡ ""' },,_, 
okl""'t' A,;_, t;rol ...... S..ot!.,, Ari""" Cui<!o-
1.~\ "-

J 1. HX,CI, -''""' (rc·L"''""'--r""·'' y ,.¡ ''"'"l"r• 
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Obj~cLivcs 

f, booic o),jcctivc <>f tl:e con!ercncc i& to provide the 

opport~nity to cK~~.ine lhc neg~scopic phySic~l ch<~r<~ctcristics 

ot the hypog€ne ~:~ineralhation 8nd altention as tney are 

revc~led in thcna t~·o depo~ils. A scco~dary objectiv<> iB that 

o! co.-parin~ broade>: a~pccts of geology of the two dcpMits in 

ordcl" that thsc ,details nay be rnoro fully »nd naanbg!ully "'n­

Oersloo~ ond apprcciatcd, Frorn consideration of thc co"pari~ons 

of broaL' and dc~iled gcology, a .f.inol obj<>cüve will b<t tht o! 

~xaminin~ Jnonifc~~."ltion" of rtinc~alo~y and ultcration a:1d it.~or­

preting tho5e fe~tures ~t the 5Urf:~cc ocnd in tl\e :o~.e af super-

Slf.RRJT;, ESH.lV\IiZl!. !!.110 SILVtll ~ELL Co::p¡,JI~:J 

~ath dcpo~it~ rdlect tho rcs,lts of )ltinc¡-aHzatian relatc<l 

to r::ultiplc CC'>ters of p<>¡-phyry '-P.trusOon. Ho·•ever, wall rocl<s 

ta the intrusions Oiffer b co:nposition in the twa deP~aíts nttJ 

tl:<> gerunetry cf oro occurrence ~ni! alt~~atlcn show Si:e.Har ¿is­

parit.y in stylc. •,'hcsa nnd alhcr faatures .1rc bri.cfly OiEcusscd 

helow. 

ter~ Of oinor<>lient!on "!.>out 0.3 la> ;,p¡¡rt. The hydrotherma~ 

activity at coch ccntcr hns GPJ"'~C:¡tly p-"'<luccd O\"<>rhpplng of 

<>t lcu5t ool:'c :c~tm·~-• ar hyi'!rolhe~mal o~i<Jin. Silve~ ueH con­

sisu o! nult-'¡ole ccntcu of ::lincrdizetion "~~eh, by connast, 

ar" ~ep~rated by a rlistanc<> of ove~ 3.5 km alon~ a north>~cst­

t~ending axis. 

Roe~ Tyocs 

llOth de.poBits Mve hypogar.a coppe.~ mine~~lhation centcred 

on q~aru roonzonitc porphyrics. At Sih•e,.B~ll, hosts to thc 

porphyrics which also ca~ry coppcr "Ír.er3l1~ation, includ<> 

d:tCite porphyry, al~skite, and sediroentary rocl<s Of the ralcozo'-c 

sccUon. ~-t Sierrita-~speranza, host rocks inclulle a biotit<>­

rich quartz diol"i~e and a 1:\UCh oldel' .Jurassic bl)dy of r.:~fic-:rich 

qu~r~= rnonzonitc. In t.hc Esperann orebo~y, some 1:\Ín<>raliza\io" 

is also hosteJ by val<:anic rocl<s. Each rocl< t~pe in each sctting 

r<""ealo its o•,¡n charactcristic ~YP" of mino~~lh~·,ion ond al­

t-eration. 

:O:gnem:s r>ineralogie~ of ~he host roc);s tt SierriU-Espeu~za 

are ~pparcntly reflected b the aHcraUonmi.~.cral asscrnbhgc•· 

Pervadvc, sel .. ctivc:y pervasi''C, and vein-veinlet anoration 

minar~l ns~c:nb},¡~es aro thosc of iyncous rocks, Potasoium sili­

cate or iron-...,gn~siulll-silicate ~>lneral5, together ~<ith zcolites, 

anhydrilo, and ¡:¡inor c,whonule '-'eining prosent thare, 'ore cMruc-

tcristic of centr~lly-restdcted parts of •potassically-altered" 

parts ol' other porphyry systo:ns 1rhor~ ;gncous rocks of inter-

r><tdiate or ;"-'>re fe!oic co;;posit'-ans prcdo:ainate. 1'-lH.oug!:l "i~el::­

d!strlbl>ted, gu¡¡rtz-"erici~o altcrat.l.on pro~ucts on veins aro 

s"borCinate ~" other typeS o! alterado:. asse .. blaqes. The proS~"-"" 

o! relotiv<>ly o¡,gn~siu~.-r~ch dioritc ac.O ~~anodioritc <trn<>ng the 

}.ost ~ocl:s Cl~s op¡>~rc:'ltly teen responsibla for developeent withi~ 

t)w "o·~" of potossic altcration, chlont~· ¡¡nd epidote, thü 

( 

( 

( 



ch~racocri~tic minerals of propylitic asom:tbla'J"C~, as najor al-

teration prod~ct~. Excopt for porto oi tho Esper.;nz~ • orcboay 

blago at ~iarrita-f:~~onnza io lo;; total S'J!hdc 12-3\; c·olume) 

Zlnd the cpy-py ratio is relatively higl:. The body l~c~s t:':e 

si.,nificant qnortz-~cricltc al~cration cc·errrinting cb~~r..,~d 

at Silvu llell. 

Thc div<><·oc mincr~lo~ics or hoot rocks at Silver ~all loav~ 

qivan rise to F.a9nesium ~na cnlc-silicate alt~~al.on typaa in 

carl.>oMte-l.>c~rin9 ro<Ok" of tha P~leozoie, ~nd thc variatl.on 

in this r.lin<>r,.!oqy rc~lccts thcsc vad~ticn~ b host rocl: cotr.­

positicn. Tn addition lo tho "to•pic~l" poU•s¡wo silic .. tc and 

propyliüc alteratic~ of tl:e qu~rtz :oonoonlt.e ¡:o:orpt.yry, ~~cite 

porphyrl'• ond tho "lasUtc, )OUCh of Silver ncn reflect~ pro­

foun~ nd ,.i<lcspreild dcvelopmcnt ot qu~~u-scricite altcrat.ion 

i:o lhe 1gneous roch. This );,te sti19C of ¡¡ltcutio:>, ffi¡¡sks 

P~Ch of thc earlicr poUssic ¡¡nd ~ropyl~tic types. Thc coppH 

is part of n hi~hcr (th;m Sierritil) total sulEcie ~so;cl:ll.>hse 

probilbly 4-6t vo>ume, "hlch results <Ohicfly fro:o addition of 

pyrite h;• th~ r~sult of laH' st¡¡ge dcvelop:ocnt of quartz-se~icite 

alt~nticn. 

Supa~ge~~ t~reets 

~il·;cr B~ll is char~Cterüed by wi<Sespread dcvelopmen~ uf 

cc.~ich:oc~t ore which was ni~ed ini~ially at t:speranza, the 

~ierrita-B"pcr~nzo orQ !.>Odies nrc espcd.olly notcvortCty ~e­

cause of thc abs~~cc d secc~dary s"Hi<'.~~- lly?ogene <Oh~lcopy~ 

l'ite vas p 1·~aent in so;ne roe)( types üt Sicrrito at the gr¡¡ss 

roo~s. J,lthou.:¡Ct the~e r>ay bc rnany ad<'.l~icnal ~casons for this 

d~fference, the prosence or aboonce of ab~ndant pyrite and 

fracture per=ability ~s seen as occc potenthl!y impo::ctant 

r~ason for this dif~crcnce, 

"thc diíferent ~tyles of <>.ltera~ion result ::.~. different 

"~~Hcstations of minerallzation at thc surface. Silver Sell 

t~s l>een cnrlc~.ed t~~ough scvcul cyclo~ of oxi;Oiltion and 

• 

leaching. The ~osult is ~ capping dcvcloped in r':'c):s origir:ally 

strongly :-.odified by hypo~enc alteration that, frorn place te 

pla~o, sho~·s thc rcsiC.ual proaucts fronl destruction o! old 

ch~lcocitc bloc.:<et~. Tho rcsult i5 a oo"pautivcly spectaot.:lar 

~urface with hues fro::t hct:IZ!titic gcethitic a~d jarosüic lin:cnites. 

,l~roshe is cxposcd on some ·nighcr banches. ~'hcrn sulfidc con­

tec.ts 3re lowcr ~n<l thc rccks havo ~ot be~" stro:>gly =dified 

by hypo<;ene proc.,;scs, capping i~ le$S spcct~c;:ular nn~ at Sicrrita, 

l.s c~.a:~cterized n:ore by goct~l.tic or goethitic~jarositic oxi-

dation prcducts, ctrongly localiHcl in and near tha vcin¡; frcrn 

"lo'-:h t~ey have been <!ed"~<!. 1-'.uch o~ tC!<> 1:ortlo Silver llell 

c~p:,ing refl.,cts low hypouene inheritnncc, although l>ottc:~· zonos 

~e.oo~dary !<U!fidc enrich"1<1nt c~paci"lly where 'Ohe ql!~~~% r.:a,,;or.i"~' of hc:aat:.oc~c li:"'Inites >~ill be poi~ted out. 

~~dt~ pcrphyry or ohokite, 8ltercd to guart•-5oricite, wcro 

prcsent. E•ee;>t fo~ a se>all but ;,,.pena.-,t ~o~ngc o~ seco~.d3~:,· 



,.-ere !or,.,ed d~rin9 tllc_ l.:tril:dde intc~vill (!"a 55-75 TOY ago), a 

nütohle dngle cxccpdo~ beir.g tt.~t óf Eisbee ;,·hic-h l5 .lur.:>ssic 

in age. T~at thcy are no>~ ex!'OSCd is ~p¡>are;¡tly the rcsult of 

9cologic ilccident~ associa:cd wilh evolution of B,,sin and Rim~e 

landfo=s which occuned during t~e r::i~-'!'ertiary. Thc rcilson o:-

rcasons for such grea~ numl>ers o! dcposhs in this region re:llain 

ohscurc ilnd mattcr~ for specdatiun. similurly, reas<mo for 

Lut coc.tinuic.~ "-Mlysis of thc "ffucts of plilto il\teraction and 

nGccss~ry ~te¡> to nolution M n.coa problems, hm;av"r, 1d H t-. ave 

to in~:ucla the devclopment o!'- furthe~ ;mdcr~~~nding e! the pN­

L.aramide and Laramicle geologic ~cHbg"· 

Th~ olde$t baoement roc~s l:no1m in tllis ~ontheastern P"-'-"t 

of /lrizon" ~"' those o: thc !'ir.'a! ~Chist which io ,oLout 1700 ny 

old. '!'hcoc rocks, to'}c~hcr .:ith intrusicns nt ~!>out H20 r..y nld 

co:>¡>oS<> tha base,;,cnt plat!on:l for roc):s of youngcr P'-"ecd:r.bri"n 

an<l l'h~~crowic agc ond cmnprisc na ;-,ascment trnvcrs~d Ly t;,e 

tic of lile l'rec~mL)-inn is a r.ortha~oe-trcn<1ing otruct"r~l gr~in 

"hich, at lca"t Jocnlly as in thc Globe Hiama area, can !le ~~en 

to t>e as~ochtc<1 with alignment of sc~Hate ccnters of intru5~0no. 

7he ol~er sc;-,~st-granitc ba~c~.cnt w~s covcrcd wi<h a ~clativcly 

(ProO\: Geologic ¡.¡.,p o! l'imn an<l Sant.::: cruz counties, Arizo.~a.­
,viz. !lur. l~ine~; E. D. Wils:>n, R. T. t:.OOre, ~nd R. T. O'l<~óre,. 
196Gl 

Tr Ta 

K o 

'" 

Crid Sea le h 6 r.tiles (9:G ~m) 

(tuMernary sedime~ts - basic fill CO'<er 

Quaternary Basalt - /lt lcast soO\e e~po3ure5 of this 
unit nay be mid-'!"ertiary in a<;e 
from ~csulu M poot-rnappins 
radiomctd<: ngc <lating. 

Tartiary Ir.trusJ:ons 

Tertiary andesite 
rhyolita 

""'Pf>"d >n the Silvcr Bell l:Ountair.s 
cncl the Sienita t:ountains. !:OsUv 
l.d¡·~:r.i<le in ~gc. See sepa~atc num~ 
111"-d-Cs !<>:: respccU.ve o.g~u. 

"ost e";>osures sho.:n are kno~<n or 
inferrc~ ~o be 'J?per CrHaceous­
Lar.omide aml prc-ore. In thQ Rosl:.ruge 
Mauntnl'.~, SOT":"C .ogc~ of alx>ut lOO:oy 
llave b~cn m&asm:ed. 

Lo;rer crctaceous 
strata 

nostly arkosas and s~ndston"o Of Mole 
~ffinity ('Ncson ~o~nl"-ins) or ¡,~gclic" 
r.rkosc (Sicrrita l-bunUi,.~) 

crotoceous volcanics 
~nd sedirncnt.ary · 
rocks 

r~leo~oic undividcd 

Pcrl'lion ocdÚn,:,nury 
rocks undividccl 

Carbo;-,ifarol!s ~r.d 
o~vonian rocks 
undiv~dQd 

Prccar.b~ian 
g~;o_nite 

".<lStly "'appcd in the Rosl:<ngc Bo~c.­
t~ins and incllldas MoM"oic volcanic 
Of pussibly cldar agc. 

carb~::at<> and clastic scdime,tary 
roc~s. 

Inc!ude5 ~he Rab Vall~y Forrn.otion 
and tt.c ~:~co Group 

Includ~s tt.e E~~abros~ LiJ>c>:tone 
and t:.>rtiJ> 1-"orrnoticn~ 

:::nc)uCc5 hcr" the r,Lri<Jo I.ime~tcno 
am1 ~ol~il ()uartZJ. te. 

On thi-s ;;ap, rnostly ir. the Sierriu 
Hount~ins. 
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rec091'\"~il. 'Thi •, oedinentary colurnn "''d rrecanbri<>n di<lb~s~ 

'"~ich invaded it are prcsent ir. th<> ~ltered roe~ syutE.,.o at 

P.~y, Chrhtro~o, Glob"-:<i~oni, .-md sorne o~h~-' dopodtE of thb 

arca. 

IJudng l~.e r~lco:oic, t.he south,..cotcrn ll~l!' of 1\ri~ona 

co:nposcd a cralcnic scdbmnhticnal cnv~ronmcnt bctween thc 

J:esocordille~an geosynclinc t.o thc nornc,:cst ac.d tha Peart>gosa 

Basin and its antGc<l<lcnts to the eout~c~st. •rl.-~ Paleozoic colu.-nn 

thic~cn~ parccptibly to bcth the ".onh.ie~t and sc"·~~ast l.-u t. ~n 

mast of ~he sautl'.c~ot ¡n·izoM ,_-~gion, the co]\¡r;-n h~~ a thickr.Qs~ 

of ~!>out 5000 feet (lSOC.-ol of rocks "hich a,_.e C.orn.ina~tly car­

boO>ate Yith mir.or inlerb~ddu~ dastie ,_.ocks. Thcoo ,_-ocks rc­

¡:.rescnt sc<limcnts of oha~low ohelf cr.viro:ll1cnts anC. incl~dQ eva­

perites ~nd nh~llo-.. \ol,,ta~ lim~otor.o. :n many depodts, rockc 

o!' thiR p~rt af che cection compo~e irnDortant,hosts to po;phyry 

CO?pCr ,;_ncr~liz~Uon. !:otcworthy exa::-¡;les are !'.orc~.ci, Silvcr 

Ucll, nanla JUta, •rwin B~Hco, J~isoiun, P~l'l~, VC~Cil, ~nd L~~c­

s~on>. 1\ltered ~~..:1 mine::~lh<><! unils Of the :niddle and up¡>er 

Paleowic will be s~~n at ~ilver n,ll. 

'rhe style of gcolog:· whlch evo>ved durin~ the g~5ozoic ~c­

vcz.l tt.c cHccts of pcddic o~ contlr.uing geologic unrcst if 

conLU~tcU with thc V<>leozoic. In southe~stern Ari>ona, thcre 

:::e~..ain volcanic and vo!ca:-Lic!ast~c roel:s of p~c"a"!e ";'r~aMic 

an<l J"¡:~~oic ~gc~. Tl>c t.hicJ:ncoo anü noc,t >ri<!C~?rcad exp~•·urM 

"-~" sout!-o oí " !i"c mar~_ed by ~" old and prafo~c.d !auH nat 

stril'"' nor~h"'c~L·,,ard t~;-ou~h the Si~;-ri~a t'.ount~!na. It wa5 

~~dn~ this lowe< part of Lhc Moso¿olc thaL lhc ores ~t flisbcc 

evolved, b-~t no roc~s of thesc ~ges are l<r:D>In to t.ave su::·:ivad· 

in that arca on~ thc dcposit w~~ covcred by u~~er !l~:;ozoic 

strat:> aftcr its evolution and o~idation. Roc~s of the lm•er 

¡¡esozoic are prcsc~t in ~nd near both the sic<rita-I:speranza 

~n~ Zilv~r B~H d~posits. 

Duri,;-g thc la.,<>r J~cso:toic, th~ SOilthern part of A~üona 

~·~s lar~ely omc<ge~t ~nd structunlly high with respact to tho 

region of the Colorado Ple.teaus province. Volca,.ic ~nd clastic 

dc;,ric ~·:>s she~ northward from south~rn -',rüona Curin\1 thio 

ti,e. !!owcvai.-, a~dng thc Cret~~ecua, s~bsidenc<> of eouth­

<>oscuo> ~-=holla once again too~ pl<>c~ and sca,..~ys •mcroachcd 

alcc.g t~e s;u:~e pat~s U~en by the oldar se~><ays of thc raleozoic. 

Southo~ster~JllO~t F.rhona ,;as covered durinq the r.o·~~r Cretacecus 

by at lcaot 12,000 fcct (3,500m] of clastic ocJi,entHY rccko in 

~·hat w3S ~p¡4l.-ent~y thc narth>~ester~.:;>Ost p~rt of the SO!:Cran 

En~ay¡r.c~t. Only thinr.~C! parL" of prob:>ble uppcri"'.05t Lo~·er 

Crcu.ceous strata r=in in th~ rcgion o: the porphyry sy~teODs 

~"~ ~st interpr~tatians s~9gcot thot thick scdi~cntatio~ cf 

this n9e did not c::acnd ~uch furt~cr north.,est that "bo"t the 

,·i=init;• o~ T~c~c!:. ;>.lthough scdi,.cntation continucd !nto the 

lc·•er pllrt or tlle Uppcr Crclaceouo, not rnuch rceo~~c.s of thcso 

s::rat~ ~n~ if they W<>rc a~ all Hi:!csprc"d, thcy "~re strip¡>e<l 

:>y arasion prior tCI tl>e cvc.~lo of llln upperrnast Crctnceous. 

T~is evolutic:> of the porp~y~y coppcr syster.:s of t~e Larn­

r:~idc >:~S ~p~arcntly ),crol~c<l by ~->idcspread volca:>iott a-oe= rouch 



ar thc rcgi<>n. ':'hh ,,ctivit.y resuacd in dcpo~ition of a~dc5i­

tie to rhyol'>.tic, culc-alkalinc volc~r.ic rocko und in~er\icdd~J 

cl<:>slic and volc,,n>dastic scqu~~cc's. Somo of these stu~a re-

and volcanic <:nits, so= of which =y be scnctie~~ly re"atcd 

to thc inlnosne over.t. /'.t Mo•-~"ci, fm- cxar.lplc, tho intru~icn 

crosses a thó"-n<>d P.olcazoic colun:..., (750 feet, 250 :>) and the 

l:lair. in ar.d ne,,r the ~.ineralized ccntcrs nnd the units are presont ovcrlyin~ \Jpper Crct,,ceous {Pink<lrd fn- )lonco¡;?) scctian, " 

at both Silvcr Bcll and in thc vicinity o( the ~icnita-Espc~~"~" 

int.ruoive centcrs. In both locatior.s ·they reveal at least ~·e~k 

effects of thc hydrother~l processcs, and are gcncr~ll~ unegui­

vocall~ pre~oro in ~ge. >lhe;e pre:cnt, t.owc•>cr, they appcar to 

be_ the ma~l youthf~¡ of prc-ore rocl:s, and they ha•Je been cross-

0,tt by intrudve PrO<Jcnitou oó the porp~.yry c<>ppcr de¡>osHs. 

'!:he iruredinte pro-ore sctting for l<~Ost o~ t)lC rcgion of 

the porphyry cop:>er da pos;_ t occ~r.-enoft na y th"s bG su="d~"¿ 

ns follows: 1\ Precaml1rian ba•em~nt of S~hist and granit~, ~·ith 

local thb u"its of :-:~~- -bd~rr ,;c~ir-c,tary strau C<>.";'pose t.t.~ 

oli;eo;t ~ocks Jn•>olvc.t ~•L~ el>~ porphyry <>mplncc10errt ~nd hyd~o­

t~c:=a.l procenses. ';'hese roc:ks "ero covcre<l "-Y sor:-.e 5000 fe"t 

(l~OÓ 1'\) Q[ ),cr.,ely cpiconti-nental r~lcozoio slratn. 1\lthough 

tl":ick secti<>~a o! l!csozoic strl!.ta are bo..., in 5outhe<lstern 

llri'<>n~. there ü hirly good ú.Vidonce that such thickncoses 

(possibly as 9re~t <~s lO,OOO ·feet - ~O~ O ml ehher ~ó~ not 

exte:od into or ~<ere not ~c;><>o i ~~¿ 'upon thc region in which tl".~ 

por:>hyry co~per Jcpo~lts p<use~tly kno>.'Il evol,•ed. 

be a few cxc~¡>t.io~s to t~is gencrülhation ~~e~ 88 r.ose:non~­

!lelveti~.) ~:cu;t of the stooks, far wbich the rccor~ r~:n~b~, 

apparently cro~sc~t virt10olly t.C.e aMire prc-o~e rack colU!:'~, 

locc.lly as grc~t ao lO,GOD íect (JOOO ,_¡ o! l'h~naro•o>c ~t~~-=~ 

total of about lSOO óeet (500 r>). 

The tcctonic otylo of tl>e L~r~d~a has bccn dc<luced for 

~ha ooutheasternmon corner of the ~•~te. The style h charao-

teri>e~ by compr.,~don-ind~o~d uplift of bascment bloc~s. tha 

Do~nd,odu of ,;hich are m<>rl>ed by north....,.,st-tnndin9 prc-r.au­

mide fa;,lts. ;,long tboo$ lineo, r.orthcast-directed fol~bg an~ 

southwest-Jirccted t~runing te o k placn. Al thoug:-:c the worlo !ro:n 

wt.ich tC.o~e dce ... ctions have !>ocn ,.,~ce was ca~ri<.o~ out ln UH• 

sou~heast cerner of ~-rüon.;, it is rcaoo,.able to sug~est that 

the ~a"'c ,.tylo_ persiste~ into ~he nearby re~ions. Both Sil ver 

lldl ~n<l r."~e~an><:>-SicrriU appcar ta Mv~ cvolve~ n~~,_. the <1dgcs 

of such ba~e::~:1t blocks. 

t··ouowing Hrr.placerncnt of tha pcr¡>hyri~s, up!>ft, ~rosion, 

and at Jeae~ s=e od~~tio:l. ~nd cnriclml<lnt of the copp.cr ~ystems 

;_00 ~ pl~cc. Theoc cvcnt~, »hich prohühly took place ~~nng ~he 

.,.,,_.¡y '!'erthry, c:a"-"ot yct b~ ri<Jaro,;~ly docurncntcd u to til'ling. 

Tl'.o prcs~nco, l10wcver, o!oKidÜ<=~ fragment~ oí o~<> i" doted n-.1d­

'I:P.rti<Ey ~cposit~ le~ds ;,_directly to such" conolusion. It is 

furtl>~r infcr~c~ tt.at sorne to~se level a~ o~id~tioc. was ~eachcc1 

Juring ~Mis ~erly 'l:er~iary ti.-:;e whic~ slCllled <1nd ~toppcd thc pro­

ccu, "-" in!en:ence bz,<ed ~r~n t~c ~act that thcrc ~>:ilS ins~t~icient. 

ere>sion to rcmcvo ü.e dcpod~s. 
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'The next geologically and economically· important evcnt 

was that of mid-Tertiary Basin and Range mountain building. 

This event, preceded and accompanied by vo;_tcanism, appears 

.. . to·-have··resulted.:in.:placing a protective volcanic.cap on. 

top of the deposits, uplifting sorne and downdropping others. 

We view them at present time as accidents of erosion ·and of 

moUntain buildiilg Which has exposed them to view. They are 

locally undergoing continued oxidation, leaching and secan-

dary enrichment, and are in the process, left to themselves, 

of being further eroded. 

( 



,,.,,,,,.,.,"oc""'"'""" 
"""o"!\y ~r I.Thooo 

r<:ll 'o<lni<loo• ''""' """'""" ()9})) ..,,_ ,,.,... ,,,......, .,..,,,,.,.,.,¡,._,,.,)O< 

«,.jo)'"'"'''"'"·''"""'""'· ""''"' roo.>or<• ''''""'""' '''" ·~r•" ''"" ''"''' 
ó.Oo;$j•tlo•o to !""""'"-'·''"'"'" '""•l.Or-l,, !•o "'"" <• <lloco'"'"•l ""'"' t"CO' "" 
'"'"l• •JVo•ro 1.0 oLlMt !o"''""""'""'. Coc exot••rle lo''"'"'" tho oo.Hc albllo 

'''"'''" "' •d;!•" Ca]u,N• ~'' t>• •v "''"''· "' <-• "'"""o< th• 'O'T" to.., 
.. ''"'"""- ot tM• '"""',_.' '"'"''· ••· ''""""""'"' ouoh,. """''""'_,,_,., 
rlvton!o->al<O.~!<-<'""'' oot (,'b,...,.., b>'t.olHhl<--<pl"""' vill to Tooohd. ,,..,_ 
Jn;.M Mr!l.i<!""' ·tlU '"~'"''-'''' "'" vo,-l 'f"l'phv,-v'- <h• l"rJ-lcntlOft or >"'p>~­
dtoo <•"-'"" !> <loorly "'"'''-tont ,ftlt l'"'Ot11leo, P""wohtlltioo, "''"''" ,,.,bil­
iti<•O, '-"" <ll•,ullc·• ''""'''·'oí "'''"''"1 ""'''"'"""'oo, ""' ""'"""'"''· '"'"" 
r.~l!o<o-oo"'"'"'"" lntn,ool•• -= .. ''" ""-' =tv.-.-oolly """'''ooJ v<th P<-:to. 

A •O<hNo :'119 '"'''""' " '• -'""'· '"" ·.o ,...,., .,-a<!o '"coto fT'"""'- of 
... ,.... •• ,,.,_,,.,.,.,, ""' """>"'"'"" "'nolyMon!to ln >1-.toh "'""' "'·' '"''"" 
'""''" '"""' ""'" , l"" ho<lf'Oll¡ •<MOdo, nnó '~Oroly<tc '"'""'"""' "", oné -.·).i<h 
ln 'J•;llnlly "'"' iM•,por.Jly T'clnto•cl \O Jnto~n,..,!oto to fclol• porp>ctri!lo """"'"' '"""'"'' ...... . 

"'"'' I\166 '"" ¡,.,,,,,.,,,. ....,,...!, ,.,.;r lth• """'" .,,~~!. 1.,.;11 l•.t.< "'"''" 
""''''~'' """ ""''·"-"''" '"'""'\ '"'' thr """'''' T·"'•ll<•'''"" or t'•• "'"" 
••="el'''• ""'' otrlcc·' '" tlolO """ '"'"'"~'"~/ """''' ''""" ''''" '""· ''"""' 
~o n.c·•~·" 0•,-.oo\C OomJ¡~i«".> '"""'"""""·"o ter'"""''"'"" or '""'""· for """'"· 
~.o hO•• <.,.., .. in""'' t~ •-•"'-•ln H """ócvJot!o"-' r-·tt. P·•t nold ''""''' oooc-

., .. ...., •lth '"'"''''" '""""''"""' """'· "·• '"""' "' th10 c ... rc"""'• .,, "''""'-'"''' 
b)' "'"·"'" OYOT U.o ,..,., ot, tor """~'''• llut<o, M:d ,.,-, .. ,"'"''"In r<'Cldo.s 

""''"'' '""H''"· 
l'rO~l<·m "'""'" nov ""'" """ tn;.noi>o ,, .. , in <l<)d Ol>d lo-otoey [nnd •!.ou•_ 

""'•b ,.., •• vill •• '""' ..... ,) .,.., 

'""''"•· 'll.o """"'"'''"' '"' '""'"""" rol•tt•n<"l?l or '"~•'·'""""'"'''"'h''·'"" "'""" "'"""'''' ""' ,, '~'''" '""'""'"''' """"''"''' "" "'"''""' ,_ .. ,,_, """" ,,,,_ 
·''""''~"'·" nn<l ''"""'• , . .,,. bucco .. o l•y <>ll roe> plu.< flnld ''~"'"'"''"'"- !~yllL 

[ 

""""""" ••• "'""'' """ '"'"''""" •• ,., ... ,.,, ... k, ..... "" ....... ""'""" •• "''" ,.,., • .,.,,.,,.,.., '"' ,,. '""-"'"" or "'""''" l<>• Oiort'!t• ._._, "'- ~"'" <'th ,¡,., 
~ q,.,.,_,_,.,.,.,,,__,.,,.Jto, t.ovo "'""''"" •~lunt!o' o< r"'-'"""''' .,..,.l!!o o.oct-rlr.c' 

0nt~ '"""""' ""'""'-~'ofO'ltt!o '""""''"· e"''"''"''' or """""''"" "' "'"'"''"" 
nnJ hn!!,·Jauol ,.,, . .,.,, on<t or '""'"' ''"'"" (o.,\id •alu<loh •·•·JotJonl '""'" <'•m, 
"'"''" ,.,,,..,._,,.,,.,,_, "'"'"" "Jll'"""'"""" """ ..... ,, ....... """'"'"'"" .... ,,_ 
·~· 

"'"" ,_ .. , ...... ~. '"' '""~"'- """"t '"'''"'' """"· '"""''"·"""'''""' ., """"' "'"''""· '"' ''""""' """'"''''=· ,,,.,,.; '·"'' ."-""'''""' u .. c •.• , .... "'"-'"' ,.,,,_, 
"'"'',, _ _,e'"'"'"'"' '"''"'-'el• t><" reo '''~"''"• .,., "-• ""'""' of "''''"' '-"' ''"''''"' 
"'"!lor.c. """'" ''-''" :hoy..,.,,,,,.. tobo '"""'•..-~• • w>oo Oonroron<• ocbJ"<'·· !>o 
'"'' or J=-.,11•_«.,_..,.,, '"'-""""'"" "' '""""' t!.oo""' p1 .... '''";" I'CP ,,.,_ 
h ooo ot '"" '""""'· 

'"'"' '·"'-"''" ""' dlr.1.r1luUo,• .. """'' '" '""" vllh r\u!d '"'""'"'''' """"''''' '' '-'·' 
,.-obl"' oc"'""'"""'"'""'"" or ~<tolo"""""""'"''·'""""' ond '"'"'"• ;, tho tou!Jo 
'""' •~"'' "" ••1•»<'-• vJ<h omrh&5B '""-"'""' 'r<w ''""""111 toCol ..,1) • .-oc> d<rtw.Jo~ 
to •ootn~·.t;,- or to<o.lly ~,.,..·.tr; .,.~"'"'" r.,.- .. th, -.-.o!o, ' '",. M•""' ,.,.,,_,., cho 
Con r '""'" • 



SoJ_utir:on Cece;tü:r,iSt<":<, G,o~her:-_o::-.ctr:r, "-nd GeOb:!.''O::lCtry, ~'!Ü5 nr'--'t'-, Lhe )"OC"-1 
poil>t of fl11id in~1\:,ic·n- rc'n~" ~'>::-.;;o"iticn c.tt"lic·.1, ln !Jro·cii!i,.~ ÍllC'ight "!' "- ·"•holo ~1 ne·• level. }'¡·~·ci~.e in:'oc."-l:·:n on ~olt:~~c:. t:-'!'e'>, ~"Li'll~ie:>, ,-~-:-"~ic~-1 s~a~·' (boi.lin~ 

·:s cc:.Jc:13e"c), "-"'-el te,.-.o,ero.t·~,·e~, ec,:;>lr." 1:ith ec~.~c::-:;•or:>.n'-'~-,\~ ~ilico.te-oxiCe sulfi"-" 
,¡,tu, ;•.l'fonC•; chc: __ ionl-thcl.,ll.l ""'""-senctic in:'<•r<'n~c ~:ot hhioct•to P."tn.ilubl•). 

Stn:ctL>t'" cc¡·l ~tr¡;_etL>:-:'-1 corr'orcl. '2':e cvclutio:J o!' ~:l.etl::'c~ in '!OCD 3y~tc::-.s is 
.,-it"} to t':el;-- un<lerr.t"--'ldi"r;. 'fhc quaJ>t.H"Livc, qt:ll.ll'lt:ti·re, "nd c.;o.-\ti"-1 <li~~riC>n~io~ 

of f,·a~t:lt'es, ~1icro·:cin:Ce~~. ·cci:ll~~s. or:'i '.'Cin;; with tir:'.C in P i'>:U ~:r~'-~"-~ Os <'lcq:>~nt 
e!' c:-:t<"rn~l tcctc,-,ie ir.:'l'-'"~-~e (t"hc 'str.~ir: G~u;;c' <:<mcent), i:lt·~r:uü !'-1' e·::>h:tio;,, 
atHl rock ::ed1anlc:-. anct :wh"-vior. Q>OsnLito:ti-rc stLH1;r o'.' !'t•r..etur~~. ulte:·;J.tlo:l-::ti::crall­
ztltion, nnd -¡;ara¡;e:~e~is i~ <~n·:'ohcr fL>lCrt~o cf the Cc!l:'<>rence, 

A,-eo.l-r~;;io.~ul dbtril•utjo" nnd occ•<=-1'C:1CC. IIJ.tic:ately, t!H: e~plD:-ntionisL 
in nll ol' us :JCek~ to ':;¡o-; ...,¡,,_+; lcc"iizc3 !'CO ~yGter.m in particular tectonic-;;eoclw:-üc"l­
t~"'P"'-"1 s~ttinc~. Con~iml•)ol eppJ :>cu';io,-, of thc ficlol aml lr.hor"-::m·y ao.r>ro"ei'~~ r.:~:t­
tioac,l, .cm<l tlwlt• ittlc¡;,·o.-t;lon ,,.ith rc¡o:io:tal Lcctc:~ks, plntc tcctcni~ ccncC[:ts, 1>''"­
chronolo¡:y, n:tt! ¡;;eoc:•c:nistry, -.rill iu¡;:1·ovc CUI' inair,:~t. 

I !1n•re c:;.'>r.nt_i.:tlly- tllcJJ.[:)t not l:tLa:r'cim\tü1:r- cutlír.cü toe'"-:-''" prc¡;r:c:.;, i.ncll::ling 
r.~\tch thct uill ¡,., dc·relop<ltl in the e·¡cnin_> :;ec:;ion,; :!:Jd nt ::'icld stop:>. J: r;_;,_:r h.o.·rc 
o"Llin<"<l thC> nc:xt f10·• ye'lr's prot;res-.. Tn nny"..,·;cnt, tlle r"-t" e!' pro¡;re~"·"rrear:l to 
be <tccclcnctin(: Jn n.:my 5ubj,ct <U'C"-" Lo be c:unsít!cr-=d in thís :>FG IliC>ld L'on;e,-cn~o. 
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The Style and Progresa of Mineralization and Altcration in So""" 

Porphyry Coppcr Systems 

S.R.Titley 

Abstrnct 

Thc manifestations of altcration and_minoral:ization in rnany porphyry ~ 

' 
copper cystems are the result of cornplel< rnechanical ond hydrothemal process-

es. Rocks of these deposits indicate that they have been repeatedly crackcd 

and that the physical-chemical conditions of deposition o_f ore Bnd alteration 

minerals have changed during the life of the proccss. The result of these 

chan!';eS in conditions and of continuous fracturing of rocks has been to pro-

duce.rock volt~~:~es.in whicb co:nplex vei.D rclationships etist. This CO!r.pletity 

is characterized by cross-cutting veins and veinlets with different and 

distinctivc atable alteration assel!lbla¡es. The pa.ra¡enesis as deduced from 

.studies of vcins indicates that in felsic igneous host rocks, the progresa 

is coiWnOnly that of a change from biotite-stable (sometimes epidotc-chlorite-

stsble) alteration asse~lsges throu,gh feldspar-stsble assemblageo, to quart,z;-

- -·· .--.:serici te-stnble~asse!Iblsges •.. _ Variationa -in e this=sequenceo o~ inothe:stablc . 

assel!lblages.may be present in-different deposits-and·in rocks with·difrering 

co:npositions. Nonetheless, as a result, tbe definition of discrete ,z;ones . 

. characterü;ed by single specific stable alterstion sssemblagcs i s not or-

dinarily possible unless paregenesi1< is also considered. The type of vein-

let alteration can not ordinarily be used as a ¡¡uide to the type of altera-

ft ~~ ~ ~ -tion affecting-the ,rock.ss a "11ole, because· of the -superposiUon -of -alteration ·- • 

types. 

Chemical and mineralogicsl composition or the host rocks el<erts a 

,, ... pr"found control on'alteratia:t cdnerals produced under changing thermo-

~hemicul conditions. Similarly, mechanical ¡.>roper-tics of the rock, together 

with co:npositional charactcristics, in:fluence the evolutionary style of 

'" '---·- alterat.ion and mineralization .... Viewed.m.esoscopically ,. alteration assu:oos- -· 
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AL TERATION PARAGEII!(SIS 
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'· 
thot ~"'<O' oo.,¡,Jn~tho;.". co.n bo """'' fr0r.o do¡.<>s:t to <~or~slt, v.u-Jnt1o~s •-'>ioh 

co.~, lo part 'be t~o coouH or th<: lovel at ""~oh a dor~s~t 'h 'ieo .. d. :;"cr 

totiv~ of periphcnl protylit~o dto~atlc~, ·.t .• ~, in f&Ot, enrlier .,-.d •,-:Ciie­

•Precl bio!;He-stolll".;.•Hor~t)on w~s prcsont. Veinlat altont'"" ~ "u= otld 

orops of fr<>:~uro~ ro~%s in the ccnto>et of Uloh rclot1cr.,hlp to hli!Jor. 

Al!~!,, ,ko~lj {;,,~¿-cwloii.J -plcMh,'J 
{) rJ M <>- r n .._/-f.-""< f, ~ r¡ 

ID . erv.-.';;•e. 
&.,(,..¡,J<t1 
,¡¡ 



<> S1JIUCTUHE AND l\JINEBALIZATION 

AT SILVEH BELL, ARIZONA 

ft!' KENYON fi!CJIARD A~'l> JA~iES H. COUl\TRICliT 

I~'TI'.O!JUCTIO'< 

Thi "'-'·"1•1 ~"' on'gü .. lly p•b~•hti { 12) in 
:-;.,_.,n;-c, ¡;~1. ;:,¡,Iom"' " •nd "'"'"r. ,¡,.,~ >ob<c­
qu<Ot Y"" 1"'' p«>vi<l«] •.id'ti·"»l '"'""'"t.on; 
ooc-<~~<~ ... ;¡Jy, a oumbe. ol tovl>"""' ol 1<>1 aO<I B¡;<=> 
ore lnc-lucl«l bmin. 1'-a!l< c-or>co<pl>, ]'"'""'"• ,.,.,;,, 
"""il>lly Lho '"m'' " '" i~i,.ol:¡ 1"' ,. "''·1. 

\\'•hGn 1 '"'] rommunic>tinn. ID~) ].,, 1"'1'·""1 • 
d?<IO<•I d:""'"'""' b><<>l '"' okcoil<>,l ,...pping la th, 
,,,,,~ Jkll ,\!"'"'",-"'-~.Ion~<~",¡ {9) .,, ,-,ling 

''"'""'""' "'g"" "1:" Jot• '"''""'•"' .,¡ '"'"' el tl•o •g""'"' "'""in tl.c do<"ltL Th'"' '"" ¡,.,., of .,_ 
•=do d""'lJ. omo•g othcr thin;>. no>l<riar.~ ;,'1''""" 
upou ti" l"""J.,I;o oi a-n.oin ogo rtblion> 11"' "' 
"OtoJ unly hntr.y hmin_ 

!i:lvtt i'o!ll! ~~ '"!'"" tn•b oo"J.w,._t of Tuc.on, 
\=i-., m a '""'11 m¡:¡;.,] ""~' ri>ln~ oLo .. t!>< 
"""'''" >ll"'itf pl.;rd .J ti,;, clo;ut "''""· 11> ~co­
I!'PI'k"l" b'"" t<> o:~ ,., f'o>phycy '""1'1'" J-1'""" ' r 
lho Soc.thwell 1> d""'-n ""¡l., in<<t '"'P in t],c 1 ,.,,., 
ldt _,.,., or ~""' 1. Th< cli.-.oto ¡,><m""'"- ~lti­
tudc< ""t' !mm 2,000 lo H>JO f«t. 

or"""i: of tlw Doo.t ,,;,.,., btc·t 1-oo-.n ·" tl>O 
\l>o:tnoCf>, '" Jót,;, ~-,_, tl•c r"" ""'"' of '""' in 1ho 
btto<Ü 1"'-!oty. {hidi,<d "'!'!"'' w<> <Col>;nrng mi. 

""' sih" hJ ,¡,.,. w"' "•'•>c·•l f'"'" "pl·"""'"' 
lcpn>"' in¡;,,,,..,;,..¡¡,,,.,,"'"' an<l In -•hl in I"C-'1 
"n<lt<" Cop¡><< ¡m>J"'""" ).,J 'l'l'"wd,.,J <:; mH­
iion 1'""""' by f!ll'l ~;..,. ''"'di'"''"'""'"" "'1'1'"' 
,.,,;¡.,¡,,'"' 'o 'S"'""' rod, "'"" ""'~";""J. ¡:,,, '" 
,,-._, < 1" ""-<-~oll e '1,¡"'''"" ~-.-., '--'' '" ,1 ""' é·•mg 11"' 
'"'' 3 )''" ""' <•~nfto•cl "' 1h" p:<Liol ddin<~'ion of 
:wo '"''f"" ,,;r,¡. ,!,poo>to-tl.o o,;,¡, o..! I·~ Tirn. 
\1:'>ou~h tho t),,., '"hm.u~;.,_,¡ '"'"' ,¡¡""'·"1:"1 <·•· 
''oil"'"' ,¡ti"" b,c·,.,;,.,"'"' <lc¡•<>>a<. ,..1,";'" 
~in in¡: ol '" l ... r. ... io ,¡,. ,.,r,,.,,,,y "~" ,,,,;,. 
...,¡ Jnt•~"';""''f¡ uo::l l9lfl.¡>ro,-kf,ng a ,,,.¡...,;o, 
lOI>I ol ,¡""' 100 ,,;:¡¡.,, 1"'""'1' .,¡ "1'!''' 

-JI,< .be·•·•··'" ~mc·l<,.,,; ,,,,] ]•,,.¡;,.¡n;: ('_.-, l•T·'" 
"P!"'"'"Y ,,.] '"'"' ,:,.u,,~ m Wl~ "od '"'""" 
,r-><ntly m>.'o ]~'"" ¡,, '"'"inr, ao..! m<1fong ti"' O<i<lo 
'"~ t:r T"'"" ¡.,.¡;., '' ti•· '"'el o,c,oo '""' 1'"' ,¡_,)' 

l'toduct""' bo¡;= in 19Sl =J lo>< b<.n TO>Int>iO<d" 

• '"' of obo.t 1~000 "'"" ol corr•" '""••L!·· 

y¿,,,;,, nn¡;lng lo >~< ltom Prc"mlflioo <o 

Jt<"« '·' '·"' '''!'"",¡ ,,., s;h" Jldl. Thc '"'"' "~"'"" 
'""""t el tf."o-!'.1'"-"''' limdooc on.l 1"­
:e.oy(é) .-.k-"""'-r....Jc.""" .. t' ;, <!"' ""'".-..~ 
1'"'' '"~ ,;,~g., comp>i<ioJ tl.o se,., ncll ~~o ••. 
'"'"' 1'"1'1') r¡· ''1'1" r "''"""¡¡,.""'" "'""" c,looi LILo ''"'L""' ~•nl. of ti., mount.tiL~ ;,, h)d>Oth<m.,Jly 
altct«l ign<o"-'> «l<4. The<e "' prlnci¡»l:)' ln:r_,,;m 
~hic~ rut Tat:•')"(?). C:.!O«<<o<. '"d ol~<r ""'" 
t"'"" •n•l "" ovn<iolmJ lo bo ''"'P'"'"" d ti"' 
!.>,,,;..¡., 1\e.-..:"''"" 

Fot th«·IO<•~h> ol ~' l=gt~. ti"'"""' of .¡,,.,;., 
o1nl.e. ""''"""rtiL~"<>t (E¡;. l ). -¡J,.,, oow Ir no ''"<;le 
1lruot"" tJ,.t "'~""" lo< th;; •Hgnm<nt. 11'""''• 
ind""' t ••kl""" ;oo¡;g<>t> !Oot & f.tu!t "f''""-"'-~ > 
lino el rrofouM """""'"! ""''~"= cxi>t«< lo u,;, 
po .. :iO>t ptior to ti,. od<o,.t '1 L..<Omtdc· '""-'·"' '"'""Y· '11.1' ¡;," ,.,¡¡ ¡,,«,(l" ¡,, ,,_¡,,,,,,¡'"" ,,,. 
"molO< """ture." lt "·" hrgd)' el.l""'"''l t¡- t!·o 
(..,-omido ''"'"';,-, bo<lie~ t..s it df«<OO > ~"!:""" ol 
<<>nito) on tho'' ro·~l"cmcot, "c<idem,cJ hy <'•'" 
,¡,"!''' ""J !""""'"· ·¡ ''' ,,n,,," ,¡ ¡,,1, '"""''"'' 
On <'•• •l~t"' <f '"'""¡"" b otl.or f"'TI•¡ry "'! l'-' 
clomi<h hao loco:-<> n>l<d hy ll<oLirl oc.d 1\"il<on (~). 

.\r ,¡,,;,, "' Lhc 1""' "'•P on O;•·<c ~.<!.,_~,el 
r-"-'f'cl ,,.,,¡ ooJ <málO<.obl·· <li>fl'"'"'"' t ¡,,., '" 
t~o .co.ll, TI"'¡,,¡¡" oow rn.u~•d hy, h.o ol ,.,_.¡: 
¡,_,,..,;,.., '-"'<li«- To t]., ..,.,,¡, ;, • thmJ(,,.]t o! l><O:< 
oli>plmm«LI. ¡;,-,Jcn"' ol itr "~" '" ,..;,,.;,, '"' "" 

'·'"""'<!' ;,,,,,,,, ""1 '""""'1"-''''"' ;, "''' '"'"'' 
n;,ro, ¡,.,, "' '""fom><tn« in <t<>l.o .-it[, ,;,. otl«, t"" 
~..>j<• ¡,,.¡¡, lo ~g"'"""'- Th<= tln.-e l'<'•'~' "''''¡;~, 
n 1''"''"""'"1 ,,.,,¡ of "'l'·o'"l ¡,,Jt,,¡:_ ·""1 ,, ¡,, 
¡,..,., '''!;!'.' '"'1 ( 11 ) tl•-<1 thoy ¡,. "·''"'J. ¡,,,, ~" '!' 
to '""'"· th· "'"""''n ,r,,..,,_ ti-< Soh« Jt,ll 1 ""'' 
'"'"• ,,J tf~· f<>~<o-cd Moont.,;ns /;oh. 1h t~ "":"· 
•·tly ""'~ '" l•i¡;l• "•gh•, ,,.o tho '""'],cdy '·"'" ,o,o¡· • ,. 
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-~a~""L<; ~uo6:radcs •tn wo:r; se n~a .:ra.-.¡ts 

:¡.u ~;ro ~rn JO ~~o"' 'sn~.t -~"~""""' ~v~ouo~o ;a :¡.cu q 
~~i .:r~d::Io~ :¡.u»:>~acl ~;;·o At<>lR<q:xo;rd!R s-:: sc¡~d ~l.P ;e "l""~i 

a~~ 111't{:lctl< s~t."!'sn;rO.U'!' ot¡::¡ ;o sa~¡E.\ o.:ro:¡.o~d a6noN1f ·uop~z 
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Th€ olr~tignp)dc scctio~ 1~ tbe S¡]ver- 5dl diotrict io 

cctnpose~ o! Precar:".brian tl,=ough ':'ertury age strata. 

Precarnhdan. Ex,-,ooures o( Precar.>bl'ian rock5 are not í:ound 

in 1.2-.~ il:u;~cliate vicinity of the silv~r lle~~ depoo1t. 

Ho-..ever, li::dted eY.posures of Preca<órian or~cle c,~,~~e and 

Final Schist are note<! pcrip!>eral t:o t.he distdct (~'ot~on, 

19581. 

Paleozcic. Approxi;;;ately 2,000 feet of hleozoic oecl~rnenls 

are !OCdted in the Silv"r Bell ~inrict. The s~ction cons1sts 

o! car.bnan Bolsa thro"gh the P"nnian Sherrer ror«atccm. 

The Fen:>!2:l Concha and Rair.·Jalley fc::-:o~tior.o are loc~"Ced to 

the 50Uth o.nd ""st of Silvcr Bell. ")"he ralec~oic section 

co~oiots prindpally of carhonolco ~nd arenoceous car~onates 
Y0th the exccpticn cf two <;uart:nce formatio:>s: t~e C~::!>ria:: 

Bolsa and t!oe l'cn:tian Shener. 

M~sazoic. The lo.,er ?:csazoic is cm:Jposed a:" arkases ~nd 
s~n<lncnes equiv3lent to t.he ;,.,ole ;.rkase. and it is 

a,·erloin !.>y a l'Cdbed unit col1~d ü.e Village Redbedo (Watsan. 
1%8). Overlring the la"er Hesazoic unit9 in un appcrent 

ar.g-~lar ur.cor.!aro:ity i5 the Claílir. Ranch Fo=ation. lt lS 

c~:cpooed of \•olc,;dc flo"~ and t.uffs, volconcchstics, 

5andstones and ~onglom~l-dt.~s. This fornatian is of mportance 

as it "''nks the beginnin<¡ o;: t.J1e Lara:::ide volcan!c e••ec.to. 

;;!;ave t.he Claílin R~no:h is the Silver Bell Fa~atio,-,. :t 
consist~ af d~rk <,;ray to PUI"plc ar.deoite t:hraugh rhycd>cite 
flawo and brecci~s, nonwelded and 1.1elded ash-!Jo·~ tuffs, ~~j 

ccnglo1>e~ate. 'rhe ~ilver Bell romation gudes •·e~tocall:;. 
and, ta a leos extcnt, laterally into t.h~ Cl~flin Jlar.~h 

rorrnHior.. 

' c~!ylng t~e Silver Bell Farn~tion is t.'lc M01!.~t Lord Yc!ca::1c 5 
and thcy :.-epnsent t.he hst phaoc of the Larami<!~ cxtr~sivcs. 

Thoy are ger.~rally quartz latitic in cornpooitbn ar.d cor.sist 
of hve or more cooibg ur.its o! "eldc<! ash-flc,_. tu!fs. 

1'hese coolino; unit~ ~~e inte~beé~~~ .,ith non,..eld~d 't.~;:fs, 
woter-'•'~ ~,,,,, •--... ~ ''' ' •· ~-.,, '"-- ---"- " ~ as-.1c se..,lments. Th<! Lararr.idc 
Ú.trusives ~re possibly coeval to pos!:-~ount Lor-d in age. 

'ren.iarv. The 'rertiory units are present ~s gravels with 
inC~1"'i1-t.ent baoilltic flows. Age~ of 19.5 thrm.:gh 72.2 

1r.1L:on yca~s we:re de-:.endned far ur::ots w?>ich represent the 

b~l~ of the basal tic fla"s (ilar::ks dn~ Docllt.et:, 1976). hn 

.btt:uoive qudrtz lotitc ·.!lilt g found 

w~s dated ac ~5 l:lilllcn Y~ilrs (l'!iluqer 

LAR!V<IJDE lNT:!USJVE SEQUENCE 

thraughout t~e district 
an~ others, !965)_ 

Tl>e first Lar=ide in;;ruoive ~s the ahsHte and iu c~::place­
ment ~<aS apparcntly controll~d by th ," -, t::,.,esc trcndinq 

Sllve~ llell Fault ZaP.e (Figure 1). '~'" üult. zcne t,-ave:ose$ 
~ügo:oolly tb·ough t.!-.e district. co,positionally. the 

alaoKite is a coarsely cryst.alline l:lOnzanit~. Thc biotite 

h~s be en :replaced by "erici te and e layo 10 thc zon~ of r.ore 
in~ense hydrctheno.!.l actiVity. Th~~. t.he rock ""S ari<;~:Jally 

Jl<l!r.e~ "alo•ki!:e" because Of thc lack e:': JOa!ics ;:, the zor.e 

of oltei"~Uon. This n~rne has tee:J rctained to avoid conf~sicn 
ir. 'OÍLC litera-::ure. 

~·he ~ecund Lat:arnidc >r.trusive is t)L~ daclte, Co~_pasiticnaJly 

it. is a sub-volcanic q-"a¡:tz loti'te !>OrFhyry. T~e dacice 
lnt:--.:~e.! up alcng the Silver Sell f'ault Zone, a,-,d upon 

~nco\.c.terinq :he Cla:':lin ~ar.ch Formation push10d tawar<l t.he 
nort~_eost. It haa been suggeoted thot the docite io a sill 

"'l:ic!\ h !loored by l'a!eazOic ~ei!iment5 ar.<l roofe~ by t.!:e 
ClafL,-, i<anch Farmation ('•'atsc:I, 1964). 



The thild lnt~UolVa phos~ lS that of the monzomte ~orphyries. 

They c•"prcsent ~ ccr<p~site i:otrusive pl>•Se which v•n· toextunlly 
an~ coc.pooitionolly. Onc• phoueo of the mor.:;:onite5 ""ds datd 

ut t5.S mi!Jion yens [Mot:ger anol otl:ers, l%S). Tl::e ear~Oes'C 

int,.udon was by on ext~ns1ve pycoxec.e-bearing phase colled 
s¡·en<>~iorir..e. ~he hte,. kik o~ the btrus1ons Ye:re guan:z 

nol:zonitic t.o granodioritic in compo5iticn. The int•usio" 

cf the CO:lzonites were less cor.trolle~ by t..'>e Silvcr Bell 

Foult Zone tiLen the al~skite and c!ocite. TILe nwnzonites 

occur as &tcck~ inside the more Onter.se zor:e of alte~ation 
ond btrude along EJE tr~nding tenoio::ul t;ults which are 
lccateO to the eost of the district. Drilling SU{;ges:os t.'::ot 
the nonzor.ites possibly become no,.c volur.lincus ot depth 

Tti~ i::::éicates t.hat ll:e stocks at the preser:t crodo::::d 
le·oel revr.;sent fin~ercs from a more Massive body at dcpth. 

STF,UCTURE 

~ional Str•ctures. F.egional structnal features in t.!oe 
Silvn Sell d.istrict an cxemplified by majo~ ~'N'~ trcrding 

faclto. l"he Silver Bell foult Zoc.e, which represents or.e of 
t!lese faul'Cs, has played a key •ole ir. the locdüatic~ of 
the Larar.tide intn,s.h•es anO possl~le c!la~r.c!inq of the 

~ydrotheno~l fluids. !"he fault ~one is probably a Precar.WI"ian 
ütucture W1t1l inturmit~ent 10\0V~ntent thro~ghout geologic 

ti:oe. t;o de:':inite :oajor pos<. mic.e:cal =ver.:en<c h~s been 
identiflcd. onc exccption ü in thc E! Tiro pit whe:ce a 

linear breccca fea~ure is located. Ho;;~ve:r, tile lock cf 

evldence for o!f~et and th~ an,w.alous bn<¡~tcr. values rooy 

$~~gen a la~e or post llline~al e~plosive hydrot.'>enoal e·,·ent. 

:t has been 5~ggested ~.at tlce Sil ver Bell s':.:-uc<cure eo~tir.~~s 

ir.t~ the Bi~~ee minlnQ di~trict (T1tley, 1976). The 5tt"uctU<e 
has beeo: refened to as the Silver Bell-Bisbee discor.ti~.~ity. 

' 

l"hus. the f~ult.s ~ppear te be regior:al features an~ r,,, . ., 
theit origOns i:O Precarnbrian time. 

n-¡: Ten&icnal Fractures. "i"he dikes that are prccninen'C to 

tl",e can of the de~osi ts are oriented in a~ <:m: directior. 

(Fi\1"o<ec l). These d1kes represent 1nt.<e~~ion~ into tensional 

ítaotnes '-'!lich probably resulted freo we~f: cor.~inental 

co~p~eosicnal forees ode:-.ted i:> an E:»"E - ~·sw dl:rection ac.d 
tcc.dle stress helds loca2ucd over eres~~ of );yo'-a::ciented 
G~Ches (Rct:rig ar.d lieidrick, 1976). 

~~ineralüed V"ins. Orienta<cion of Lhe mi,eralized veins, 
particularly the phyllic veiM, have a northeast to El.'E 

directicn .e!ld a •01nor ~a..,_. ~et is pr~sent. i!owevei", ir:: the 

Oxide Pit t1>e ¡,"){'~ set otte~ becc~.es. ""'" prominent than the 
m: ~a. 

Tert;a:-v Te~tor.ics. L'lalysis o:: U:e ~egic::::al scraüg~a;:>!ly, 

dips o~ sedimentai"y ~nits an:;! foliotions in the volcar.ics 

sbws 'J¡at the entire area has been hlted to"a'd t.'>e norti.­
ean. Frc:10 this dau it rnust be conclud~~ th.1t the cntire 

altc:ratio" systet.l is tllted apprcxlOtately 30° to the , 0rt."-Ust 
result:lng in a plur.ge of 60° toYard the so,thwest. The age 
of <.ilüng 03 yo~ns~r than 19 ;o.il!ion years and ~s ur:::!o\:btedly 
associated with Easin and Rango tecto~ic~. 

HYDRO~ERMAL 1\~T~i'.ATIC!/ 1\ND MHIERALJZX:"JCN 

Ger.era: Description. The ge:>eral pattern of !lydrothemal 

a!teu~oor. end !llheulizatÍO:l is ~..,;ce propylitic zor.e Yith 
the ~-Ol"e intense potaSSlC and phy:lic altention occ,:;rring 

i:l the C"ide a"~ El ::"i:ro pit areas. T::Oe altera<.icn zo~.e is 
lineor and its position io generally cente.cd along the 

Silver !lell Fault Zor.e. lf the r.:cnzcr.ües are the causitive 



;c_t~ush~ fo~ L':le .-orphy::y ~:¡s•-~rn, ot b suggested tha~ ::he 

al~ont:~n an~tic~ reflecto the position o{ the mo,-e \"Olu~ino·oo 

non~onit~s ~t deptl:. Tk~, th~ pos:tion of t::<~ al!~rat~on 

phoscs alnng the Silv.or Bell Fault Zone r.1ay reflect thc 

position o! the mcnzonite r.oore th~n an act~Al char.,elir.g of 

hyd~otbe=al fluids by the fault zone. P.o'.lcvc:c, ~t is 

reCO\lr.ÍZed that the !oult zone co~:~ possibly have so!:le 
ir:flue~.ce on tl>e ch:meEng of tbe hydrot:hcnr.al f!dc!~. 

The alte~atio:> aase:o.bhgcs defined a'C Silvu Bell are potosuc, 

p~.'~ylitic an~ phyllic. As discusoed l~ter in tlle paper tl.e 

potauic and pro~y!i'Cic osse:oblages are coev~l and the 
phyllic phase is para~'"'letically later t~dn the potasdc­
p>-or>ylitic phase. 

Eac~ alte~at:.o:-¡ asser..l>h~e '.lill be descrihed es a c:.::-uhtove 
o~ all rock cyreo. rt i5 notec! that H sil ver B~ll anJ 
otl'.er deposi~s. each :rock type will vary ic; a!te~atio,-, 

dfccts '-'it.hin each alturaticn type. Tnus, the chemistry of 

each rock type io a control on the alte>:a:.ion <:>onerc!ogy. 

l'otessic Alterati~~- Potaodc alteratio:> at Silvc:.- Bell H 

defined as the introCuction o~ secor.c!ary k-fel~3par guartz, 
biotü<o, chalccpyrite, PFite and rnolyl>de::.itc. Secondary 
k-!eldsp•r occt:rs ~-s flooding of t!\e gro~:><!:nass, rep~~~e,.,e~.t 

of phg1ochse and '" vein as~e:nbl~gcs. The seconddry 
bOo'Cite is pr~sc~t as a recrystalliz~tion o! pri:>ary bioto'Ce, 

a~ " d<>sting t~roug~wut ~he gro~ndtMSS, o" a rephce~.ent e: 
hor~.tlc:"c~e onC. in vdn assc,!llages. 'l'he cccur~e:::c:e of 

sec:ondory biotite is minor und is more notable >-:ith mic::oscop1c 

exo::ün~ticn as cor.pa~ed to megoscopic ide~.tlfic:a'CÍO"· 

P!"ODvlitic "lt~~aticn. ~!:e prcpyli~1c as~e:lbh>e is c!efi:>~d 

by u-.~ presence of secon~ary ehlorit", epO<!ote and calcite. 

"ll three !:lir.erals occur as rephce<Oent of the groun<!::tass 

.:11:~ in ve1n asser-blcges. tiicroscopic exa:oinatlon of t~.e 

vcin ~hlorites, puticularly on the soutl':•en side al the 
<!ep~sit, shows tllat t.~e chlor::te so::>etlmes replaces veon 

biotile. It is suggested that biotLtc was dcposited originally, 

ar.c! as t!:e ~-l·~,-othe=al syste:a prog,-essed in t.ó.ne an<:! che:>istry, 

chlo!:ite ar.d epidote b~cao-.e the dor.ünant a!tera~ion osse;.bla;e. 

rhvllic .'.lte"ation. Phylllc altcrot1on is dcfined as the 
vein occuaence of quart~-•ericlte-pyrite. The g~a"'C:t And 
oericite occur as ve1n Eelvoges uound o pyri'Ce cora. !In 

abundance of dissernbated ~criCltC OccU!"S >n H.e gro~~d:ocss. 

l!owever, thiB occurrence lS not inc:'.'-lded in ti'.e phyllic 

alte"ation as its o~igin !s question<lble. 11~ch of <:_\e 
dissc10in~t"'d serici'Ce is associate<! ~·1th supergene enricb,..ent. 
lt has b~•'n ouggested lh~t 50rne of t.Oe dlsse:oinated sedcite 
co~!d be of scperqcne origln. 

11et~llic ~-~Ineraliza~ion. The prineOpal !:letallic min~rah 
asscci1ltcd wi'C."l the hydrothcrmdl mineralizatioro 1lr~ pyrite, 

cha!copyrite, 100lyb~eni~c and less a10ounts of sphalerite, 
bomite, galena and ::lagnetite. :rhe mctdllc min~r~hzation 

is vie11e~ as "" integul part of the al teration aS&e.":".l>lages. 

:r'he assay contour ttap shows t.he rela~ive cccur::-ence o! 

cba~copFlte and mo~ybdenit" in the protorc "one of tha 
1ntrusives. T!:e gane"al ¡;attem ¡n ~he E! 'l'i::-o Pitos a 

deplct~<! chalcopyrOte c~n'Cer t.':lat is flanhc! by hig~.er 

chalcopyr:te to the east and "est. 'l'he eas'C ~r.d ••est lirr!ls 
of the t.is!'l chalcopy~ite zcne coalesce irr.r.>ediately no::-th of 

t!Le El Tiro l'it, but opens ag.ün in the NorL'> oilvcr Bell 

atea. 

The a~say contoo.;r~ in t.'>e Oxide rit st:ow an enr:Ocbed cen~e::­

of chalco~yrite in tl::e ca~t ~nd c~ntral po::-tion of the pit­

l!~"ola<·er, at tlle west end of t.he pita ~rea~er a::mun~ cf 

' 



chalcop:'rite occur~ on th~ ,,orth and south sirles, and the 

i~;:crio~ o! d'.c olter~tion ~~.ow~ a. dec~ease in cl'.o?.copyr!te 

relative to t.l.c s!dcs. lt 1~ suggcsted th~t the east end of 

O>:ide lS highcr in the porphyry systc!O "Cha~ the west er.d. 
further cvidcnce for thü hypothesi5 is the bowledgc t;,at 

thc dcpod: is tilted to th~ nonheast. Thus, the erc~iond 

le·•cl of the oy~te:r. on the west CJ"i wo~ld be deeper than 
t..'::3t on the east. 

Two large qua::ct~ ve::.ns on the nort..'l ar.~ soutl! sides of the 
Oxido Pit h11vc a¡;parer.tly ch~c.ndcd the hydrctherrnal flmd5. 
A.~ el~v;;t.c~ cop;:e~ cont:er.t pHalleC!n9 each quaru ,-ein 

in~icat~s a <le.r.u:1ing ond chant:Elir.g of the flüds (Yigure 3). 
Thc snicate alte~atÍOri as~e:r~lao;Je also suqo;Jcsts char~~eling 
has occ:>rrcd. i'hyllic alteration is "-b~uptly tnminated at 
the vei~5. nso, ~ JOa<ked ü ..• ~o;Je o~ potassic alt~~atio" or. 
the ins>1e of the vebs and propyhtic ~lte,-~tio~ on the 
o~tside is noted. 'l:his eviéer.ce indicates the qua~t~ ve~r.s 

are pre or <Hrly mberal::zatio;J in agu. 

r.clybder.!te is 1lrratic b cccurre!"lce. The 0.010 pe.-cer:t 

'olybdenite conlo~r is ddineatcd 0!"1 the assay co,.tour ma¡> 
ll:::i o;Jreatei" a:oo~r:ts of 10olybdenu:o occ~• bside the co!lto-.:r. 

Contour patte~no insi~e tha 0.010 perC<l~t oool¡bdenur:-. co~to~r 
cot:ld nct be established ,¡U; tl'.e ~·.•ail~;,Je C~ta. 

~ene5is. T!'::e parao;Jeneds e! t.h~ d!.fi:e:re::t tllte::-atio:: 
a~oe~.bl~g~s wos r:va1~.1tcc1 l.oy cross cuttinq v~in rclatio~~ 

shi?5· :'~is "as s~?ple!:lented by rnoci"05CGpic exa:o!.,ation. 
The resu:ts of tha otudy revealed that the potansic and 

pnpylitic ~soe::.b!ages are coe••al c"d tl:e b~lk of t.".e 
phyllic asscrr~laq~ is later tl!an the pQt~~sic-propy~itic 

phase ( rigu:::c 3). 

• 

" 

Exa.,::r.otio~ .. o! the poassic paragcnesls sho~cd thot most of 

"Che biotite d!'~ cholcopyritc are po~.,~elleticnlly oarlier 
than L~e ~olybde,ite. 

';he evidence suggeots that the hydrothet1Dn! sys;:e,. was 

continually char:;¡ing with tima. :O:hese chonge• in the 

che~.istry oí t~e hyd~othen::~l fluids ap¡>ear to be slc'.<. For 

exa,.ple, the cha!copyrite <'.eposition ovcrlaps in lilf.e .,ith 

the rnolybdenite, de:constr~ting that tl::e ch~mical ch~nge "as 

not abr1.lpt. Ho~·eve., the b"l% of the molybdenite alt:eratio" 
phue is bter than th bulk o! the "-Ulier chalcopyrOte 
phase as evidenced by crcss-ccttino;J vein re!aticnships. 
This SaJT.e overlap of brna of depositional envi>on:oents is 
!"IOted "it!': the hter pllylHc alt:er~t:>c:o. ar::ó its parti~l 

overlop ''~th t.he e~rlic' potassic-propylitJc phase. 

Thus, tl'.e data ~t Sl!·.·er Bell denonstrutes that tbe 

dcpositio~al envirot~:r.e:-.~8 for tl:e di!ferent ::~ir.e:::-al5 e,·olve 

<.'ith time. "'dütinct boundary bet"een each 10ine~al or 
altera~ion phase is nonexistent. The hydro!:l:e=al syste:> 

Coes nct 5top a!:~ anot.'::u lnfh~ of fl~ids croates ~ di!ferent 
alteration phase. The oystem co,tir.u,llly e•:olveo wit;;, time_ 

~c~!i~ation of miner~!HaLon at Silver Bell has bee:> 

pe:::t1ally co,-,troll<!d by r~gicrrnl structure. "'lso, rock 
c~e::oist::cy h~5 ap?arer:~ly co,-,uolled tl".e depo5itic:> of 
c~o 1 copyl·i te. 

S~ruct~ral Controls. Che more lntonse alter~tion an~ metallic 
::lnH~lnatio" occ~r ir. the Oxide and t:l Tiro are~s . .'-"::alysi5 
of th~ geolcglc ~-"P cho.:; that to tha eaot arod northeast of 

eoch ¡;it, t.t.e de~dty cf t.h~ EI:E trer.dcr.o;J ~óJ:es inc•e~ses. 

' 



' 

The fluid inclu~ion study abo re'tUled ~ late a::d lo~·e:r 
tc:r.;>eratu:ra event wit.h ~ rnean ternreraturc of 228'C. lt ~s 
u~knO'-'::t if this populatio:~ o! ir-cl~:sic:>s re;>:oese~.ts ~":e 
final hy~roth~rmal ever:t or a l~ter heat.ing event not 

associated 1dth copper !:line~alüation.. i\ ~-ein a~seO::.lage of 

sedcit:e seh•ages with .1lunite coros has been identified ~" 
crooE-cutting phyllic \"eins_ 'I:his ,.,~nt rer.asent t.'le last 

a.•d lo,., te1:1¡>enture stage o[ the hydrothenr.d oyztem. Also, 
"poot coppe= minera!izing asSe:::lologe oí sphalerite, galeM, 
~luodte, barite and colcite hos beon identificd. Filhng 

tc:npcratu,-es of fluid inchsions for thio s}·stcn are ::. the 
;o>< zao•c ra."Y,~e. 

'Lhe teo:pet·atHe_s :represent fillir:g te~;>e::-at.,:rea •·hieh have 

not been corrected for preosurP.. Thuo, lhe actual te:cpera~u,-es 
e{ ron::~tion of each ~.i'::euüon ass~;d>lage ~s sli~htl;¡ 
hi>her than tilos<> ler.>pcratu=e" tr.at ue <eeportcd. 

SCC!WIRY 

In $U.'I0.'1a!'y, an envi!'O:'C':!Cnt ccnsist1r.g oó' heca...;briac,, P~leozoic 
and liesozok roch was intr~~ed b;· th!'~e Lor=ide intrusivc 

phascs: alas~ite, dacite and monzcnite~. The e:oplace::~::~t 
o: the intrus1ves '-'U structurall;,· cont!'"lJeQ by thc Slh·er 

Bcll Fa~lt zo""· Thc Lydt"othen,ai alteratio" follo .. ed !;he 

htrusion of 100:>zonite porph;,"rites ;·hich has been dated at 

65.5 million years. The t1ore intense altcrotion occuned in 

t"<> areas as e~~::plified by the locaüon o! potassic and 

p~yllic oltcration. Th~~c t.·o intense ccnlcrs !I"O "ur::ounded 

b;,· a bn>ad Enea• ~ene cf pi"cpylitoc alt<-:'!ticn. :::r.e ph}'llic 

alterat1on io pangct\ctic¡¡lly l~ter than thc coeval po~assic­
prcpylitíc assemblage, 

1 

lt is 

foul t 

of the 

suggested U.at the ~:ructu::al in:ersectio~ o! t.'le :;:)lE · 
5yste:o and the silvcr Bcll F.1ult Zone prOVld~d a~ 

!o:c ir.trusion of the r.cnzo::~ites ar.d ;><>"si~:ie cl:a;u:c!ng 
hydroU,e:mal nuids. 

~ntro"s oí Chalcqyrite Depositicn. :i:he chalcopyrlte 
oineralaation ~·as in!iu~nced by tho rcck ch~<>ÍSt:::-;.-. 'ihe 

chalcop)'rito ap;>eau to have bcen controlled by the rnafic 
contcnt o! t.hc int,;usbes. Gcneully, tJ¡c ~i<oher the ro~fic 

c~ntent of t!Jp in<:.~ush-es, tlle highe¡: thc chalcop¡·ritc 

content. This Clcse •~sociation of rnaric m.i:>er<tls and 

chalccp:;lite ;:¡ay sugqest tha~ the ch"lcopyri:e ;_~ acquonng 

sorne o! its iron :f<"OO'l the rnafics. It is intercsting ta not~ 
t...':!at the aV<!llab:e data does not sho\1 a majo,- increaoe in 

iron content in th~ o•ineroh2cd roclr. as co~parcd to U>c less 
altued rock. 

FLUID ·_aiCLUS;oN DATA 

A !h:id bclusion stud:¡ •ao conducted en vein quartz frcrn 

t!'e alte!'ation asse~.blo;¡~o o:: t.J:c El !>ro Pi t. Ta!:le ¡ 

dep:icts the "'"~,:,._,_-, a;,d ;,~.,,., filling tel:lpCI"<tt\lrcs of <'ach 

alterat2on asser..blage. 7/;e resul~s o! the data suggest the 

highest tcmperatures occuned durbg carly pctao5ic al te~a­
ti~n ond chalccpyritc dcpcsit1on. 'i:he t1eon f1lling te::.,er~lu:ce 
~or this s<:.a<;e '-'as 360"C- Th~ te:CFCU~uoe dedined i:, the 

l·•~e,- po~•osic phase ond rnolybdenite deposítion as I:lUked by 

"::>can filling ter.>perature o: ns•c. The coeval F!:CpyEtlc 

alteration for:ncd ata lO'-'Cr lernperaturc lhan the interior 

po::.assic aue"".>hge. 'l:~e te~~er<I~UlC of the ¡ouage~etically 
late,- phyllic aBserr.bloge d<;notu<' ,, cooling o[ the porphyry 

s;·s"-e01 "ith tirne. lts nean fi.iling te:.pclotu,-e """ 30S"C. 



• ~e:¡10no! tiltbg ~sscciated ;,íc!l Basi" and Range tec~onics 

tlltcd the deposit 30" towa,-¿ ne north~ost. Exposure of 

lhe d~pnil t.o sur!"ici~l '-'Cathe,-ing cc~ditlons rescltcd in 
t~.e fornoticr. of tc.c d.olcocit~ lola~ket. 

' 
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1 ~k v\lt· hloj 
f~.J L '"r'·~·' 

SC~'.f crctoGJC /,SI't(;l'.l cr Tllf S!l'"~I!,\·LSOr>tM;z.; 

. CCPPLR-1/,C~Y~DrNU:~ Dti•CSJ '· !'l~!.\ COU t."IT, ARIZC,.".: 

/.b'""'"' 
~-• r'"'"'·" propon y, ~·C.lch hod bcon wN<•d <~O<o1tcollv ,,. o• 1 ¡.g¡, wo ,. ""'cho -.d 

b~ Du">l Co'J'a<Otlon In l~óó. l'ollowJog Cool;>INion of ,·_o "'D'•"• ... • old!'lno p<e<;rom un-i« 
th• d!c.ouor. ~~ 11"'''"" Se~·"'" t, or<·'·''"' •"!col no ''"'; d ., ! <;,' on1 '""'"""""' >ro· 
doctlon otod~ In 1950. W!lh oho """'"r.lo? o• '"'"""" '" ,.,,,:., 196U "<.d eh~"'"" ni"''" 
OP'"O:Ior.o lo Morch 1070, ohe Oh.r:l•• "'''" boc-..o or.• o! tho l«ooot coppe<·"'>]yt>;lcr.oon 
""''"'" lo An,ooo. T.oe co,b>e.od OloT"" • f•peroo.o 'omplox will """''" lly bo o ytl 
1 z, 500 ''" '""", o, sao ro" "'d•, •"-' , , ¡;o leot dooo. 

>h< SI mit> •nd "'""'"'" propcnlo' eonslit"• & pOqohycy·type copp,-c'lolyOdenum 
~<poc.H "hJol> oC<'"' ~·iLhin •nlco•oly ''octurcd ond mod,,ot<ly oli•·"<l rhyo:no ocd ocOo.<l!•, 
Q'JOtt• dle<'t<, docHo "crphyry, cu•ttc moooo'-'"· ond """'"- moozool:e ~orolr,.,-y wil~ on 
""'"""'' ''~''"'•• "'"=lo, [' ••nl!.l •o ll•• oo;ol.eeor•or o! lito <>«loody :> lho '-'"'"'j~c 
RuOy S"' ~"·crll<>rUo ''""' "''c'r <>re •olu\lO'•' woro de""'Od. n-.e Mpo"' lloo ot tOe '""'" 
""" or '"" p:uton, ··h>c' "'"''"' up "''"" or tho Sicrr"'' '·'•""'''"'· 

"i'"" Ion in tho ore •ono '' p«Jo~.¡c..,otly pCid"'"· '""-" ph;Bto k 'Id ,.¡not oro !lile os­
'""'~lc;oo. Fro,,-llllc =rlnoca'' com,.only OCC"' o"<ldo tl.o plt ""'"· All roe t. typo; "'~ 
mloccel"cd >--.l•lwod, 

'-'oJO< prlm"y "'in<colo o re l!mltod lo pyr:t•, c'olcopydic, oc.d "'01,-bó".lto. Sil"or, ol­
lhO"O<;> I<CO'~"d In _,,,,,.- .,.,., "'', lS -'ol roco-;-.->l<od h "''""rol (o.-... '·"""' .. lr.or•l< ]n­
c,.,Oc o>lcr.o, 'Ph>l"!te, t<c.Oüollto·I•UohOdrl'<, m•o••o:tto, norc.,l:o, fluor)h-, ood rore 
borc.!to. Sl¡olllcont ''"OJ"" o! ooceod"' ondcf.mol •·or<· llmllod to r'""""'" ,,j \\'o" 
t<~'"""· !dll>l '"""'In '""• lwo eiOO' ""'duo lo lho oro>enco o!" woii-Ct·.-c!cped 
ct.>'oodt< tlor.~<l. "~" cf w'<ch t.os oocn ,._:ned. C"·" sc<:or>i>oy "''""""" <0'"--n<>nly 
l~n~ lr.O)ue• cupl 1\e, tor.o;-1!<, mol•ct.!,e. •zur:to, ctJy.<ocollo, r.otlvc ccppor, o:-.::1 ~-lnor 

'""'"'""'· 
'·"""'•lt:o:ion ot SC..-rM-~I~<ronn :s "'""'"'""' a o.! ll!tl<>loolc.o lly conu<>.'ld. ""'"' 

mln<r>llztd zon« P>"lle] or o¡rdlo f•u'= tr<Od<, rn•l<' blnt o~ts, ,,.., ''·'""'"' co>rt\0<1<­
ln ,d;a,on, h/cO<¡ono ~-''""'""""" Jo "•ociolcd w"'' "'oOIIic mt\, ,1 YP•o or>d ¡, r,onor,, 1\y 
!roclcto con,,oll c<f w!thln thooo u nito . '~'""' d'"omlho l!oO! co-~=r.ly occ;,r In :ho brOce la 
&r.1 OJO:l• '""·=<>n!to P•'l'h,-ry. 

wlthln """ of • SitoOI< '"~" ~-lOO<Oil'<<! •~>­
tom ono< ••• """' t>cln~ lrtogro"-d lr.lO ono o! 
Ll.<· ""lié.' o loroc·;t C<C'n"-"'Qiyt>Ooc."m """'­
llonl. 

"' 

~¡,. D"'·ol """"'"''poro<.><~ cc:n;•l" 1• 
'''"'d l> ,,¡, >ooth·•O"lhwe>l o! Tucoo,., 
k''"""· on '"' oo.tt.••" ""-~ ~r tt.o St"'-'' 
'-'""'·""- '""'' Ctvo ~.n.c to th> "'" 11"' 
lC• l'"J.' E,,.,,, dc,•o•B ar.ó •Oo·,¡ 12 rnli<·S lo 
1'-< '"'""'a" , ''• ""'·•· ""'loo ocobodl<<. 

Th< $'""'' <d f<~tr<C-'0 d'"l'c;lt< WOIC 
bro·o~ 1 •t ''"~ ]•roductloo" ''"P"''' cp<n ""' 

l ,l ::,·,o:-S!c"!t• Co'""'"tloO, Soh<lo,l:o, 
k:•oo• 1"19 

Mln!no lo lh< "'' """ oreo bcoon loto In 
<0< IW, C•'"'"'' o; >I'OCo"lc uod"<'"'Od w<~~.­
tno e~ "'"tvdy c.Jol• oro;e booo er.J prc<!o"' 
~•101 "''"'· 1ho ,;, . .., ~"" ¡ye "-lo< !>no"" 
th'" os tf.e Ro< Co,bonooc "''"<), loootod rn 
whoC 1• c_w 1Cc I'P''""" pit, "'''' >>niy do­
vdopcó O,· ll·<· Co\uMO\ ,,,1 r,n•ono f.!toLO"; 
Co"'~""' In 19~7-08 001 o"-'ndQO<d "•• lO 
!ow eoo,., elle-._ D'-<lo; "·• "'"' or.d '"'~' 
>eo<rol =rnpoolo' <"•O~lccrlthc ~<'•' Ye.rs Ivo 
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ROCKY MOUNTAIN ASSOCIATION OF GEOLOGISTS-1980 SYMPOSIUM 

METALLIC MINERAL RESOURCES OF 
COLORADO 

·S. B. ROMBERGER1 

IIBSTRACT 

Mo.sr of rhe ~nown motolilfOIO<IS depoMs o/ Co!ora<lo occvt /n • no'fow rnlrtheosl-rron<l•ng Oolr oxtondrng ~om noor 
D<Jrongo m !he southwe•t ro J!lll'leS!own"' tllfl northN<I. Thrs zono 1• cono a lho Coi<JrodO M/n,.ol8e#. Tno dopoS/" con 

• Dfl p/a<;Od ¡, """ Olf¡ye colo~...-: PrecomDtion m.ossivi >ulf<de depoo"~ (Gunni•., gold !>el/); 081'/y lo mid<l41 Tortwy 
"""" m Precombnon 10e<• (Cetltral C<ty-1<1/lho Spmgs); ......,, ond ~~Meemont dopo>~a ;, 8~Jmonlory roe•• (loo<f. 
vflllt); cl=e,.,..led 1>/>d 1100-'<WDll< mo/ytl<ten..., """""'fzooon ifl mJdCio T.nJa¡y porploytt/JC otoclrs (Ciomo•!: on<l p.&­
claw fU>'J ¡,.,¡e-me¡<Ofv~ 111 v<:Ocllllic roo:l<s (Ouroy-Sdot>rl"" . T ....,n<H). Tl>e known <I"P'Wb lt<O '"""ly <mm- ln>m 
"""'' <' Pn''"'"'/JIIan roe•• ., !he nonhusr ll!rough Cltlbonoto ~emwu• in ll>o cOfllt"ol poriJOn 01 tM 1>e11 ro vem itl 
volconte rocl<s in !ho ooorflwesr. Loco/ o•copt/On> lo ttus patletn occur, ospocio!ly;, !ho """"'""'" whore SQOI~I/y 
re/o/0<1 deQOMS mey Oo /ound m "" lllroo onv/ronmonts Mtnero/¡zod Terltof)' ¡x>rphyr¡/"' tn/rt!sl<ms occur througMur lile 
1>&1~ lile omp/ooomont ol wrJICi> OPQHtS to Oo contro/led by <loop. norrhoosHtendmg Prooli11lbr/an Siloat zonas, Mu<;h O/ 
rile minefil~zotJOn con oe relo!od ro !heso "'""'"""· oven rile PreoemMan massi..., sui/JdOO h••• be<ln ,.,,.,1>/!i:od In 

. Qleceo J:>y Temaq "'""''··· 

IHTROOUCTION • 

'" 

J Colo!lldo has long played an •mponam part n tl'le metals 

1 

iro:Justry olltle Un.ted States. This state ranks IJrst 1n IM U.S;in 

Grande County lías on the SOI.Ilhern edge of ltle Sa.n Juan vol­
caroc IJE!Id. and is not ""lton What commonly has be..-\ =O­
erad tho mineral bell.' Howe1111r, at its sournw...stem eOO lhe ben 
becomes broad and d1l!use and 11s boundarias are oot clear. 
The boundaries ollhe m1noral belt are basad on the dlslribution 
o1 major mineral1zed d1stricts lhat are known, and do not pre­
cluda !he poss1bil1ty ol lind1ng yet und1scovered deposits 

prodlJCbon ol molytxlenum. w~•Oh •s by lar the most imponant 
motaii1C commod1ty prodUced in Colorado, fltsl 1n Ploducbon of 

, 11n: S<lCOnd 1n tungston and vanad1um. lh1rd 1n Sllvar and IMd, 
1 · •sth •n z,ro::; f<lth in gold; and 1onl~ in copper ¡umted Stales 
¡ .-eau or M.,..., 197e). A<i<l•l<>nal metallics produced in Co~ 
' urado are udmium and iron (Colorado D\OSion o1 Mines, 1977). 

elsewhera. • 

THE COlORADO MINERAl BElT 
,! .. Tatlle 1 summarizes lhe vaw o1 metallic mi""rals pror:lumd in 
_ Colorado in-1977. along ...,lh ll>a percent share ol total u.s.-

1 
r produCt.Oii tof that Yéi.i,' and tr.a cumulat1ve production; In terms"' ~ The' IIXIICI reason ·tor · nimeral-deposits lo· be concentrated 

' 

o! dollar value. tMrough 19?7. eocause of mfla~on and tt>a in-- along. the. narrow Colorado M1neral Bell 1s slill poo~y ur.ó9r· 
crease in metal pr1res, tha total oalue of metals produced in-· slood.,The bell cuts across all geotogic !eatur~s in lhe S!ate, 

1 
terms of preS<lnt da y dollal!l would be very mud1 nighor.o The •- as_ well as the general. norlh·t<>-nortllwest slruclural gra•n ol 
value of alt gold produced 10 Colorado alo"" would be approx~ tha central Rocky Mo<mta.ns (Rg. 1). lt may be mlated to a 

1 mately 10 biltion dollars attoda)"s pnces! zona of weakness wllhin lhe basement which has exJSied 
'~~ The lulure ollhe melals •ndustry looks very bnght 1or Col-- S<ro::e sorne !•me in the Precaml>rian ¡Twew and Sims •. 1963). 

• ~~~- orado." panJCularty m hghl ot lhe recen! Opemng olthe Hender· ..... The. nonhern boundary ol lhe mir•oral bell roughly corre· 
1 son motybdenum depos1t and development ol the MI. Emmons sponds 10 the Colorado llneament (Warner, 197e; and lhls 

molybdonum property naar Crestod Butte. bolh by Cl1ma< volumo), a northaast-trendmg belt ol Precambrian shearing 
Molybdanum Company, and lhe strenglhening ol lhe metals whlch can be tracod from soulheaslern Wyomlng to north· 
market. pan¡cularly lor gold and Sllver. Explorat1on lor ferrous. wastern Anzona The lrend ol lhe Transconunental Arch m 

• base, and precious metals is very aobve in Colorado, and will Colorado coincid"" w•lh lhe mw.aral ball 
1 corwnue lo be so in lhe futura t>ecause 01 succt~sses In the poa$1. 

1- .........- Ptevious raviews ot rr.e ll'lU'IO!al <le;>os>ls 01 ColoradO nave. 
been pubhsned by Vanderwiu ( 1947); Del R10 ( 1950); an<1 Twelo 

' ¡1 OOBa). Essenuatly all lhe matalllc an<1 related m1nerat depoSJts 
! in Colorado l1e w1thm lhe Colorado Monaral Bett. a relalovely nar­

row nortMasl-lrending zona axtond~ng lrom Durar>go lo north of 
Boulder (Fig 1 ). The only importan! deposits ~nown outsicle this 
belt are !he vanadomrenrJCI>ad uran•um depoSJIS o! the Col-

' ' 
orado Plateau ¡see Ct>enOwelh. this V<l!ume) and 11-.a Cr;ppte 
Cree k gi>ld dJS!rJCt. Tti!re ara numerous ·minar ix:cunences out·· 
s.de !he bah. s!JCh as !ha WastciJHa·S.Iver C~H <!ISiroct in Custer 
County (Twoto, 1966a) and tho Copper K1ng M1ne in Larimer 
County (S1ms, ol al .. 19581. Tho Summit.,lle d1stroct 1n R1o 

GENERAl GEOLOGY 
The gootogy of the moneral belt is well documentad in orher 

chaptots ol thos volume. ThiS sact1on will omphasize only those 
!oatures which are impManl In the locallzat10n ol mmeral de· 
pos11S d1scussed in this chapler. ' 

The mos1 common r<>ell.s exposed in tl'.a mineral ben are Pre-
camt>rian ontruSJOns, senisrs. and gr.eisS<ls wnic:~ have gone 
through severa! pe<iOds or delonnat<>n and metamorphism. 
Shaarong has occurred Blong a norlheast dlJe<:t<>n • ..-oducing a 
zone 10 to 15 mi (1610 24 km) Wide which conlams indiVIdual 
shears and clustern ol snears. Th1s zone ol shearing generally 
coino1d9s W1lh the minora! belt (Tweto and Soms. 1963). Tho 

"~.,0.,,.., e'""'"""-"~""'"""'"" 00,,.00 main pe11od ol sheanng occurred during the Paleozoic and 
, ; COLOfO•oo o•OLO<l• . .,oq_ ""'''""""'"'" "''""'"'"''"""""'"'~ • MeSO<OIC Eras. These sMats oonuotte<l the lntrus<>n ol stocks. 

- ",.._.,_,..,._ · -- .... - .. ·~"~dlkes."and sills and·assoclaled m•nerah•et•on dutJng late 

. . 
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MINING DISTRICTS 

~1. Copper King_ 
2. Jomestown· ~ 
3. Word 
4, Gold Hill 
5. Central City-Btockhowk 
6. ldoho Sprm;s 

• " 7. LOW!OO:"I:!_umo':ll --- _ 
· De B. Georoetown-Silver Plume .. 

9. Henderson-Urod 
10. Montezumo 
11. Breckenridge 
12. Kokomo 

' 
13. Gilmon , .,C'''·. 
14. Clim<u. .. 
IS .. Almo_ 
16. Leadville • 
17. St. Kevln 
18. Aspen 

·- - 19. Redwell Bosin 
' 

' 
' 
1 

' • 

25 • 
.. SAN 02E¡ ,JLIAN,.f, 

MOUNTAlNS ''" 
.. .. .. 

20. Cripple Creek 
2 l. Tincup 
2.2: Gunnison Gold Belt 
2.3. Bonanza 
24. Westcliffe-Silver ,Ciiff 

, 2.5. Loke City·- ~·, ,._-·• -- ~" 
26. Creede 
2.7. Summltville 

·28. Ouroy, 
29. Telluride 
30. Silverton 
31. RiCO-

. . . 

Figure 1. Olo!tl~ui!On ol mlnerol depoolts el CoiOrO<Ic diacu .. ..:t In te•t """ tMir rea.Honohlp to mo)or slfucturol teotu"'" (modllle<l 
trom Tweto, H!Glla)-

CtetaC<!OUs-ea~y Ter~ary. an!l middla T ert.ary ~""'- Thay also Momum and Harmos.a Formatoons and ttle PenMyt.aruan-
COfllrolled local mone<a~zatoon in dosUocls along tne Front Ranga Permian Mar0011 Formatocm, os localry severa! lhoosand leet 
S'-"'h as Jamestown (Jenluns, 1979), Central Coty·ldat>o Spnr>gs th•cK. This thock s~quenC<l is a res un ol SBdtmentalton dunng 
(Soms, el al , 1953), and olhors. uplolt and eroston ol lhe Ancestral Rock•es. E ven lhough !he late 

The Paloozotc rocks of lhe mineral 0011 are charactenzed t.oo,< a Paleozclc units ara ganeraUy poor ore hoslS, lhey ara loc.ally 
relatovely thon-sequanca eonsist•ng ol quartzola, s.andstooo, mineraltzed where lhey d~raclly overl1e mineralizad lower 
shale. hme-stona. and dolomote, on piares amoonbng ro only a Pateozooc tormatocns, or whiore the lanar are miSs•ng-
lew hundrod feel in !nockMss_ Tho carbonate untls ate impMant Mesozotc and Cenozoic sedoments are not impOrtan! or~ 
ore hosts in replacement depos1IS, particularly wMcre they con· hcst• tn the mineral belt. although local excepbons oxosL The 
tain paleokarst sojut•on-collapse breccias_ The Mlssis.,ppjan Eocene T allurtda Conglomerata is an impOrta ni ore I>OSI on lhe 
LeadviHu Umestone is the most favorable uM !or replace- northwestern San JLJan Mounta.in area (Mayor anct Fosher. 
ment depOSns. 1972). Thio Oetaceous Dakola FormabOn os loca~y moMraózed 

·•'"'""""•"'--'-~-Thu ·tato>· Paleozoic .sac~on. mciU<Img · tne • Permsylvanoan ~-,n lhe Brod<enrldge d.strlcl floveror>g. 1934)_-~--- """"" " ' 



METALLIC MINERAL RESOURCES "' 
l•ble1 Me!a!lic Mlnerals ProduCIIDn IDr CDIDrDdD 

1977 
Pro-ductlon 

Share o! U.S. 
19770utpu1(%) , .... , 

Mc>lytlde<1um $276,238,944 61 O 

Cumulallve Pro-ductlon 
through 1977 

$2,364,133,519 
303,560,488 
G:l2.481l,199 

vanadium 25,04Ui01 N.A. 
Zn'IC 20.292,427 94 
Silvor 18,560,061 116 
Tungs1an 15,544,67t! 300 
Lead 10,181,349 4.0 

, Gold 8,528,605 5.0 

700,417,151 
139,224,197 
445,496,938 
969,008,882 
157,060.063 

5.401.188 1
/ Coppar 2.001,737 0.1 

Tin 749,306 N.A. 
Cadmlum 367,771 NA 

i lron 309,764 NA· 

! :"::~ Not Avallable $378, 136,243' $5,716,790,625' 

1 
Sources ol Data: Colorado D1visloo ol Mmes Summary ol Mineral lndustry AcliVIles in Colorado, Part 11. Metai-Nonmetal; and U.S 

Bureau of Mines Mlnerals in me Economy- o1 Colora<!o. 

1 

=: 'Dooa r-<>1 indudevmt.es ol minor rnelals rewve<ed "' Colorado. - -,- "- - ... =- ·-. , - . -~ .. 

W1despread mtruslve and extrusive ac~V1ly oc;CurTed during The regional struclure acros.s lhe mineral ba~ os characterized 
.. Laramide time in tt>a m1neral belt (Tweto, 1975, and lh<s vol- by north·to-northwest-1rend•r>g "l'lllts and inlervenong valleys 

ume). lntrusion emplacement was COntro/led by the northeast• (F<g. 1). Tl>e upldts cor>Sist ol e.ther raosed bdocks boun<led by 
uendlng basemenl shears_ Small atocks, plugs, d•l<es, or sills : normal or reversa laults, or aru.:~ne• bOund&d on eadl Sida by 
are ITIOf¡j comrnon; however, a lmgs bathol<ltwOderties !he cors moooclines, or a corrblnatoon ol bolh. Most ol lhese leatures 
ol the Sawatch Ranga'; large lfregular stoocl<s occur in the El k develo>"'!d durong middle 10 late Tert•ary time (E pis. el al., 1976). 
MJunta• ns, end larga laccolllhs typ 1ly lhe intrusive actMty on tha From northeast lo soulhwest occur the Fronl Ranga uplllt, lol· 
"'~SI Elk Mountaons. Most ol these inlrusions ha ve measured lowe<J by lhe Gore-Mosqullo Ranga toounded by normallaulls. 

·s betwe-en 70 and 63 m.y. {Tweto, 1975), Tl>ey conSisl In pkaces the toounding rau!ls are steep reverse laults. These 
stJy o1 porphyne• ot quartz momono1e, bul ranga"' co"""'sl- two uphlts are separaled in 11-.. """""al belt by ll>e soulhem and 

tJY1 lrom granne ro doorole. Muen ol ll>e mlr'll!ralizatoon in tl>e ol Mtddle Parl< and South Parl<. The bourdary between lhe taller 
mineral belt is attr~buted 10 actlv.ty assocoalod woth tllese two •ntermontane basins ls structurally complex and coinoides 

•-" Laram1de 1ntrusions.'- ·~-~~·= 'lo • " •~· '' ·~·" ·" "'·· ~--~- •.-un w1th tho cen1er Ol ll>e mineral belt in tho5 erea. Fa~he• soulhwestw Q 

1 lgnnous acltV1ly recurre<! duru-.g. lhe middla Tertoary- on tl>e • occurs tl>e Sawatd1 Range, cored by lhe Sawalch enhcjjne Tho 
1 nmeral belt (Steven; 1975). The measured ages ol stoc;, in lile- taner i!l part of a northwesl-a!al!l teaturs containing the Whoto 

central rnneral ben ranga lrom 39 to 26m. y. The compoS!ton ot ' Aiver and Uinta upilts. Soulhwesl o! 1he Sawatc!l Ranga occur •• 
tl>ese intru,.;ons rangos lrom quartz diorite to granito, and many • the El1<. and Wllst El k Mounta•ns co~ by Laramide mtrusions, 
are pofllhyritoc Thos onlrusive actl"ty was also controlled by .andl•nellytheSanJuanvolcanicliold 

'· 1 
' northeasl·trend•ng basement shears. Many 1mportan1 depOsir.. 

. or d.Stricts are as-soclated woth mid· Tert01ry achV11y such as the MINERAL DEPOStTS 
Cli"""' rnolybdenum deposa (WaHace, et al .. 196a), tl>e Urad- Mosl mineral Oeposots in the Coloiado Mineral Bell can be 
Henderson ore toodn•• (Ranta, el al., 1976; Wallace, et al., pLacad into one ol IMI categOnes: Precarrbrian massiw. sulhde 

1 

' ' 
1978), and 1he Montezuma d1strK:t (Steven, 1975). depos•ts; earty lo middle Terllary ""'"" on Precarnbnan rocks; 

Tho e.rens1ve Thirty-ninc M•lo and San Juan volcan1c loalds ve•ns and replacemenl depoSits in sod1mentary rocks; d•s.semi-
were also bu111 durong middle T o~oary time. Un1ts lrom lhe formar naled and slockwork molybdenum mincrahzation in middle Ter-
llave ages rang1ng lrorn 36 to 28 m. y. (SteV<>n, 1975). and thos<l ~ary porphyrlb< stocks: and preaous and Mse-melal veons on 

.
1 

_ trom lhe lat1er have ages trom 35 to 14 m.y. (Sleven. 1975;. volcanic: rocks. Sorne dos1/IC1s may have depOSots belonging lo __ 
Upman, el al .. 1976). Ages as young ao 11 m y. havo been mere thlln one category. andll>ere may be a ~nehc hnk be-
measured ror quanz lot~e p0rphyry intrusoons in the S11venon tween the d•Herent 1ypes ol depos1ts. Class•lymg the depoSIIS 
area (lipman, el el, 1976). The rocks ol the Th1rty-n.ne Milo lnto lhe various types. however, eslabl•shes a basos for d••· 
f11:>1d are mostly andes•t<:, a~hough phonol~e ontrusions are also cus.sion. Tl>ere appears to be a grasa zonal d•strobu~on ol the 
reporte<!. The C"pple Cree k gokf dl51rocl may occupy an outrier depOSJI types across !he moneral bell, begonning Wllh vems on 
ol t1u f•eld, as phOnOllles SLm.Or to !hose observed in tha Precarrbrian rocks m !he nonlleast, then ref>lacament5 on sedo-
Tt.rty·n""' Mde lield occur on tt-.e dostrict The phonotite m lile mentary rocks on !he central port•on, and l1nally veona m volean<: 

•• , - ·cnpplaCreek dostrict hasanagc ol28 m y (Stevon. 1975). • roocks •n !he southwes1 (F1g. 2). This doslrobut•on may be relaled 
The San Juan volcan•c l1eld is notad ror lhe largo number of to the doplh ol eros,on, or perhaps to tne d•sltlbuhon of geolog,c 

collapse calderas whoch formad es a resu" ol lhe erupuon of even!S, such as 1he development o11ne San Juan volcamc loekl. 
exlensive ash-llow slleeiS (Sievan end Lipman, 1976). Volcar-.ic Even !hough 1he mineral bell con!aons maoy impressive d•s-
'"'ls rBf90 in compos•bOn from rhyot~e lo qu..-tz lat.te. Tl>e tncts, ovar three-lourths 01 tne tota! pmductoon llaS come lrom 

ICture syslems as$0C.,Ied witn thn calderas acl&d as impor· hve dostrociS or areas: lile Cl•max molyl>denum deposiL lhe 
.nt o•n-localiz•ng slructures, al!hough m1neralizal10n is signol1- Leadvllle diSifiCI, 111e Ouray·S•Ive~on• Telluride area. the CfiPPie 

--¡ ,.;¡;-cantly younger !han lhe calderas (Lopman,' el al., 19-lf;)."'-- ,,..,~- • Creek gokl dlslnct, and the Gilman dislri<:t {Tweto, 1968a). ·---
1 

1 ' 

1 
1. 
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(N~mblrl corrupond to 
deposi 11 in no. n 

Figuro 2. Schemotlc "'"-" oectlon o long Colorodo Minero! Belt ahowlng relallonohlp ol mlnorol O.poon typooto ~eology. 

~ PrecambrianMassiveSullldeOeposlls- George!Own-SJivef Plume, Mamezuma, and Bracl<erridge, in 
¡ Prec:ant>uan sultide depoMs ol Colorado ha'"' been re• prut_ E•amples grven lor.IM lalter.group are lhe tur>gsten 00. 
1 viewed recently by Sheridan and Raymond (1977). These de- posits ol Bouldor County and lhe telluride ve1ns ol Jamestown 

1 poslts occur rn rocks ranging In age from 1, 700 10 1 ,aoo m. y.. _ er>d Gold Hlll d•strlcts. However, as more ages are <klterm1nad 
! wNch ha ve boten metamorphosed lO greenschisl." lower anr lor onlrusions WJth wl'»ch the mineralizatlon is assodated (S1e. 
¡ pt.boli1,., or ampt"obol~e lacO>s. The d"'))SSlS corrtairo sphaierile, """· 1975), ~ is bocomong mora apparem that sorne o1 tt>e 00-

1 

chalwpyn1e, and galena BS major ore mtnerals, wi111 lesser posors ongtnally though110 be Laramide aro much yoonger '" 
amounls o! gold and silvar, Mora oras constst o1 base.metal age. Bccause oltM lack o! agc data on all olthese depost\s, tha 
sullrcles drssaminated rn stlrcate rock; nowe .... r, tocally lile ora vetns in Precambrian roc:ks are cons<dered as o"" catcgory in i mnerars can be lour>d m a matrix o! pynle and,'or pyrrtJollte. The this paJN>I, and a subd'"""'" In lerms o1 aga st'oo<Jit:l come Wllh 

' • tax!UIG$ ollhe ores indcate ""' sulhde!l and sik.a1es reerystal-. more complete data 

. -

·- - -· trzed at -the Irme of· reg.onar' matamorphrsm -(Sher1dan-and ..-·- ·• VetM'in-Precaml>rtan: roch · commonty rareo in,: or. border.• 
Raymood, .1977). Loc:ally ltle ores show considerebla remobll•-- L.aramide or youngor •ntwslons and oc:cupy lrssuras and laull9 • 
zaUon of the sullrdes resulling In cross-cut~ng vetn!l and brecda _ ot Precambnan or Lararnde age: These strucWres corrmonly ., 
l~hnQ5- -Ths remobi!ization c:outd be as yoong as Tertrary; and - lrend easl or nortlleasl: Ore boches are typicalty smal and are-~ 
led many o! 11'18 early mrners ro tr.nk on terms o! a dassical usualfy &COnomical bocause o! lheir high gradt> 111 precio"" mef· 
e¡>igenetic hydrolhermal origin lor these dcpostls. .. · - .. - als. AllhOugh depostls are plaoed rnlo spacrlic districts, mine ralo· 

The best preservad depoSits occur In lhe Gunnison gold treN~ , .. za~on occurs in a ooarly contrnuous. bell !rom Jamestown lo 
·• ~-- o/ GuMison County (F'f!!.' 1).' The geology ot these <leposits has Breckenrldge. ¡· 

been reviewed by Dmbeck (1979). This nont>east-trendrng belt is In lhe Jamestown dlstnct t"e deposns oa:ur as nonheasl-
aboul 30 mi (48 ~m) long and up lo seven mi (11 km) wide, trer>ding ve•ns o1 complex moneralogy assocraled Wlth lhe earJy 
and rontaons metavolcan•cs and relaf!ld lntrusive rocks meta- Mtocene Porphyry Mounlain stock, boslonlla. and biollle latite 
morphosed 10 lhe greenschisl or lower amphibollle lac:ies_ The d•l<es. Jonkons (1979) outlines seven phascs o! mi,..,raiJ>al<>n 
depoSrts appear 10 be locaizod near oral contacts between am-_ rot.rghty in Ofder o! lraeaSrng pga: Vil. quartz-terber•Ja: VI. 
phrbOitc and tetsrc rnetavolcarics. Sorne depoSrts are ad¡acent to quartz-sylvanrle-petZite---gGid; V. quar1z-pyme-gGid-

----~.lhin bedi pi quartUe,.~ are beieved 10 hall$ c.-qnaled as-~·rnoi)'Wenltc,,IVB., ga~a-1er>nantlle-•phalente-renrer~e .1 -
sea !loo< chert tJeds (Sheridan and Raymond, 1977) · The ores -germen.te, IV A. quarlz-pyrrfe-bosmulhiMe; 111. galena 
consisl o! sphalenle and chaJcopynte, assotiated wilh abundan! -sphalerile- lennantue: 11. lluorrte; 1. quam- pyrjje-
pyme, which commonty oco..o- in lf1in bands or pods par3Da1 10 Sparse base. metal sulfldes_ Phases 1, 11, and 111 are geoehcally 
la)'llro'9 and foliall<!n in lhe host rocks. Sorne ores llhow crude relaled lO tt>e Porphyry Mounr.un stodo, whlch 15 a complex 
bandrng. The ovorall lextures and structures exM>Ied by lhe ontrusion COI1S1SI1ng o! an earty porphyrr~c quartz monzon•le In· 
oras, along Wlth fheor assoctallon willl lalsic volcenic unils, lruded by alkahc .-ocks. The moncraltzatton oa:urs tn ste>ckworl< 

. suggest lhese deposrts can be grooped woth the syngenelic vol·. , fractures and breccia popes around the 11111rgm o! lhe sloc~. 
canogenic massive sultide deposi!S o! Hutctrir'ISOO (t97J). Phases IV and V occur rn norlheast·!rafldong verns wLttun a 

Veln&ln Precambrlan Rock• 
Twcto (t968a) recognized two groups of depOstts w1!hin lhts 

categOry: veins o! laramide age in Procambrran rocks, ar>d 
poSt·Laramide deposots in Precan-/Jrian rod<s_ ExaiT()Ies given 
1or !he lonner group are Jamestown, rn pan_ Ward. Garrt>ou, 

-·-Emprro, Lawson·Dumont, ·central Clty;•fdeho Sprlngs, 

prom.,..nl shear zone and aro geneticalty relatad to lile bosto­
mle d11<os. Phases VI and VIl oc:cur as vein illl•ngs in fractures 
trend•ng nom1eas1 and northwest, and are genehcally ralaled lO 
the inlnrs""' o! biol•te lat1te d.kas. 

The Soulder County tungsran and precious meral tetturide 
ores have been doscussed by,Kelly and Goddard (1969). In· 

~- cluded ls a d•scussion on !he Oo1d Hill and Magnolta d•slricts as· 
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METALUC MINERAL RESOURCES 

··-"as the Jameslown araa. The daposots occur as r>Orthoast­
·ing veins wt>are local structural contmls indude veon onter­
ons. imersectJOn el wins woth lautls or dikel pr&d<o~ng 

minera!CL'BliO(l, and lnegulanlies 11 ve.ns produce<! toy """'"' 
mant along tt>a bssores. The veons consist al pyma and/or mar. 
cas•te and quartz wrlh varytng amounts of ore monarals, most 
importan! ol which ara sytvamta, petzote, hess1ta, and nativa 
gold. Calavarite and krannente are also Importan!. Accon:!l'lg lo 
Kelly and Goddard (1969), tt>a hydrolhermal soi!J~ons """'" 
derive<:! from a lame magma underlying the tellunde belt 
Thesa soi!IIIons rose along majar ncrthwest-ttendJng tauns, 
and mineralrzat1on tool< placa as tney spread out along the 
""' 11 oeast-trendrng !reciuras 

The most Importan! mining d•strict in the Colorado Front 
Range area os tt>a Cenital Crty d.strict O! Gilpin Counly (F¡g. 1). 11 
~~s produced more tren tOO mllion <101ars woo1h ot gold, st. .... 
and uranium srnce 1659, with gold Blll0\.01fing to 05 percanl ol 
the total dOIIar value ($1ms, el al .. 1963). The ve1ns and mll><lr 
stockwe<ks occupy nonhaasHo·eost-trending lnults 1n Pre­
cambrian gneisses, granrtes, and pegmat~es. The larter ara 
intruded by Tertoary small dikas and irregular bodles o! 

'" 

-• grar>Odronl& porphYTYoQUIIrtt monzontte porphyry, boslonit&.­
porpllyry arod quartz bost<nle po<¡>hyry, The Central C.ty anu­
dine. lhe axis ol whiCh b1seds tha distriC1, is tha dommant 

....... -~ 
UPLAUTION 

stru<:~ure otthe area. "" 01•" '""'" ... ¡., """"" """"'. 
Tho veins ranga !rom srmple lo complex, and renga trom 011e - ce ConhOI CL!, 

1 ou o ....... 
--.- ..................... . 

IO<OIO.. -
lo lhrH 1t (.3 lo 1 m) in width. The mos1 ccmmon miMrals are LS •••"" Soring• ----Out• oo~ ol i pyrite, sphalente, chllltopyrila, hl<UlBn~re and galena In a gan- L., IAmo .. r.. C.nr.or zono . 

. 1 ~:.;,:.,~~~":y~~~1tl'c'j:~~e~:~~~:~~d\,; ~· ,_ .l_~-~'-· __ "_"_"~,~=:"."~----==='~~-'"_;_;_,'":'_,_'_~·-"_'_;_'·_·_· __ j . lroo state, and in the structure ol cenain m<ltalllc mineral• Sclver ,. 1 LU 

11

1 · "" Pfedominantly in mera111c minarais, bul also as sullosalts. 
·rll(: alterat•on ad)acent lo tt>a veins grades outward into 

_ .nc alleralioo and lllen into lrash rod< (Scms, etal .. 1963). 
Scms and others (1963) and Moench an<t Draka (1966) rec­

ogrued a •egic<lal m•neral zoning whieh induded 1he dtstricts or _­
' ( Cenua1C•ty. ldahoSpnngs, Lawson·Dumort-Fall River, Lamar-

1 tina, and Ch1cago Creek (Frg: 3): The zonal pattem ls elongale ~ 

FIQu•• 3. Zonal dlol<lbotlon ot mlnorallutlon In 11>11 FfOnt R.ongo 
f>Onlon ot tho minoro! boll !"""'lfled trom Slmo, o\ 01 .• 
1963).; 

• 

1 
in the no<!heasr drrection parallel to struclUres in lhe area. The appears 10 he relatad to Tert1ary alaskite porphyry dokas (Lavar· 
z011i--og 1s base<! on rhe a>mpos~IJOn ot the veins In the dost,.;ts.- ing and Goddard; 1950). · 

( The central zone, extef'óng 1mm Central c;ry soothwest to ., lhe Monlezuma dostnct. mineralilation is aseoeiated wilh a 
1 . · Dumont, consists ol pynte-quartz velns contsining vanable • large quartt mor>zome porphyry plutoo wrth an age of 39m. y. 

,J" · proportoons ot base-metal su~tda!l and precious metaols. This The pluton was e<lg1nally doset•bed as a stock: however, sub- • 
· : .., zone grades outward onto the ontermed1ate zona contaon1ng py- ~ sur!ace geologio an~ goophysical mvestrgations tnd1cate tl1at 

1 rile veins wrth signihcant quant~ies al copper, leed, and 21nc. what is exposed in trw. di>trlct 1• an apopl1ysis ola very larga 
l Thts zona is about one mile wide, and grades outword into tt>e body ol bathoMhic proportoons ($tewn, 1975). Tite ve1ns most 
, perrphersl zona contarning vains o! QaieM, sphalellle, quartz, convnonly occupy northeasl-trending t,.su- in lhe sunound-
¡ and cartoonates. The taner zone range-s in WJdlh trom ona to ing Precarronan untrs and contain vanable amounts o! gold, 

1 
threem~as. silver, galena, sphalerite, and suUI)Sllfts ot sllvar, copper, and 

The Slloer Plume·Georgelown, Argennne, Montezuma, and brsmuth. The ore depo$Jls ol tM Argantone diStrict to the nortl1· 
... , ... Sreckonndge . dostficts .torm- a nearly oont1nucus. lona ot east a•e very sm•lar lo lhose ot the Montezuma doSkiCI and m ay 

; minaralrzatren. Tt>ase drstri<ts naw been drscussed in delrul by be par! al the sama mineralilrng systam. Oikes ol quartt mon· 
Loverrng ( 1934: 1935), erod Lovenng and Goddard ( \950). Pro- zor>te prophyry relate<! 10 lhe Montezuma stock axtend into \he 
duct.oon of sdv.,., lead, and zinc has beeo lrom complox su"ode dostrict. Howewr, rhyohte arod dactta porphynes. not ccmmon in 
oeins CU!Iorog the Prr>eambrian ldahc Spnrogs Formatocn, Sitver tho Monlezuma drstrtcl, are at>undant rn the Argentone dostriCI 
Pluma Granrte, and rntruded monzon1le, quartz monzon1le, and (Lovering and Goddard, 1950). In trw. soulhern part ol lhe 
gramle porphyl)' d1kos. Major metallic minerats are sphalente, Srackenridga drstrlct, vein deposils Srmilar lo !hose rn lhe 
galer>a,.and P)'flte. S1lver minarais include polytr...._.te, argen- Montazuma drslrlcl occur rn northeast·trendrng tissures In 
ut.,.ous wrahedwe, argenlrte, ruby sitvers, arod ñatrve sitie(- Precambnan roc:k$ (Lovenng and Goddard. 1950). 
Tt>a ores are loca~zed at the rntl!fseclion ol the nor-rt>aasl- Mofe recently, N&uoerllurg and otrters {1974) suggest there 
trendrng shears and mSJ(Ir nortllwast-lr&nding laults: lho !alter may be a de-ep porphyry motybdeniJm deposn wrlhrn the Men-
ar& COI1S•derad lo be IM major plurMong syslem lor tho hydro- lezuma d•strict. Trtrs suggest1on is 1;18Sed on m1n0r occunences 

•m el solul•ons (lovcring and Goddard, 1950). The ore de- of molybdemle in ve1ns and alleralion panerns around the small, 
ls ollhe George!own <l.stnct to tha easl are srm•lar to those late porphyry d•kos and plugs near the intersect•oro o! the Mon-

, ......, Sitve• Pluma diS~OCl, except In tha lormer, ve•ns ol Pl"'li<: tez urna slock and the larga nonheast-trendrng Montezuma 
"t--9o111 ore are locatry impOnant: ltrbcl!l dtStrcts;n~~neralila~on--... shear 2Dfle'Prrde and ROOnson {tg7B) drscuss mineraliulion--

h 
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' 
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assoclated w1th middlo Tert1ary porphyru1c inlrus1ons in lhe 
easttrn Breckenridge district Tha intrusrve history of the area 15 
(lOtTII>Iex; an aarly quartz monzonota and the Cretaceous Pierre 
Snale are 11truded by a quartz monzonola porphyry wtoch, 111 
1Urn, is inlrude<l !;ry rl1yoOacole >'O'PhYry. JoUowed by tha U1!ru­
••m ol two breccias. A~era!lon, oonsosung o! an inner phyliic 
zona and an oulcr pmpyhtrc zor>e, is spatrally relate<! to tha 
rhyodaclle and Oreccia bod1es. The allera~on patlerns and lha 
dislribut,on of load, zinc, copper, and molybdonum suggast lhe 
mineralization in the diS!rict is ralated to the intrusi\le rompl!,., 
and a molytlderlum de¡)osit may exist al deplh. 

Depot1~s in Sedlmentary Rocks 
Repla.cemem ar.d vorn depos1ts in Pal902o" and youngar 

~ --- sod•mentary rocks have been soma ol tho most prodc>c~ve In 
tho mineral belt Theso pnmanly conslst of silver-lead-Zinc or 
'ead-zlnc depoSits in cartx>r>ate un1ls wllh mlrJOr amounts of 
mineralizatlon 1n lhe lnlercalated quartzltes. T~e Lea<Mite Llme­
stone rs !he most nnportant ore ho$1., Wltl'l 1esser amo<.r1ts ;n lile 
unde~ying carbonate uniiS. Most o! !he known depos~ts are diS­
urbiJted arOIJOd the Sawatch upt.!l where tne se<hments heve 
t>een uphfted and erod8d"On tl'le flani<s ot lhe larga anlr!orrn 
E•amples are Lea<Nille (Tweto, 1968b), Gllman (Radabaugh, 
et al., 1968; Lovenng, el al., 1978), Aspan (Var>derwilt, 1935), 
Alma (Sw.gewald and Bullar.-1941). and Tlr-.::up (O.ngs and 
Rot>nsoo, 1957). In the Lea<MUe Limestone, !he m;r~erallza· 
IM)I'I !S coocenlraled "' pa.leokarst solutlon-colapse brecciaS 
whlch &er\'ed as permeable :rones !or ttre pe.ssage o! !he hydro-
tl'lerrnal sotuMrtS. • , , ....... _. , 

• 

C<lpper ar>d gotd often occur rn small amounts pmnarily in 
veins in Slllceous sed1men1s and fracture Wlrngs essociated wrlh 
lhe replacement ores rn the carbonates. The m1neral1zalion In 
lhe drslrrcts and individual deposits is usually zoned 1n 1erms o! 
lhe dislnbiJtron of metal!. VeirtS have.also been lound In 1he 
Prec:.arnt.-ian metamorplje rocks ufldeflyrng 1he f'aleozoic sed· 
imerrts, such as al B...ekanri<lga described abOve. In !he SI. 

. Kavrn drslnct jusi wast ot Lea<MIIe,-the sedrlllB<lls ha ve been ..­
aro-ded away and all trrat remains are lhe vains in Precambrian ~. 
rocks (Singewald:1955; Zogg; 1977). • • -

In sorne districts mrneralrzatron ocr:urs in Pennsylvanrar1 and ~ 
y<:runger sedrments Sl.-<011 es the Mrnturn Formetron at Kot<omo­
(Koschrnann and Walls. 1946: Bergendaht·and Kosdlmam. 

--- 1971~. and tha Hermosa Formalion In tl>e Rico (Varnes, 
1947; McKr-oghl, -1974), and Cura y {Bmtrank, 1 !147) diStnclS Al 
Breckenrrdge no pre·Pennsylvanran sedrments occur and. 
mrneralrza11on oocurs in the Maroon Forrne11on and lhe Cre­
taceous Prerre Shale (lovenng, 1934; Prido and Robrnson, 
1976). In the Tellurlde-Ouray area, ve1n and replacement 
minerallzation occurs rn 11><1 Eocene TellurK!e Conglomerale 

_ (M.oyorar>d Fisher, 1972; Nash, 1975). 
e~-'- TM......,., ar>d replacernenl dei)<ISIIsinsadlf'I'IEtf'llary uruts rn tne 

Colorado Mrr>eral BeU are ""'Y similar 10 !hose ad1acent to targe 
ccpper or coppe~-mol)'bdenum porphyry depo511s. s...ch as 
Brngham Canyon, Uta h. e•cepl lhe largo porphyrrtic stock is nol 
apparenl The dapos1IS may be zoned around a vein system or 
stockworks whrch may have served as a !e-eder system !or lhe 
deposrts, or zor>a<l arO'-"'d a small drke system wt-och mrght t1<1 
relale<IIO !he ores geneiJCaUy. The possll)ihty lha11arge por-

1 

i 
.l 

phyntiC $10CI<$ exist benaatl'l lhese deposriS cannot tle elirni­
nat$<1. tt has already traen SUggested thal a large bathOhlh 
exlsto-d benealh a porlron o! !he mrneral belt durrng much o! 
Ten1ary Irme (Sieven, 1975). 

The LeadYrlle diSiriCI has be-en the most product1ve ol lhls 
type ar>d a brial deso;:tiptron o! its mrnerai<Zallon will serve 10 
Charactenze lhe repla<;eme<>l anc:t rekaled deposrts in sedrrner.­
t.ary rocks. Emmons, el al. (1927) >'1-'blisl>ed a comprehensiva 

<0H(UATit, OOQT TO !CAl( 

•nT 
'"''·••uro• 

D ·­...... ,., 
~ 
~ ,_ 

- ..... r•r ... 
"'C'" ' , ... _, 

.... ..... 

""' ......... 

Figure • . .ScMmotlc represonl.ltlon or onlr><.,•ll .. llon occu,..nce 
In the L .. dvllle di•"'"' (modllied ol1er Emmon., ot ol., 
1927). 

study ol deposrts In the Laadllille drstrlct. Twelo (1 968b; 1976) 
rnore rer:ently drscussed lhe occurrer-.::e ot rnineralilatron and 
sumrnan.zed the comple>¡ minlng l>'story ollhe drWu;t. The dis­
ltlct has liad OV&r IDO years el near!)l conhrruous minrng act.V!Iy 

• producing aver 500 mrllion don..,. wonh el gold, siMrr, copper, 
lead, and zrr-.::. Production has c:ome from both prrmary sul~de 
and sec:ondary oxide ores 

F1gure 4 rlluslrates schematlcally !he ocourrence ol pomary 
ore rn the Leadvllle distnct. Sulhdes oa:ur both as replacemants 
"' cart>onale sed<ments and vein and chimney depo!lls. Tr.. 
strabgraphie aaqueoce consists el Can-trrian tl'lrough M<SSissrp­
plan dotcrMes alld quanziles wttl'l a totallhicl<neas o! 500 ft • 
(152 m¡.-,Tt-.. Sfl<lrments are mtruded !rom the easl by severa! 
quartz. mon.zonite. dikes. and silla., lnlrusions, otdar · lhan tha 
mineralizat"'n ha ve a Laramrde ag-a (T welo,-1968b): However, 

o !hose bod;es eppearing to be ger>eUcally relaled 10 mlnerai<Za­
llon-are ..-...:h young-er.-The mo51 !aiiOfed srte !or mlnerahzanon '­
appears 10 be In solllbOn-ccllapse brecaas rn <lolom~es below 
sills; !he laadvlle Limeslone "' !he most e><tensively mnera~ 
izad. Replacement deposrts il'l the wBSt may pass lalerally and 
dowrrward rnlo vern depoSrts rn lhe eaSI. 

The regional dip el UlliiS rs 10 lhe east; however, a><tensove 
faulting has causad local raversals. Mosl ma¡or faulls s!rlke 
nonh to nonhwesl and are, !or the most pan, normal !au~s 

:downlhrown lO lhe wesl. The latast movernenl appears lo be 
related lo the !orma~oo ot lhe Uppar Arkansas River graben ar>d 
appears 10 be r'-'CI.Im>nt o11sat atong otder !aulls. T~ese.• com- - "'' 
bined Wllh sma!t eas!-tren<lrng !aull$, cullhe area rnto • mosajc 
o! blocks. 

Pleislocona glacial gravels c:ovar lhe bedrock over mo51 ol111e 
drslnct 10 t11rcknesses up to 600 11 (162 m). Soma o! t~ese 
gravels contain placer gotd Sorne o! the gravels hava been 
laulted a long lhe nortl>-lrendLilQ syslem. 

The pnmary reptacement ores a:>nsrst ot pyrrte, aphalenle. 
a.-.:1 gao,na Wllh local concentratrons el r:ha!cop)'l'lta. Silllllr is 
presenl as argenttleroLZS galena and small amounts o! argenhte. 
The gangua COrtSists o! quartz, manganosrderrle, ankenle, ba­
nle, rhodochros•le, ar>d dolomllo. The vern deposrls essenllally 
have lhe sama miMralogy as lhe replacement depos1ts blll wrth 
higher amounls ol pynle, copper, Sil ver, and gold as Brgentr!er-
ous tettahednla. pyrargyrrle, and na~ve gold. Brsmuthrnte also • -
occurslocaly. ·---



METALLIC MINERAL flESOURCES "' 
Tha oxidized (lfes fllaye<l a majar role in the Pl"''uebOn ol 

U>e diSird earty m rts hiSIOI}'- They extena 400 to 600 ~ (122 to 
1 62 m) t>elow the preso~l surta ce and lor;ally reach a depth of 

c)PO ~ {273 m). The ox>c!Lred (1<&5 consiSI o! carussile, srntr,. 
•''""'te, cerargyrtle, embe>!~e. and otl'lers. O.er <:opper-rrch 
~eposrts, local supergena enrichment has occurred lorming 
chaloocrte, covcllrle, and !>omite_ Sorne enrichtnenl ol sih,.er has 
elso occurred. 

Tne Lea<Mlle drStnct is a dassical example ol mrneral zoning 
where lOcal oonlact·metamorphrc magncll!e-specularile· 
side11te bOdres occurrrng adjacent lo rntrllsions grade outward 
Onto high-temperature hydrolhermal tungS!eo rninerar.>atrcn. 
The next zone outward is lhe most importan! \lolume!tiC.IIy ano 
cornains the vein and replacemenl oopper->rnc·lead·silver-gold 
ores. This main sul[ide mineralizaPon ls also zoned where 
copper-silver-gok:t veins grade outward inlo leed- zinc-srlver ..,.. 
plaoeml,l<lls_ Low·lemperature gold verns oceupy !he periphery 
or th-9 dtslrict. Not everywhere are alt zones lound"' deoelope<l. 

The Gilman doslr.ct is the ne><t mos1 importarrt ol this type or 
deposit in terrns ol past "'oduCircn ft has t>een describe~ by 
Radab<rugh, et al. (1968) and Lo\lering, el al. (1978)_ The 
geolog'c sening and occurrence ol ore are very similar lo those 
al Leadville except tllere are no e•pote<! imrusive rocks whictr 
can be genetically relatect to !he mineraT,.ation. The or~s or:cur 
in solutron·collapse braceras primarily withrn the Leadvrll e ümii­
S!one wtirch érPS ata low angla lO lhe northeast. Chrmney de­
posits occupy t>recCia bodO.S which ¡>er.etrate al leas! to the 
Hardrng Sandstooe. Lead·l'nc, as galena ar>d sphaterite. occur 
as dolomita replacemerts l'oh\le copper and sil\ler occur o, the 
chimneys. Pynte is a ubiqurtous gangoo mineral along wilh 
va,ious carbonates. Aheration consists ol dolomitization o! 
thr carbonates_ 

1 1 'ddla Tertiary Porphyry Dapostt• 
ong 1hB entire tenglh oJ 1hB Col(lfado Mrneral Bah occur 

,die T ertra>y porphyritrc inlrus10ns or intermed1ate to granit;c 
comoosllicn conlalning \larying amounts ol hydrothermal 
mineraf~alrcn. The rrost important of thr%e lnctude lile large 
rnolybdenllf'l1 porphyrres ol Clima. and Henderson. Thase two 
depos~s are very similar in terms ol the petrology oltlle as­
oociated stocks and the natura ollhe mlnera~zarron_ 

Wallace, et aJ_ {1968) ar>d Surfac:e, et al. (1978) have drs­
cussed lha geology or !he Cfrma• deposit and tire lollowing 
summary ls basad on therr WOrk. Tha mioera~zalron is asso­
dated Wrth a comple• stock consisUng or four separata 011ru­
$ive DhaS8$ or grarWte or myotrte porphyry. Each or lhe forst lhree 
intrusions has a mineral~<ed eMelope shaf>E'd like en inverted 
cup develoP<>d over !he stock and in the intruded Precambnan 
rocl<s. A late. b<r.nen stage ot mineralilatron, COntaimng sorne 
base-metal sutfrde$, is assor:raled wrtll lhe lourth rnlrusive 
phase. Each enveiOpa iS >oncd with a mol)'tld~nrte zone ovar· 
lain by a dril use tungsten zone contairing ttn anc1 underlain by 
an "'"" ot lrigh-siloca roek, Mrnerahed rtactures o! earty stages 
aru cut anr:l diSplaced by verns associatad wrth later imrusions. 
Thu high-sihca tor;k was produced by pervasive s.lrr;;lrcatJon 
whidl has destroye<l alt earlier textures and structures indudrng 
mot>¡bdente .,..,·ns. Tlle motybdefllle mrneralllatr011 is aecom­
panred by pervasive potassrc atteration. 

In each m'rneraliZed ell\telcP<> the mclyt>de,.te OCCW'i ;, 
quaru- Yeins containing smal at'n<:lurrts ot fi<.<~rne and polas­
sium leldspar. Tt>r.se veins are cut by a later set contarnin;¡ 
quartz, serjche,lopaz, and pyrrte. The tungsten mineratization 
appcars lo be early and occurs as h""bnerrte; the M~ as 
cassiterile. 

'Her>derson depoSII hl!ls been drscussed by Rama. et aL 
·, ano'_ Wattace, e! al. (11178). The general geotogy o1 tire 
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Figure s. Generotlnd goclo¡¡tc crou se<:tlon tluoug~ Rod Moun­
laJn ohOwing the Hondorscn porphyry motybdonum 
dopoolt (modllied atter W•!l•c•. el ol"' 197!}. 

Rect Mountatn area ;s shown in crcss S&Ctron rn Flg>re S. The 
rninerairntion is associated with a middle Tertiary complex por­
phynto: stock intruded into Precambrian Silvcr Pluma Granrte. 
Watlace, el aL (1978) inlerpret the stock as wbvolcafliC; how­
e\ler, the ~thOcap tras essenüally been erodeé away. The Urad 
der>osit, now mined out, occurs near 1hB 10p ol Red Mcurrtain 
and probably is related to the emplacement ol lhe square quartz 
porphyry. one ol lhe oldest units in the irnr..,.¡.¡, corn¡>~ex. Ttirs 
phasa has been largely removed by !he lntrusion- or the Red 
Mountarn PQ<Phyry and ts !ound nsar !he base olthe Tungsten 
Slide ccmplex, All the phases or the complex are rhyouo: in 
composition ar>d coro;íSI d varying pfOpct!rons o! sodOC .,tagro­
dase, polaSSic reldspar, quartz, and minor b<ctde phenocr>¡sts rn 
a groundmass ot potassic !cldspar and quart>. 

Tha d•stributron or mineratizatroo and associated aneratrcn 
suggests lhere are at leut rwo overlapPOng ore bodras (Frg_ 6). 
The uwer (lfe bar:!)< sup¡>Moedly ls •elated genetrcally to lhe 
Primos Porphyry and the lower ls relatad 10 !he Henderson 
Granrte. There are at least ten alleralion zonas and the drsln­
bubon is shown in Figure 6. A propylillc al!aratron, observed on 
lhe surface, extends lora drStance up te two mi {3.2 km) from a 
pornt centered over lhe Hcnderson ore body. This allera~on IS 
charactollzed by !he ChJonlization or bio!Jle and mlld a~orabon or 
ptagroclase ro day llfld senci!e. The argilfo: zone can be tracect 
tor a drstance ol at least 2.500 11 (S33 m) away !rorn tha ore and 
shows tMe conversion ol plagioclase to montmorülonrte and 
kao~nite. Potassium leldspar remains freSh and serio! e is r:orn­
mon. The garnel>one occurs at>Out 1.20011 (365m) at>ove the 
()(e bOdy and conSrsts o1 a 200-11 (60-m)-lllick zone or orange 
spessartrte garrl<!t •eplad"'l potas!Oum feldspar acccmpanied 
by galena, sphalarite, rt>or;l<¡chrosrte. q<J8rtl and seriole. The 
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srter~e. The tawe< zonas are apaloally and genetrcally relat&d to 
!he potpllyrres. Afteralion corrsists ol an outer propytotrc zona, an 
inlermediata sericrta zone, afld an inncr potassoc zone. The 
potasslc zone occurs Withrn and below the rnolybdenum zona, 
whrl8 lhe sencrle zona occum perrpheral lO the laUer. Because 
ot the O""raU drstrrbubon ar>d '""'"9 o! mtnera~zahon "' !he 
Redwell basrn dcpOSil, Sharp (19781 suggests the overall 
bteccle-plpe and porphyry cornplex is similar to the Climax and ,. 
Henderson depasits. lile newly discovered Mt. Em,.,..,"" de· 
po$11 is ve<y clase to !he R&dwel bash H""""'"'· lhe relatron· 
sllrp belween the two deposns 1s uncertain. 

Base and Prf!(:lous Metal Velns 1-1 Volr:anie Roe ks 
t.losl ot !he metallderotiS win depoSIIS in volcar»c rocks occur 

_ in the San Jc;an Mcuntams ot sou!hwestem _Colorado (Frg_ 1 ). 
The C"pple Crea~ dlSirict is incJud<ld hera oven though the 
""ll1S commonly occur rn Precambrian rocks. However, the tal­
ter d>stricl is spa!oally related to a large cal<lera-~ke struC!ure 
comarnrng vok:alliC unrts and middle Tertiruy intruSl.,., rocl<s 
(Koschmann, 1949: Golt, el al., 1969). The Cripple Creak vol­
canrc comple• rnay t>e an outlre< ol the larga Thirty·nine Mrla 

•• 
""w~o"-•'•~ 

-"~' - •olcanic lield ten mi (16 km) to lhe Wesl (Tobey, 1969) . 

....... , 
Figuro 6. GeneroliH<I ollorollcn lOMO oround tho Hond&raon 

porpl1yry molybd&num dopooll (modlll&cll.-orn Ronro, 
etol., 19761-

quarU-seocna-pyme zooo os charactarized by tM ra~ecement 
of leldspar by seric1ta which is accompanied by pyrlte and 
q<>art.z. The upper and loW<rr topaz zones conslst ot (Opaz and­
rrragne~te, the lalter mal<ing up as n"OJCh as 45 percent ol the 

·rack. The tapaz occurs on veins wilh quart.z and pyr~e andas 
-·replacaments ol potassium leldspar. The•potasslum laldspar·­
a~eratton conslsts ol telds¡:rar _ ra~ac1rrg _ pra-<r>ist•ng · sJiicates -· 
ar>d recrystailll:ed pnmary potassJum !elds¡w ar<1 roughty coin-. 
co::tes wrth IM Migh rnolybdeMa ore: lile otrcng silica mne • 
t>elow and w~hin the om represents an 1ncrease ol quan~ con-r 
ten! In the par¡lhyry trom 34 lo 72 percent. l.o<:ally the rock 
consisls ot greater !han 90 percenl quart.z, and all pre-existing 
pctassic-alter&d molybdeorle <><e is óeSlroye<l. The greisen zona 
conSiSlS o! wldely spacad quartz-rnolybdenile oerns w~h altera­
tton envelopeo ol quartz, lopaz, rnuscollite, magrre~ta. green 
biotrle. seriote, pynte, and locally garnet 

Ora mineralllatron in the Henderson depoSII oonSists o! 
molybdenite 1n quartz veons oontarning small amaunts ot !luorrte. 
Tr"'"B verns are cut by veins, up to one lrJCh wrdc, containing 

_ !rne-grained tOPaz wrlh quartz. pynle, floorote, carboroate, cl>k>­
rrle, ar<l green brotr!e. 

Sharp (19781 describeS a molybdenrte-rninerallzed, breccla­
plpe complex rn the Redwoll basin northeast ol Crested Elune. 
lile brecoa pi~ developed ovar a cornplex stock consls!lr>g al 
rhyolrle, rtryolole porphyry, afld granrte porptryry m:rudad rnto 
Mesozorc and younger $edrmet1ts. The rntrusrve comple< ap­
pears lo nave baen locaiiiZed by thc onterseotran ol northwest· 
trendir>g !aults wolh mejor nonlleast-trendrng shears. 

The breccoa pipe has a vertrcal extent ol al ~ast 2.300 lt 
(700 rn)_ l! rs tloored m 1M porphyntrc-sloc~ complex afld out· 
crops in the Redwell basrn. Galena, sphalerue, chalcopyrrte, 
and pyrr11ot•le W•lh minar bornrle occur rn lha upper pans al the 
breccra·P•>"' complex_ Two lowar molybrlenum·tungsten·trn 
zones occur 2,000 ft (608 m) below trre base-metal m""'raliza· 

The geology and """"ralizatJon of !he ore defJDMS in lhe San 
Juan Mountains have been summarlzed by Burbank and 
Luedke (t96B) and Steven (1966).-The deposllll eppear to 00 
contmlled by structures wtOch are retated 10 lhe l<><maliDn el 
colapse calderas WJthln the volcanic pife. Many el the calcleras 
are complex, and mineralizatron appears to t>e younger than lha 
youngest col lapsa and/or rasurgent even!. Upman, et al. (1976) 
have IOIYid the age ot mn>erahzat<>n to be several mill.,n years 
your>ge< !han the hoSI vok:a,.cs. Theretoru,-it can be assumed 
that !he mineralizrr>g Mistory al thesa deposils is vcry complex, 
and the calderas and relatad structmes serve prrmanly as favor­
able ph.rmbrr>g systems tor t!le mineralizing sotutrofiS_ 

The ores consist ot a complex mrxture al gokl, "'"""· tead, 
zrnc, ar>d copper m1nerals as lrac:ture trllw•;¡s in volcan~e rocks 
and locally as fracture fill1ng1 and replacaments in underlying 
Temary·sedlment•. Examples occur•ln the Ouray (Burbank, 
1S41:.KIIIIey,-tS46; Frsct>or,-et al., 1968; Mayor.an<l Frsner, 
1972; Paul, 197~: Nash, 1975), Silverlon (Varnes, 1963; 
Bui'bank afld • Luedke, 1969;. Casadevall and' Oh moto, 1977; 
Langston, 1978) and Tellurlde (Burbank, 1941; Hiilabrand. 
1957; Vl>ay, 1962) areas: al Laka Crty (SI<rek. 1976; Steven. el 

•. al., 1977al: C-(Steven ar>d Rana. 1965; Stav&nar>d Eaton, 
1975; Stovon el al., 1977b); Summitvllle (Stevon and Rano, 
1960; Brrd, 1972; Lipman, 1975); as well as al Cripple Creek. 
Many ol !he indrvidual deposits were very rich. but onen sma•. 
and lew mines are opera!lr>g on this area at the present tome. 

Mrneraloze~ trreccia pipeS rn volcanic roc~s ara al so known ih 
the San Juan Mountains such as those rn the Re<! Mountarn 
distrrct (Burbank. 1947; fiscllef, et al .. 1968; Rsher and Leedy, 
1973). Bnd al SummrMIIe (Sieven and Ralle, 1960; B1rd, 1972; 
Lipman, 1975). TM breccia pipeS appear to be slructurally con· 
trolled. most often occurrrng at ontersectrons between ma¡or !rae· 
tu res and concentric rrng lractures bcM.rndrng !he caldera. Tl-.ese 
deposots were also smal trut olten tugllgrade •n gok!, copper 
andsilver. 

ln soma dostrrcts, ffii"'>ralrzaliOn has a definiiC spa~al and 
• genetic relatoonship to subvclcanlc, porphyntrc ontrusions. 

barnp¡es occur in !he Red Mo...ntain diSl,.:t. !he lal(e Coty area, 
lhe Summilllille diSirJCl (81rd. 1972), and lhe Neadle MounlaifiS 
diSlfiCI soulh ol Silverton (Stcven, el al., 1969; Schm1tt and 
Rayrnofld, 1977)_ In tne Red Mountarn diSlnct, Summrtvolle drS· 
urct. ar-o:l Lake Coty area. the rntrusroos appear to trave been 
emplaced akrng concentrrc trac1ures boiJnd•ng the caldeoas. 
The rotruSlOns ganeratly are much younger !ha~ the calderas-- t10n. Tl1ese n>8tets '"""" B9 molybdenote.- huebnente,- and cas·-

>" 
' ' 



METALLIC MINERAL AESOUACES 

' 
SILVERTON 

CALDERA 

N 

1 
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Selected Deposits 

1. Comp Bird 
2. ldorodo 
3. Guston 
4. Notionol Bell 
5. Amer'lcon Tunoel 
6. Suonyside 
7. Stlenandoah 
B.Gold King 
9. Terry Tunnel 

-
lntrusions 

__ Foulls !dosh 
where opprox.) 

Veins 

... Rim of So~o~;:~::j 
Volcanic 
sion. 

• Mine Site 

fl¡¡ure 7_ Rollltlon$~lp ol mloorol d~pooll• to olr<><tU,..O ... oclat..., wllh SUver1oo coklera, Son Juan Mounlllins (mOdlfiod !rom Burt>ook 
ond Luodko, 1968). 

and assoa&Uid vok:arics (llpman, el al .. 1976). The stocks in 
lhe Needle Moun1a1ns d•stticl are inlruded inlo Precambnan 
graMe and ha vean aga of ap¡:>roxtrnalaly 10m Y- (Schml~ and 
Raymond. 1977)_ The m~neralozall<ln may oa:ur as veins "' dts­
se!TIInalioM wtltl.n lhi> 1111rusi0<1s or tn veins ad)acent lo lhe 
tnlrusions. The comP<>Mo s10ck in !he Needle Mounlains douricl 
""'s a zone<l anerabon halo consistmg of quartl-ser!Cite-pynte 
and quartz·seriCIIB·ka<>ILrll!e•Pynle assemblages. and local 
<:or>eentralt0t1S o! molybdenrlo 1n quartz vems (Schmill and 
f.laymond. 1977)_ Sleven, el al. (1~77a) report intrusions on the 
northern rnarg1n ol the Ura~mp¡¡.hgre prttnitrva area whict> are 
1'1\11 01 <:o>'P<Or. and soggest !hay mighl represem a dossemi­
nated porphyry-type de post t. 

TM m'""'"' depmJIS 1n the Silverton·Telh.ride·Ouray area 
are relaled lo 1he Silvarton caiOOra. a smaler oodapsa leature 
wrtr.n 1he sou!hwest er>d ol lho larga northeasi·Uer>d¡ng Un­
compahgre volceno·leclontc depress10n. The La ka Coty caldera 
oa:uptes lhe northeasl e<>d o1 this depressoon. Figure 7 llus-­
trales 1tte major slruclures asSOCiated w•lh lhe Silverton caloo..a. 
-'lera are lhrea mao'l ore~ocall'tztng slructures: lraclures raál­

ng outward !rom the caldera, brecda pi»BS localozed aJong 
.na concentre ring fractures botrnding lhe caldera, ano lhe 

Eureka graben The fallar appears to be a comple• struCTure 
retatod lo resurgence. Along !he lmear loalrJres, m¡neralizat<~n 
prelerg loci whera lhera is a cllange '" altLiude o!ll'le fraCIL>re 
snd movemem has pr<>doceda dtl&!tOO 2one. lnany one deposo! 
there appears lO be more lhan or>e s!age of mlncraltzat•on. 
where ve1ns ol dtHerent eprsodes eros. each other, snd multrpje 
events produce compound 1/WlS. Propylihc aneratr0t1 o! !he vol­
canic rocks 1s wklespread. Ad¡acentlo the ""'""· argmJC a~era· 
11on and m1oor serici!tzat•on are tour"ld. 

In deposils associaled with radial !raclures, individual 
minerahzed strUCiures can t>e QUilO oonunu<>L.IS, M\flng mea· 
sured stnke lengtlls exceedong !rvo mi (6 km), d1p langth o! 5.000 
ft (1.520 m), and w1dlhs up to ''""M (1.6 m). In !he !<!arado Mrre 
a veLn system could be IDIIowed lor six mi (9 6 km). A sngle """' 
was stoped ltlr<>L>gh a leng!h ol9,000 11 (2.736 m) and heighl of 
2,50011 (760 m) (Htllebrar>d, 1957). In lile ve1n depost!S 1n gen· 
eral. !he most common ore minarais are spl'lalente, galena, snd 
Chalcopynte. wilh local <:oncerrlfallons of IOManltle, argentr!er· 
ous tenr>anttle, te!rahedflle, and stlver sullosatts. In the gold· 
silver veins, arsenopynle, na!ive gold. and silver and gold 
leUu~ are lound. The gangw minerals are pyme. quartz. 
banle, calote: wrlh local concenlrallons ol anl<enle. fluor~e. 
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and ma.ngane&e minerals. A typical paragenesis would be: 
(1) early pyrJta: (2) c:ommon sulhdes rnciL>O•ng galena, sphaler­
lte. chalcopyrite, and quanz; (3) pyroxmang~e and quarlz; 
(4) q~artz and si¡,.,- minerals w•lh mrnor suU<Ies. ankante. 
at><1 rhodochros.~e: (S) quarl2 ana gold wllh tate sulhdes, calclle. 
and lluor~te_ Thcre IS a crude verttcal zontng where precious 
metals ere concentrataa in the uppeo- po<tions ol tOe vains. 
and tlaS<o metals are below. In !he Camp 13n<l l~m, '"!>lace· 
ment ores ol simJia• mrneralogy but h•gher m base-motal 
sulhdes are found in the Telluride Conglomerate adjacent 10 
vein slructures (Mayo• and Fishef, 1972). 

In lhe Red MO<Jnta1n o;lostr!Cl, the breccia PIP" deposrts ate 
recognizad lor lheir high grada and vert•cal1e!Qscoped zontng. 
The ore bodOes occur as vertJcat chimneys of roughly Circular 10 
"'ipll(:al cross secllon_ Tlle GtJSton M•ne was one otlhe rchest 
b<e-cc.a p•pes in t!>e Red Mountarn d1stnc1 (Ransome, 1901). ~ 
OOMISied of a nearly vertrcal pipe Wl1h elttP11Cel CJ'OSS se-ctions; 
t!>e maximum d•ameter was aboot 20011 {61 m¡, arx:ht e><tel>:led 
1mm lhe surlace 10 a <lepth e•ce&ding 1 ,300 lt (396m)_ The p1pe 
coota•ns n-ioslly tragments o1 the surroundtog vorcanic unrts In 
lhe viclnlly of the breccia. lhe rocks are .ntensely argiiiiCafly 
ah..-l'ld; S<!ri<:ile is atso lounc! locally The Gus1on <leposot e•­
M><tl'ld lhe well developed, telesoope<t vert1cat zoning oommon 
.--. mtneralrzed b<occia pipes_ Near the surtace the depoSJ1 oon­
SJSted ol galena ar.d minor tetrahednle and r::ontaned 5010 50 
percenr lead and 30 to 40 ouoces per Ion ol silver. As d<>plh 
,ncreased, the amount o1 stremey<>11te incraased and acoom­
P<lnte<l galena toa depth el about 290 ~ j88 m). Below &os dBPih 
lhe J/l1j)Oftant O<e """"""15 ware sll'omeyenre, nby silver, pynle, 
ar.d chalcopynre. Localiy lile ore contair>ad up to 15.000 ounces 
por ron o1 stlvar, and 0.1 lo 3 o unces per ton ol gold. ere up !O 
12 percent copper. Al a <!Bplh 01 500 11 (152m), tOe P'PB is cut by 
elaullbelow wr-och the ore becamelower grade. The ore m•ner­
ats were born.te, SJiver-beanng pyrtle, enarg11e, aM Chatcopy­
rile. Betow a dapth ot 6eO Ir (207 m). tOO ore containe<t as much 
as 29 ouoces pe-r ton 01 tree gold, mucl"l ot ~ aS$0Ciated Wlth 
tlame(Rensome, 1901). 

TOO mrneralizal"'n '1n ll>e Sunnyside M1ne northeast of Sllver­
ton OCC\I¡Iies lraclures associated Wl\h 1he cornplex ELwel<a. gra­
ben on the nort!>eest matg•n oltlle SJiverlon catoare (8wbank 
end Lu<>dke, 1969; Casadovall and Ohm!llo, 1977', Langslon, 
1978) ThJS 1S the targest m•ne rn tOO San Juan Mountain area 
that IS ptesently on opeoeta:m. Lengston (19781 suggests lhe 
resurgerce of the Uncompahgre cal<lera to lorm the northeast 
fracture system predated lhe forme~on ol the Silverlon caldera 
The cotlapse el the la~er. comblned w<th a lalet mn>Or pemd ot 
subs.clerce, all corrt>tned to 1<><m lhe oomplex boot·ShaPed lee­
tU/e occupe<f by the moneralrzatron. The m•noral.zai•On occurs 
as fracture lill•ng• and reptacemenls ol ea~ ... vein mineral&, 
arx:t repealed traC!umg is evident. langston (1978) ir;lenllll8d 
eight stagos ol mtneralizaiiOn, In order ol ap~erance: (1) 
pyr~te-quartz; (2) band sutftde consistong ol sphaleflte and 
galena; ¡3) mass1..., sulllde cor>sist•ng ot sphalente. ~roa. py. 
rde, minor chalcopynte; (4) o::halcopynte: (S) precious metal; (6) 
mangan<~se silica1e: (7) rhoJ10cnrosile: and (B) argitlic gouga. 
Ee~y sleges el mmeralizat10n were laulted and crosscut by tatar 
rnnerabz•ng ep¡SOdes. The volean" rodcs ad¡acemto lhe vems 
wete argilhcally altored; ser1C1te is locally abuMant. S1m11a• da­
POSIIs occur W1th•n the highly fracturad zona between lile SIIV<tr· 
IOn and Lake Clty calderas, but these ar<> nol presentty under 
PIO:luebOn or haw been depleled by a;uher mnng 

The Creede d•sl•icl in !he eastern San Juan Mounta1ns l•es in 
a complo<ly lauttac caldera complex. Al leastthree penods ol 
caldera col!a¡>se 1001< place. The depoSI!s oa;:u, atlhe trltersec­
llon 01 a 6<11 ot grat>en tauns, prod<.>eed by resurgence of tl1e 
13achelor Mountain cauldron, aM the ring fractures ollhe later 

Creeda caldera. The Bachelor Mountam cauldron •s a 
northwest-trendrng depression aboul 45 mi (72 km) long. lhe 
younger c.- caldera is .tsen resurgen! and is nasted W11hn 
lhe SOUU>eastetn end o1 the Bachalor Mounta1n cauldron (Sta­
ven and Ra~e. 1965, S1even and Ealcn. 1975). Weter-la1d lufl 
and sil1 were depoSJted In the moat of 1he resurgem Creeóe 
caldera when it was occ'-"'ed by a take. These take deP<>SJts 
also ooma1n mineralrzatron_ 

Moneral1zat1on occurn as open·a&>ace till•ngs 1n ve1ns occupy­
•no lile normaltaults on rt>e r"<><thWfil·l•endu¡g graben_ The host 
rocl<s are vaOO<JS volcanic tults erupted dL>1ng tOe oomple• hiS· 
tory ol calde•a lormaiiOn. The normal faults nave b•ench1ng. 
hang1ng·wall laults wh1Ch are also m01eraN2a<l, but nol 10 lhe 
same e<tenl as the main fractures. Mmeralila~on"""""' primat­
Jiy as open-space filling in laull breccia, the latter consost•ng of 
volean!{; tragmonts 1n a matnx of day, chlo111e, quar12, and sut­
tldes. The ore oons.s!S 01 sphalente, galena, and natwe "'"'e', 
WJth mi""' Chalcopyrde. Tho gangU<O consisls ot py11te. quartz, 
hematJte, and chlorlle, w•lh m1nor amounls ot fluo111e, bante, and 
ankerite (Steven and Ralle, 1965: Steven, 1968; Steven and 
Eaton, 1975). 

M""'ral depos•ts are assoc•ated w1t1t calderas efMwhere •n 
lhe San Juan Mounta1ns. The Summitville <11slriC!, assoc1atea 
wnh the Platoro caldera. has airead y been manllooed. Tlle ore 
depoSJts appear to be assooated Wllll qL$'1z latile porphyry 
vo""'nic <lomes mtruded on the margJns ot lile calde1e The 
Mydrothermal act1V1ty appears to be very shallow where sol­
talar" actM!y resiAied in Quartz al...,le replacemem ve•ns cort­
teu·•ng pynte, ena•grle, and gotd Breccia pipes are atso lound 
and locally mineral12ed (Sieven and Ralle, 1960; 8Jid. 1 972). 

Mmerar1zal100 also occurs aSSOCialed wl\h 111e Bonanza cal· 
dera in the Bonanza <IIStrict on rne r<>rtheast edge ot tile San 
Juan volean., 11el<1 (8urbank, 1932). M¡neral¡zod VB1ns occupy 
tefiSkmat fractures in mddl e T ertJary volcan.:s. The geomelry ot 
lhe fractures suggests lhey are •elaled to caklera subsiderw::e. 
The ore OO!lSisle-d ot a compiiD< mixture of pynte, spMtenta, 
galena, chalcopynte, and bom,te, w1tM local cof\Centrat"'ns ol 
anarg•te, lenr>anhle, and strome~nle. The gangue mnarals are 
quert<, calCita, rhodochrosote, and tiente. Ad¡acent to the ve111s 
lhe volcanics havo bcen sii1Cif1ed. argill¡ze-d, and sertCIIized. · 
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GEOLOGY OF THE TWIN BUTTES COPPER DEPOSIT 
PIMA COUNTY, ARIZONA 

by James L. Kelly 

Ab5tnct. Stdppinq or tl>o> To<in llottes CGpp>r 
d~pos.H J<tarte<l !n 1965. :rotal .,.teria) r"""'•ood 
far He fJrst JO yr of o~ration ü oppror!Nt~Jg 
879 m.J!Jion tons. TM sulfide con.,...ntrotor llu 

tre<>te<l obout 4S -JJ1iOJ> '"""· TI>.. Tvln Bot< .. 
oainerol =ne wu """'"al<!!d under seWrd Jrunolro<r 
'""t of u•c""t •JI~vlum. ll<tne•tb tMs post-!OlMr­
ol cover, Po)<>Ozcic Jimestono, silt"tone ..,,f 

~u•rtzlta, ond HeS<>wic -•••r<¡i1)Jte, arkon, 
C'Oil<Jl"""'rate, .and vt>J<•an.í"' rocks ore Jntr!nl...S b!; 
., 1<]'>"<' ... comple• or quortz =nzonJt• ..00 dlo­
rite. All rock unlts ore errotkolly minerolizo>d, 
pr!"d~lly >'ith c<>pper 1<nd ..,lybden""'· Stn:>/15'<'50 
r:opper •ln<'n1 favors the 1'aleo><>Jc c'"lc-sJllcot­
ad J.Loeaton• .and sl/tst,.,, Oft«n prefer...,tül to 
!ndividud t.!&-. 

The.Tvln Buttu alne, ene of th~ IIOU recen<ly 
~e~elopN luze copper 11olnu lo the U.s., l• lo 
the l'i.ma IHnlog Dl.,r!ct about 25 Dlti08 {40 le.) 
oouth <>f Tuo~on {ftg. l). Ot~er coppu prodoclng 
mine• in t~e dlÓtrlct Are t~e Eoperann-ShniU 
01lnlng oporatiooo, 5 •Hu to <he aout"'-'••t aod 
th l'i- and HiniOD •In..,, 1 anea to <he north. 

Copper moul pr<>olo<tion !r0111 the p¡,.. Dlotrlct 
in l9H totaled 216,72a ot (251,04~ mt) on<! the 
T'Jin Buttu Hine'o abate wao 46,473 ot {42,1Si mt) 
or about 17%. 1 TI>< dtstdct'o C<>ppH product1oo 
wu 3H of Arhor>O'o productlon and nearly 171 of 
th production fr0111 the U.S. h 1974. Tho Piloa 
DlatriOt thuo ranb aA ono of the ,.,ijor <cppor 

. produdng ardo lo th!o co<mtry. 

History and De~olopDient 

· Tho 111lnfng h!otory of tho Tvio'Buttu aroa 
date• h011 about 187(1 ol>d for tho Uut )(1 yr or 
oo thore vaa a l!Joltod pr<>dottloo of <<>pper oro 
{r,. ohdl"" mine >Kitkfng•. Soon aftu the tu m 
of the century coocuted minlng efforto got under­
"•Y and cont1nue<l lote""ltto·ntly und<r •~eral 
operatoro unttl U21. lo 1906 • H-e.ih {~8.6 lao) 
ullroad ""' t"'"I'I.ted fn>lll Tucaon, .nd operotod 
part tiDie tmtll f1nal1y ~i<mantled in 1935.: 

A ~""'11 ""'"!tu, bullt neu the S.anta Crut li­
vor oeveral .n.., oorth@aot of the •!neo, tr~oted 
T'Jtn Bu<tea copper ore fcr about l yr In l9ll, 
Hcot of tho ore m!n<d O< T'Jfn Buttes 1n the early 
yuro, hove~H, """ ohlpped to s=•I<•ro at Raydon 
on~ Dougln, Arh .• ond El Paso, T"". Bulk of th 
productitm uu fr"" tbe o!d Copper Clan<e, Copper 
Queon and Ccppu ~nJ "lnu •bout 1 •il• (l.& ¡,¡ 
veot of t~e T'Jin ButHa plt. Peak p><><luetlcn pro-

J.L. K!:LLY, 11ecber W, is Chlef Geologi5t, Ana• 
u Mlnin~ [o., Sahuarlta. Arh. S!'!E Preprínt 

,613, AJK.E Annual Ml'etlng, Las Vegas, NeY., Feb. 
1976. 11.anu<erlpt, Aug. 16, 1975. Di~cusslon of 
thh paper, submitted In dupllcate prior to Sep. 
1977, will appear In SKI Tranuctions, Oecember 
1917, and In Al11E Transaotions, Vol. n~~ 1917. 
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Flz. 1-toca<!OD ... p, T'Jtn lu«•• 
Coun<y. ArU. 

bobly vao ottained during \Jorld \,'ar I. 
n.e d!ouict .,.. .... entlolly dcr.ont for about 

1() yr untU a..nnu HIDI<>3 Co. ftnt aequ!red IOio­
tng clal,.o in 1950 and •oon t~ereafter s<orted on 
lnv .. tlgotlcn of tU ar"" thot contlnued intentllt­
tently f<>r obout 12 yr.' Durlnl thio ti•• !.anner 
r<Qp~ed th• Coppor Clance •!no ond did ecn•tdor­
able ~r!Uln1 in the o!luv!UIO co~ere<l orea betweon 
Glonce Nlll an~ T'Jin Bunes and extendfng about l 
,.¡¡. {1.6 luo) .. otuly t""'ard the Santa Cru. Vol­
ley (F!g. 2). 

Th• Anoc<>nd• Co., foll""inz ~xecutlon of a 
lon¡t~~ l•Oae agre~ent ~ith Hanner Mlning Co., 
sta<ted an intens1v~ ourface dr1ll1ng .. m¡>aigo lo 
1963 auguoentod In ¡964 to 1967 by undergrouD<I d.o­
velopment and drillin1 through T'Jln Butte• Jlo. l 
Shaft.' Thls explcratcry, de~elop~ent and teot 
wcrk tulminated in tho 1nltlatlon'<>f On open ptt 
"'lntnz cyoratt<>n.~ 

Overburdcn otrJpplng, .. htcb signa)od the start­
up of the TWln Butt•o opeD plt. xot unde<way in 
mid-1965 •nd bedrook wao Urot 'exposed In Pec..,.. 
ber 1967. The oulf1do conoentrat<>r was startH lo 
S~pt..,.b~r 1~69, all undor _,.,,....,,,. or the ~ca­
conda Co. 

0\.mersh!pandoperatlon of the T'Jln Butteo i.Jne 
vao tn~est<'<l in the Ano=x Hinl"f' Co., a par¿nor-

""-'""' 1911 
<-.;.,, oO ,.,,,_, '''"" ... Al .. t T•A~>oCTIQM!-VQL. )0: 

' 



PI'• 1-23. 
°Cocoon, O.R., on~ lolo)'ll'ent, II.R., ''Load-D!o­

ph«·m•nt llooour..,~nt in a BaoHill<d Stope of O 
Doop Vdn Mine,~ II 7038, 1967, U.S. lk>uau cf 
tltnu. . 

'tersen, D.JI., ~rhld ~olualion <>f Hydndl~ 
RacHill Comractlctl at tbo Lucky Fddoy Mine, Mul­
lan! IdAloo," Rl 75~6, 1911, U.S. lk>ren of Hlnu, 

~f'aclsuu, II.G., ond J:o>.o]J, C.D., "Support 
Potentlal of llydraulte kdfill," New 116rlz<>~ In 
"""k M~chonlC'O', H. R. Rard1, JT,, and R. Stdonlc.o, 
edo.

1 
ASCf, N. Y., 1971, pp. 501-526. 

1 Parlsoou, II.G.; Hctlonald, 11.11,, ud 11111, 
J.JI.II., "Support hrfo...,nco Pr..,!ctioo for Hy­
duuHc FUlo,~ Pcoct>edin~s, Jubilee S)'ll'¡><>s!u11 on 
Hlne F1lllng, Austrollan Tnot1tuto of M(nlng and 
Hetollurgy, Vlctorh, Auot., Au1. l97l, ¡>. 21319. 

"Parisuu, II,G,, "lnfl,.,co of Hydroulk 
Jl,oüf1ll on Closure ond Pillar Streoo In Narrov 
Cut ond Fill Stopes," Pcoce<>6Jnvo, l!itb Sympo•lum 
on Rocl< ~cbontos, Sep. 1973, in preoo. 

ll¡licbohon, D.!:., aDCI llaJ1I'O<>t, 11.1!., "Pcoper• 
tioo of "r~ronlte .. eUills and Prell•lnory Vibu­
tory Compaetlon l"~ou," RI &477, 1964, U.S. Bnr­
Úu of Hlnea. 

l"Nicholoon, D.!!., and lluocb, R.A., "Earth 
Pruoure at Jnt aDCI O..e-Di•...,•lonal Coapressioo 
in Hlno By~roulie llaüfllls," RI 7198, 19&8, U.S. 
BUHIU of Hines, 

l5oahl, H.D •• nA :rlnlte n ... ent HD<lol for Ani• 
sotroplc Hddlog in Crnity Loaded Rock,M Ph.D. 
l"huta, Fennoylvnia State UninnHy, 1969. 

16Ch•n, S.S.H., "Deformation Behavior of Re­
vett Quartzite Under Unlaxial ond Triuial Load­
in&," Shth Con.odian Syaposi.,. on Rock Hed>ltolu, 
Montt...,l. Conoda, Jl.oy U7D. 

l 7Chan, S.S.M, Croder, T.J., ond lladdell, C.C., 
"EnBin~ering Froportieo of Rock and Ro<k Hasoeo 
In the Deep Mlneo of the Coeur d'Alene 111o1ng Dta­
trlct, Tdaho," ~ Preprint 711)48, SME foil Heet~·· 
'"'! Seaule, \l..,b., Sep. 1971. 

!rarioeau, \I,G., "Umit Deol~n of Hlne filian 
Undor Un~ertaioty," 16th Sympoolum on Rod Mechan­
leo! Sep. an. 

'Pood, M.E., \ladddl, A.A., arul ~ou, D., 
"Single Entry D~velop,.~nt for Longvall Hlning--.\ 
Prollt<BB R~port," Rapld EMu~otion and 1Ynnelin& 
Confuen<e, Sao fioncioeo, Jun. 1974. 

lDRoos, M.ll •• ""Lonpoll H.Jolog Uoinl the Sin­
gle Eo.try Sylt.,. arul Advancin¡ Tailgate," Minin<¡ 
Enqinc~rinw Joucn<~l, Vol. 60, !lo. 8, ,O.y¡, 197~, 

pp. 38-U. 
21 Par1snu, li.G •• ""lnterputotion of Rack. 

Heebntco Dou: Slngh btry Syot..,, Sunnyoide 
Mine, Utah," Contraer )lo. H0220071. Jun. l973, 
U.S. ~UTeau of H.Jnea, H pp. 

21ho, T.V., "Tvo Dl-osional Stablllty Evalu-. 
ati<»> of • Sln1le Eou·y Lonpoll Mlnin¡ Syoteao," 
M.S. Thesio. Unlverotty of Utoh, Jlo.y 197~, 107 pp. 

21 Jo~nb<rg, J., and Raney, E.H., "norec-Dinoen­
si<rnol Finito Eh<Oent Analysto of o Coal Hioe 
Croucut and Etotry Inursection Ot the Sunnyslde 
No. 2 Htne," Contract No. 5~831289, Au¡. 1973, 
logboblam Asooc., !i7 pp. 

The gcverning eyot~~ of Pquo<lono teferred to 
in tho text la: 

equlllbrium--

'" 

'" 
'" 

yleld functioo--

'" 

"' 
"' 

where oubaeript nototion and oum=atlon conveotton 
aro In for~e, and o, ·~. arul o tefu to otnn, 
strdn, aod dtoplac,...ent; 1' refrn to body foro• 
por unit volu10e; "i\ ar~ the inver•• olaotic 
eoefflcienta; ,., ana~P are the ela>tle and pl .. -
Uc COIOp<>l>enta of otrain; Y h the y!eld Ionct1on; 
and A io an unknawn acolar !unctlon. 

The form of the obov~ equations in matr!~ no­
tation ouitoble for finito el•mcnt progruing h: 

!NJ{IIq) 

!BJ{~q) 

{Ao) • (!rl-!Ef'llhd 

{~O) • !k]{Aq) 

"' 
"' 
"' 

(lO) 

vhero ~ meano lncte-nt; o, <, arul u refer to ole+ 
!Deot otreoo, .,rain, and disploc .. eot reopcctin• 
ly; O aod q refer to nodal point force ond dlo­
ploc...,ent. (11] and (B) are tbe elemo>nt to nodd 
polnt dhp1ac.,.ent and el....,ot nodd polnt dio­
plae..ent to otroio INtriceo. !!"] lo tbe aatrix of 
elutlc .. oou!l arul (El'] 15 the plastlc conectlon 
to th~ material properties motrh requ!red for 
ytddlnB elementa. (~) lo tbe cunent et ... eot 
stlffnus INtrh. The .. nu otiffne .... trill b 
OO$~b1ed in the usual ""Y• 

ProgrslD eopobility lncludeo plane otroin, 
pl•ne atress ond axlolly SJ'"I"''etdc <lootlc-plu­
tic and eiutte-brlttl• analyoh of loyeced ooi­
ootroplc ~eo1o&lc aedia oubjeet to orbttrory lnl­
tid otresa otatea, •ining oequenceo, ond oupport 
effecto. 

¡ ..... ,o! "••'•O f•o'••m, ..... '""' 1977-I.Ot 
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ohip fo.-od by A!W[, In~. oncl the AnOC~nda Co., 
:In 1973 f<>ll""ing tho a~qulol<ton <>t ~onner tlin­
:lng Co., by AMAX. Conotru~tlon of o le•~hln¡ 
plont to tnU eopper odde ore ...ao ouned ooon 
the<O&her, o.,.! fint produu:lon of eloctcolytic 
~oppor from thio plont woo in August 1975. 

Totol motnlol '""'"ved from thc opon pi< for 
the firot 10 yr of opuotlon. locludin1 alluv!UII. 
overburd...,, roe~ , .. ,,. ond on. 1~ opproxl ... tdy 
879 mllHoo U (797 mlllton mt). The aullido con~ 
un tutor haO treated obout 45 mllllon ot (40.8 
mtlllon 11t). 

Ceologlc Setting 

Suep, ncrthveotorly-trendlng quatt<lt<, ll"'o­
sto-ne o...d oUtotone bedo ot hleo~olc •8• ore ..,._ 
p<><ed 1., thc T>rl.n Butteo, l'oy Ridge, ond the 
Chnce-Queen fllllo along <he"'"" cdge of a broad, 

Fig. 2--Tv:lo Butteo area, 
p¡,.. County, Arb. 

Fig. J.--<;en.rdhed geology 
pln, 2400 ft devot!oo. 
Tvlo Butteo ooine, Pt ... 
County, ATlz. 

dluv:lum-eoverod pediment olopin& gcntly eanword 
to the sonta Cruz VB!Iey (fig. 2). The ~·dimento­
ry bedo are intr~ded by Lor~&ido granodlorite ond 
Jun•&tc (1) q~utz 1110nzonlte, rother p0<1r!y e><­

poaed ¡~ low outer~p• weot of tbe all~vluoo-oover­
ed pedjmcnt ao<l in th oaddle hetuoen foy Rldge 
ond Tvtn ~uttu. A Prec..,briao ~ompl"" of eo~ne 
gronite ond duk, fine 'rained ohhtooc roek oc­
euro wut of Quecn BU!, oge-doted by the had-.• 
olph• mothod ot 850 m.y.~ 

"!"he old ooppu minu ot Tvtn Bu<teo vcrc opon­
ed olon¡ a """"" 11ineul •=• in <k.an dO"Veloped 
in <he Pennsyl~onion Horquillo li11eotonc. ~11 
ore bodjco Yero found in thh zone fr""' neor the 
Bulllon ohoft north,.. .. terly throu¡h tho Clon<oe 
11lne to the QueCJ> ood 1\ln¡ mlnu. o dioton<:o of 
ncorly 3500 ft (J067 ,.¡ (Pi a. 2). S""'e of thc on 
ohooU were .. inod to a depth of obout 600 ft (18) 
•> . 

TIONhCTION!-VOC.. %6l k.ooOtol"•••-o t.,;.,, ... AIMI 11/NI 10>1-111 
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l. 

2. 

3. 

4. 

S. 

6. 

7. 

Oireci:orlo de Alumnos del Curso: Clasificación Actualizada de 
Yacirlileiltos Minerales 1981 . 

Antonio Aquino 
Consejo de Rcursos Miñerales 
Niños Héroes 139 
México 7, D F 
588 15 30 

Isidoro Baca Baños 
Consejo de Recursos Minerales 
Niños Héroes 139 
México?, DF 
588 94 08 

Jorge Antonio Ballesteros Tornell 
Consejo de Recursos Min"erales 
Niños Héroes 139 
Mé:dco 7, D,F 

Raúl Cruz Rfos 
Consejo de Recursos Minerales 
jefe del Cbpto 
Niños 1 féroes 139 
México 7, D F 
588 85 19 

Romeo Humberto Cruz Ruiz 
Consejo de Recursos Minerales 
Jefe de Proyecto 
Niños H~roes 139 
México 7, O F 
..588 85 19 

Luis Carlos OJ.ávez Espinoza 
Consejo de Recursos Minerales 
Niños Hlroes 139 
México 7, O F 

Héctor Alfredo D.Jrán Mira montes 
Consejo de Recursos Minerales 
Niños 1 léroes 139 
México 7, O F 
588 32 74 

Moretoa 51-4 
San Lucas Tepettacalco 
Tlanepantla, &lo. de Méx: 

Río Tigris 131 - 503 
MéxicoS, DF 
514 27 24 

Ote 154 # 1505 
Sector Popular 
México 13, O F 
582 42 84 

Viveros de Coyoacán 134 A 
Viveros de la Loma 
Tlanepantla, Edo. de México 
398 ()() 34 

Lesndro Valle Nte 79 
Zitffcuaro, Mich 

Carrillo Puerto 22 
Parral, Chihuahua 
2 12 74 

. , 

8. Mariano E\ías Herrera 
Consejo de Recursos Minerales 
Niiios Héroes 139 
México 7. D F 

San Sebastián 308 
Valle de Bravo, Edo. de Méx. 
207 15 

' 
' 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

José Antonio Esquivas 
Serv. · Ind. Peño les 
Reforma 383-14° Piso 
México 5,- O F 
525 92 20 Ext. 225 

Arturo Franco Serrano 

- 2 -

Consejo de Recursos Minerales 
Jefe de Proyecto 
Niñoes Héroes 139 
México 7, D.F. 
588 85 19 

Carlos Garza González V(!lez 
Facultad de Ingeniería y 
Consejo de Recursos Minerales 
Jefe de Proyecto 
Nif'ios H~roes 139 
México 7, O F 
588 85 19-

Antonio Gómez Vega 
Consejo de Recursos Mineral es 
Niños Héroes 139 
México?, DF 
5780985 

Enrique·Guzm11n Soto 
Consejo de. Recursos Minerales 

-Jefe-de· Proyecto 
Niños Héroes 139 
Mo!;xico 7 , D F 
761 54 74 

Francisco Javier L6pcz Islas 
Consejo de Recursos Minerales 
Niilos Héroes 139 
Mexico 7, O F 
588 94 08 

J. Jesús Ocampo Rodríguez 
Cfa. Fresnillo 
Zímapán , Hgo. 

E. Tharra 71 
Romero de Terreros 
México 21, O F 
658 18 52 

Leandro Valle Nte. 79 
ZitAcuaro, Mii:h. 
3 19 67 

B. Celllni 205 
México 19, O F 
563 55 10 

01auhtét110c 1465-6 
Sta Cruz Atoyac 
Mé:dco 13, O F 
5246512 

• 

Niños Héroes 38 -2 B 
San Pedro Martir 
Mtixico 22, D F 
573 85 21 

Martín M Pinzón 109 
Echegaray 
Naucalpan, E do. de Mex. 
373 00 39 

Adolfo Prieto 1660-6 
J::)el Valle 
México 12, D F· 
534 68 51 
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16. 

17. 

18. 

~ 19. 

-3-

Telesforo Ocej::> Paredes 
Consejo de Recursos Minerales 
jefe de Proyecto 
Niños Héroes 139 
México 7, O F. 
761 64 23 

Alfonso O jeda Rodríguez· 
Consejo de Recursos Minerales 
Jefe de Proyecto 
NU'ios Heroes 139 
Mexico7, DF. 

Franclsoo Pérez Gon:zález 
Consejo de Recursos Hidr!iulicos 

. Jefe de Proyecto 
Niños Héroes 139 
México 7, D F 
sss 85 19 

Luis-Rolando Peza Guevara 
Consejo de Recursos Minerales 
Nli'los Héroes 139 
México7, DF 
578 8924 

zo,·:. Amparo·Rodrígu_ez .Vázquez··.· 
Consejo de-Recursos-Minerales~ 
Nlf!os Héroes 139 
México-7, D F 
588 94 08 

2l. Rodolfo Sáenz Reyes 

22. 

23. 

Consejo de Recursos Minerales 
Jefe de Proyecto 
NUlos Héroes 139 
M6xico 7• O F 

Víctor Manuel &inchez Torres 
}Aacocozac S A 
Superintendente Geoiogfa y Exploración 
Bravo Norte 5Cf7 
Sa1ti\lo, Coah. 

CCmetrio Silva Macedo 
Consejo de Recursos Minerales 
Jefe de Oficina 
Niilos Héroes 139 
M6xico 7, D F 
588 15 30 

[))lores Jiménez y Muro 5!8 
San Luis Potosí, S. L. P. 

Av. del Taller Ret 30 # 1 
Jardín Balbuena. 
México 9, D.F. 

Andrés Osuna 10 
Copilco el Alto 
México 20, O F 
550 36 78 

Victoria·-70• 5-'2 ., 
México L, D F 
51286U. 

G6mez Palacio 928 Pte. 
Dlrango, [\!;o. 
1 09 63 

Hidalgo 24 
C. del Oro, Zacatecas 
13 

Fresnos 52-504 D 
El Reloj 
México 22, D F 
677 H44 


