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JRTROBUCCION

" A LAS DISTINTAS CIVILIZACIONES QUE SE HAN DESARROLLADO EN

LA TIER’_f!A. SE LES HA DADO EL NOMBRE DEL PRINCIPAL MATERIAL QUE ELLAS

UTILIZARON, ASi, SE TIENEN: | \
LA EDAD DE PIEDRA
LA EDAD DE BRONCE
LA EDAD DE FIERRO
UNA CIVILIZACIGN SE DESARROLLA Y ESTA LIMITADA POR LOS MATE-
RIALES DE QUE ELLA DISPONE. SE PCDRIA DECIR QUE NOS ENCONTRAMOS AC-
TUALMENTE EN LA FRONTERA QUE SEPARA LA EDAD DE FIERRO DE UNA EDAD
DE MATERIALES NUEYOS”.
EN UN ARTICULO SOBRE LA PROSPECCIGN DE MATERIALES Y EL DESA-
RROLLO INDUSTRIAL J. SERVANT PRINCIPIA SU EXPOSICIGN C1TANDO ESTAS
PALABRAS DEL PREMIO NOBEL SIR, GEORGE THOMSON A PARTIR DE UNA RELA-
c16n DE M, PROMISEL PRESENTADO EN 1968, ESTA RELACION ESTABLECE EN
5 PUNTOS LA NUEVA IMPORTANCIA ADQUIRIDA POR LOS MATERIALES NATURA-
LES EN LA VIDA MODERNA: _
1) ExPLOStON DE INNOVACIONES EN DIFERENTES MATERIALES QUE
SE HA PRODUCIDO EN EL TRANSCURSO DE LOS ULTIMOS 30 AfiDS Y QUE SE HA
MANIFESTADO EN TODAS LAS CATEGORIAS DE LA CIENCIA Y LA TECNICA MO-
DERWA, _
DESDE AUTOMOVILES HASTA VEHICULOS ESPACIALES. LOS DOMINIOS
DEL MAGHETISMO, LA ELECTRONICA, EN FIN DE TODA LA INDUSTRIA DE
TRANSFORMACIGN, LA INDUSTRIA ALIMENTICIA. ETC.

" . o eem



- EL PROBLEMA ES EL DE SACAR PARTIDO DE ESTA EXPLOSIGN PERMA-
NENTE Y FAVORIZARLA PARA QUE SE CONTINUE EN LOS Afi0S POR VENIR.
ES INTERESANTE NOTAR QUE LOS MATERIALES NO-METALICOS CADA DIA UTI-
LIZAN EN UNA RELACION MAYOR CON RESPECTO A LOS MATERIALES METALI-
cos, |
EL RITMO DE PRODUCCION DE LOS ACEROS TIENDE A DISMINUIR EN
'COMPARACION CON LOS MATERIALES NO-METALICOS QUE SE PRODUCEN CON
UN' INCREMENTO EXPONENCIAL, ESTA NUEVA EXPANSION EN LA PRODUCC 16N
DE MATERIALES CERAMICOS, VIDRIO O PLASTICOS EXIGE UNA SERIE ATEN-
CION DE PAISES COMO EL NUESTRO TAN PREOCUPADO SIEMPRE EN LA EXPLO-
TACION DE METALES.
2) EL RECONOCIMIENTO 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 PRODUCCION SEAN MEJOR CONOCI-
DOS Y POR TANTO LA DEMANDA SE ACRECENTARA, POR NECESIDADES SOCIA-
LES. ES NECESARIO ENTENDER AQUELLAS QUE INTERESAN A:
LA SALUD .PUBL ICA
LA CONTAMINACION
EL CONTROL DEL MEDIO AMBIENTE
FL TRANSPORTE ,
{A HABITACION A PRECID BAJO
EL DESARROLLO URBANO
PUEDEN SER CITADOS NUMEROSOS EJEMPLOS DE PROBLEMAS MATERIA-
LES EN ESTE DOMINIO,



« YA SE IMPLANTAN MILLONES DE PIEZAS METALICAS Y NO-METALICAS

EN CUERPDS HUMANOS; SIN EMBARGO. ESTE FACTOR TODAVIA SIGUE EN

PARALES,

~ 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 METODOS COMPLEJOS PARA

TRATAR LOS MATERIALES UTILI1ZADOS: REDUCIR AL MAXIMO 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, SON NECESARI10S MATERIALES ADE-

_CUADOS PARA CONSTRUIR MAQUINAS APROPIADAS PARA REALIZAR TA-

LES TUMELES.

ESTOS SON SOLO ALGUNOS DE LOS PROBLEMAS MAS EVIDENTES EN LO
QUE ATARE 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-
C10 JUEGAN UN PAPEL 1MPORTANTE QUE NO SERA VITAL PARA NCSOTROS.
SIN EMBARGO, ES NECESARIO NOTAR LOS EXITOS QUE HAN PODIDO OBTENERSE
BAJO LA PRESION DE ESTOS ASPECTOS HAN LLEGADO A PRCPORCJONES FANTAS-
. TICAS, PARA SERALAR UN EJEMPLO NO HAY MAS QUE PENSAR EN LOS SEMI-
CONDUCTORES Y EN TODA LA SERIE DE MATERIALES ELECTRONICOS Y MAGNETI-:
COS: EN LOS MATERIALES DE GRAN RESISTENCIA UTILIZADOS A TEMPERATU- :
RAS QUE ALCANZAN MILES DE GRADOS; AL NACIMJENTO Y DESARROLLO EN POCO



MENDS DE 10 AROS DE UNA INDUSTRIA NUEVA PARA EL TITANID} EL CONCEP-
TO AVANZADO DE MATERIALES A PARTIR DE COMPOSITOS FIBROSOS QUE PER-
MITIRA SIN DUDA FABRICAR MATERIALES QUE RESPONDAN A NECESIDADES TAN
COMPLEJAS QUE NO PODRIAN SER SATISFECHAS POR NINGUN MATERIAL DE LOS
LLAMADOS HOMOGENEQS, ;

4}, EL PROBLEMA DE LOS RECURSDS NﬂTURALES Y DE LAS FUENTES
DE ENERGIA.

ESTE PROBLEMA HA Exlsrlnu SIEMPRE. PERO HA LLAMADO FUERTEMEN-
TE LA ATENCION EN LOS GLTIMOS ANOS, NO SOLAMENTE PORGUE AMORA EXIS-
TE LA PREGCUPACION DE ENCARAR A LAS NUEVAS NECESIDADES NACIDAS DEL
PROGRESO TECNOLOGICO Y DE LA EXPLOSIGN DEMOGRAFICA. .SINO TAMBIEN A
CAUSA DE LA CORRELACIGN QUE EXISTE ENTRE LA TRANSFORMACION Y LA UTI-
LIZACION EFICIENTE DE LOS RECURSOS NATURALES. LA FORMACION DE DES-
RECHOS Y LA CONTAMINACION DEL MEDIO AMBIENTE RESULTANTE AS{ COMO LA
HECES]DAD Y th VENTAJAS DE RECUPERAR AL MAXIMO ESTOS DESHECHOS Y
- LA ECONOMIA DEL SISTEMA EN SU CONJUNTO. ESTAS CONSIDERACIONES CREAN
PROBLENAS NO SOLAMENTE EN EL CUADRO DE UN PAIS DETERMINADO, SINO
TAMBIEN PROBLEMAS INTERNACIONALES: EN EFECTO, TODOS LOS PAISES TiE-
NEN LA "NECESIDAD DE ALGO" .¥ DEPENDEN DE LAS IMPORTACIONES Y DE IN-
. TERCAMBIOS DE MERCANCIAS PARA ACABAR CON SUS NECESIDADES INTERNAS,
LA INDUSTRIALIZACION CRECIENTE DE TODOS LOS PA[SES OTORGA AL PROBLE-
MA DE LOS MINERALES UNA DIMENSION INTERNACIONAL DE TAL MAGNITUD QUE
SE PUEDE PENSAR QUE EN UN MOMENTO DADO UN PAfS 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 ENER-
 GIA, EM PARTICULAR LA ENERGIA NUCLEAR HACEN NECESARIO UN NUEVO EXA-~
MEN DEL EQUIPO INDUSTRIAL., ASI COMO EL ESTUDIO DE LA PLANIFICACION



DE INTALACIONES INDUSTRIALES TANTO DE UN PUNTO DE V1STA ECONGMICO
como TECNICO. UN ESTUDIO JUICIDSO SOBRE ESTAS NUEVAS FUENTES DE
ENERG{A EN EL DOMINIO DE LOS MATERIALES ESTA POR REALIZARSE,

5). LA EXPLOTACION POR LA IRDUSTRIA DE LAS EUSIBIL]DQDEE- -

QUE OFRECEN LOS MATERIALES PRODUCIDOS POR LA INYESTIGACICON 6IEN“
TIFICA Y TECNICA. |

~ ESTE FACTOR CONSTITUYE OTRA -DIMENSION IMPORTANTE DE LA CIEN-
C1A Y LA TECNOLOGIA DE LOS MATERIALES GUE SON EXAMINADOS ACTUALMEN-
TE POR TECNICAS Y METODOS MAS SISTEMATICOS EN RAZON DE LAS VENTA-
' JAS QUE PUEDEN SER SACADAS DE ESTOS., L0S EJEMPLOS INNOVADORES® RE ~
éuLﬁcfﬁn#arAé ABUNDAN',

- HUE?AS TECNICAS EH EL DDH!NID DE LA ACUSTIC&.

- NACIMIENTO DE LA INDUSTRIA DEL TITANIO,

INDUSTRIA DEL PLASYICO.

Fouiro CIENTIFICO,
Ete,

EN ESTA EXPOSICION DEL SR, PROMISEL DIRECTOR DEL MATERIALS
ADv1SORY BoARD, SEGUIDA POR M, SERYANT PONE EN EVIDENCIA CIERTOS

FACTORES PERDIDOS DE VISTA POR LOS GEGLOGOS PROSPECTORES Y DE ACUER-

Do CON M. SERVANT®, ES IMPOSIBLE ESTUDIAR CONVENIENTEMENTE LOS PRO-
BLEMAS Y LAS REPERCUSIONES EN LA SITUACION SOCIAL Y ECONOMICA DE
ESE PA[S Y LA AUSENCIA DE UN MECANISMO NACIONAL QUE PUEDA OFRECER
UN CENTRO DE EXAMEN Y DE DISCUSIGN PARA EL ESTUDIO. LA PLANIFICA-
CIGN YUA PROGRAMACION DE. LA PRODUCCION DE ESTOS MATERIALES QUE IN-
" JERESAN TANTO AL ESTADO como A tA-INDUSTRIA Y A LA UNIVERSIDAD
(CENTROS DE ESTUDIOS SUPERIORES)”.

INDUSTRIA DE FIBRAS ¥ F]LAMENTDS PARA HATERI#LES COMPOSITOS, |

i

4



SOLO ‘CON UN CENTRO DE PLANEACION DE ESTE TIPO, LAS NECESI-
DADES DE LA INDUSTRIA EN CUANTO SE REFIERE A LAS MATERIAS PRIMAS
SE PODRAN TRATAR DE ELIMINAR CON PROSPECCIONES MINERAS ADECUADAS
EN TODO EL AMBITO NACIONAL,

AHORA BIEN. AL TRATAR DE ANALIZAR L'AS CUASIFICACIONES DE
YACIMIENTOS MINERALES Y ACTUALIZAR NUESTROS CONOCIMIENTOS DE ELLAS,
NO HEMOS DE PERDER DE VISTA LOS PUNTOS CITADOS ANTERIORMENTE.

POR OTRA PARTE, Y YA SITUADOS EN LOS YACIMIENTOS MINERALES
Phbpiﬁﬁtﬁrt DICHOS, SE HA DE CITAR UNA ANTIGUA FRASE MENCIONADA
por H. PELISSONIER® '

“PARA ENCONTRAR MINAS. ES NECESARIO MUCHO CORAZON Y LA
DISPONIBILIDAD TLIMITADA-DEL DINERO DE OTROS".

FS IMPORTANTE SEMALAR QUE EL OBJETIVO FUNDAMENTAL QUE NOS
HEMOS PROPUESTO EN EL ANALISIS SOBRE LAS CLASIFICACICNES DE YA-
CIMIENTOS MINERALES ES EL DE FACILITAR LA "PROSPECCIGN MINERA” Y
QUE ESTA 500 PODRA REALIZARSE CON SUFICIENTES MEDIOS ECONGMICOS

PARA LLEVARLA A CABO. ES OBVIO QUE TANTO EL ESTADO PARA LA PLANEA-
" C16N DEL DESARROLLO NACTONAL COMO LA INDUSTRIA PARA SU PRODUCC 16N
PARTICULAR NECESITAN INCREMENTAR DfA CON DIA LA EXPLOTACION DE LOS
RECURSOS NATURALES DEL PAS. ESTA NECESIDAD NO PODRA LLEVARSE A
CABO EVIDENTEMENTE SIN UNA TECNOLOGIA ADECUADA PERO TAMPOCO SIN LOS
MEDIOS ECONOMICOS SUFICIENTES PARA REALIZARLA,

EN 0TROS PAISES, CANADA POR EJEMPLO., LLEVAN A CABO PROSPEC-
CIONES MASIVAS, SIN IMPORTAR LOS COSTOS, COMOG CONSECUENCIA TIENEN
'EXITOS QUE PODRIAN CONSIDERARSE COMO SORPRENDENTES §i NO SE TUVIE-
RAN EN CUENTA LOS MEDIOS TANTO ECONGMICOS COMO TECNICOS QUE HAN
EMPLEADD, TAMBIEN ES OBVIO. QUE UN PA1S DE LOS LLAMADOS EN VIA DE



DESARROLLO NO CUENTEN CON EL POTENCIAL ECOROMICO QUE EMPLEAN LOS
PAISES EN DESARROLLO: SIN EMBARGOD. NO DEBE PERDERSE DE VISTA QUE
PARA "ENCONTRAR” ES NECESARIO “INVERTIR" Y HASTA CIERTO PUNTO SA-
CRIFICAR (APARENTEMENTE) CIERTOS MEDIOS QUE DESPUES SE VERAN RECOM=

PENSADOS AMPLIAMENTE CON.LOS DESCUBRIMIENTOS QUE INVARIABLEMENTE “:

SERAN REAL1ZADOS, MEXICO YA HA PROBADO ALGO DE ESTOS EX1TOS. BASTA
NOMBRAR LOS. GRANDES DESCUBRIMIENTOS REALIZADOS EN EL DOMINIO DEL
COBRE cON LA CARIDAD Y EN DEL FOSFORO CON BaJa CALIFORNIA SUR,

" ANALIZAREMOS LAS NUEVAS CLASIFICACIONES DE YACIMIENTOS MINE-
RALES PERO CON UN OBJETIVO FUNDAMENTAL. ESENCIAL PARA LA METALO-
_GENIA QUE SERA™ EL CONOCIMIENTO DE LAS FORMAS, CONTENIDO ¥ VARIA-
CIONES DE LOS YACIMIENTOS MINERALES EN SU CUADRO GEOLOGICO COMPLE-
70, ES EvbeH¥E QUE UN YACIMIENTO MINERAL NO SE FORMO AlSLADAMENTE
SINO DENTRO DEL DESARROLLO DE LA HISTORIA DE LA GEOLOGIA DE LA RE-
_GION DONDE SE ENCUENTRA, |

LA REVISION DE LAS CLASIFICACIONES DE YACIMIENTOS MINERALES
CON PROPOSITO DE ACTUALIZARLAS ES CADA VEZ MAS URGENTE PUESTO
QUE DIA CON NfA SE CONOCE MEJOR DESDE EL PUNTO DE VISTA GEOLGGICO
MINERO EL TERRITORIO NACIONAL AL MISMO TIEMPO QUE NUESTROS PROFE-
SIONALES EN LA GEOLOGIA HAN LOCALIZADO NUEVOS DEPGSITOS MINERALES
DE RENDIMIENTO ECONOMICO, C

SE HAN PODIDO ENCONTRAR UNA DIVERSIDAD ENORME DE TIPOS DE
YACIMIENTOS MINERALES, ESTOS DESCUBRIMIENTOS, HAN MOSTRADO GUE
LOS CRIADEROS MEXICANOS PUEDEN COLOCARSE DENTRO DE CIERTOS MODE-
L0S MUY BIEN DEFINIDOS, ES DECIR. QUE CADA UNO DE ELLOS MUESTRAN
METALOTECTONES TAN CONSTANTES QUE PUEDEN PERFECTAMENTE AGRUPARSE
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DENTRO DE TIPOS MUY ESPECIALES Y CONSTANTES EN SU ASOCIACION A
LOS. GRANDES FENGMENOS GEOLOGICOS QUE AFECTAN LA CORTEZA TERRES-
TRE HEXICANA, |

_ PARA EJEMPLARIZAR ESTE HECHO. HEMOS DE CITAR AL VULCANISMO.
CUYA IMPORTANCIA EN MEXICO ES SOBRESALIENTE, EN LO QUE SE REFIE-
RE TANTO A SU ENORME DISTRIBUCION GEGGRAFICA COMO A LA GRAN DI~
VERSIDAD DE SUS COMPOSICIONES Y ESTRUCTURAS QUE LO ENMARCAN.

Cono VAMOS A PuﬁTqﬁleéﬁ MAS ADELANTE. UN GRAN NUMERO DE

DEPGSITOS ESTAN DIRECTAMENTE ASOCIADOS A ESTE VULCANISMO, EN AL-
_GUNOS DE ELLOS. CELEBRES POR SU RIGUEZA., ESTA ASOCIACION ES RE-
CONOCIDA E INDUSCUTIBLE, NO SE PUEDEN OMITIR EN ESTE MOMENTO:
PACHUCA, GUANAJUATO Y TAYOLTITA. COMO SOLO ALGUNCS DE LOS EJEM-
PLOS MAS FAMOSOS, SIN EMBARGO, EN LA MAYORIA. ‘LA RELACION CON
Los kaﬁméﬁné ?uﬁéﬁﬁléus Eé Mh% cdﬁrhovtnTinA Y EN ALGUnns CASOS

su REAL ASOCTACIGN CON ESTE METALDTEETON DE ESTA MANERA PODR{AN
ENNUMERARSE 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. SERA NECESARIO TOMAR EL
INDIVIDUO “YACIMIENTO MINERAL" COMO UN "ENTE" QUE HA SI1DO FOR-
MADO POR UNA SERIE MUY COMPLEJA DE FETALOTECTOHES LOS CUALES HAN
CONCURRIDO A LA CREACIGN DE ESE DEPGSITO.

RDEHAS, COMO SE KA DISCUTIDO CON VARIOS DE USTEDES EL UTIiLI-
ZAR EXCLUSIVAHENTE ALGUNA DE .LAS CLASIFICACIONES EXISTENTES SOBRE

LCIS Y,AEIHIENTGS HIHERELES TIEHE HUCHDS RIESGDS'



1.- LAS CLASIFICACIONES HASTA LA ACTUALIDAD ESTAN BASADAS ESTRIC-
TAMENTE EN LA GENESIS DE LOS YACIMIENTOS Y POR TANTO. ES, TOMAR EX-
CLUSIVAMENTE UN SOLD METALOTECTON Y NO.EL CONJUNTO DE ELLOS.

2,- UN MiSMO YACIMIENTO PUEDE INCLUIRSE EN VARIOS APARTADOS DE ES-
TAS CLASIFICACIONES: POR EJEMPLO, EN EL CASO DE LOS YACIMIENTOS
RELACIONADOS CON EL GRANITO., EN UNA LOCALIDAD MINERA DEFINIDA PUE-
DEN ENCONTRARSE PIROMETASOMATICOS E HIDROTERMALES COMO ES EL CASD
pe FREsniLLO, Zac,

3.~ EN UN MOMENTO DADO, LAS CLASIFICACIONES DE UN YACIMIENTO Ml-
NERAL PUEDE SER UNA CUESTION ENTERAMENTE SUBJETiVA. UN mIsmMo DE-

POSITE HINERAL PUEDE SER CLASIFICADC DE MANERA DIFERENTE DE ACUER-

DO A LAS CONCEPCIONES TEGRICAS DEL AUTOR: O BIEN A LA ZOHWA DEL
DEPOSITO QUE LA HAYA TOCADO INVESTIGAR.
§,- MUY A MENUDC Y PARA UN GRAN NUMERO DE YACIMIENTOS MINERALES EL
CUADRO GEOLOGICO QUE LOS ENMARCA ES BASTANTE MAL CONOCIDD; POR
TANTO, LOS PROCESOS GENERADORES DE LOS DEPGSiTOS, TAMBIEN SERAN
DESCONOCIDOS Y LA CLASIFICACION SERA BASTANTE FICTICIA} POR EJEM-
- PLO PUEDEN MENCIONARSE EN ESTE CASO LA APARENTE AUSENCIA DE LA
"FUENTE” GENERADORA DE DEPOSITOS EN EL CASO DE LA MAYORIA DE LAS
ACUMULACIONES MINERALES EN ROCAS VOLCANICAS, .
5.~ EN MUCHOS DEPOSITOS MINERALES LAS RELACIONES CRONOLOGICAS EN-
TRE LA FORMACION DE LOS DEPOSITOS MINERALES Y LAS ROCAS ENCAJO-
NANTES ESTAN SUJETAS A DISCUSION Y A MENUDO SON DESCONOCIDAS.

AGN CON LA ELABORACIGN DE LOS ANALISIS TERMOMETRICOS, CON
EXCELENTES RESULTADOS EN NUMEROSAS OCASIONES, ES PROBABLE LLEGAR
A CONCLUSIONES ERRONEAS, UN MISMO YACIMIENTO PUEDE FORMARSE POR



wite S

UNA SUCESION DE EVENTOS MUY AMPLIAMENTE DISTRIBU!DoS EN EL TIEMPO:
ESTE DEPOSITO ESTUVO SUJETO NECESARIAMENTE A UNA SERIE DE EVENTOS
GEOLOGICOS QUE EN UN MOMENTO DADD PUEDEN ALTERAR LA TEMPERATURA.
DE SU FORMACION oRIGINAL, UN EJEMPLO SE MaIFIESTA POR EL SOBRE-
CALENTAHIENTD DEBIDO A DERRAME S sbcESIVDS EN UNA REGION VOLCANI-
CA. . . _
Por TODO Lo ANTERIOR, Es MUy ARRIESGADO TOMAR LA CLASIF]CA-
"CION GENETICA COMO ONIca REFERENCIA PARA AGRUPAR A LGS DIFEREN-
TES YACIMIENTOS MINERALES. De AHI LA CONVENIENCIA DE CONSIDERAR
A LOS DEPGSITOS MINERALES CoMo MODELOS O TIPOS DONDE SE DEBEN
CONSIDERAR TODOS Las METALOTECTONES POSIBLES.

- ~ DEFINICIONES ESENCIALES

EN LA REVISION QUE HE PROPUESTO A USTEDES, PIENSO QUE ES
MUY NECESARIO PONER A sU CONSIDERACION LA DEFINCION DE ALGUNOS
TERMINOS PARA LAS OBSERVACIONES POSTERIORES. EN ESTAS DEFINI-~
CIONES,SE HAN NOTADO A MENUDO: QUE TIENEN FUERTES DIVERGENCIAS
EN SUS ACEPC)ONES. :

A).- PaRAGENESTS

ESTE TERMING FUE CREADD en 1849, por BreiTuaupr PARA DEFINIR
“LA ASOCIACION DE MINERALES RESULTANTES DE UN PROCESo GEOLOGICO
DETERMINADO”, Pop TANTO, UN DEPBSITO PyEpE COMPORTAR VARIAS PA-
RAGENESIS NO CONTEMPORANEAS YUXTAPUESTAS,

B),~ SUCESI6N
DEFINE EL ORDEN SEGON EL cual st DEPOSITARON LOS MINERALES DE
UNA PARAGENESIS DURANTE EL DESARROLLO DE Ui PROCESO GEOLGG!CO.



Ex SENTIDO TOTALMENTE EQUIVOCADO SE UTILIZA LA PALABRA PA-

RAGENESIS CON EL SIGUIENTE SIGNIFICADO

"LISTA DE MINERALES CON EL ORDEN DE .SUCESION™
PoR TANTC. EL CONCEPTO DE PARAGENESIS ES UN DATD TOTALMENTE
GBJETIVO Y SUSCEPTIBLE DE SER CONOCIDO EN TANTO SE ESTUDIA LA MI-
NERALOGIA DE UN DEPGSITO: MIENTRAS QUE LA SUCESION ES UNA CONCEP-
CION DE ALGUNA MANERA HIPOTETICA Y FACTIBLE DE SER REFORMADA EN
CUANTO SE INTENSIFIQUE EL CONOCIMIENTO DEL DEPASITO.
ESTE TERMIND ES DE GRAN IMPORTANCIA PARA TENERLO PRESENTE EN
LA ELABORACION DE LOS PROGRAMAS DE PROSPEGCCION MINERA PUESTO QUE
DEFINE" "TODO RASGO GEOLOGICO” LIGADO A}
TECTONICA
MaGMATISMO
METAMORF1SMO
.LlfDLBEYﬁ
PALEGCLIMATOLOGTA

. QUE PUEDEN FAVORECER LA EDIFICACION DE UN YACIMIENTO MINERAL Y’

QUE POR CONSECUENCIA ES ESCOGIDO PARA LOS TRABAJOS DE CARTOGRAFIA
METALOGENICA,

ParA RouTHIER (1977), UN METALCTECTON ES PRIMERAMENTE UNA HI-
POTESIS. QUE POR OBSERVACIONES SUCESIVAS Y DIRECTAS PUEDE CONVER-

"TIRSE EN UNA CERTEZA., ENTONCES SEPUEDE PENSAR EN ESTE METALOTEC-

TGN COMO UNA GUIA DE PROSPECCIGN APLICABLE EN AMPLIAS EXTENSIGHES
GEOGRAFICAS, EN ESTE PUNTO SE VUELVE ‘A PONER EVIDENTE EL EJENPLO
EN EX1CO DEL YULCANISMO COMO UN METALOTECTON APROPIADO PARA CON-
SIDERARLO COMO EXCELENTE GUIA PARA LA PROSPECCION MINERA EN EX-
TENSAS AREAS GEOGRAFICAS DE NUESTRD PALS,
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Es NECESARIO IGUALMENTE DEFINIR DOS CONCEPTOS EN CUANTO A
SUS RELACIONES ESPACIO-TEMPORALES CON LAS ROCAS ENCAJONANTES,
Estos TERMINoS sow: COGHADOS Y ALIENIGENOS:

YACIMIENTOS COGNADOS
" SON AQUELLOS DONDE LOS MINERALES DE MENA TIENEN LA MISMA
FUENTE QUE LA ROCA ENCAJONANTE: COMO EJEMPLOS SE MENCIONAN:

A) UN YACIMIENTO DE SULFUROS DE WIQUEL Y COBALTO ES COG-
NADO A LAS ROCAS ULTRAMAFICAS ENCAJONANTES., '

B) IGUAL CONSIDERACION PUEDE HACERSE PARA LOS DEPGSITOS DE
PLATA Y ORC EN LAS ANDESITAS Y DACITAS DEL TERCIARIO DE MéxIco.
YACIMIENTOS ALTENIGENOS,

SON 'LAS CONCENTRACIONES MINERALES DONDE LAS MENAS SON TO-
TALMENTE EXTRATIAS AL ORIGEN DE SU ROCA ENCAJONANTE, POR EJEMPLO

A} VETAS ¥ CHImenEAs DE PR-Ac-Cu-Zn (Au)-FE, PROVENIENTES
' DE ROCAS GRAN[TICAS EMPLAZADAS EN CALIZAS DEL JurAsico-CRETA-
cIco DE LASIERRA MaDrs ORIENTAL DE MExIcO,-

~ Estos vERmINOS DE COGNADOS-ALIENIGENOS NO DEBEN SER CONFUN-
DIDOS CON LOS TERMINOGS SINGENETICO-EPIGENETICO, | |

UN YACIMIENTO COGNADO, PUEDE SER EPI1GENETICO, LAS VETAS Au-
RO-ARGENT{FERAS SON EPJGENETICAS EN LAS DACITAS—-ANDESITAS Y SIN
EMBARGO SON COGNADOS PUESTO QUE HAN TENIDO LOS MISMOS OR[GEMES
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B).~ EN LO QUE SE REFIERE A LOS YACIMIEWTOS HIDROTERMALES ES MECESA
RIA LA SIGUIENTE ACLARACISN. LA DIVISISN DE £STS GRUPC DE vACINI

Tl

rTI

L
1R

TOS SE DEBE A M. LIHDGREH. ANALIZEMDS LOS DIFERENTES TERNMINOS:

TeLE (GRIEGO): PREPOSICIGH INSEPARABLE QUE SIGnlﬁicﬂ TRAIS-
MISCIGN DE ALGO A LO LEJOS.

Er1 {GRI1EGO): PREPCSICION 1HSEPARABLE QUE SIGMIFICA SOBRE,

FEPTo (GRIEGD): PREPOSICION INSEPARABLE QUE SIGNIFICA TERUE,
DELGADO., DEBIL,

 Meso (GRlEso) PREPOSICION 1HSEPARABLE QUE SIGNIFICA MEDIQ,
HMED1AILO. '
' Hiro (GRitGo): PREPOSICIGH INSEPARABLE QUE SIGRIFICA IHFE-
RIORIDAD O DEPERDENCIA,

Xero (GR1EGOY: GAS VOLATIL |

TERMAL, DEL GRIEGD TERMOS QUE SIGNIFICA CALOR.

'POR TANTG, LOS VOCABLOS UTILIZADOS EH LA CLASIFICACION DE
L0S YACIMIENTOS HIDROTERMALES DE LINDGREN, AUMERTADOS POR BATERA:
SIGHIFICAN:

TELETERMAL : TRAﬂSM]TIbb LEJOS DEL CALOR.

CEPITERNAL: SOSRECALENTADO, TENPERATURA ELEVADA,

LEPTOTERIAL: DE CALOR O TEMPERATURA DEBIL.

MESOTERHAL: DE MEDIARA TEMPERATURA O CALCR.

HIPOTERNAL: DE BAJA TENPERATURA,

XENOTERMAL: GAS vaiTIL CALIENTE O COM TEMPERATURA.

IHDEPENDlEhTEnFNTE DE TODAS LAS EXPLICACICNES QUE SE TRATE:!
.DE DAR PARA ACLARAR E INTERPRETAR 1.0 OUE SE GUIERE DECIR, ES CLARO
QUE EXCEPTO DOS TERMINOS {TELE Y M2S0). LOS DENAS ESTAM MUY LEJOS.
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DE DESCRIBIR EXACTAMENTE LO QUE SE DESEA EXPRESAR. POR OTRA PARTE,
ES CLARO QUE ESTA HULTIPLICACION DE LA TERMINOLOGIA VIENE A CoN-
PLICAR Y AUN A OSCURECER MUCHO LAS INTERPRETACICHES DEL ORIGEN DE
NUMEROSOS YACIMIENTOS (LEPTOTERMAL., XEMOTEREAL),
Ex LA P16, 2 (JEiSER ¥ BATEMAN) SE EXPRESA DE MAMERA MUY

CLARA EL CAMBIO DE MIMERALIZACIONES A PARTIR DEL GRANITO DE ALTA
TENMPERATURA QUE COINCIDE EXACTAMENTE CON EL "SISTENA DE VETAS RE-
CONSTRUIDO DESDE LA SUPSRFICIE HACIA ABAJO" PROPUESTO POR Eivions
EN LA PAG. 1906 pE su LiBro "PrincipLES oF Ecomonic Georosy, 1S40",
AMBOS ESQUEMAS COINCIDEN ARPLIANEWTE AL PROPUESTO POR FERSmAL
PARA EL ZOMEAMIENTO PERIPLUTOIICO (ROUTHIER, PAG. 471) A Excepcid:
DE LA ZOMA DE ORO Y PLATA REPETIDA EMTRE LA ZOMA DE PLATA, PLOM
Y LA DE ANTIMONIO, SOBRE ESTO INSISTIREFOS MAS ADELAWTE. A COItTI-
NUACTON SE PRESENTA EL ESQUENMA DE EiMoNS. _

) “SYSTEMA DE VETAS RECONSTRUIDO DESDE LA SUPERFICIE HACIA
aBAJO, Ermons (1850)",

Y.~ ESTERIL: CALCEDONIA, CUARZO, BARITA, FLUORITA. ETC.. ALGUNAS
DE LAS VETAS CONTIEMEN POCO MERCURIO, ANTINONIC Y ARSENICO,
2,= Mercurio: DEpPGSITOS hE CIMABRIO COMUNMENTE COM CFLtpﬂoiiﬁ; FAR-
CASITA, ETC., Y VETAS DE BARITA- FLUDHlTh,
3, - ANTIHONIO: DEPOSITCS DE ESTIBIHITA CON FRECUEKCIA PASAN HACIA
ABAJO A GALENA, COM AHTIMONIATOS,ALGUNOS CON ORO ARRASTRADO.
Y,- Oro-PLATA: DEPGSITOS DE ORO DE BOHANZA Y nEpéslTbs DE ORC-PLATA
CARGENTITA COil ARSENICC Y NINERALES DE ANTIHOMIO conbiEs, TELURUROS
Y SELENIUROS IN SITU. ESTAN PRESENTES RELATIVAMENTE PEGUEFAS CANTE-
DADES DE GALENA, ESFALERITA Y CALCOPIRITA, LA GANGA INCLUYE cuszzo,
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ADULARIA, ALUNITA CON CALCITA, RODOCROSITA Y OTROS CARBOMATOS.

5.- ESTERIL: LOS MAS CERCAHOS A LA ZONA ESTERIL REPRESENTAN EL Fou-
‘DO DE KUCHAS VETAS DE ETALES PRECIOSOS TERCIARIOS: CUARZO, CARBO-
NATOS. ETC.., CON PEQUETAS CANTIDADES DE PIRITA, CALCCPIRITA. ESEA-
LERITA Y GALENA. |

6.- PLATA® VETAS DE ARGEWTITA, COMPLEJOS MINERALES DE PLATA COM Ai-
TIMONIO Y ARSEHICO, ESTIBINITA ALGO DE ARSEMOPIRITA, ETC., GANGA

" DE CUARZO IM SITU COM SIDERITA. _

7.- PLov0" VETAS DE GALEMA, GEMERALMENTE CON PLATA, ESFALERITA GE-
NERALMENTE PRESENTE, INCREMENTADA CON LA PROFUNDIDAD. ALGO DE CAL-
COPIRITA, GAMGA DE CUARZO CON CARBORATOS. '

8.~ ZINC: DEPOBSITOS DE ESFALERITA, GALENA Y ALGO DE CALCOPIRITA GE-
NERALMENTE PRESENTE, LA GANGA ES CUARZG Y EN ALGUNOS DEPOSITOS, CAR-
BONATOS DE CALC10, HIERRO Y HANGAWESO. |

9.~ CoRe? TETRAEDRITA, COMURHENTE ARGENTIFERA, CALCOPIRITA, ALGLIGS
PASAM HACIA ABAJO DEMTRO DE CALCOPIRITA, VETAS DE EHARGITA GEilSRAL-
MENTE COM TETRAEDRITA.

10.- COBRE: VETAS DE CALCOPIRITA LA MAYORSA COH PIRITA. FUCHAS COM
PIRROTITA LA GAHGA ES CUARZO Y Eif ALGUIOS LUGARES CARBOHATOS Y FEL-
DESPATOS, LA ORTGCLASA Y PLAGIOCLASA SODICAS NO SO RARAS, PERO LAS
PLAGICCLASAS COH BASTANTE CORTERIDO DE CALCIO SOR HUY RARAS. GELERAL-
MENTE ARRASTRA FETALES PRECIOSOS, 1

11.- Cro: DEPOSITOS CON PIRITA (COMUNMENTE ARSEMOPIRITA), CUARZO Y

| CARBOIATOS Y ALGUHOS FELDESPATOS DE GANGA. ALGUNOS CON TURMALIHA,
L0S TELURURGS CONMUNES E IN SITU ABUNDANTES, IN sITU, zonas 10 v 11

I

SON REVERS]BLES,

-
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12,- ARSENICO: ARSEMOPIRITA CON CALCOPIRITA. ETC,

13.- BistuTo: DEPOSITOS DE BISHUTINITA, BISHUTO HATIVO, CUARTO,
PIRITA. ETC,

4, - TUNGSTENO: VETAS CON MINERALES DE TUMGSTENO, ARSENOPIRITA, PI-
RROTITA, PIRITA Y CALCOPIRITA. EL TUNGSTENO OCURRE EN LAS ZOUAS iAS
ALTAS EN CANTIDADES ACOMODADAS A LO LARGO., PERO ESTE ES EL PRINCI-
PAL HOR1ZONTE, _
15.- ESTAfO: VETAS DE CASITERITA CON CUARZO, TURMALINA. TOPACIO Y
FELDESPATOS , | |

16.- ESTERIL: CUARZO, FELDESPATOS, PIRITA, CARBONATOS Y PEQUERIAS CAM-
TIDADES DE OTROS MIHERALES,
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n

A.-  YRCIMIENTOS ERDOSENCS

.- YACIMIENTOS MAGHATICOS PROPIAMENTE DICHOS
1o YACTHIZRTGS ORTCHAGHATICOS
2.~ YACTMIENTOS RECIENTES (TARDENMARGAMATICOS)

3.~ YACIMIENTOS DE LICUACION
11.- PeemaTivas
I11.- POST-FAGRATICOS ' . :

1.~ PueunatoriTicos ' ' | :
A) POR EXHALASTON
B) De SkarHs

2.~ YACIHIENTOS HIDROTERNALES
) DE PROFUNDIDADES MEDIAMAS Y GRANDES, DE TERPERATURAS

ELEVADAS, MEDIAMAS Y BAJAS.
B.- YACIMIENTOS EYOGERDS
I.- De ALTERACIGit

1,- DE CONCENTRACION - ELUVIALES Y DILUVIALES

2.- RESIDUALES _
'A) ARCILLAS - CAOLINES Y LATERITAS

| B) TiPo SGMBRERO DE FE
3.- DE INFILTRACION
1.~ SeDIMENTARIOS

1.~ DepdsITOS MECANICOS
A) MINERALES DE ALUVION Y COMGLOMERATICOS
B) DEpGSITOS REACOMODADOS DE PRODUCTOS DE EROSICH

DISPERSOS,
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2.~ DEpOSITOS QUIMICOS
A} PROVEHIEHTES D VERDADERAS SOLUCIORES.
8) PROVENIENTES DE SOLUCIONES COLOIDALES.
¢) Bioguinicos -

.- YACIHIENTOS HETAZOREOGENOS
1.- MeTAMORFOSEADOS
2.- METAMORFICOS
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3.3, CLASIFICACION GENETICA DE DEPOSITOS
MINERALES
SEGUN ¥: I: SMIRNOV
" SERIE GRUPQ CLASE
MasMATICO SEGREGAC [0N
MAGMATICO TEMPRANO
MacMATIco Tarpio
FEGMATITIEU MaGMATICO

PEGMATITAS RECRISTALI-
ZADAS

PEGMATITAS CON REEM-
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METASOMATICO
COMB INADO

SKARN EN CALIZAS
SKARN MAGNESIAND
SKARN SILICATADO

At BRITITA
GRE I SEN

PLUTOGENICO
VULCANOGENICO
TELETERMAL

METASOMATICO

SUBCLASE

VOLCANOGENICO - SEDIMENTARIO

CoMBINADO
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4, LOS FEHUNEHUS GEOLOGICOS Y LOS YACIMIENTOS
MINERALES ASOCIADOS

F{ OBSERVAR A LOS YACIMIENTOS CONSTANTEMENTE EM SU RELACION
COM LOS GRANDES FENOMENQOS GEQLOGICOS QUE AFECTAN LA CORTEZA TERRES-
TRE SERA UND DE LGS PROPOSITOS MAS APROPIADOS QUE SON CORIGINADDS AL
REALIZAR LA PROSPECCION MINERA., ES-NATURAL QUE LA ASOCIACION,

FENOMENO YACIMIENTG

GEOLOGICO TNERAL

LA CORRESPONDENCIA ENTRE AMBOS ACONTECIMIENTOS ES EVIDENTE.
UN FENOMENOG GEOLGGICO DETERMINADO PUEDE SER EL ORIGEN DE UN YACIMIEN-
TO MINERAL RIEN DEFINIDO. ASIMISMO, LA ASOCIACION DE LOS DIFERENTES
ELEMENTOS QUIMICOS EN RELACION CON ROCAS DE COMPOSICION Y TEXTURA DE-
FINIDAS ES CONSTANTE,

" POR TANTO, UN YACIMIENTO MINERAL QUEDA ENMARCADO DENTRO DE

UN CUADRD GEOLOGICO ESTABLECIDO CON ROCAS ENCAJONANTES DE UNA COM-
POSICION ESPECIFICA, |

EN LA FIGURA 3, PRESENTO A USTEDES UN CUADRC CON EL CICLO
GEOLGGICO SIMPLIFICADD DONDE ESTAN EXPUESTOS LOS GRANDES FENOMENOS
QUE OCURREN EN LA CORTEZA TERRESTRE. NATURALMENTE., ESTOS FENGMENOS
CONSTITUYEN EL MARCO DONDE SE CREARAN LOS METALOTECTONES QUE CONS-
TRUIRAN LOS DEPOSITOS EXPLOTABLES,

EN LA SIGUIENTE FIGURA (Y4) SE EXPONEN LAS RELACIONES ENTRE
LOS EMPLAZAMIENTOS DE LAS MINERALIZACIONES Y SUS CONEXIONES CON LAS
DEFORMACIONES DE LA LITOSFERA: ES DECIR. LAS CONCENTRACIONES MINE-
RALES SE ORIGINAN EN MOMENTOS DIVERSOS DEL CICLO GEOLOGICO ¥ SU ES-
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MENTE SINO DE RELEVANTE IMPORTANCIA PARA LA PROSPECCION MINERA,
CONOCIDA EN ESTE SENTIDO COMC PROSPECCION ALUVIONAR,

2,~ LA SEDIMENTACION POR EVAPORACION,

faut SE TIENEN LOS DEPOSITOS SALINOS, BASTANTE ABUNDANTES
EN EL SURESTE DEL PAfS CON UNA AMPLIA GAMA DE MINERALES GEMERADOS
A PARTIR DE La PRECIPITACION DE LAS AGUAS MARINAS DEBIDD A LA EVA-
PORACION,

CON RESPECTO A LOS DEPOSITOS DE AZUFRE. ES NECESARIO NOTAR
L% CURIOSA CLASIFICACION RECIENTE DE JENSEN ¥ BATEMAN DOMDE. EN
CAPITULO APARTE MENCIONA A LOS DEPOSITOS "BACTERIQGENICOS" COMO
UNA "RENOVACION” EN LAS HIPOTESIS GENETICAS. CON ESTC SE PODRA
COMPLETAR INSUPERABLEMENTE LAS CLASIFICACIONES GENETICAS DE LOS
YACTMIENTOS MINERALES, AHORA., EL ORIGEN DEL AZUFRE DE DOMOS SALI-
NOS ES ENMARCADD EXPLENDIDAMENTE EN LGS APARTADOS ‘DIFERENTES:
"YACIMIENTOS EVAPORITICOS" Y "YACIMIENTOS BACTERIOGENICOS”,

3.~ La SEDIMENTACION QuiMICA .

En ESTE CAPITULO ES DONDE SE SUELE ACEPTAR LA ACCION BIO-
GENICA COMBINADA CON LA QUIMICA PARA LAS HIFGTESISFGENETICAS 50~
BRE LOS YACIMIENTOS PRODUCIDOS POR LA ALTERACION DE LOS MATERIA-
LES DE LA CORTEZA TERRESTRE. SU TRANSPORTE Y DEPOSITO,

EJEMPLOS: YACIMIENTOS DE FE MAS GRANDES DEL MUNDO.

FANGANESO, ETC. |

#.o, %4, METAMORFISMO

EN GENERAL. EL METAMORFISMO PUEDE AFECTAR A LAS CONCENTRA-

£ - CJONES PREYIAMENTE FﬁRHﬂﬁﬂS FOR OTROS METALOTECTONES: EN OCASICONES.
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LA FORMA DE ASOCIACION PUDE SER:
[ISEMINACIONES

SEGREGACIONES !
CUERPOS IRREGULARES
CUERPOS ESTRATIFORMES

INYECCTONES EN LA VECINDAD INMEDIATA
ESTOS DIVERSOS MODELOS DE MINERALIZACIONES SE PRESENTAN
PERSISTENTEMENTE EN TIPOS BIEN DEFINIDOS:
POR EJEMPLO:

EL CROMO Y EL PLATING SE ASOCIAN A ROCAS PERIDO-
TITICAS ¥ DUNITAS.

s ’ - EL MIQUEL - COBALTO -~ COBRE EN SULFUROS SE ASO-
A0S . C1AN A NORITAS,

LA ILMENITA ES FRECUENTE EN ANORTOSITAS,

4.,5.2, ROCAS ERANITICAQ
En ESTE GRUPO DE ROCAS SE INSERTA UNA AMPLIA GANA DE YA-
CIMIENTOS MINER/LES, POR TANTO, PUEDE HABLARSE DE UNA COMPLEJA METALO-
GENIA ASOCIADA AL GRANITC' ALGUNOS AUTORES (TATARINOV) LA DENOMINAN
YACIMIENTOS POST-MAGMATICOS,
“ ' PoR GRAN!TC, DEBE ENTENDERSE TODAS LAS CLASES DE ROCAS ACIDAS:
GRANITO ALCALING, GRANITO CALCOALCALING. CUARZOMONZONITA, GRANODIORI-
TA Y CUARZODIORITA, ‘
- SIN EMBARGD, PUEDE HABLARSE DE ASOCIACIONES MAS O MENOS CONS-
TANTES
IR o A, GRANITOS ALCALINGS ¥ CALCOALCALINOS!
PEGMATITAS
PHEUMATOLITICOS
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POR EL CONTRARIOD LOS GRANITOS ORIGINADOS POR METAMORFISMO
SON NORMALMENTE ESTERILES: ESTAS ROCAS SE I!NSERTAN EN REGIONES DE

METAMORF15MC REGICONAL, SUS AFLORAMIENTOS SON MUY EXTENSOS Y SUS

BORDES SON DIFUSOS,

q

.6, VULCANISMO

EN LA CLASIFICACION QUE HEMOS YISTO DE JENSEN Y BATEMAN

COMO EM LA GENERALIDAD DE LAS CLASIFICACIONES GENETICAS. EL PAPEL

DEL VULCANISMO ES GENERALMENTE MENOSPRECIADC., SIN EMBARGD. EN

NUESTRO PAIS NUMEROSOS YACIMIENTOS SE ENCUENTRAN ASOCIADOS A RCCAS

VOLCANICAS DE TI1POS MUY VARIADOS, ALGUNOS EJEMPLCS SERAN SUFICIEN-

TES PARA ILUSTRAR ESTA ASEVERACION,

URANIO DISEMINADO Y EN VETAS EN ROCAS RIOLITICAS: EL
NOPAL Y LAS MARGARITAS EN CHIHUAHUA, .

Estafic EN FORMA BOTROIDAL DE CASITERITA Y CRISTALIZADA
EN RCLAS RIOLITICAS: NUMEROSOS EJEMPLOS EN DURANGO Y ZA=
CATECAS, . |

FIERRO: EN FORMA DE MAGNET!TA CON ABUNDANTE APATITA EN
CUERPOS IRREGULARES ASOCIADD A ROCAS 'RIOLITICAS coMO
CERRO DE MERCADO 0 TRAGUITICAS coMO EN LA PERLA.

ORO ¥ PLATA EN VETAS. A ESTE MODELC PERTENECEN LOS CELE-
BRES DEPOSITOS AURO-ARGENTIFEROS MEXICANOS. YA SE MEN-
CIONAN AL INICIC DE LA PLATICA GUANAJUATO, Pachuca ¥ Ta-

L YOLTITA,

FLUORITA EN CUERPOS IRREGULARES EN LA VECINDAD DEL CON-
. TACTO ENTRE ROCAS. RIOLITICAS Y ROCAS CARBDNATADAS EJEM-

1.11 - \"'EE ‘3 nr 1_._1,:‘51:,*-\ _, ,. l -

PLOS; EL RIALITO. GUAMAJUATG, 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 ESTA BIEN DIS-
CUTIDO EN Et TRABAJO DE L. CEPEDA A PROPOSITO DEL ORIGEN DE LA
MINERALTZACION DE GUANAJUATO ATRIBUIDA ANTIGUAMENTE AL GRANITO DE
ARPERODS.

Es GRANDE EL NUMERO DE YACIMIENTOS VOLCANICOS Y SUBVOLCAN!-
.COS CUYA FUENTE DE ORIGEN O ES TOTALMENTE DESCONOCIDA 0 ES ATRI-
BUI{DA A CUERPDOS PLUTON!COS CON BASES MUY DISCUTIBLES COMO EN EL
CASC DE GUANAJUATO,

POR EL CONTRAR!O, EXISTE UNA SERIE DE METALOTECTONES QUE
PERMANECEN CONSTANTES EN LAS MINERALIZACIONES VINCULADAS A LAS
~p: ROCAS VOLCANICAS O SUBVOLCANICAS, A CONTINUACION SE MENCIONAN ALGU-

y o+ NOS DE LOS MAS SOBRESALIENTES.

A) LAS PARAGENESES QUE SE MANIFIESTAN EN CADA MODELO DE YA~
CIMIENTO MINERAL ES CONSTANTE; A COMPOSICION DETERMINADA DE ROCA
VOLCANICA CORRESPONDE UNA MISMA ASCCIACION MINERALOGICA. P. E6:

LA CASITERITA CON ESPECULARITA EN ROCAS RIOLITICAS: EL ORO Y LA
. PLATA PARA LLAS 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 GUE SE TENGA UN TONELAJE IDENTICO, SINO QUE CONSTITUYEN
DISTRITOS MINEROS CON UN CONTENIDO MINERAL EQUIVALENTE. LA GENERA-

LIDAD DE LOS EJEMPLOS QUE SE HAN MENCIONADO SON. VﬁLIIﬂUS EN ESTA

ASEVERACION,
_C"if'if,'r: ,..-
- c) LA PROPORCION RELATIVA DE LOS ELEMENTOS PRESENTES EN ESTOS
AT . .
DEPGS1TOS ES CONSTANTE; POR EJEMPLO. LOS YACIMIENTOS CONSIDERADOS
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5, METALOGENTA REGIONAL

EL PROBLEMA DE AGRUPAR A LOS DISTINTOS YACIMIENTOS MINERALES
METALI1C0OS EN AREAS O PROVINCIAS METALOGENICAS CON CRITERICS DEFI-
NIDOS ES UNA TAREA INDISPENSABLE Y A MENUDO MENOSPRECIADA SOBRE TODO
EN NUESTRO PAIS, €S INDUDABLE QUE EL CONOCIMIENTO DE PROVINCIAS
COHERENTEMENTE SELECCfONADAS Y FUNDAMENTADAS EN LOS DISTINTOS META-
LOTECTONES DE ACUERDO CON SU DISTRIBUCION EN EL ESPACID Y EN EL
TTEMPG. PODRA ORIENTAR ADECUADAMENTE.LA PROSPECCION; EN ESTE SEN-
TIDO LA METALOGENIA REGIONAL SE INTERESA TANTO EN LAS AGRUPACIONES
DE YACIMIENTOS CONOCIDOS COMO EN EL CONJUNTO DE ESTOS Y LOS QUE ESTAR
POR DESCUBRIRSE EN LA CORTEZA TERRESTRE.

En MEx1CcO EL PROBLEMA DE LA METALOGENIA REGIONAL PERMANECE
AON €N UNA ETAPA MUY INCIPIENTE: ‘APENAS SE CUENTA CON UNA CARTA
DE REPARTICION DE YACIMIENTOS MINERALES ¥ QUEDA A(N MUCHC POR HA~
CER PARA REAL1ZAR UNA CARTA METALOGENICA A ESCALAS CONVENIENTES PA-
RA SER UTILIZADOT EN LA PROSPECCION 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 "ESTRUCTURALISTAS". SIN EMBARGG., PUEDEN DEFINIRSE 3 TIPOS DI-
FERENTES,

1.~ EscueLa CROND-ESTRUCTURA-FACIOLOGICA,

ESTA ESCUELA FUNDADA POR BILIBINE Y SEGUIDA POR JATARINOW
iNDICA:

ToDA REGION DE LA CORTEZA CONTINENTAL HA SIDO UN FRAGMENTC
DE UN CINTURON MOVIL (ZONA TECTO-OROGENICA), TcDG CINTURON MOVIL

SE DESARROLLG A PARTIR DE UNA SUBSIDENCIA ALARGADA 0 GEOSINCLINAL

m

EN DIVERSAS ETAPAS SIGUIENDO UN SISTEMA CAS! 'INMUTABLE HASTA LLE-
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EN ESTE CASO SE HACE CASO OMISO DE EL SIGNIFICADO TECTONICO Y SE
TIENEN LA CONSTANCIA ESENCIAL DE LA REPARTICION DE LOS YACIMIEN-
TOS MINERALES EN REDES 0 ELEMENTOS LINEARES Y EN DONDE EN NUMERO-
SAS COCASIONES LA INTERSECCION DE DOS RASGOS ESTRUCTURALES CONSTI-
TUYE un “NUDO" MINERALIZADO.

ACTUALMENTE ESTE TIPO DE ESTUDIOS SE LLEVA A CABD POR LAS
FOTOS DE SATELITES. POR MEDIO DE TRAZOS DE LOS LINEAMIENTOS EXIS-
TENTES SE LLEGAN A INTERPOLACIONES O EXTRAPOLACIONES EVENTUALMEN-
TE UTILES EN LA PROSPECCIGN DE YACIMIENTOS POR DESCUBRIR,

ESTE METODO (LINEAMIENTOS A PARTIR DE FOTOS DE SATELITES)
PUEDE, TENIENDO EN CUENTA LOS CONCCIMIENTOS PREVIOS DE LA METALO-
GENIA., Y LA GEOLOGIA Y LA TECTONICA. DE UNA REGION., MARCAR EN CIER-
TA FORMA LA EXISTENCIA DE UN METALOTECTON DE ORDEN ESTRUCTURAL IM-
PORTANTE PARA DETERMINADO METAL,

~ 3.- EscueLa pE LA TECTONICA GLOBAL O SUBDUCCTONISTA,
ESTA SE ESTABLECE SOBRE ESGUEMAS DE LA TECTONICA' GLOBAL Y
SOBRE LAS RELACIONES ESPACIALES CON LAS MARGENES ACTIVAS DE' LOS
CONTINENTES Y 1LOS PLANOS DE SUBDUCCION,
* ESTO SE HA ESTABLECIDOG ESENCIALMENTE POR SILLIT oc (1972)
EN LA PERIFERIA DEL Océano PACIFICO, DE MANERA ESPECIAL PARA LOS

PORFIDOS CUPRIFERDS,

4,- EscueLa MeTALICA,

ESTA PROPUESTA POR ROUTHIER PONE DE MANIFESTO EL “OLVIDO"
“CDE ‘DISCONTINUIDADES Y HETEROGENEIDADES DEL EMPLAZAMIENTO Y DIVER-
SIDADES DE LOS YACIMIENTOS MINERALES, EL AUTOR PLANTEA UN METODO
ANALITICO DE LA METALOGENIA REGIONAL FUNDAMENTADA SOBRE UNA BASE

DE AREAS METALICAS EN FORMA DE CINTURONES CON UN CONTENTDO: DE
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. 5,2,1, Recursos MARINDS ,

Los RECURSOS DE MINERALES MARINOCS SON DE LEJOS. ENORMES TAL
COMO LO HAN DEMOSTRADG LOS ESTUDIOS RELATIVAMENTE RECIENTES QUE
MAN EFECTUADO EN PARTICULAR LOS CIENTIFICOS AMERCIANOS,

AHORA BIEN, HASTA QUE PUNTD ES POSIBLE LA EXPLOTACION MA-
SivA DE ESTQS RECURSGS $IN ROMPER EL EQUILIBRIO ECQLOGICO EXIS-
TENTE EN LAS AGUAS MARINAS.

Es INDUDABLE QUE LOS FACTORES CIENCIA, TECNOLOGIA AUNADOS
A LA EXPLOSION DEMOGRAFICA COMO SE SENALO EN LA INTRODUCCION,
MARCAN UNA IMPORTANTE NECESIDAD DE MATERIAS MINERALES CADA VEZ
UN MAYOR YOLUMEN, POR TANTO, EN CASO DE SER EL AGUA DEL MAR UNA FUEN
TE PARA LOS RECURSOS Y DADA SU FACILIDAD EN UNA POSIBLE EXPLOTA-
CIAN ECONOMICA CON TECONOLOGIAS MODERNAS ¢HASTA DONDE PODRA 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 ESTA PREGUNTA PUEDA NO ‘SER CONTESTADA AUN; SIN EM-
BARGO. ES UN HMECHC QUE SE PODRAN $SER EXPLOTADOS LOS RECURSOS MARI-
NOS HASTA UN L{MITE RAZONABLE QUE SIEMPRE SERA BASTANTE GRANDE Y
QUE PROVEERA DE RECURSOS A LA HUMANIDAD DURANTE UN BUEN NUMERO DE
AllQS .

5,2, LA CorTEZA TERRESTRE Y LA TECTONICA REGTONAL

AHORA BIEN, EN LD QUE SE REFIERE A LOS RECURSOS EXISTENTES
EN LAS AREAS CONTINENTALES: (HASTA DONDE EXISTEN LAS RESERVAS?
De acUerDo con P. RouTHIER (Diciemsre DE 1977). UNA HIPOTESIS PLAUSI-
BLE SER[A EL CONSIDERAR QUE LA EXPLOTACION ACTUAL DE LOS YACIMIENTOS
MINERALES LLEGARA A UNA MEDIA DEL ORDEN DE 300 METROS. POR OTRA PAR-
TE, SE SUPONE QUE SOLO LA MITAD (2) DE LOS YACIMIENTOS QUE EXI1STEN
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S5YNGENETIC MASSIVE SULFIDE DEPOSITS

Syngenetic massive sulfide deposits belong to a distinct
group of deposits having a set of characteristics which set them
apart from other metallifercus hydrothermal deposits. The
deposits essentually consist of chemical sediments where the
metals are transported and deposited by hot aguecus scoluticns in
a submarine hot spring environment. Depositicon occcurs typically
at or near the ocean [loor-seawater interface around a vent.
Stockwork mineralization often occupies the feeder system beloﬁ
the massive sulfide body.

The source ©f the metals in these deposits is probably the
enclosing, or feootwall, velcanic rocks or sediments. Stable
i;atnpe studies on Tertiary massive sulfide deposits suggest the
sulfur may be derived from seawater (Ohmoto and Rye, 1574).
These same studies 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 lcoccal centers of cooling velcanic units or from
a deeper magmatic source. However, some 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 have experienced one or more
periods of deformation and metamorphism where the sulfides have
benn remcbilized significantly. Replacement textures in the ores
are éﬁmﬁon, however thaese can be interpreted as a result of
recrystallization during metamorphism. These textures, along

with cross-cutting relationships, resulted in the interpretation



-2-

of these deposits as products of epigenetic replacement processes.
The syngenetic origin for these deposits has become popular in
recent years only after much geoleogic work on these and less
disturbed coccurrences. Detailed studies involving the inter-
pretation ©f the geoleogic hiztories of mineralized areas have
resulted in a better understanding of the regional and local
environment of mineral deposition. BAs a result more and more
sulfide deposits originally considered as epigenetic now are
being reinterpreted as having syngenetic origins1{ﬂnderson and
Nash, 1972).

Syngentic massive‘sulfide deposits ogcur in two major groups:
those associated with volecanic rocks with which they are related
genetically; and those which are not related to volcanism. The
major difference between the two groups is the presence of
volcanic rdcks- There are alsc differences in the mineralcogy of

the ores which will be discussed later.

Volcanggenic Magsgive Sulfide Deposits

The volcanogenic deposits are the most numerous ©of the two
types and are easiest to interpret. They cccur 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 Precambrian shield of Canada where thef occur in
thick piles 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 volecanic island arc
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sequences along the orogenic zones of the Appalachian chain in
eastern North Americaé and the western Cordillera of North and
South America. Thése deposits range in age froem early Paleozoic
to early Mesozoic. Deposits of this tectonic setting and age also
occur in easStern Australia, Still younger deposits occur in
island arcs in western and sguthwestern Pacific regions, for
example the mid-Tertiary Kuroko deposits of Japan. Finally, base
metal sulfides are being deposited in present day submarine hot
spring environments, primarily along the East Pacific Rise and
mid-Atlantic Ridge (Francheteau, and others, 1979}. 1

There appears toc be a relationship between the composition,
grade, age, and tectonic setting of the massive sulfide deposits.
Hutchinson—(1973)-clagsified-these-deposite-according-to-their -
base and precious metal content (Table 1). The most impressive
of the types shown are the zinc-capper-pyrite deposits of
Archean age. - These probably represent the greatest concentration
of base metals of-any type of metalliferoﬁs deposits. The same
type of deposits reappear during younger gealogic'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
oCccur in younger terranes in many parts of the World, but
deformation, metamorphism, and remobilization have obscured
their original syngenetic character. Such deposits occur in
california, Arizona, Wyaming, and Colorado.

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

until Proterozoic time but even these do not have the size and
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grade as the zinc-copper-pyrite deposits of Archean age. This
type occcurs in Proterozoic to recent orogenic belts arcound the
world.

The:copper—-pyrite type‘'of massive sulfide deposit did not -
appear in the geclogic record until Phanerozoic time.. These
deposits commonly occur along spreading centers characterized by

~~-basaltic volcanism. ThE'vﬁriéus‘tectanic, petrologic, and gen; e
chemical characteristics of the various types of massive sulfide
deposits are summarized in Table 1 from Hutchinson (1971),

Because of their relatively well preserved nature and significance )

~as metal producers, the Archean Deposits will be consldered

first.

~ precambrian Volecanocgenic Massive Sulfide Deposits .

Rocks of Archean age are recognized on many continents
around the World in stable cratonic shields or uplifted erosional
windows in younger geologic terranes. Notable examples cf the
former are the Canadian, South African, and western- Australia
shields. Examples of the latter occur in Wyoming, Montana, and
Arizona.

archean time was a period of extensive volcanism and
deposition of great thicknesses of sediments, mostly greywackes
with minor iron formations. Volcanism cccurred around specific
centers or along belts where up to 60,000 feet of volcanic rocks
are found. In many places volcanism appears to be contemporaneous .
with, and conformable to sedimentation. The veolcanic units range

in composition from ultramafic 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 t01at least the grgenschist
+-facles, and’'in some "cases-toupper amphibolfﬁe.faEiEEF?‘SDmé -
areas show multiple metamorphic events. The periods of veolcanism
and sedimentation are culminated by a major invasion of granitic
plutons which are themselves cften metamorphosed. This results in
‘areas of velcanic and sedimentary rocks, called greenstone belts,
separated by large areas of gneissic granite terrane. The most
significant massive sulfide deposits occur in the velcanic il
complexes_of these greenstone belts.

The greenstone belts of the three shield areas consist of
ultramafic extruéive 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 vafy. 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 .-
agssociated with felsic wvolcanic rnéks in thick piles of extrusive
units ranging from basalt to rhyelite. 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 rock
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in the Abitibi greénstone bhelt of the Canadian®*shield and the
Barherton greenstone belt of South Africa reveals the following
proportions: Abitibi belt: ultramafic rocks, 4.8%; basalt, 57%;
andesite, 28%;-felsite, 9:7%; Barberton belt: ultramafic rocks,
24%; hasalt and andesite, 72%: and felsite, 3.7%. The greenstone

belts of the Yilgarn and Pilbara blocks of western Australia

- appear- to' be similar to those-of'South-Africa. Therefore, if the «

abundance of felsic veolcanic 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 exh;biting a4 higher
stratigraphic level c&.preﬂérvation and the other-shields may be
more deeply eroded thus removing the herizons favorable for
massive sulfides. Alternatively, the South African and Australian
shields may be exhibiting a more primitive sti&ge in the geo-
chemical 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 thﬁn
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
ér areas is apparent. Basaltic volcanics and greywackes are the
predeminant lithelogies in any one greenstone helts, Minor
komatiitic; "or high magnesium,; ultramafic and basaltic units
cccur. Locally the basalts grade upward into andesite and

rhyclite and more than one cycle may occur. The differentiation
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of the rock units appears to fcllow a normal calc-alkaline trend.
Most of the volcanism appears to be deep marine and is character-
ized by pillowed flows, bedded tuffaceocus units, ash beds,
agglomerates and volcamic 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

*"poccur with the andesites and rhyolites. Iron formation and chert

beds are common and represcnt chemical precipitates deposited by
submarine hot springs. These deposits locally grade laterally
into massive sulfide accuﬁalations. The latter are ugually
agsociated with rhyolitic domes and bhreccias and mark the close

of a basalt or andesite to rhyclite volcanic cycle. Many massive
'sulfide deposits can be-related-to a stratigraphic horizon which

represents the sea floor during a perigd of gquiescence where
chemical sedimentation predominated over volcanism.

-+ The largest-~greenstone helt of the Canadian shield, and
" perhaps in the World, is the Abitibi greenstone belt of eastern
Ontaric 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 geclogy 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
sequences of volcanic rocks'and associated sediments. Figure 5 --
outlineé the volcanic centers and the distribution of felsic

voleanic 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 unhits are very important as the
massive sulfide deposits show a close spatial relationship to
them. The association of the mineral deposits with the volcanic
centers is shown in Figure 6. ©Qf approximatelf 150 past and
present producing deposits, all but 3 occur in or near one of the
11 voleanic complexes. This is true for all mineral deposits and
not just the massive gulfide deposits.

The structure of the Abitibi greenstone belt is dominated
by east-west trending doubly plunging angiclines which are
actually elongated domes centered about the thick volcanic
seqguences {Fig. 7). The intervenhing areas consist of granitic
complexes of composite plutons ranging in composition from
granite to diorite. It is thought that the elongated volcanic
complexes were criginally roughly circular and deformed into
their  present-shape-by later orogenic activity. Figure 8 is a
hypcthefical reconstruction of Ahitibi orogenic belt at the time
of volcanic activity. It consisted of an area of crustal
thinning between 2 ¢ratonic 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, 197Q),
Ircn formations were widely Eepasited in the basin as shown in
Figure 9. These are important because of iheir suggeéted
relationship to gold mineralization in the area (Ridler,l197D ).

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



20 km

EYMBOLE
Fald waley
..=_.-— el ki W Dl al
_.-I-- i, tuteed, sy mad

it L O

e [ pllxon wt pmpa

STRUCTURAL FEATURES OF ABITIBI -OROGEN

Figure 7 {Gocodwin and Ridler, 1870)

Craton Flyachaid Volcanogenic Axig! Zone of vulcanoganicl Craton
South Formland Faciaw Faciay Qrogen Facies MNorth Forsland
Southarn Complex Northarn Complex

> = =
P R AL L
P LTI AR Y

T
it
B 3 AL T
Py TP T
'

-t

........... ral R
Tavar e

-t .
sy Siale Coom
=1 _'J - Mok .
LRl Pt
Al T e e
LA __"F""u ¥ LT e
L W Ao o

_ [l
T watic Crust

. o]
+
LEGEND

m Grwywache, srgilkte E Busalt

M Grancdicrus Ead Gabbre, ancenens
Ducita, rhyolie m Gabbro, nonts, eic,
[ Ancssra plll):] Volcamclasuce

Eiig Conglomerste, greyweche, sama irachyle Apprroa. 100 Miles

Figure 8 Hypothetlecal Reconstruction of the Abitibi Orogen

{Goodwln and Ridler, 1970)

— Ty

1

TR
Pl

N -

Bl Crust,

o



EYMBOLS
L8 |I_I'.l- .
S gy
iy (L 11

— iy

—— o iy abarng tr el an o
iRarhuir o o SEEpI W PachE]
] Forid T ienat &1ige
ot
H Spcont inciong Bage — i

ki

E Y
P o=

DISTRIBUTION OF IRON FACIES IN ABITIBI OROGEN

Figure 9 (Goodwin and Ridler, 1970)

Lithoiagy "’"f:;"'
Greywocke HIN™ 7
| g r .

Tengienerole
a1 1L, AT
ﬂwm T ~doesie fwacri,
Furfi; aafimgnta; dirow (3 -
formaiwa; somae R0 0030
o Erfd = Bn o]

dngesite = docite Flows
o bericm) mtrean OO = I
tHhwolife fowdrds fep i

Friae

Frogmanksl "!

— itnd -
- Dam-_vr angd gabiva F)
- m&
ul - - = Andusite - papalr Fflpwr;
c15 - - 1 1me brdtcang 000 ey
3 B #,% masf QLT - rhpoli e
 J . - -

~_., Figure 10 Dlagrammatic Lithologic Sectien of an Arehean Yolecanic

Complex 1n the Porcupine-Kirkland Lake-N
(Goodwin, 1965) oranda Regilon



-16—

differences in the nature of the mineral deposits faund'in the
various complexes also. This is particularly well illustrated
in the Neoranda-Kirkland Lake-Timmins areas which represent
typical domed volcanic complexes (Goodwin, 1965; Fig. 10).
Kirklahd Lake and Timmins {(Porcupine) have peen important gold-

producing districts where the gold occurs mostly in guartz veins

"r~along major east-west structural zones. These areas contain

significant amounts of clastic sediments and iron formations. |
The Kidd Creek deposit is the only major massive sulfide deposit
known in the Timminsg area, and DON€ je known in the Kirkland Lake

area. Ultramafic intrusive and extrusive units are known in

these areas and some contain significant nickel sulfide deposits.

The Noranda area is dominated by volcanic rocks and
associated intrusions. Sediments are essentually absent in this
area. The Horﬁe and Quemocnt mines are the only significant gold
producers in the Noranda area. These lie astride the eastern
extension of the Kirkland Lake-Larder Lake break, a major
structural feature containing important gold deposits to the
west. The Noranda volcanic complex contains more known massive
sulfide deposits than any other complex in the Abitibi belt
(Fig. 6). These deposits are closely associated with felsic -
volcanic units #hiéh appear to be particularly abundant in this

t.
ared.

Massive Sulfide Deposits of the Noranda District

Figure 11 illustrates the general geology of the Noranda
area. The area is dominated by mafic to felsic volcanic rocks,

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

T
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recognized 5 cycles of velcanism beginning with andegitic
extrusive activity at the beginning of each cycle changing to
rhyolitic volcanism towards the end. An apparent break in
volcanic activity occurred at the end of each cycle. The Flavrian
Lake and Lake Pufault 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 beiné related
to volcanism, They appear to be unrelated to the development of
the massivelsulfida 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
cccurred at or very close to a single herizon overlying the
uppermost rhyolites of cycle 3. This herizon appears to have
been-the-scafloor-forra-significant-but-unknown-length-of time--
at the end of cyclé 3 volrcanism. Most of these deposits occur
in a belt trending northwest between the two large felsic
intrusions (Fig. 11}. Minor mineralization also occurs assoc-
iated with cycles 4 and 5 volcanism, Figure 12 schematically
summarized the cccurrences of massive sulfide deposits with the
various horizons and units within the volcanic segquence in the
Noranda area. The large number nf'deposits aleong the teop of
cycle 3 volcanic rocks is guite evident. This horizon can be
traced 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. 1In all

arcas except to the south the hanging wall of this horizon is
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the Amulet Andesite, the lowermost unit of cycle 4. Scome
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 some areas. Even on a very local scale within a
single deposits the sulfides appear t¢ be distributed along
linear zones. The individual sulfide masses occur on and in the
rhyclitic domes along with rhyclite tuffs and breccias.

The Millenbach deposit (Fig. 11} is one of the recent
producers in the Koranda district, and while it is not cne of
the larger deposits, it exhibits in-a relatively-well-preserved -
state the characteristics typical ¢f these massive sulfide
depesits, The deposit occurs about 3000 feet below the surface
and was discovered in 1966 during a drilling program with the
objective ¢f testing favorable structural sites along the horizon
discussed above. Production began in 1971, and in 1973 reserves
amounted to over 2.5 million tons at 3.5% copper, 5% zinc, 31 to
4 oz. silver and 0.004 oz. gold per ton. Since that time
additional ore bodies have been found by subsurface exploration.

Most of the sulfides occur as lenses and pods at the crest
and flanks of a large rhyolite porphyry dome referred to as
the lower QFP, or guartz feldspar porphyry. The dome appears to

be elongate 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 cirgular to ellyptical pipe-like body. The latter may
represent the feeder pipe for the syngenetic hot spring deposits
precipitated on the seaflocr. Figure 13 is a geologic section
throught the largest ore Ebdy in the mine. The upper QFP is a
second rhyolite porphyry which overlies the massive sulfide body
and probably represents Fhe distal portion of another dome
extruded “from another center. This latter dome appears to be
genetically unrelated te the Millenbach ores.

Between the upper and lower quartz feldspar porphryies lies
a thin tuffaeecus beduccnsisting cf"chemically precipitated
chert, volecanic fragments, anﬁﬁdisseminated sulfides. This
material grades laterally into massive sulfide in the ore zones,
and converges at the margins of the extrusion dome with another
tuffacecus unit lying between the lower QOFP and underlying Amulet
rhyelite (Fig. 13). The resultant tuff unit is widespread
throughout the district and marks the end of cycle 3 velcanic
activity., 1If followed far enough this unit can be traced to
other massive sulfide deposits (Fig. 12}.

Associated with the domes are brecclas consisting pre-
dominantly of rhyolite and tuff fragments in a cherty matrix.
These breccias are rare or absent away from mineralized araas,

which led many prospectors to the realization that they served
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as goed ore guides. Locally fragments of sulfide ore occur in
the breccias, and sulfide material may serve as & matrix to
volecanic fragments. In some deposits fragments of sulfide occur
in a matrix of finer grained sulfide often of a different comp-
gsition. The brecEias appear to have formed from explosive
activity resulting from the interaction between hot solid
material and cocler ssawater,

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 énﬂ
pyrrhotite with minor pyrite and dphalerite occur in.a stockwork
of interconnecting veins 1 to 12 inches wide. This pipe is
surrounded by a 10 to 20 foot envelope of anomalous zinc where
sphalerite cccurs in small veinlets apnd as fine intergranular
material.

The strinirﬁune grades upward into the massive sulfide of
the main-ore lenses:i The lower zones of the massive ore "bodies
may be brecciated where fragments of chalcopyrite occecur in a
matrix of pyrite and pyrrhotite. The upper portions of the
massive zone grade upward into banded material where sphalerite
bands alternate with bands of pyrrhotite and pyrite. From the
massive to the banded sulfide there is a general decrease in
chalcopyrite and in¢crease in sphalerite. From the bottom to the
top of the banded zone there is a decrease in sphalerite content,
At the top of the banded zone sulfide layers may alternate with
layers of chert. The upper contact between the sulfide lense

and uvppaer guartz feldspar porphyry is sharp and may show a
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secalloped surface, 5Sulfide fragments have been found in the
hanging wall in the upper QFP. Also present in the massive
sulfide deposits of the Millenbach mine are mipor magnetite and
rare arsenopyrite, galena, and silver minerals,

Alteration at the Millenbach deposit consists of a hale of
spotted rock, or dalmatianite, around the pipe of stringer cre
and in the irmediate footwall of the massive sulfide lenses.

The altergd rock consgists of small fine qrained aggregates of
chlorite, sericite, or anthophyllite in otherwise relatively
fresh rhyelite. Locally rhyolite has been intensely altered to
chlorite angd 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 absent.

Figure 14 is a geologic cross section through another part
of the Millenbach deposite showing a satellite fumarolie center
on. the.flank.of_the_rhyolite_dome._ Figure.l5.shows_an.additional.
ore zone at the contact between the uﬁPEr OFP and the overlying
Amulet andesite. This sulfide-body represents a continuation
of hot spring activity after the emplacement of the upper (QFFP.

A continuous pipe of alteration extends from the lower massive
zone to this upper body.

The Horne mine was the largest in the Noranda area, producing
over 1.2 million tons of copper and 8.6 million ounces cf geld
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 Z 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 bodies are .
confﬂrmablé to the foliation where developed and plunge down

dip of the enclosing volcanics for several 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 ©f massive and dis-
seminated mineralization stratigraphically above the lower H ore
body (Sinclair, 1%71). 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 100 to 450 feet. This roughly
conformable-mass-consists-of tuffs; rhyolite tuff-breccias,
and rhyolite breccias as complex interfingering units which were
déposited by pyroclastic activity and subseguent collapse off a
topographic high on the seafloor. The sulfides, mostly pyrite,
occur as irregularly distributed conformable lenses within the
volecanic units, Sulfide fragmenég are commonly enclosed in the
tuff breccias. These fragments are chemically and mineralegically
similar to the massive sulfides of the lower H ore body strati=-
graphically below. The more massive sulfide lenses in the No., 5
zone appear to have been formed by post-depositional slumping

and flow of sulfide mud_.accompanied by explesive volcanic



27

activity to produce the fragmentation.

In the vicinity of the Horne mine the volcanic units are
intruded by structurally controlled syenite pcrphy&y dikes,
These intrusions are genetically unrelated to the volcanic units
and appear to be related to igneous activity alcng the major
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 gﬁld in
the Horne deposit mﬁy be related to this intrusive activity,

Kidd Creek Massive Sulfide Deposit, Timmins, Ontario

The Kidd Creek massive sulfide deposits is the only known
major depasit of its type in the Kamiskotia wvolcanic complex
containing the Timmins district (Fig. 5). Figure 16 shows the
location of the deposit within the Abitibi greenstone belt. The
geology of:the:Timmins area is5-shown-in-Figure -17.: The area is
dominated by ultramafic_and mafic. intrusive.and _ extrusive units._
and clastic sedimentary rocks. Felsgic volcanic rocks occur
locally as in the vicinity of the Kidd Creek deposit. The
structure of the area is very complex. Locally the rocks have
been highly deformed and faulted and in places are overturneg.

2 major fracture zone striking slightly north of east passes
through the Timmins area. Most of the gold deposits are assoc-
iated with subsidiary faults and folds associated with this
structﬁre. Some of the ultramafic units contain magmatic
nickel sulfide deposits, however these are generally small and

uneconomical.
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The Kidd Creek depeosit is located 17 miles north ©of the town
of Timmins. The deposit was discovered in the early 13560's and
production began in the late 1960's by open pit mining, In excess
... ~of 100 million tons ofrore were.proved to a depth of approximately
2800 feet. The grade of ore is approximately 8% zinc, 1.8%
copper, 0.5% lead and 5 ounces si}ver per ton. Tin ié locally
ra: «aPYesent in_amounts. as.high.as3%, -This.deposit is.considered-to .-
be the largest zinc-silvar-gcadmium deposit in the world.
The Kidd Creek deposit is located in an isolated patch of
-+ .wfelgic~volocanic-rocks within-an-area dominated by mafic'and =~ -
ultramafie units. . The massive sulfide deposits occur in a pile
of rhyolites, fragmental rhyolites, tuff. breccias, and andesites
- ~~gverturned to the west,- The local strike is north although the -
regiaﬁal structural trend is east-~west conforming to the domal
nature of the volcanic complex. Figurgs 18 and 19 show a
-+=—-geologic-plan and-cross-sectionsrespectively of the mine area:i- °-.
The -massive sulfide bodies are associated with, and conformable
to, local concentrations of fragmental rhyolite and rhyolite
-+ --tuff breccia which may represent a rhyolite dome which has heen
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 '
syngenstic massive sulfide type.
As shown on the ¢ross section in Fiqure 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 rhyclite which
normally lies in the stratigraphic footwall of massive sulfide
deposits occurs in the structural hanging wall. Conversely, the
andesite coccupies the structural footwall. In addition,
chalcopyrite stringer ore occcurs in the hanging wall and massive
sphalerite and sphalerite-pyrite banded ore occur in the

structural footwallT— Intense “alteration occurs—in the hanging
wall rhyoli£e whereas there is little alteration in the footwall
andesita.

The volcanoclastic rocks associated with the deposit consist
of both fragmental volcanic rocks and sulfide breccias. The
deposit averages 25 to 30% pyrite, 15% sphalerite, 5% chalcopyrite,
0.5% galena, 1% pyrrhotite and lesser amgunts of silver, acanthite,
tetrahedrite, tennantite, stromeyerite, sfephanite, pyrargyrite,
pearceite, bornite, and cassiterite. The ores show most of the
textures and structures obhserved in the well preserved
Millenbach deposit, including the banding, stringer zone, and
overall mineral zoning. Also-present are siliceous zones-
resembling quartz veins which cress cut the ore., There {s a
high copper zone near the core of the deposit whic is
characterized by high bornite content and unusual silver
minerals. Both the silicecus zones and bornite zone appear to
represent remobhilized material which cross cut the syngenetic
massive sulfides,

The geclagic relationships suggest the presence of two
separate ore bodies plunging steeply down dip, the nerth and

south ore bodies separated by the middle shear (Fig, 18}). The



-32-

ore bodies have a rough cross section measuring 500 by 1500 feet,
The core bodies converge at depth, and are known to go to a depth
exceeding 4100 feet. It is unclear if the north and south ore
bodies were separated by later movement along the middle shear,
or 1f they represent two saparate depesitional units.

Alteration in the wallrocks consists mostly of silicification,
“chloritization, and sericitization of rhyolite around the stringer
ore pipe. Contacts between sericitized and unaltered rhyolite
can be gquite sharp. The andeéite of the structural foot wall
{stratigraphic hanging wali] is essentually unaltered.

An unusual carbonacecus unit ocecurs in.the mine area which
is conformakle to the enclosing volcaniec rocks. There appears
to be a spatial if not genetic relationshiv between this
carbonaceous unit and the massive sulfide bodies. It consists
af carbonaceous argillite, slate and chert containing disseminated
pyrite, pyérhctite, chalcopyrite, and sphalerite.

Massive Sulfide Deposits at Manitouwadge, Ontario

The Manitouwadge massive sulfide deposits are located in
western Ontario ncrtheast of Marathon on the north shore of
Lake Superior. These deposits are of interes£ bacause 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 accurred by
down-folding_of the syncline into the gneiss during intense
deformation and metamorghism. The wvelcanic rocks have been so

intensely metamorpheosed that it is impossible to determine the
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nature of the protolith. The wallrocks of the massive sulfide
deposits are described as muscovite schist, however other
litholegies present are biotite-amphibole-garnet schist, iron
formation, and metabasalts. The sulfide bodies occur as lenses
conformable 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 ounces silver per ton. The
massive ores consist of 25% pyrite, 20% pyrrﬁatite,1ldt sphalerite,
6% chalcopyrite, and less than 1% galena. The silver appears to
be associated with the chalcopyrite. Gahnite, Znﬁ.}.zﬂ4 is found.
however this phase is considered to be a résult 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.

Svngenetic Massive Sulfide Deppsits-of Paleozoic Age

-~ -.The lead—zinc-copper-pyriﬁe 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. UYltramafic rocks were becomiga less abundant in

the rock record of these later Pﬂﬁﬂds and more felsic volcanic
units and their intrusive equivalents were becoming meore abundant.
There 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 iﬁ Hew Brunswick and Hewfoundland of
eastern Canada.

The Buchans deposit of Newfoundland lies in a belt of Silurian
and Ordovician sedimentary and volcanic rocks intruded by later
Devonian plutons and katholiths of various compesitions. The
local geclogy of this area is shown in Figure 20, BAll rocks have
been rEgiénally metamﬂrﬁhosed to lower greenschist facies and
deformed during the Acadian orogeny. The folding ‘during this
event was locally intense ané-QPEn to isoclinal fdldslwiéhin the
bedded unitse are common. -

The Ordovician rocks consist of wafic pyroclastic units and
some pillow lavas intercalated with marine greywacke, siltstone,
argillite and chert, Felsic veolcanic units occur locally, The
overlying Silurian rocks consist of a thick seguence of shallow
water conglomerate and greywacke overlain by mafic agglomerate,
felsic- pyroclastic-units; and-ignimbrites-which-are-overlain- in-
turn by fluvial red micacecus sandstone. e e

The Buchans group of velcanic rocks lies in the middle of
the Ordovician sequence and appears to represent 4 cycles of
of volcanism with andesite at the base of each cycle and dacite
;é the top. The andesites c;htain local interflow arkuseland
siltstone. The local area of the depesits appears to contain a
local c¢oncentration of felsic volcanic rocks, however the
térrane is isclated from the regicnal stratigraphic setting by
the Devonian intrusions (Fig. 20).

Figure 21_shows_the distributieon of rock units and metal
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toning in cross section. The sulfide bedies acccur as conformable

lenses within the 2acites of cycles 1 and 2 which appear to oceupy
topographic Cepressions in. the footwall andesite. The largest‘
depression is abcut 3 km in diapeter. The distributicn of the
woleanie rocks appears to be rtructurally controlled where a
distinet pile of voleanisc units have developed over the depression.
The overall genlogic anvironment sxggests the depressions
reprosent collapse calderas ovor volcapic vents,

The dacite units wore emplaced rapidly as ash floews, welded
tufls acd agglomerates. PFollowing dacite deposition, siltstone
was deposited in a Subaqueous envirorment along with badded
coarse—grained crystal-rich tuff of dasite compositign, The
masgive sulfide deposits cocur in a stratigraphic horizen akove
the eBiltstones and tuffs and are associated with a distince

The siltstone i ecrossbedded and exhibiteg =oft

sediment dcformation fearures.

braccia zeone.
It wontains diszeminated pyrita,
witen in distingt bads in a crossbed set. Detrital sphalerite
is alss found in the siltstone as individnal grains and in
mineralized volcanic fragmente, The broecias Containing the
sulfide lenses consist of a mixture of sedimentary and voleanic
rock fragments in a fipe detrital matrix. Fragments of massive
u1fide and barite oecur near ere bodiag.

Mapsive sulfide deposits Goepr In horizons at the top, within,
or &t the base of the breccias and appear to be roughly
esntemporanecus with tha tireccias. The breccias are gonpesmtrated
along troughs ard could represent laharic breccias released by

disledging unconsolidated material on the flanks of a dome by

-1g- ) -
explosive activity. The contacts botween macsive sulfide lonses
&nd surrounding units sre genarally sharp 2xcept whero brecgjia
Gccurs as the footwall, in which casn fnntwail contacts are
gradational. Tha ore lenses are overlain by apdesite and dacita
of the next volcanic cycle.

The ore consists of a fipe grained mixture of sphalerite,
galena, and chalccpyfite with small amounts of pyrite and
tarrshedrite. Trace amounts of bornite and covellite oogor
threughout tha ores, angd enarglte, native silver, argentite, and
Tuby silver have been reported alse. The most atundant gangue
ningral is barite whiech may constitute up to 25% of thp ore.
Quartz, caleite, sericite and chlorite are dlsg prescnt.

There are 3 ore tvpes recognized: macsive ore, barite Gra,

and breccia ore. The massive ore is uEsentually structoreless,

but lecally contains conformable bandg and Streaking. Slump
structures gecur where wassive ore grades ineg brecoia ore., The
massive sulfida ores eccupy chaznnels in the fooctwall, Harlte

ore conzsistg of a mixture of fine to coarse grained barite a=d
sulZide mincrals concantrated rawards the top cf the ore bocdies,
Breccls ore consists of fragments of wall rock susponded in
salfide. Fragments of Eulfide in 2 matrix of sulfide also ocpors
locally in the massiva ore.

& stockwork of mineralization oceurz in the footwall af the
massive gulfide lenses, ané in placec grades ypward {nto massive
ore. Thie stringer orc has the same sulfide mineraly as the

makSive ore sxcept for a large proportion of pyrite. This roae

kag an alterarion Kaleo of intense silicification 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%
zine, 7.7% lead, 1.4% copper and 3.7 ounces of silver and 0.046
counces of gold per ton.

Massive Sulfide Deposits of Tertiary Age

HMassive sulfide deposits of the lead-zinc-copper-pyrite type
also occur in-Tertiary-+age rocks {Table-1). The Kuroko deposits ——=~
of Japan represent the best example of this class of deposits,

Much geologic and gecchemical work has been carried out in recent
vears and theresults of these studies have contributed much to

the interpretation of all massive sulfide deposits. The term

" Kuroke is an old Japanese mining term meaning black ore because

of the fine grained nature of the sphalerite-galena mixture which
gonstitutes the ore. The individual deposits are not large in
comparison to their Precambrian eguivalents. The total tonpage

cf cre discoverd in the last 25 years is approximately 890 -
million tons containing Important amounts of zine, lead, copper,
silver, gold, and other minerals. -

Figure 22 shows the varipus tectonic provinces of Japan and
the distribution of mineral deposits associated with volcanic
rocks. The Kuroko deposits occur in the green tuff fegiﬂn of
northern Honshu, a narrow belt characterized by extensive sub-
marine volcanism during Miocene time. The massive sulfide
deposits were formed during a relatively short time period during
Middle Miocene as shown in Tablg:and Figure 23, The deposits
cccur along a relatively narrow time-stratigraphic horizon.

The massive sulfide deposits are spatially associated with
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.elsic pyroclastic unics and rhyolite to Jacite dome itreded

in a shallow submarine enviromment. WVoleanilc explesion breccia
are commen along with beds of toff and t=ff bhrerccias origirnating
by submarine slumping and turbidity currents. The sulfide deposit
show evidence of being caught up in this slumping and brecciation.
tany occurrencas indicated the sulfide material has been traps-
ported into depressions in the se2 Ilgor by density or turbidity
CUrTEN:LS. Howeve;, the sgurce of the gulfides capn be traced to
2 fumareolic center on or near an extrusion dome (Fig. 28).

Cre bodiecs-are tabular and.lensc-like and Iin most cases
conformable to the enclosing voleanic units. The deposits are
cften accompanied %y a stockworks of fissere fillings and
—eplacenant veins which served am the feeder svstem for the
wmagsive sulfidas. The ceposits are commanly wnderlain by altered
rhyelite volcanic vrits whieh have been hydrothermally altered.
This alteration gonsists mastrly of silicificaticon and sericiti-
show a low istensiry

zation. The hanging wvalcanie unilts aleo

alterazion (Fig. 24). The alteraticn of the hanging wall rocks

may ke a result of the rapid sequence of events where fumarslic
artivity continued through the pericd of emplacemant of overlying
upnjits. Locally the massive solfide depasits are overlain by
sleered stbrerine sediments. This relaticnship may heve bean a
resuls of flow oFf metal-bearing brines along the interface
botween splid footwall rocks and overlying water-satoreated
unconsolidated sediments. Figures 25 and 26 show the relationghip
of *the massive suifide deposits with falsic extrusion domes,

The Kurcko deposits exhibit a mineral zoring which is
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similar to, but more complicated than, that observed in their
Below is a summary of this zoning frem

FPrecamairasn oquivalonts.

top to battom;

1. Hanging wall consisting of azn upper volcanic or
sedimentary unit which may or may not be altered;

2. Ferrugincus guart? zone consisting of hematita,
quartz, and some pyrite; -

l. Barite zone usvally consisting of monomineralic
barite;

4. Kuroko zone, or black ore, congisting of fine
grained barite, Sphalorite, galena with minor
copper and silver sulfidex and sulfosaloss

5. Cko fone, or yellew ore, consisting of chalecopyrite
and pyrite:

[ Keike zone, or siliceous ore, which congizsts of
chaleopyrite and pyrito with guartz gangue in &
Grockwirks in silisified rhyolite;

7. Sexikoko zone, con$isting of anhydrite, gypsuom,
and pyrite;

8. Footwall consisting of silicified rhyolite and

pyroclastic rocks Contpining disseninaced or vein
sulfiides.
A wide range of textures apd structures are observed
fiepending @n the minerals boing precipitated and the mode of
precipitation, The ferruginous quartz zopne may ba oguivalent to

iren {ormation which is commonly associated with Arclean masszive

sulfide deprsits. Within the massive and siratified are,

-46H= . R
many sedimentary features ara present, incloding laminations,
bedding, graded bedding and others. all these fearures aze
indicative of the syngenctic origin for the ores. Brecclias are
also common where fragments of sulfidao Tay Gcocur in fine grained
sediment zpd tuffacaons material, or in a sulfide matrix of a
diifferept composition. The HKurckeo and Oko zones are ganesally
massive or banded whereas thé Keike ore ccgurs in a stockworks
in the footwall. The mineralogy and textures ave transitional
betwaen the varicus sulfide zones,

The Kuroko ore is the main base metal zone. It conéists of
sphalerite, galena, barite, chalcopyrite, pyrite, and tetra-
hecrite in order of abundance. Minor amounte of bornite, electrum,
anc rative silver alse oceur. fTetrahedrite and silver ipcrease
towards the top of the zone and chalcopyrite increases towards
the bottom, 5Silver occurs in the native state, and as tetra-
hedrite, argentite, jalpaite, stromeyerlte, and polybasite.

Less common mincrals present ara covellite, idaito, fukuchilita,
and enargite,

The gyosum deposits ustally undorlie the massive sulfida
lenscs and alse occur arcund the margins. The volume of Eulfate
material usvally axceods thet of the sulfides. The gyYpsum is
bedded and is a secondary alteration of anhydritat the primary
nireral gepasitd. Mirakilita, Ha250¢ 10H20. iz al=p foind
with the gyosum. Miner zmounts of sulfide ocecr  in the gfﬁsum,
including pyrite, base metal zulfides, and un:=zual copperl
sulfides, Tigure 27 shows the metal and mineral zoning for the

t¥piral Xuroko deposit.
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Flgure 23 Geclogle Sectlon of No. 1 Ore Body, Ghakanai
District (Xajiwara, 1970}
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Four different episodes of alteration have occurred in the
viginity of the massive sulfide deposits. The first of the two
main apiscdes consists of widsspread regional metamerphism and
is characterized by the conversion of the voleanic reocks to the
aszemblage epidote-chleorite-albite-sericite-guat?. The second
nost gommon alteraticn is that asgociated with mineralization and
shows a zonal distributfon around the deposits. Fr¥m cralterad
te altered roack the zeguence chsorved is:

1. Montmorillonite-zealite zone in the outer areas

away from mincralization in contact with unaltered
rock:

2. SerTicite-chlorite-pyrite zone above the sulfide ore

body: I

3. fericite-chlorite-cuartz zone within the ord body

where sericiteband chlorite predominate;

4. Silicified zone with some sericite and chlorite

in footwall and gerntral part of ore body within
stringer zone.

Some deposits are assogiztod with the margins of basing
whickh nay be interpreted asg caléeras. Regicnal distribuocion 0f
thecse calderas indicate they are controlled by prominent fracture
zones. The extrusion domes appear to be structurally concrolled
as well. However, the small intrusicons are not lasge encugh to
supply all the heat required to drive the mineralizing sSyster.
Temperatiores of formatien of the deposite from fluid inclusigns

. [+ ] "
and =:1fur isotops geothermomessy were 300 ¢ for the BtocRwork

ore and 250°C for tha Xuroko ores. Therafore there had to ba a

- -
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large plutmT boneach the caldera. Tre domes intruded along Habwndome o Lndu Poenl
A . e £ ) ALITY B
Irzciure sysitems which were formed with the devolopment of the Mavta ,,:i"rw’ Fubin :Efn:m.;om

. wAMUA sl +
caliaras. pr Lo iR o
Using stable isstope data from sulfides and fiuid inclusions 9
!
fye and Choote (1975 develowed o model for the origin of the Y

Kurckeo deposics., They esztzbhlished that the water and sulfur were

e T Ak
Rax -::::' d'-"ﬁ"f

'
vesr 9 gm0 o=
A

a pluten at depth, 58t up a cenvection rcell which pulled sea- —
'?f’f;fff] Wiug Groep = akzhe bpaciig

derived from seawater. Heat, either from the intrusions or £rom Loy ToE

i

(Calley and Rice,1573}

water into the mineralizing system. The metals were leached Ifrom T %
. ) i"? 3 Uedr frpup - thysdopan, docile and endes 14 T4, Braceics ond
the volganic rocks And redeposited in fractures and on the sea X mseciated volceaigieatic padimeats
;:}' “ hetpwl GEoug =~ bosC oehdesice oAd £adests Tidws, Waczis, ond
floecr as the sclutiens rose along the ascending lizb of tha rad Haroro Group asieeéed voloniclestic wrdements d oo ondesitet
) FL gure 29 Lo wiion ang grolagic map 23 Varea Lesa, Fifi,
convection system. Anhydrite may hove precivitated directly - .
. Pt T L . oo’
from seawater as the latter was heated. The zolubility of ) . Dy
= . WU E LMD AL
anhydrite decreaszaB a= tenperature increases, The mechanism by .
whirk the =ulfate was reduced to sulfide in unclear. It has PACIFIC OCEAN
beer postulted to be 2 result of interaction with ferrous iren vouTA ATH & .
mrs's wRINIEERE P
in the wolcanie rocks.
Colley and rice {1975) Gescribe a 7uroko-t¥pe deposit on
the island of Fiji. Figures 29 and 30 show the locatlon of the
deposits and the generalired gecleogy of tha northeast sectien ol NATEWA
vanua Levu Island in the vicinity-of the deposita. The deposits ‘BAY -
: : . : : a "
are associated with a segeence of Miocene to Fliocene rhyacacites, - Ex1 .
andezites, and basalts with associated volcaniclastic seliments.
E il A BRECEIAS * E MAIOR WOLCAKIC CEWTER
Figurc 31 shows the geaslo in the wvicinity of the Undu mine. - iAa- ) ’
£ 3 Ows h 7 ¥ ¥ WNIW YCLECANIC CADDF
m . - L MWINOR WOALLANIG CENTER
The cfeposits resuited from fumarolic activity oa the sea floor WAIYY BROTLE far
at the end of the wolcaniec ecisode. The MO8t common primary EZ HATEWL YOLCARIS GRGUF

Grelegie map for the Undu region showizg locatiem of I.I;m&n-:u.'.e ﬂ:p;.:!ri'll.
H 3 i . [ e lgre] Tras and imparlani voicaes ferierk, Inlormdlicd o0 ylcanic eenlers Izer
sulfides are pyrite, chaleopyrite, sphalerlite, and galena, with Trhvale (et e 15710,

Flgure 30 {Colley and Rice, 19753

]
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Beccad mshoguebui (B0 -9 closie)=rary TMln pamick

oy pyrLciayin n gahpiphae Choneal
] Cwd wl
Tt e gnersid {Colley and Rice, 1515':}
- Fi EuTre 32 Craty wectinn of the Uiodu proiouada [n1le r'fiﬁm af Undu mine shéw ih=s 1h

relaticmedsp ol the warimey members @ the Unde Velganic Craug,

lesser emounis ©f enargite, tesgnantiie, borrite, and ldaite. The
deposits are zaned wertically, with copper esulfides concentrated
at the bage and lead and zinc sulfides are concentrated at the top
fire derosition was accoxpanied by silicification and

argillization of tha enclosing wall rocks. Barite and anhydrite
wera alse deposite? with the sulfides. The footwall of the
gulfide ienses consists of breccia, however, well developed
extrusion dcmes are not found., Sulfilc deposition mogurred as
ozen space Zilling in the breccias and syngencrie precipitaticn
on the sea floor, Miner replacement of the volcecanic rocks also
was observed.

Figare 32 ig a cross section of the area in the vicinity of
the Undu mine showing the stratigraphic relationships of the
various waleanie urnits. The association of the deposit with a
volcanic center (s apparent. Figere 33 schenatically shows the
local geological relaticnships of the mine area and the idealized
vepreasentaticn ¢f the fumarelic centear, Flgare 34 shows a
reconstruction of tho environemnt at the time of formation of
the daposits.

Copper-Byrite Syngenctic Massive Scliide peposits

Puring Fhanerszoic time massive Bulfide ceposits ¢onsleting
mostiy of copper sulfides and pyrite began to develcp in
agsociation with mafig wolganic rocks. Tha environment of
formation of thase deposits is postuldted to he ogeanic spreading
centers. The deposits on the igland of Cyprus appear to be of
this type., These deposits are associated with a large wltramafie

complex, the Trosndos eosplex, in the Western part of the islarnd,
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This ignecus compleox covers an ares of approximately 17200 sgquare
miles and is an arca of thin crust, as indiecated by the large

positive gravity anomaly. The tectonic setting is interpreted

ing an oceanic fMchile spugeqgsyacline with the Troodos complex,

as b
reprezenting an ophiclite environment which has been cbducted

onte tha cryst Jue to thrusting to the north. The Trocdos compolex

has a Cretaceous age and contains the oldest rocke on the island.
The Trccdos.cnmplex consists of two parts, a8 plutonic

complex at the center and around the edges consixting of a

differcntiated ultramazic complex Zith dunite, serpentinite,

pvraxenite, gabbro, and granophyre. and an interveaning sheeted

sone conglsting of disbasic racka. The volcanic rocks containing

the sulfide bodiss overlise the vltramafie and mafic recks., The

lower serizs of volcanic rocks consists of 2000 feet of dacitic

and andesitic unics and conterporanecses dikes and s:ils of

similar composition. The upper geries consists of 1000 feer oF

boasaltie oxtrusive and intruslve rocks. The nafic nature of the

volganie units increases upward, and the last stages of

yo.canism are represented by well presorved pillowed flows.
Intercalated with the upper voloanic units, and overlying then.

are thip clasric sediments consisting of manganifercux shales,

chart, tuffs, and =ome pyritic shales. The capmer-rich pyrite

deposits ooour cenformakly within the upper basaltic units. The

higheet grade depesits ogeur at the very top of the sequance
whgre sedimentary units constitute the hanging wall.

#adern mining ip thie zrea began in 1880, wherc at least
The

23 geposits were mined. Many @ther occurrences are kpown.
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total tonnage of ore was abovt 30 million tons, aboust half of

which came Irom one deposit at Mavrovound, The latter averages

3.5 to 4.51 copper and 0.5% zing. One small deposit pf 50,000
tons eentdined 4% copper and B ta 9% zing,

Most of the splfide lenses are tabular ang flat-1ying, and
treguently have broad synclinal forms, The latter deposita ara
thickest in the middle ang follew irregilarities in the under-
lying lava surface, Thay consist of maior Pyrite with lessar
amowents of chalcopyrita, sphalerite ond traces of gzlena.
Marcasite L= presept as a sceondary mizeral, and pyYrrhotite is

Manwv of

absent. the depogits have beach exposcd to weathoring and

secondary copper sulfides arg present. Mipor amounts cof silver

The largest deposit conzains 0.25 to 1.25 gunces

and gold opcar,
eilver and .01 ke 0.025 cunces gold per ron.

The ores are layersd. and colloform banding is common. Largo
ellyptical bodies up to a foot long oecur, wwieh glvez the ore a
conglomeratic appeararnce. BDanding consists of altarnating
layers of pyrite, marcasite, chalcopyrite, ard swall zmpusts of
sphalerite. Fragmental textures alsg ocour whare fragrents of
nyrite are embedded in fine grained friahle sulfides. Contacts
between sulfides 2nd voleanic units are usupally very sharp
except where f£ine stringers accur in and hetween adjacent pillovs,

alteration is absent in hanging wall rocks but is oxtensive
in the ore horizon and footwall rocks. The most comman altera-ion
is chlorivizatien, silicification, and the develosment of some
clays. These deposits are interpretcd as a resylt of subrarine

gza floor fumarelic activity.

—66

Mocern Submarine Fomarelic Systoms

-

ide-depositing hot springs have been discovered recently
on the Fasi Pacific Rise wast of the Las Tres Marias Islands off

the coast of Mexjico (Francleteau, and Gthers, 1379). The area of

acrxve hydrothermal activity coours on a spreading center 90
kilometers rorth of the Rivera and 240 kilometers eouth of the

Tamayo rranz=form faulis at a depth of approxiwmately 2620 meters.

The total width of the apreading zonu ia 1.5 km. The area is

dominated by a se=ries of horst and grabepn structures.
The area sarpled during the 1970 CYRMEX expedition consisted
of lighely sedimented flanks of stesp-sided structural depressions

aobut 20 to. 3D meters deep, 20 to 30 meters wido, ond €00 to

700 meters west Of the axis f the spreading center. This area

contains the youngest velcanic units. Locally open figsures 2

to 3 meters wide werc observed. The mineral deposslts were built

wnn a plllew lawd terrane with only mipor amounts of sediments.
The depositk are aligned along bounfary faolts of the graben

structires. They take the form of irregular columns up to 10 o

kigh and 5 m in diametor. These Btructures are YOIy porous and

consist of an interlocking system oI tubes. AR open vent oocurs

ar the too of the edifices.
Thres t¥pes of mineralization occur away from che large

constructional features: incrustations coating moderately stecp

surfaces; 10 to 20 cm wide conelets built on eodiments; and

travertine-like flows érapping nearly vertical sCarps.  The

~aterial in the large mounts is friakle and porous and easily

fragrented. It shows a variety of rolors from yollow to brown,
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grey and metallic blue, bronze red and white. Native sulfvr 55
locally pocgurs in ecpoatings. The tobes are concentrically 2oned i Srcew Creecat Ewewnn imrrar Traaps

. _ : : Salail i e Ll
where the inner walls are lined with metallic microorystalline | st o o frainaa i e -

[ TR [ il AL — W b | Bt ] T - .

material. The Lrownish material coasists of amgrphous iron
oxide as secondary alteration of sulfides and is found in the
interstices botweon sulfide grains. The sulfides consist of
sphalerive apd pyrite with minor chalecopyricte and marcasite.

Yipor elements found in the sulfldes were cobalt, lead. gilver,

and cadmivm., The age of the deposits is gstimated to he less

l— P - R —

ttan 10,000 to 20,000 years based on the age of the lavas. Tha i i

ANCmEdn agl
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area sanpled appears ta he dormant at the present time as the r
L]
[ ] -y ppfime mpmly el

hottom water wWas not apemalously hot.

i . Plgurs Huteninson, 1
General Models for QOrigin af Volcanogenic Massive Sulfije Denosits & 351 » 1973}

Huitchinsan {1973) summarized the tectonic settings for the Frivmari: veicpmt Doy Perwsmc THugh  Pohemad Bhef
. ho-zam.
formation of the variouws typos of volconogenic massive sulfide ey i ey i — vt —
[ PR S — T p—— . Pk :mm__.‘ e .
. . . ) p ey, sma e, b | F i i Im“w';""""‘
deposits. Figure 3% schematiezlly reprosents the toctonic T : ; o T —

cnviranment for the Archean zinc-copper-pyrite type. It conzists

of an arca of volecanism in a thin crustal environment overlying

a thick poorly differcntiated wpper mantle. Figure 16 summarizes e e s b
. . R L e —
et e s

the tectonic environment for the Protcrozoic lead-rzinc-copper-

pyrite type. In this case the crust is thicker ard more

A it By il |
TR e WANTLE

differnetiscted and the upper mantle is thinner_apd more differentiated. T Lo o, e —— —_— — —
- rrw———a —— -
Figurez 37 and 38 reproduce the tectoenic envirsnirents in which - [ P .
Fu-To GCavkr Beip
the zinc-copper-pyriet and lead-zinc-copper-pyrite reappear is ‘:'_:‘:"“
, ) , , ) . PROTERDIQIC AGE . N et - $irm —
Phangroic tima. This epvironmeit 1s the classical subducticon PhoZn-Cu-py muatp U rrm t—

- WAL meapuCp

zcna where the massive sullide depesits are generated in a sub-

narine island are area.. The main differenca Letween che two Tlzure 3B {futehinzon. 1973}
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DLl A ET - Pate Camrirpamca CONTIMERTAL  PLATE
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Subebrton Tomd types is proximity to the continent and the degree of involvement
Loy g oof yracemy) g 1)
utrd . . .
Faier vuknrduit e cf the latter in the wmelting process, The lead Ceposits are more

DCEAN BASIN Inlgny dry Fribedl RO CERTME YT

Cathritt Mirgd Winim typical of areas cleser to the continent.

// Figuzre 3% sumsadrfzed Lhe esvireonment of formation for the

ace LpAt,

P cerae ! T —— coppur-pyrite tvpe. This is the clageiral spreading center where
CAUNT P o e e CAHL3T

[L SN U T L] ——— oy
by~ pdligapl g

he basaltic volcanisn dominztes in a crustal extension area. Figure
*
’ ; T hS / 40 shows the distribution and age of sulfide deposits in Califernia.
) . T A \'T' " Eutchirnscn {1573} interprets the change in type of sulfide deporit
[ R W T ] \ \\ ﬂe_z B . =
e i ALY \\‘\ - in space and tims a® heing the result of the change in tectonie

environment from Devenlan to Jurassic time (Figs. 37 and 3B,

s, Lk
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- £y Iofan v Syngenetic Massive Sulfide Depesits in Sedimentary ROcks
- T bt o ety i

e gomml gugm of wEpare g,

W srmrdaln tdge of micEaam

Fuit AWM 1 rolcnnign to evgensynclinal sediments of Precambrisn and younger age. The

cmaar e | AP ok gy

g e T ] . - x

e orh g bBest exasple of this type of deposit is the Sullivan mine near

PMANCEOZOE AGE Massive and banded sulfide depoeits ccour as lenses cun!oma'blel

agrly wugeavynellnal
Ia=Cu= py wasmty (regenpratad}

L B

Pigure 37 {Hutchlnson, 19733
. Eimberley, British Columbia (Fig. 41). ©Owver 100 millien tong of

(Egler wugeenpnedinal kogs f)
WWOAT M g o Froeh pliing Boboncag
mbadrrs . s wpir ol oobtaant ore have bean produced” containint £.64% lez@, 5.7% zino, and 68

e ey e wpu e kY | —
peten deale vt renr amas - S grams 5ilver per metric *ton (Cithicr and others, 1976). Threo
LUt R ] Canlant Wraph ecern Lokt NINT
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cthear smaller denosits occur in the area. The deposlt occurs in

Ira

Frecambrian eugecsyntlinal sedirmentis on the caet flank of the
Purcell trepgh. The rocks are eqguivalent to the Belt Series,
azd consist of over 45,000 feet zrgillacecus and arenaceots
sedimonts deposited from 1700 te B59 millicn years ago., The ”
massive sulflde lenses oooir conformably within argillites amd

siltstones of the Aldridce Formaticpn deposited between 1760 and

\ . IITII mlkaw  [eFli .
L BF LT SN i1 % : :
e e g oy 13600 milion years ayc. The deposits occur at a8 herizon whera
- ey dmrhepcbe oy st
. AL LI we  sedimentation changed from shallow to deep marine when the bagin
PHANERDICY: AGE -, EI T U R R LT f
latuF  wwpaprpnghihgd Fa  Peims me o em-arur nlagy R R N r A
Piie Zas Lun gy wasely (regusaranal - 1 e of depositien besan to subsido rapidly. The lower Purcell
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] =y e
] wr—— g T

Figare 38 (Hutehinsen, 1973) 3 o e 3
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DISTRIBUTION OF SOME MASSIVE SULFIDE
BODIES IN VOLCANIC ROCKS
NORTHERN CALIFORNIA
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Figure 43 {(Hutehinsen, 1873}
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i

Benuonce may represcnat 2 deltaic fringe on the craton to the sast.

“he Aldridge Pormation in the vielnity of the deposit contains
draded bedding and other featrres suggesting a turbidite sequenca.
The main ore lense occurs within a single stratigrachic horizeon.
Ore has been recovered through a thickness of 200 to 300 feac,
along striwe for G000 feet, and 4500 fpet down dip. The lenso
thickens and thins aleng miper irregularities in the surrounding
Bedimants. Figure 42 ls & gross section threush the nine area
Ehowing the various geoleogleg relaticnships,

There are igneous rockg in the vicinity:cf the deposit, such
a5 the Sullivan 8ill in Figure 42, hawaver it is generally
accepted that they are not genetically relared to the mineral-
ization. .

An important fcature in the foDLwFll of the ore lense i tha
presence of breccia and conglomerate. The hreccia is interpreted
ag a result of collapse of the aldridge sediments during
depasition on a steep alope. This slope could be related to a
local fault scarp which, in turn, is related to the initiation
of subreidence ¢f the basion, This brecciaz appears to geour
bereath the zone 0f maxinmum thicknese of the massive Bulfides.
The depreseion producad v the collapse is filled with up to 60
meters of conglomerata. The pebbles were derived from lithified
hldricdge sedinernie. Post depositional tectonic actiwvity along
north-sovth zones resulted in the brecciation of conglomerates

1

ard other rocks. Brecciation occurred before, during, ard

afrer mireralization as the ore is 21so faulted. Breceiatiem

agcurred primarily in the western up-dip portien of the deposit.
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Most of tha ore shows layering ranging in thickness from The sulfide lense was deposited on the sea floor at the

legs than & fentimetor up to a half meter. Some vary fine same time as-'the associated argillaceous sedimunts in a rapigdly

continocous laminations are cemmon and may show crinkling. subsiding gegsynclinal basin, The overall thickness of the

Soft sedipent deformaticon foatures are Common. stratigraphic ¢dlumn inditates the sedimentf arve thirkened in

The sulfide ores consist predominantly of pyrrhotite, galena,th“ mine area becauese of the addition of the pulfides.

kphalerite, and pyrite with mwinor chalecpyrite, arzencpyrite,

rmagnetite, caselteritoe, boulangerite, jaresonite, and tetra-

hedrite. A&lterattion consists of tourmalinization in the foor-

wall®g beneath Ehe ore lense asg a funnel-shaped zone in the .
western part of the deposik. This alteration zone extends for )

rmore than 1500 feet below the footwall and may represeéntc a

featdur syatem for the massive sulfides. Albitization and

chlozitization oocur above the central rzono of the ore =cne

st{atigraphically above the Zone of tourcalinization.

Thoe ora deposit ig zoned vertically and concentrically

- - - = -~ - - CRa " - ™ A RS

above the arca of most intense alteration buot slightly down dip.
bk central lron rone consisting of mostly pyrrhotite oocurs
direztly above the arca of tourmalinization and near the footwall
of the ore lense, Pyrite increases towardm the hanging wall.
Cassiterite is associated with the pyrrhotite as in some of the
arsenopyrite. Lead in concentrated in a concentric zone around
the central iran zone. The lead ro zince racio decreases Lowards
the periphery of the deposit and vpward abeve the central zone,
Hassiwe pyrrhotite grades upward inte well handed gelena-
sphalerite ore. Towards the hanging wall sulfide bands may he
interlayered with siligeous argillaregus material. Silwver

appaars te be most clogely associated with galena.
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K,0 + Kas0 - 510, and Ky0-MNs,0-510; variatfen diagrazs for 100
fresh Laramide fereous rocks from Arizopa.  lgnegus rock classiffcations
{Fig. #a) follow the sufte fndex {Rittmanm, 1562} and the alkalt-lime
index {Peacock, 1531}, Analyses of the Chije-Peru andesite-thyslite for-
wations plotied 4n Fig. 2a are from Pichler and Zeil {1568).
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of irferred corposite Andean arc orcgen, and several transverse LHE-irend-
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I2ealized Geolugic Cross Sectlons of the Kalamarzoo=Szn Manuhl
Forphyry Copper Depasit; l1a: predeformation reconsiruction;
1b: post deforzation({lowell apd Guilbers, 1970}

Congentpls Altersatlon-mineralizaticn Zonmes at San Manuel-Kalamaroo
a: atteration zones; b: mineralivatlion zones; &: ceourrence of
suilides (Lowell and Guiibert, 1970}
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TYPICAL WALLRAOCK ALTERATICH BREACTIQHS:

Starting material, fresh guartz ponzenite consisting of:
40k plagioclase, 40% K-feldspar, guartz, hornblende, minor hiotite.

TAHLE 1 Propvlitic zeme: {+1,0, #¥, s, co,; -little}
SUMMARY OF FILLING TEMPERATURES NaCa, (Mg, Fe, AL} ({51,AL) 40, [OH) , — (Mg,Fe,Al) (AL,Si},0,,{0H)
Hornblende Chlorite
CaCD3 Calcite
Fes, Pyrite, or magnetite
Kaximum Hean — e . —— e e e e e ——
) Filling Temp. Filling Temp. Ki¥g.Fe)y[Al5i,0;,100), —_ (g, FE-MI'EEHLE ]4'0”{0?113 Chlorite
Alteraticn Phase (0] {oC) Biorite Pyrite, or magnetite.

2K (Mg, Fa) RIS 0 (OH), + F T hl{Mg Fo) A151,0, ., (OH) o + (mg,Fey 2t

Early Potassic [K-spar, |.; 310
+ + 1

biotiee, chaleopyritel 394 360 2 )
Late Pgtassic {guartr, I Plzai H 1151 +—e Epido:te ¢ ALF gi 0
molybdenite, + K-spar) 144 128 Flagioceclase iCa.Balhl{Al,5i)5:,0, pidote Ca,i e} 45150, (OH)
- Albite ::aalsilﬁﬂ
Propylitic 2686 288 {2} ) Caleite CacO,
Phyllic 334 305 * Al.Si.0,.(0H) + 3KaAls
-~ : " o+ (] Il
| ZNauahl3s:5{:lE + 25i02 + Na o+ 1!20 —.-1‘:.12 35130; 5 a 1303 + H
Late Hydrothermal 220 :
"hrgillic zone {montmerillenite subzonel “H& M, s, Co,: *¢32+. mat, -

Flagioclase — HMOontmorillonite, Alzslgoluiﬂdiz.xnzo (Ca,Xa)

Argillic zone {kaglinite subcone) {+H20, H+: —Cag’,ﬂn.*, Hg2+, Sinz}

Pontmorilionite '—» Kaolini:e, A12512D5{0H34
Chlorico — hiotite

Phyllie zone lgoriclite zonel {+H+. 5, Siﬂz: -C32+; Nﬁ+; qu+}

Everything — Sericite Kalzhlsiaommmz; pyrite; guartz.

+ - -y H T '
JI\:“ISlJDB + 2_1-! —*Knlzn-513ﬂlufﬂlt}z + 2R +'55102

PoLassic =zone

Beconstruction of K-feldrpar, biotite, etc.

At Butte, Montana:

. + +
Advanced Argillic zone {+H.O, H , 5i02i =K}

Saricite —————s Kaolinite (dickicm} 5145i4ﬂlﬁt0HlB

v ix
yrophyllite & 125"401{: ol ,
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SCHEMATIC OF SKARN ALTERATION

COLOMITE ALTERATION
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...? ! ‘-—1
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< -
VE LIMESTONE ALTERATION
N
E - = QUARTZ AND *j_-’ _-_-_;
EARLY R GARNETITE, ~=z— WwEIN GARNCZT, Z=- CHALCOPYRITE “57 LIMESTONE 37 LIMESTONE
ASSEMBLAGE + CHALCOPYRITE ~=r + CHALCOPYRITEC %< YEIKS TE MWARDLE Zo.
‘g T==. 2~ \N MARBLE ——
A —l:"-.j
v T GARKET OCSTRUCTION: X
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A
T
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Fresh granodiorite .
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CALBERAS OF THE SAN JUAN YOLCANIC FIELD, SOUTHWESTERN COLORADSD
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Table 1. Spectropraphic analyses of chemical precipltatea, Steamboat Springa thermal area, Nevada] in ppun except where nutedl.

T, °C  Au Ag Ag Sh lig Tl B Cu Zn Fb
I-50, si]tCEELB mud, Spring 24 95.5 15 150 100 1.5% 100 oo 500 20 50 7
(«J1 0, alnter & aclbnite, Spring 8 95 1.5 1 =0 1.0% in in 1,400 1 0.2 ~--
-241c, wmetaatibnite & opal, erupting 94 60 £00 &00 =0, 2% <HD 2,000 »2,000 »2,000 »2,000 400

Nevada Thermal #4 well
G5-=% driltlcere, depth In £t (m)

11 {1.4) opaline sinter 42 0.3 p 150 jod 2 10 1.000 15 15 n.d,
14 {5.48) " " 52 n.d. 0.3 30 500 00 5 500 k! 5 n.d.
42 (12.8) " " B0 0.2 0.5 Wy 3,000 500 10 211) ig 10 n.d.
84 (25.6) chalcedonlc sinter 122 n.d. <0.2 70 100 | 1.5 20 1.5 H n.d.
113 {34.5) vedn cha)leedany 137 1.5 in 30 S0 n.d. 1.5 15 T 15 n.d.
174 (53.1) " " ~-calcite 153 0.7 20 50 50 n.d. 1.5 15 10 10 n.d,
211 (vl M " " 163 0.3 73 70 an n.d, n.d. 15 ;| 30 n.d,
273 (43.2) " "o " lgH "n.d. 100 50 n n.d. n.d,. 20 1G 7 a.d.
Jan (In5.4) - "‘ -quUArtz 1711 n.d, 15 5 2n n.d. n.d. 10 1 7 ..
363 (110.6) " " —=calcice 1712 n.d. 100 30 o n.d. <1 20 5 10 n.d.
446 (135.8) - "  —guartz- 171 n.d, 0.7 1.5 2t n.d. n.d. 15 2 10 n.d.
calelce '

lsemi-quantitative é-step specLrographlc analyses by Chrla Heropoloua, U.5. Geological Survey, including short wavelength
radlatlen dara; BLl, Se, and Te below deteccion; datn an Be, G, and Sc not Included.
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CUAPTER 21

Ihe_Foarphyry Copper {Holybdorumd Sygtem:

The follow!ng cobamehts arv exccrpts from B paper presentcd by
Poul Efmzn Ln 1910 sumwarizicp fifty years of woridwide porthyry
copgrr discoveries. Eecnomically, perphyry copper dennpaitrn zre
defined a3 large, roughly equi-dimingional deposits that contain
commereinl amounts of coppat and varyiop smounts of melybdenww,
:11uc;, ord gold, and thet cam be mined by open plt or vndergoounc
bulk mining methods. Geclogically, rhe deposite sve closely asse-
cloted with igscour complemes intruding & wide worfety of rock
typos, The apapciated dgneous rocks are generally porphyricic wil
quartz or feldepar phenocrysta fn sn aphanitie groondmaza, They
chow poneentric winernlizatien and alteration patterns that ofcten
guerlep both the intrusive and hoat rocka, and may be sccoxpanied
by breccle pipes or elollar structures. Mosr compon hypopene tia-
eralg are chaleopyrite, bornite, snd melybdenite, although pyrice
in vblqulicus.

Parghyry copper depositg sre found vithin belts of Laranide
and younger tectonfe actlvity and are associated with large fea-
turece such ag the Vestrrn Cordillzra of the Western He=m!gphere, &}
Eringes of the Colorado Flateau, the Iranian orogenic bell, acd
the Paclflc arc, ‘They acve associasted with zeooeg of intrusives
ranging from late Tecllacy te Triassic sge. They are oftan fownd
1n areas of recent wolcamic activity,

Porphyry copper deposits are fouond 1o a wide wvarfoty of host
rocks, Alteration gnd @ilccralization features vary oore fo Tes-
pooar to the chavaccer of wall rocks and the perphyry Lntrusive
Cruncta] depth of the mineralizing prozess ig

then snythlog elee.

4 factor in altecari{on and cinecalization fratures, As we ses
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them teday, each deposit mzy pepreaenkt a Jifisveuk paaltion 2u s
totsl vertical model of ma wmueh 0z seteral alles wventiczl scale.
e follewing L2 a Mot of similarities cxhibited by posphyry
capaet depasita:
1, & deptl of [ormctien relatdvely cleose to ehe pociace.
2. fssakizedon with falsfe to Anteemcdiate sfecklihe fngro-
fives fosrackersized by an epnonitic graspdmsas coatoinicg
cusrtz or feldspaz, of baokh.

4. Volgultous pyrite,

gCc raagling from 1 to 200 miliicn years, with some axcep-

A
ripns,

5. Concentric zoned hzlos of zikevetion and xiecrzllestion
that wary Ic geomeiry and internsity,

" 6. Alteraticn halo epngldervably larsar fhan the cre body,
groding inward from propylitic thoough phylliir.

¥. licerg] zopfing gredinp ioward froo zn oorer pyrite NMais
containisg foores of cther metals to 8 pyrite ehell with
twail aoounts of copper &nd molvbdesum surrounding a los
purite ccre rich in ctpper andfo- zolybdenum,
The follmriog 18 a 115t of differences obeerved emong thepe denee
cits:

1. Prescnce acd cuentity of tcuraaline.

£. WVzriation in prade and ratie of corper, colybdenum, pald,
gad silver end pther metale.

3. Composivisn of the infrusive and chergeter of the Lozl
4, RiEtlo of cete! valpees oocutring as actual disaeminated
svlfide greins to those as & stockwork or thic veinlets
slong fractures.
5. Degzee znd kRistory of l2aching aad eorich=enc.
. Ietensity of tore! pr locat sltevabloes.
Eilzin concludes that the mast promlslng areas for foture ewpleore-

rioa are zetive o-cgenie bolts where clusters or rooes of minerali-

wic Sz the aptearfal for discovesiag cew deposics {s one of prac-
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tical orientstion having a good foundaticn in zenpine, & libers

aceply af cormon tense, and who knows the costs of wloing, the
geology of knoun deposita, and {5 wliling to use this knowledge
to search for, find, cod evaluate simflac depousity in various
geographic, geologle, #nd climatic eoncisisms. We will new lowk
2% the characteristicn of porphyry copper deposlrs mora ctuazly,

The oceurronte of known porphyry copper depoelta in recent
wrogenlc zonea {8 characterized by the deposits lying in quite
moczew belle, particulatly around the Tecifie. Two arecs diffar
In this respset, swtheedtern Forth Apsrics and easters Turope
(Tran), vhere the deposits occur Lo broad zooes.

he gge of mosr depoalts iz cherzctaz{gtically young, hovever
¢ few date back to the Trlasslc, and some in the Appalechisn
wmountain ba2lt ace even g¢lder. Sooe depozits are &g young a3 1
illion yeara; exnmples ore found In the southwest acifie, In
Worth dwerica, there 15 o pencral docrease 1n age from cha depegir
in Eritlsh Columhia southeasiward through Arironc info northarn
Hexico. The Bethleliew deposit, consisting of ta excess of 100
million tens avezraging 0.6 percent copper, is escocieted ul;h
Triassic volcaalcs. The alnerallz#ticn 1% associated with = quATT
dierice intrusive daced ac 200 miliion years. The Fndako deposi:,
coosinting of {n excrea¢ of 100 clllion toos aversging 0.0% percens
aolybderum, accurs in an Intrusive, of quariz menzoaita to granle,
cozpositdon, in Megozole medimants gnd volesnica, The Intruaiveg
have beon dated at botweoe 139 snd 143 ziliton years., Thip ias
the largeac walybdenue deposit Lo Canada, The Bigbee, Arfzona,
deposit 1€ in ewccpbion to the Laremide ang younger deposice to sl
The Ely,

sputheast. Ir has been dated at 163 miilion yeAYE.

Nevads deporic fn epparently 103 millicn years old. Depenits in

rarl

Eizzhem, Climax,

the easters Rocky Mountale Cordlllera, including
and Questa, are of =1d=f;rtlary age. The younpest dergalts pecur
io rhe scuthuest Pacific oherse the Ok Tedi deposit of Yaw Guinea
iz lesa than 5 millton years o7d, and the Pinguca depeasis o3 Bau-
getzriile 12 1 million years old. The former has the distipcticn
cf Seing oae of the few deposity discoversd by gecchroical meliods,
the lztrer ves discgverad in 1964, conaigts of guartz dicrite acd
grancdierite drtruded fato Tectiary tadrsites, and 1A a comuer-
£21d deposit cx;eeding 500 million teos.

In Harth Azecica, there appears to be a groeral pening from
LSl to east of eopper, to copper-molybdenmuo, to molybdenus In the
FCTERFY depoxits.

Aithough the mopr comaon veck t¥ype {2 porphyry syaceme is
guarkz moanzonite porphyry, depoulbs may be associzted with stocks
ranging in compexition from digrite to granlte, Themps stocks cre
fotroded inte a widg vatlety ef countey roeks, Rowever apmo of the
Lest porzhyry eyotems have developed vhere cerponate rocks ore fo-
valved. Mulriple fnprusfons are vommer, and mineralizscion reg
ke asfuciated with a1l intrusions, aa gt Climaw, or the latest

eyscl, sochoas 4T Bnghsm, Where there i£ a sequence af intrusisnr

it i co—=non to ace g sequence which Bufeests =apnasic diffuro;tim
tiea, such as diorite to gonzonite to GUartz Eonzonite to lacica
and other quartz-rich rocka from pldest Eo Youngzar, The late

phases are often ewpreawed as laote cross-cutting aplitic dikeg,
fnfjusiens =ppear to pe ehnllow, and are ofteén nenaziated with
felrie voleanie pocly cogenetlo sith the intrusives, The voleantcs
are oican zineralized, and here is one place wiace che tranaitice
wetvaer a Lyplcally minerglized stock snd veln typa preclicus metal

tlverelization may be appasent, Where there in 4 lovg histny of
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1zneoas atd volconie activity, the lotrusive woatb cloeely asjo-
ciated with the ere L& of relatively anall volume, uszally o sbock,
sometizes frregular in shape, with 82 sverage size of 4000 by 6CO0
feat tn plen crems-wection, The =ode of eoplacemect i3 depzpided
as passive, lovolving the spparent replacecent, sfoplng, oF adaizl-
latlon of wall voek, tether than [orceful injecclen. liowever, Lo
pertant extoptions do oceur, &5 At Climax. A corren f8AtuTE 43p0-
cisted with the depoalta are beeccla plpes which eay or may not be
minezal{zed, GDracclstien appears to be an important foatuls ARgo-
clated with mineralizaticn and implliea 4 relacively shallow depth,
The oty bodiesa ceonelst of: dizzemicsted anlfidss in lLost

reck; rejer veln systems; replacements ezrociobed with skoarne; sad
rcplacements Ip carbonate ounits, when the latfer are preaent. 123
grade of ote ip choracterigtically low, and very often the stonp-
rice of & porphysy coppey desnslt will depend on supergend #n-
richzent and mincabllicy by larpe volyoe surfecs mechods (in addi-
tign tgp the oarkat, locatlon, aBd e¥tra-tzhility}. The averags
grode of primary minerallization {2 vecally leas then 0.5 percent
capper sndfor 0,015 percent molybdonum, end secondary minezallra-
tion averages ebout 0.3 percent copper, Maolybdeoum doae no; CoT-
mally cxhibir secondaty enrlchment, Cheguicemsta, Chile, probasly
the largeat porphyry copper depoait in the warld, has gone Cicough
A comnlex Gxlidaglon and gupergonc entlebzont hlstory. The everzpe
orade of ore hece Lo abowt 1.2 percent copper. The Breden, Chile,
fanoell overages 1 percent copper IT the primscy ore, ood 2,25
pereent copper in the supergene cre, The La Carldad depeosiz,
Fonpra,Mezien, sversges 0.8 percent copper, pri=arlly a3 avpeigena
are, This depoalt supposcdly contalns 750 nilllioa tens of ore.

Srme of the Arlzena deposits cortaln primary mincralizstion of iow
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as 0.1 percent copper, ond aome mine puperiene oi¢ = low as O.43
to 6.5 percent.  In meee af the depozits mining higher rrade maz-
tezinl, even low grade ore has proved econcmleally rzcoverable
throuzh dcop leaching,  In melybdeoom depdcita, Climsx zveragas
9,22 peccent, Tuesta 0,13 to .18 percent, amnd Henderscd grEALET
shan 0.3 pereent, malybdena.

Ths eversge reserve toonage of North Americen pazphyry copier
depogizs is about 153 millicn cond. Binghazm, Dutte, Chugeicarats,
eqd Climax exceed 500 million tens. The Petaquills, Facsma, dapoa
prealses to be one of tha largast in the world, se do seue of the
velhcively unexplered deposits of The sputhwest Paelfic.

Proite s the most fmpartant aulflde. Chalcopy-ite, molyl=-
denlte, and lesser amounts of bormite ate The p;iuary ore minezals,
Chaleocite, aad g=all amounts of covellite are the cost ioportent
secondzry cioersls, slthough in some deposits the lsatter iz fourd
to be primary¥.

Cne of the most charvacteristic features ol pornlyry depasits
is the hyirothermsl altoratios assocleted with and envelopina
mimeralization. This alieration has recelved aigniiicant atEentio
1a exploration progrems. Tha alteragcion is zoned concentrically
oround the fepoaits, The pechontsms of zoaing are not well undec-
atood, however it moy be relaced Eo gradients in tecperature, 0,
armd chemical poteatisl af dissolved coopenents.

Lewell and Guilberc Lllustrate alterarion zoning walng the
Tolgzsroo-San HManyel deporlt complex as & codel. The following .
dlagres= et the top sumrmarlze the local geology of the depoalt.

The I deposlis actually repressnl oot whickh hes beac cut iz half
by ihe 5an Hanuel fault, & low sogle n?rual faultf. iote the guper-
geae exrich=ent blanket formad previous to tilting ard faulting.

B " -
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The top c.agram restores the deposic co iYs pre-tiliing, pre-
fauitleg, postition, and shows che typical iaverted cep-like diceri-
butpan of elneralization abowt the Inttusive,

Thae lower diagraz shous chs distribution of zlteratica fralewl
cof many porphyry corper deposits, cencentrizzlly zoaed sveund the
ceater of wineralization, The mlteratlion can extend for thousande
of feet cut frem the deposit, and will 2ffece the covntry rocka
#n upl]l as the steck. Contocts Between zones are gradatioral oveyr
a [ew hundred to A frw tene of fret, depending an the size of bthe
depoait end zones., Fropyliitic alteration ia the lewest grade and
1a {ound In the culer zones of ainevolizakion in contact with fras
rock, fefefly Lt fovelyes the alteration of Ferromazncsisn mineral
o chlarite and plagicclase to epidote. FPyrice and calcite =ny
#lua be found in thls zone. The phyllic Zone involves the recon-
etltuticn of pre-eziating rhases to secicite, guarty, and pyeiie.
Thld zone msy be separated from the preoylitic zeae by a thio ar-
gillic zone vhere ¢laye, efrher omontworflionice or kaclirite, ro-
sult froo the slterstion of pre-existiog plagicclase, chlorile,
#tr., The poranslc zone repregects the reccms:itution of all pre-
vicus minerala co potacsivn fzldapsr, biotlze, quartz, od covmenly
enhydrite, 1t ia the highest grade alreratfon observed.

This goning Jiilers slightiy from the clagsical case st Buatte
where the alteration zoofng envelopsd fndividual velna in the
ehallow lede deposlts.  Tno the latter, the arpillic rone wes vy
itpoctant wolumetrically, and was divided fnte zo cuter pontoori-
1lonite zoac and on {nnep kaplindte zone, where the latter rescice/
froa the breakdown of the former. Lo additipn, adjacent to the

wveing at Butte in places an pdvanced argillic zooe wag obaerved

where sericire wan converted bo katlinire and pyrophyllize, Hhuen

Rl
L

repeaking oF hydrecherral alteratiosn cate oust be Fghes ko Sfetin-
goieh berween prade and fanteasicy, the latter describinn the dcgodl
to vhich minerals have beer converted and oot the rlteraticn
winerdl ergechblages. The follswiop table summatlzea the poseible
chemlcal reactions tzklag plaze during altevation, and 1he gaing
and losses I compononts observed, starting with a qnar£: "onssnlr
cemposition,

The subaequent diagren eozpares the alferation rening, the
mineral toaing, and the zooing in occurrecce of mipergls. o lones
barpen core {2 surrovodsd by the are shell vhere ore pulfideas egual

ot exeedd pyelre content. The ¢re shell predes cutward into a
high pyrite, low matal, zooc, which grades ocutward {nta low grode
diaseminated mineralizaticn. The scale will dépend on the cwnrall
mize of the system. Kate that the degree of fracture development
ircreazes outwer!, which is related in part teo confilnlng prgnuurt;
Variations in aitferstion snd miperstizazion will ozear, and there
will be @20scly relared to anlsorropisam in the siructure sndfer
copposltion of the Iinvaded rocks. fcr cysaple, tlongation nl the
zonal pattern may cccur aleng a gromioeat pre-minsralizption feult.
¥haTe carfonats replacements occnr {n the outer veln cons, clters-
tion sorrally :onst:t; of dolesivization, g{liciflicattion, and Ces
eryetallizacion.

Where iimsstones of dolomltes are present inm the {nvaded o
vizonmeat, ogulfids replacement bodfca ace usually present, but in

.

neHt cdsca pre soall with the txccptiugkﬁinghan, 2ichee, and fHponiy
Rirta, In many cases early micing of theze teplacement bodies Las
lead to the recognition of porphyry desosits. Whece replacenent
depowlite are similar to these where the safoslatien with & parpiy-

ritle Intruafve {e chacute, ar whzrc the latter L3 sa3ll relastlve
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to the volume ¢f countty rock mineralized, such as Park Cley, Utszh pyrice: (i) sphalerite, galewa, siiver minerslai {5 palena, silva
or Legdrille, Cillmpn, end others in tiw <ulorede Mineral Belr, gold; (&) aatiecoy, wmercury.
Here again a problem 2rizes whan we choose to be oo restrictive
in cor definiclon af the porphyry syscem.
Cheractetlatically, the carhonate replaceosnt depordita asso-
cieted with porphyry copoer-rolybdenum deposits contaln mostly
lezd-z ¢ or ledd-zinc-s:lver wineralization with subordinate
copper. The post camoo cinerals are sphajerite eod galena with
smaller asmounts of ailver minsrals, chalcopyrite, tetrahedeile, .
gold, pyrite, rhodochrosite, and eopplex sulfcsalts. There may be
a zonfng within Lhe carbonatos outwerd from the sgurce of the Bclu
tiona fowerdas lower tewmpersture mineral assexblages, In a sirafi-
graphic sequencs concizstineg of aliernating limastones and guariz-
rich sediments, replacement 13 highly selectivs towarda the car-
beoete unitu. e ooly minerallzatlon fm the guartz-rich wnite Ea}
b; digserinated pore fil'inpgs and ceatings aleng fractures. This
selectivity In wery well {1Iustrated Ln the Pinghem dimzgler,
The developoent of skarns vhere perphyries intrude carbooarcs
mse be noted. Theae are very cormenly sites of importent copper
mideralization, but Eht laccer 15 vivally paragenetically later
than the skarn minerals. The Tatter are typlesl of a contact metn-
gorphic assemblage of garner, diopeide, epidcte, forwterite, ?Dl-
lastcofce, ceemalite, magnetite, idocrase, tourmaline, fluprize,
and othere, depending an the co=posiclon of the original carbovate,
Scme deposics himve been wined principaily for thele skarns.
“Yheo congfdering the porphyry topper-molybdenuo aystem a3 a
whol: an overall mioecal zoning 1s appatent vhich conpicte of, frex
center outwvard: {1} chaleopyrite, pyrite, bernite, oolybdealte;

(2} pyrits. chalempyrlee, 1nlyb£*“ile: barnite; (3 pyelow, chalze—
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Teere heve bren 2 oumber of sttoorts to plase Koead porphycy
coppee-molrbdinus deposices 11 & general wadel, wiare what e =cd
todey 1= related to the depts of epuslon {o the perjirry system.
4=fp wrs dene on the firct diapran of the -esviper cuepter for
lgrex=1, Tucte, Hlceral Park, Silver Bell, Blachemm, Ssiia Bits, AF
Ao, Toe fallewing is 5 oimller arzeops &y Jwoes oz Flogium,
Chino (feats Thin}, ead Rzy. Eeeavka the Ringhem dietrict L9
quite rgp;u:en:;::ﬁc of porphiyTy eopper depeiis, it Le otk

dejoribing itz geolegy In &2 Mvtle Jozatl.

The Bigghrm Dintrict, Utab:

The srimavy minerslizazion at Binghar osecurd as au inverted
tup superivpoaed over vhat 13 refered to as = granite parphyry
gtock. The oolybdenum covelope if celncidenst, but glightly inside
the eapner envelope. The granite is actually a body which zcpress
#ils a quartt menzonite which hap been aiterad to tha potassic
grade. The grade of the prigavy ore L6 0.7] pereent copper, 0.0
percent zolybdenvm, 0.003 cunced gold and G.08 ounces ilver per
toa. Reserves ote estim-fed &t 1.7 bBIlliem toos, and the depssit
has in exceas of o 50 year ife. Abgut 112,000 tons of oze 2nd
250,000 tone of wamte arc renpved frem the pit eaeh day.  Ewen
though the gold centent of the ore 1§ lcw, Bloghem i# the sccoad
largest gold producer in the United States by wirtus of Lhe l=cye
tanapze mined. Tha ceatral porft of the predeatr plf rums &5 Righ
ar 1 pecotnt copper. Tho sccomdary eorichoect blanket has alzandy

been wined off. It rengad to thicknces froo 200 to B0 faer ang

1.5 vo 2 percent coppet-

Tn the cross-mecticm, the Singhsm Scock 1a the largesz of Rt

meLn =F makl
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3 lnteundwas and fe a0 fgulprenular womzontte intruded iuto Tre-
cachriaz basenent and folded Pennpwlvaciar and Kigalssipplan cope-
bonates and quartzfle, Adjzcent to the Binghan Stock on che zouth.
west lied the Last Cheoce Stock, #leo an cgquigrsaulac gquarfz man-

. zoadte, heweyer the letter i unmineralized. Mlneralization appegs
ks he ssgocisted with a porphyricic "prarice" phage fve-uded inco
the Eioghsn Siock az shown fa the cress-section. In the vieicicy
of the stock the limezEopes ack pg Favo-phle hult! for rentgcemact
minaralization. Some gquortzite i3 alsc mineralized, In afdition,
tontact metoacnatic, ©F skarn, mineralization contales sig;ifitnnt
szzutls of copper, gold, allver, with soall smcuncz of zine and

‘ lead. One such deposit edjocent to the present plt, the Carr Fork
property, has recently Been sunounced znd constets of a skarn zone
up La 300 fret thick anrd several hundred faer long, The copper
centent juaps to I percect, and the gold =rd wilver are 3 tices
their content Lln the —aln pfe srea.

Replagecent deposits {n carbonates have basan wioed az far g
10,008 feet gway {ron the contaet with the parphyrles, and to a4
depth of 2000 feer. Eoth latersl and werzical zemlng coeurs wity

copper and gold prading eviward to zinc, Yead, and #{lver, ;ith

copper increaslog at depth, Stibnite, realgar, orploeat, azd
clendbhar wre found in minor amounts ab tle frinpes.
According teo the perphyry model given fo the lewer cight,
ingham 1{es clesc €2 Che top of the systcm, and therefore hod oot

Lren croged veory deepliy.

Troie Jiss Dlencfer, Wew Wauicn:
The Chiko pit 4= parr of the larger Szeta Rita Diciolcs, lineg

the copper minecaligation {3 ssaociated with eecly Tertiscs prasgs
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brian meesmarphic and ignecum rocke, Replacement deposits f
sd]aceat Faleozole corhonates contadn chaleopyrite with micer
geleas aad sphalerite. The primary aieeralizst on in granedioTite
is tow grade below the supergepng blaoker, which averaged 1 parcent
cepper.  The latter probably came from richer primary ares which
have Leen eroded away, end therefore it {3 supgested thet the leve’
of erosion hera {m deeper than st Moghaz. TFresent mining fs iR

skarc depoalia centalning magngtice as well ax chaleopyrite.

Bay, Avi=ona:

The mineralicatlon at Fay fa orsocissed with Tertlary quartz
wonzenits porphyry, with £o ape of &3 million yeezza, intruded iato
tte Trecazhrian Floal =:zhizk, The lattes haa bren {ntrudsd by
dlsbase dikes. Even though che ponzeaize {~trugive appears =o ke
the ore covrier, enly 2 casll sameunt of ove occurm In Lt ¢lose to
the confset, The remsziciag rorphyry 13 lsrpely bharton containdog
4.1 ta 0,2 pereoent copitr. The gquart: =cmzenlte 13y hove erigics
2lly been richey, as sugzested by the positloz of the superzeans
tlanket in the schizt, but mow has largely besen eroded off. Pra-
ceatly, diobpas La the ﬂﬂzt.impurtant priceary hoat, heowever Ehie
vnft is barren cway frem the Quartz mopzonite, The oyerall die-
tribution of the oineralization supgests it 18 Intimateiy related
9 the ecplazesent of the porphyry. The richest ore occurs In the
azpErzent blanket which tuns w2 high as 10 percent copper in tha
sehist from which the gocatest producticn kas tahen plece.  Con-
aidecing the grade ef ove, 1t 1o supzested that 8 eignilicant
cotvez of riek hes heen lzached and erods? atove. Therefove the
Ley Ceporit 14 placec dezen In Lhe porphysy medel.

Tae fical digsgram pleces pll these deposits fata the gezeral

wocel where rhelr prescnt peolopy represcnts ditferent levels of
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e oo Im additien, Eraden, Chile ho3 beco ingluded at the con
of the syecem, This deposit conplnie of a stockworks of veins in
Tartiary felmie woleantic rocks asgoclabted with felsle dikes and
small plega. Evep theugh no cenmteal porphyritile stpck 18 appareer
the depth of cvroslon may be small, and the presence of suth 2 stoc)
at depth caonot he ruled out.

S41litoe fook the same ppproach in studving the porphysy cop-
per ceposits of the Andean mouncsins of Chile agd Argentina, The
age of the Felsic voleanics and plutons decreades frem the coast,
inland ookil veleanlam is gulte pecent in tho hipgh Aodea. The
kotwn porphyry copper deposlts {n this reglon occur along o rela-
tively narrow rone. The cozalal arcas cootaln b»arrea fobTesives
cf hatholithle dlmensiona.  YThe next belr Leland contains Terfiary
fotruesives of ouch shallower depth of emplaceoent, These are the
tose for the well kocwn porpliyty cepner depogits of Chile. The
nex: belt are the volcesles and the recect strato-volcanoes of the
Figh Andes. In the lstrer there are no intrusfves larger fhin g
frw dikes ond rmall plugs.

Becavne the vocks get older rowords the comet, the depth of
crogiong should be gpreater, 28 reflected In the decp bzzeoent Togk
end olutons which are sxposed slong the cosat, vhevesas the valcan-
aes ef the high Andrs ate quite well proserwed. Io the latiar,
alterazion Le extensive and pyeiee 1z wbiguitous, Sillitoz inEer-
preted this as the guter zoned of alterstlon. From his foveatlipa-
tion of depoalta gosocietcd with perphycitic stocks intraded lnzo
volezaie rocka Fillivee concluded that these wern dafinlcaly shial-
low tntrueivesa, The fpllowlag diagram & the medel Siliteae pro-
poaca For parphyry copper deposite. It includes beth o wvolcante

aad subvelcanie environzent wlith bYreccia pilpes snd rvepleceaent

L5
dzposics In adincent earbonptes, Aloos the left alde are w %
porfhyry ¢opper deposics placed st thefr rugpected lovcle of erens
siah. Xote the apparent deep environment for Chuquicamate, which
iz preserved only becsvze 1t has been dovn-faulted adjacent bo the
Fortuna greacdiorite bathalith, Its lonpg history i reflected 1o
the complex history of oxidatlon, supergene enrlchmept, aod sub-
sequent axi{detlon, Firure & belew i a receonatpection of oné of
the indean oecurrences cemplets with erpded volcana.

This mod+l can zasily be zpplled to porphyry copper depowits
cround the Pacific besin wlere tha azgocistlon of minevalizotion
with volcanism 1s w21l documented, parefcularly in the scurhyesr
Fazifie, An lImportant polnl, however, ia the relatively sm=ll
environgant of porphiyry copper winerslization with essocfataed
etock, ko the everall valecanis eavironment; the farmer renTERERLS
enl¥ @ emall petfico of the latter. Elsewhere, the association of
volceaigm with goch afacralirat{on fs variable. Yourger areas of
tilnzralizacion very commonly show an asseciastion with volecanfam
perticolarly steas sech as the San Juan Meuntalas, yet typleal
PoiEYEY envicunments are not apparenr.  llowewver, this area holds
pozential for finding porphyey systewms, the latter are suspietel
acd somwe intereating proaptcts are betnp explored. In other aress
guzh az Arizens the esszociat{on of porphyries with wvolcanisa 13
lesa certain and care should be wsed fn applylng this model to
ExrZe deponmils,

O a leccl ceale, the paclogy of potphyry coppar-rzolybdenum
cepasits szems to cugferr 8 certion Eecaence of gvents {a the d=-
veloreent of wicerslisaclan:

1} Dapesttion ov emplocement of atl pra-ore episede rocka,

Ipsluding any atruaturzl chenges vhich ooy ccarrel the
. aTpilezement of perphyritic latrusives.
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2) Structurally centrelled velcanism andfor explacement of
plutons,  Rommally, a aerlea of invewsives are recopnlacd
end a differeatietion trend towards more silicic rock
Eyres {3 commen. Hineraltzaclon appraze to ba agsocda-
ted with a late phase, Stopionp and apaimllation appedd
ta be oere dpportant thas {orceful infection, aad the
intrusian of one plutom cas take place Lefore cenplets
crystallizotion of thot preeeding,

3} Crystallization of the ore-refated cinch from the walls
Inkard; cooli{ng {2 oar necessary for eryptalifzation, bus
reobahiy accowpenies crystalliestion ot leagt.

4) Fracturicg and shateering of the solddifled cuier pertioz
of the srock; this zxy be the £tage £t which breecia
pipes develop.

3} Iovasion cf the colfdiffed porciess by alverinz, winerali-
zlng, bydrethermal solutlens. Mineraliration iz by
replacezect 2ol fracrure fIMling, locallized by ths frac-
turce prodused duricg shattering nfrthe tuier ghell.

43 Cooliag, cpiift, zad erosion,

71 When the deposit becomes exposed, oxtdation and suqeromns |

encicheent will cecur.
The fracryrfax appesrs to be an incogral pare of the ore em-
placement bocause of Its emmmen osrutrence Lo tho gtozhks and as

hreeola plpes. The freciuring and brecela plpe develonment woy be

related to the geoeratian of the bydrothermal [luid, *

Veln end replaceoeat deposits arsocicted with porghyrtaiz
Cikes and s5ille are cormen, and are colike scock CCOUTIEGERS. W2
nzy te lecking ot only olnor differences In teram of acels of
folution penevaticn and ochilizacion, Recall the Pessibilicy ERas

<the intvusion sérves only 25 8 heat pource and the wloaraiizlizg

aplutions gre externally derived,

Ipecrla Pl-ps:

Drezctin plycs cppear to be closely apscciated with hydrothe=-
val zinevalizatlon and should Se congidered  in morg datril, They
have a wlde variety of shapes aed sires, tuk maat commonly appear

4% &0 fnverted cone or repeccd plpe, usually circuler er ellypri-

2315

;nl ta plan. They range Erom & fev hundred to & few thouzam -

in dismeter, Breccia plpes wmay OF may nat be altered or mineroli-

zed, HMarely minerallzation is coextensive with the pipe, as at

®cquepala, Petu, and Conanca, Hemdeo. In maay cases the vertical

ranga 1s unknown, Thay commonly cuterep on the surface and ex-

tend downward beyond the depth of minlrg or develapmeat. They

may appens Lo bottoo oot in m stechk, of in cowatoy rodk. Sure

pccer at the Intersectiom of [racture zones. Fragoeats in tha

sines conslnt of wallrock, as dotsd the matrix, The Iragoents are

rogular to roundsd snd range in #fze frco minute grafos o blocks
veighing many tons. A vide rapge of transport distasces and ro-
tarions are cbrerved, ond often the {ragzents can be reasced [ron

ctratlgraphically above their present position.
The pipen commeniy have gmooth, sherp walls. Dometimes the
latter show a tranaitlenal natufe where the degrec of rocatiam,
transpore, and rounding incresses from the wall iaward. Precefs
pipes are often bounded ) & shected zone wheee concentric fvac-

tu-mag decToaEe in dfﬂ‘it}‘ avay from the plpe. Some frﬂgm.er'.tt nre

cc:uletelyrfgrcign to Lhe wallrocks, oo scurce ¢an he identiffed.

Traguents miy or may not be hydrothermally altered. Tn zones of

torenge x{licification the ma~rlx hes a vitretus Appearance CCIems

bifng porcelain. Breccia pipew appear tc bhave develooed cloke to

t=e end of eapmatic activity ag they rzrely contzlo [gasoul matec-
tal. They alac appasr ko be pre-sineralizacion aa they do net
commanly concaln {ragoeated cre.

inete hove been many prigfna proposed for breccla plpes, hows
cver the west pepulmr 13 through ke mechanisa af fluidizaticn,
which fe tha velepue of preascee bullf up by the collection of

Aens: flutd gt the top of the oagma chamber after the beglnoing
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of ;allization of the ghell. Shattering weould be locallized

along pro-exloating cones of weskness, After shattering and Suring
pressore releases the fluid would move apward tepldiy cad seml-
forcefully carrylng waterial, The latter weuld be tuzhled snd

eroded, enhancing tle nature of tha brecoias.  EBecanse this £luld
iz pore 1lke & dtnse-vapor than & lig-td it does not have the

ability to alter &8 pases are pot chezizally reaztive. Alter the
prespure la releaned material will fall back inte the void, thus
the coflapsed natute. This would be related te 4 violent gaa erur
tion of & felslc volesna. Afcer the period of Fluidization more

condensed aolutlons can percolats upward caing the ssoe channela

gnd mincralite the breccipn.,
tt has alsc boec sugpented that the breccias result frem

collasse In the chazber due o the reduceion in woluze of the mags

dyring bolling, preducing a wold.,
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Crigia of Hydrothermal Saluriens:

If we agred that the cloerslisdng selurlont are related ca Lt
erplacenent of theea felsic stockp, then =e ghould cnnzider Che
crigin of these welutions. Thers 44 gosd svidence shat 1o mwany
cames the hydrothernal solutfcag gnd Zalsie melte are cozsretic
vhers the former originated by the bofling of the larzer, This
hoiling can take place at any ELlae 4n the hlatory of difforentio-
tign of tho magme, This boiling dmplies there 18 licited solu-
BIliry betwvean the mlllcate welc and squesus solution. Depending
cn the ccxzpositions and the condirfons, the mox{mun selubflity of
witer i a gilicete wmelc {5 about 19 porcent by welpht., There nte
} loprrtent faztors when considering the behavior of water fn eild
cote oeles: 1) The solubiliey of water fo a silicate zalt ta-
cren¥es a8 [TesAure oo the system Increases; 2) the solupility af
vitar in a telt decremses oa Lemferature {nereatea: 3 liquidap
tecperatuzes (o ellicate systema decrasse as the wvaker content

increoses. 4All 3 of the== factors ere expreesed grephically {n

the following diggraom which showa the wlnimum :tmp;raturﬂ on the
liguidus surface for the “efnary gystem quartt-potassive feldmpa
sdivz feldzpar s¢ & fanction of wyater pressure (In kilobara} cve:
the malt. The sub-vertical comtours with & postcive slope repre-
aent the soiubility of water in the wele., Below the corwe, eryg-
talg ¢f feldspar would be srraent aloog with eilicate celr, danpon-
dirg or the terperatuze.  Above the curve, caly liguis silieczte

vouid be presemi. It 13 epporent frem the *.aprem that {ncreane §
Frvefura resulte In 2o iocreese In waier dirsoleed in the melt gne
& corresponding decreage in the melticg reoperaluces in 5@ torha

systea.  This 12 due to the abllity of wacer, presect %o the uelt
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iroxy! 1eas, L9 roduce the pal tio: wder ¥ the
¥ ' rrlyzerization Lendercy o ._-. rise Lo Lthe eruse reaponding To prefsure pradlfents, fb will s.a

slilea. It 13 apparent fraa the alope of the water conteal Lom-

tours that am bempeérsture fncreasea, the witer cantent decress2d,
However, becouss the egntgues have such 4 ¥terp xlope, the sffect
of tempurafuce on the selubility of warcy fn p silicate welt 132

much lesa than Lho® of pressutre. In suemary, stlicale welts with

high water conient have low gelfing temperaturea, and vhen such ¢

“haze

melt loaes water, fts melring tesperatore will increase.

sane principles apply to melt of Tess felsle compositico. It LN
tlao apparvent f[rom thix diastam chet jusk & liEkle water has a
lacge effect on wilicate melticg Fémpiratured.

The following fsatheroal fimgrezn in Flgure 2.4 showa similer
relagionshiips for the solubility of water in a silicate =eit of
Dapth i3

2ibite compooitlen, agaln az a functlfon of preccure.

given on the right eide for comparizonm, tn the loues left portior
i the d1apren the oeli weuld ba vrgergayturetsad wich respect to
water, and in the upper zIght :a:ura:in; would “e erceeded 20 b
would have both a liquid silicace phase sl a water-tich phase
pregent.  Belou Lhe curve, which is actunlly & Sﬁiling or satuia-
cfon cucwe, coly liguild =fltcate will b* precent, The curves la-
bellad PEH}D arc cquilibrigm pevEial pzedsure of water curves,
and whes thim equals toial pressuve, o E€parate aqueous Thass will
appcar. Ve can uye this dizgren to help explatn how bydzathe omal
snterions form aot how porphyritlc fantruzives develop.
deccastrate thar 1o orier for a exlt to riza fro= depth to shallow
portieny of the erasc, 1t m=3t stalt cut exEI#nely vaderzaeuwrated
with refpeel to walos.

In on ideal situzfion at constant tempurature and whera na

weter 13 grined or lost Sy the rilicata melt, when 4 GELl brgine

el "

along onx of the Peg., coxtours. Which contcur it follews witl
depend on the initlal water content of the welr, EBecause apoplng
end asgimilation are inportasnt processcs in the emgplecement of our
ococks, msscming a ¢lomed aydtem may oot be vaolid. Mavever, an
lons 4@ the dnitfal vater cootent 1a not mocifizd Eoo drsatically,
and provided the fesperature does not chaage very mich, the apave
relatlonships are wodified ndgligibly, The catural stlicere melt
vill be wvery clofe fo liguldus teppezstures bacause of the esys-
tallization of feldsaar {or férrvomugnesian zilicste) phenceryirs,
Thia afren cccurs skewly evet a parind of time as indiested by the:
lavg® €izg. Thus, we have a tlulng peton consisting of afiizate
mzlt plug guspended crystale 2t A crolatlvsly censtant tesperatota
g=d water contect. The upper porciens of the —-g2a wil conialn
gliahtly more water than the lower porticas. Waeh the depth In
rezched such that intersecrion with the boiling -urve f3 atcaired,
a sapecate aguecus liquid phase uill ampeac, As 2 resale of the
losa of thlg wares, the liguidud tempergiure of the wsit loecesces.
£3 the melt is close to che liguidup Ecdpersture So begln with,
the effec: of the Loss of the woier apd the repultact rise dn
eelrien tegperatuee will ho to capse the melt kg ciystallicze relas
tively rapidly, Therefore, according bo the disprem, the lesn ware
in tha er{ginel celt, the higher it car rise {n che crusc. For
exgmple, appunlop = 2enth of eoplacement of about 3 kile=merers, Che
imftial sater content eza onaly le 1.5 pezcent, Tee ehevs proceals
wiii result in paroayrivic rnnk; as the cacly fo-zed eoyabela will |
bhe guitdnded {o flner geatned n;t:riul.

Thore are a nozver of compliceting fictors when conaidering

thy nutuzal systcm. As tha male stopes ftm way TowsTf fhe suT-
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t Lt may sssipliate water frem the countyy rock, Thia has 2
r{frcrs:
ralee: the watce concent, or saturatlon leyel, of rhe masza. éhz
fctmer «ffect may cause resoeption af the flready formed phenp-
toysle.  The latter effecc may 1oflucnee the leovel to whilch the
srle will zfee. An addigfional factor L6 that Iptracion TRy €=
ttnve (or o time following Lofling., This 1p breeusgs ceyocallicza-
tloo 1a oot an instantaneous procens,
Ceplogical evideoce sogpests crystallization of » hood owver
the gtock takes place previous to =ireralizaticn ard fracturiaog,

The riming of the varfcus eveats 13 vacertaln, For ercmple, 12 fs

peislble that the n2il developed fracturine [a L[ﬂt:ﬂlén{ly vela-
ted, and the tesuliant pressure release causas boiling and co-ys-
tellizatlen. Or the boiliag, itself, cousrs the fracturlas. The
Ylhioparion of these fluidz zay also lead to tha formaticn of rhe
breceda plpes.  The £lulbda may eventus!ly condonee to £oivw miney-
alizing eolutfenn as the holling con toke plgen over a pericd of
tlme, However, the brrecla-formiag £lulde rpd the winereilzing
lglutlonl rnay ot be Telatel e oripta oF Clmfcg As breceia plres
ur# tot mlways ainecallized,

Reguardless of the Tiping, as soen a3 the pguecup phaze focas
there will bo g natitisaleg of metericl from the meit Into tha
M uE phasy; this wi! he pazerial moze seluble in the sccetoas
rired than in the mele, ineluding velatiles, alualis, mctals, chd
%o fortlh. We have little cenclosive ¢ats on Che copeslticon o3
tut Lypleal kydcotheemal galucion. The beat pourcr of data comeg
froo the anaiysis of {Iufd facluafens 17 ore and pangoe micerats,

Pawever, it mugt be underotond thar theee are pinecal depecitiog

velucfona racher than mioeral transpoccing Solutfnma,

lowers the Iigufdus texpeseture of the stilcets sysicomi-.

e

* Tha following is » cummary of ¢ata from the Finghas Diatri
Total dlraolved solids tanged up to 60 welght percen: sodium

chlorids equivalent. Most of the high salinity loclusions ¢oa-

tained daughter minerals, oloerals which formed pffer incluslon

¢leaure acd copling began. The post common daughtet ainerals

chaerved were, in order of sbundance, halite, sylvite, anhyd-ite,
and hemztite., Sewveral salid pheses were unidentifyibic, and ag
many cz 10 stparate phases were cheserved dn a single daclusion.
Corrected teémperatures af formation ciicined from hemogenization
experleenty ars: for quattz from the center of the Binghasn S:zock,
040" to T23°C; mest guartz from veing 1un the ceotzal zome, 4{°C;
and sphalerlte frem perlpheral lead-rine depositx, 232" te 330°C.

Scme inclusigne #how evidence thar boiling of the hydrotheormal

solutiony Cock plase. & wvapor rich in COy and having a denslity

betveen 0,1 and 0.3 praws per cubic gentizeter coexfaced with
asline solutiong with a density of 1,3 smfee. Bollieg of the solv
ticns 14 & lew presuwure phenomenon, acd susgests a shallew dapth
or a repid releepe of pressure due to fracturing.  This could be
en additicnal explonatisn of breccis plpe formation wvhers the lowr
denalty vapor preducec the fluld{zztion #nd tae high density walic
soivtion Jead tc subsequeat #lferation aod wineralizacien.

There har bese conciderable digcussion a3 to whether or £at
these hyfeothermal solutfons ave gubcritical or suparcrizfcal ic
accu=a, and therefore Lf they are ghle to boll ar #ll. Tigure §.%
13 che wystep wodlum chloride-warer showfng the commoaition of

1quld and wapor ad & functlem of temperature and sodiom chlarida
coutent. Liculd-vapor curyes 2re conioursd ab worlins Eamneratord

“he nesr Impgroeat feature of this dlagram {s the curvea showing

the thange in eritical te=peratwre and prescure with DaCl contert.
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the curve is quite pteep, In bost hydrothermel systems the
omount of divsolved wacerial Ig 10 percent o7 greater. At this

compotilion the critical temperature im 550°C, Ewven the high
teaperature Inclusions obgezved af Bingham have dizsolved salt
contentd of S0 to 60 percent, vhere the criticel tepperabure {0

iedeteraineat from this diagram. Therefore, ic can be cinsluded

that mout hydrotherool cystems are suberitleal ard do ipdeed have
the potentlal to boll, The liguld-vwapor curves of the disgran
make it pocgible to detrrmiine the comditions under Miieh wpricua

eclulicna will bail,in tcems of temperatore, poomsure, and tgeal

dissolved salts {#ediun chloride agquivalent),

46

CAAFTER 23

Gatte Distoict, Montana:

Tae Putie, Mostsra, District ie one of the lerqest Copper
Tolusers dn the world, :ond bas preduced slgnificsn: gwounts of
sther watals =s well., The following sumsmasicas productlon frem
452,215,623 teoas of cre durieg the period 1ET0 to L9732

Cianer: iB,302,077,87% pounds

Zine: 4,909,202,540 "

zoganeaco:

3,762,727,741 ¢

Lead: 854,797 465
Cadatus: 4,206,156 "
S{szuih: 4,042,663
Zeienium: 316,555 '
Tollariom 257,236 "
Sttlver: 0%7.515,15¢ ocunzes
Gold: 2,757,710 ™

Taz ore rectvercd in the past oceorz poimaciie ir velna ead yveln-
itz ic Botre guactz moazonite, & phaze of the larrer Boulider
[aekollth. Tas cineralizetion is dated st I =illion yeats yousper
then Lhe guartz monzonite, which ic about 63 xillica yerrs old.
Yara recenliy dee; minlog ond dovelosmezt kas rev=eled a razher
typical copre--melybdanus poorhyry aystec wvadarlying the ag called
=il gtane veicra, In the challow vein sretez the alreratfos zoa-
{rz 2 wviin ceakzeiled.  Tae wider tis velfa, *he wider the altepa-
255 =n7aloene, watil 4o sveas of high wels deasisy, 2l lcterve-

Tilng cieeyved [rea lew grade eo hi-h
rroryLiizic te arsdllic, montearlilesite zzoe, Lo argil-

e, wscliedlle zozez, o sauiefiic to gfvinced zrgliiic,

In ne deenoo zonzy, sltirstion s pervasive ond cootrslle



247
roned.  Totacoic aliererion smmen,  Ia thest deep zones There
st At leaat 2 sebks of velns waich are saclier thac the maln SCefs
veins and glteratfes. FEarly dark tlcacepus, or EDM, vcing &are Iin
pldeat sad commonly cangtl:t of guarfz, tapnetitle,pyrice, sod ehal-
Enpyrtte orc to ten lnches thick. The:e wveins have dochk polazgivr
feldrpar alteratlon envaleses extending up to 1.5 freet ftem Lhe
veins, The second wet congiste of quarts ond quaciz-nolybdenlre
veins and veinlets withgut obvicus alzeratlon enveleopez. The go-
cucTence Of thege veioe guggett they are part of the =ain pfage
frocture Zysteo fllied garlier by quactz-oolyhdectita, and loter by
main steze mineralfzoticn.

Ahoue 1 nile easr of the Berkeiey pit thete {3 a anlor ool
pouth feule, the Continental fasit, whish sppedra to ﬁ:ve nommal
displocement of about 3007 rect, went side dedm. Epsement along
thiz fault hes ralzed deep oinerslization, the molybdencm miversl!
tstica, snd exooeed It gn the eazt blo-k of the foeilt. Tae earty
gori taleaceous alverstien, found oaly at depth west of tha fawle,
fe exposcd on the surPaze eaak of the fawlt, Thls fa the present
locatlon of & low gosde copper-zalybdenym deposit uhleh 18 belng
developed zad will be mipaed by open nit. The oloseatizacien Iz
aimflar to what La found fm the CZzed levels of the Rarkaley plc,
a7t i [he gesass levela of the vacergeousd zings, ldrceralizitlas
kns been krewn in thls psea ter 2 long tiz- ae fappor has keeno
winedl #¢ widired otre [rem Foall open pltu early in the hletory of

the &isizicr.
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Livars sun Fluse Toales s
W onder of wy avaanl ek

Tz paa] Pabwside sttiom L A00 Tt ik { Iﬂ}1
[t v oot el parcdamimently o T e wil o
[T | |:||::||I.f|;!l.‘ vz, Ther Cawlameomas ey Lo i
preesr o e pwarn: Al 30000 e ek, Daat tlis fmmene s
oot 3 resell of rancful wrascronent. Conghanerate,
rtl sl el prkede samda oo lharachndee dbe Bk
ology. Voleanie e sedlienentary pnehs of eaely Tor-
tigry [ 7} ape aparerale more tha 2003 fect in idck-
ness, Theoe weits 2re pogopniscd Dy the writers {14);
fud the Claflin Baneh {ealicst Jecanglomerale s
cartd sanehilone made op lwedly of ipaeans g,
ments anud conlaining a few prrichidie nterbods; (T
e Sitver Bll—andesite tmrl:‘r.};_-,.- breecia, [:-rlMi[!.ﬂ'ly
ol murtTow orlgio: and {e) the Cur Mocnenin'—pyrn.
clasties, mmpmwl maiul_',.l of aslifows {oral commiugi-
matian, Walign, 1901}, .

Intrusion of alasdite marked the iepmning of Lara-
nida Ereeour netividy, TLwas cranlied ag 2ooclnigaia
tock with it noctheast aide closely eenforming to the
=ajr structaral line for & distance of nearly 4 miles
The alaskite was 2t one tine regurded s oot Llock
A Frecambrian pek (63; however, oleer evidvnee of
ts iatrusive relation with Pabeewede Limesbomg and
Cretkernus(?) arkase has since bren found,

The isfrusive dolivity was ot thls wiige inamipted
2y an Interval of erasion, resulin o paeinl caposieg
i tler alaskite sbtck, fodlowsnd Ly dqlusftiurp il the
“Lflin Barady, Silver Bell, 2nd Cot Mosatain units,
Yipse theee urits are prouped as Tertiarg(¥) vol.
nte Al sedingntory recks on fipnre 2 herein, 2k
were bermmed "dasite: pggbornerate” on Rguze 7 412) by
Ticharel aned Competrizht.] & similar sequenee has been
eongidsed by the writers elwwlione inthe Sl st
11].

The next mnt was Lae nemsion of 2 Licme sock o0
11 of dacite purphyry alowt 3 miles inowidih amd ae
a3t A iales in Jeastl dn wonecdfosn iy i Lion, Brs
i 10a%s s Sulade el .;:..u:"'_{ FHETRTIT (He e | |,'L|5¢ wi
e mincralizml zoee, Altlwereh its spathwetoly side
onsists o rregolar stochy, sille, ol dikes cdending
W the minerideed vome, thew gpaploas af b
avitg porpldryry ne hamited i this ducetion by the
apr seactural line. A nomber of Large pumlaats of
dihd aned Taulied Paloargie sedinwntany mocks neone
Vi sonibeeat velie of e ucile ponphyey, Thas, it
- inferred that the original rajor Taell belween the
abengaic o €3 1taccous{ #) scdive-mary rou ks be-
1 q il o bween lskitg nead Podvoeoic sodis
wnlary eiks arlb then 3 conlect belnecn davite
crmnbyry ol alaskice,

Andiaite perphyry may have bein dntradial lzter
wiaih By 1dgeile prerple ey, Tt relativag ace v clear; it
v b wmply o facies of $he lakler,

FIsaerses, 5h 'Ij.'-'.r“t']ﬁ':

YKo Armpee ol S 08 TR ny. lave bern iddainod lor varioos
0 ANaanLain Blipdde g mo Iy Lhreer o8 2l 5], Acs
rdangd Lk Flelaaes (31, To ity diom bt iy ¥OED mby.

CRHUHTHIGUT

Sobwa el pmerallel fanlnngs abine Al majoy sl
bl Buwe slicaod i valozmie wnd Crelacews £2] ro.
iste fwact wd gralwn steacdoces. 1lese fanls ane
:'l’.'l]l.1|L!l|l|:.-' r'll,'u.f',trlll s |_:.'. r\.l:'lu]ill:_-l seeaal
THLE: I.ln'j'nlui the o Ty l'-:nl:.th]y eaty bl
Harvmgly flac et bt gend of the dielid, Lot there is
Brle diredd evideaoe The Forawition of these {alts
indicabes af 1l fiee o sbl] esisicat deep sezlee] sope
of weakness along the mapor siectural line.

Sorarmits sinckd amlb conlempeammont dikes wors
than ernplaced atung sac near this line, edbliterating
parts of the Tanles oaseriband Ga e Doregoing para-
gephe The steeks are clomgate paeallel ta the madcr
siractaral Do bat ik oklex tread acion 8, (2¢ the
mesd padl, wule wn average east-eonbeast stribe, The
dikes mre clemenls of zn eabeindve svann having a
general portheasterly wend anil eccarring thirong | wut
tha Salver Bell Memntains

Systerns of climg-spaced peralfo? hactores ey de-
velogenl These syalems cre distrifuted wlaens b pra-
Jor structural line and gencrolly stoike aceoss i,

Aleration saxd allide mmineralication ook place
ek, 1w :]Cpnaifiun of subliies, izl u1.1r|}' 'L']“ﬂwrl}"'
rile, was cooblled in Jedw] by the erost-tronding
frzeiurcy. Althouph these are distrilatted along the
wiajor structural live 3 o narow laml, o i nurable
tat thismghout much of its feerrrthy iege are now pa
Fireede st tiares g pecoesl Cor tho tremb of this aome,

Foptewa|Bde dikes of andeste and riyelibe reqresert
the Jast indrmsive actovily in e imowtiale disnie.
Curinnsly, most of ese andesine T wee parallel 1o
the mapor strugture, slthongh i would seem thoy e
crogsberaking fraclunes reprovmted available lines of
wiaknea. This serecs 1o emplasize the msjor sipue-
tes] line ay being o profennd Jeesesealed zone of
weiknen persisting thrasgh a lang netbad of tine

Lniifl and erogioa of 1he repicn capowed tie lean
primmuty sninerclization to processes of laaching and
vririchant, n:'ﬁu]ling in the ateumulatlan in the 4lis-
Lot un g Al daneet of ciwleocite, Two CRET-puk are
Icddien onvur in ihis blanlel,

Remtanls of Mows of oodesite and Tasalt ooenre |a
theg; Make soncoundizs e Silver JSell vanze, noap bease
ane localdy te the cast tlhese Bews are nealy far ans
overic oaglomerate, which dips abant 23* 254 can.
Laires [l lees amd Dagments eroded from eesptotely
leachiod v 1pping of Hhe mizeralieed zone. Dumen o sl
(3) hawe hotormined anoage of 59 oy foe these
fews, Thi% ic pacticulardy Hicresting boganse it jadi-
cates lad, peice 0o chat date dhers caisled anoessdeon.
pand prilling fermalivn of Jeched ennpiog andt,
prswmahly, 3 chaloocine zone.

SIEUCTURMAL CONTIGL OF 1IYrHOLENE
MEAERALIZATION

As i the majorily of parphyry corpar depesils, the
I1ri|'|{'|'f1:'|| |H'Elu'.'|r:,- salfide odoepals af Sihvor Belb aeg

Strecture and Mincralization at Milver Mell, Arzona

vite el 4 Ladengyridre ,".]llmulr:h vunpiege s

Apedc pradns, Ham arre ot ﬂiallllhli!—ﬂumn!un-
i) Doy szt i gyads e 4 veinlots wr ssons thiat e
vally ncar s bt do attitede o persistesty pacad-
Tl Warying i thisLicsy Frum pager thin o sevaral
imcd et and b spaning From igtes o waeral le 4, tlwse
o a1k shtds oorer ax g of worhag et in
b i menthwest-tremliag rooe ef Bydngleamal
alteraeinn. § Due to tho smadl wale, any single line in
the pattern of “Mixralizad Fisura®™ on lgaee 1 dia-
granmatically sepuesenls o Lirge awnber of poralled
veitde Iy, rather lan s dodividoal] T aletaal the
pverae inlividiea! Regre apean as o thin PJuirE-
slfide seam camed Ty & 1ather uniloomn band f
serlorte, Ty fasares aze javdomingndly ocicetel dn Lhe
e lenss cqoadeanl; 2 smaall propenian stnke nocthe
wrat ant a few are Tandam. From a Levad siewgwint
tlpe 2R, MOAE these $ateins oF SIGUnE. RO inlereece-
it wl Pnllsl'riln;:'lu.':'. Wil n LIt c]mn_g-:'s ineirile
aconlr i_';fﬂ-c'llij.]]}r sl reEnl] in CLEEvingE Irends. Ar notezl
carlic £, 1hese pronga of mivweralivod faguees ang Jisand-
atrd gk the mmagm structoral Hine, wnd @ 55 pgpomed
that 1hzy wers fenmed in sepunse e deepocated
nnifenn sieess related o tlnt line

Ar boast 2 few huwdredils of 1 percent copper &
[Ld="151Y] I'II.'.H.T!}' everynlwre I 1he zaoe of Jitre pdnaied
anlfilen, Tetter walies aoewe where theve aae veindels;
and 1w best waloes ocvur wliers the veinlals e dae
spaerit. The two cmparatively fame geonps of these
igperaced shivctures cgingide with 1he pasitrens af
the tww ae hoelics {fr 13 Towever, e peiual
sirvw tural, smineribozical, wd Ltbolagion] disiinctlans
amemy tiose amd ot snaller groopn. 210 mer, and
the furtors 1l controlled the pesinen ard glae of
thowas Lywere b'fll:_ll,lll'i Arer hieat L]t‘,‘lrl}' ("rjl:]l.'lll f A Ll]’pnﬂ sl
wat Faubs £hat lennmates i e Qice area may have
il vl 1ie concentradion af Eazcluring e e =t
L1 Trea e sdiarps B o Mg aligraticn wone wnd de
ETOGY af L l[:-r.hl-hlrfl:i::;: diken Tilowise 1tk i lieside
a chage-trending hne ol weakewss ot lacalisnt
strxun, Nancthobms, Swe impertance of ese atroe-
toral esnedaddone oot elonrly denazsstrated, and o
o] evidene i Dl Lo evslain dhe sloctrad cise
of the meare inbose fractiering, wiiich leealioacd the twn
are luntie= 1 Aledr preserl [whaiticais in ]m"l'.n-c-m\ 10
At Talions whss e ma[ne stpochiral Tng,

Ehbaiale eloe o of alieralige the dasile e l:||}-|}' i
fnely Fractuenad amd piniel o most of it Lirge eyjuncd
atea, In sl conliad o e sofoms ol queallc
finries A0 1 wleralGum wone, these Diactoees e the
tlacize l'u.'llfa_\.l_\' - alimed LLH11‘-|1.I-|_]' of b
wrinlalion: paralbclism ane e and traccaide far
ook a [t fches on vt T|1|']|' NI [’!rn.‘-l'llillt‘r.'f[ in ape
| qor Tomck B 1l ofberidoes @nnae b 1

where they 5
TR |.!_1r aany sl b |_||' .'I..'Ilt\- ol the Wity Jhr-
i\l,”:.-_ U sl v g i 111!}'\&'.1' Zowgt Llus
Fotan4l oy wiE ..'_\..'1'|:|I:i.n|.|'||:\.' well |_‘|n-]n.|r|'|.] Lot T 10iin-
erctives— penTuge Falber dhon e paks ol 1 are-

1]
was prgrer. Thae Loet 2l i mperalised ool
lucully oy b aveanliad o Ll Iry the Bl
ol atptearatic i e, Thal s, I:l'I1T_}' e L AT
Jrieallel frcbines we e canmmaeeted witl g dos [ sk
gz ol bvievadizaLioe, anzl e seervasiee Tereghing w
the duedle perpl ooy didd mot abine gualidy o far e
alicalion, .

Faga pling thue posteelernl ancdesibe Jiles, all i
hevus rovks o tbe narrow nwrtlewest-trending o
shvay ag higore 1 sk bydrothemally alicred. Voria
tiums in dhw intensity or in e coonpletencss ol 1))
pevses Fpve Degm gnlstividled by Roerr {6) dnto fiv
slapes, Dk cenalvsis dbensnstoatid, argtyy o s thing:
that 1he bnown e Lealios e 17 the riore strang!
alere] wess The men oatiined Ty o welters o
Loute i ineledes pll dopieey of aliveslion, T n
differentiatinn iz gade, [t mencly repeisents the szes
viteny nf hlearhedoaonmping foness mebs dhanls
evithme i the feadlwd sutoinps of [re-exising i
seminated snllieles—=prineipally pyrice. Tl transilde
ta reflatively fresh rock is quite tharp s many places
particulaly along the contact wath sedimentary rogh
ardd oo e Blis do e sontlaed prrh RQowever, ﬁh"“i
mast ef 1he sooilnes) |'||.:l:gl'|l ihe wansition is gr:tln
tional, ausd the iml i an arbikeary bipe,

Tretite—vompon | eeentially of roarnet, Miepsiele
aithier limessilivite moaesals, and guacte—ig confingd 1
LTI Iu-l_t :llnug tho sonilinwest wargin of
timestuse prralands, sueed pear the Roemath g
Unioa mineg wheae i has replaced e 101 widih &
M seclimoitmy Black There, pocts of che tactin
contain sullicient disseminates] clalerpyrile 1o 1w
PO RTE I T Imv-;:adu.' are. As i the }.Jim"gn dc[m.a"
€12, thiv sinetlimed tactine ds reganded Ty the writ
ersas laving been Toomed Ty te same processes tha
ulteredd suub mincraliace the intowsive rocky, Thag, it i
a puaalucd &f Lydrpdbermal metasatabinn rarlas 1
contact minrpdiim cassed Ty e dacile parphy oy
anel the mangonite as praposed by Stewar {15,

HUPITICI N ENTICIN T

Tl tww oz dermsils omsict of meledy rlbmlar acou:
pnlatiogn wl chabaccile froom D w289 feet lick
Loz beneatle shwaol 1081 Focd oo DB vapping, ey
wete Tornme] lj}' eeoafod e e Tuld i it el 1l
CupT armbiing b i glwe |‘.-I'|'|r|;|rj' o et on. Tnu'.
val ore is caniomsd ol cdbersd ek oml snlfides i 2
vatien o Al HET Tay weeiphic.

Mind ol the {'.'li'ljliu!_[ wbet T e Lo lign, eviniziines Trms
tletn e ekl af 1 W revmt BT s rn:u‘ih‘ ot b
wniaLiriom tluuhl{.h 4.11.i.1'b:_"t1.\|:| with e lipmwsie, Oucd.
kL |:I:|.'. sodma Tl ]Ii_:‘;‘]l-i'l' b et wlaere Lok
T Dosnn previnilabnd s silieales ] g lonates [y
feaclive i bkl presend dn boss alierint ok,
T ke o Tmsclia s wlmeans adbecralions s rnng T I
g v atmecaetivey, e oppaee it of (e sadfide
wanat (10 Eher Dovas of anidalion } appacony an ol



L2

el Feevw us a0 b wleclitnn] [:I:’JL!}I |'n|-]'_|||.|.|'
ke o, llnlr TuLli i_}' to wn FE A PEabmilim anwe ol
pireal andlide gl vk cogger o ah Bt ol e
recpredaritiey of Ui Jiese ol ailabiar are cmpan] by
L lecerament g puast clacdone ile Sinlls, Dt aiend e
o Tz e oo vardalons fneoreck l'll'nlll.'::l.lilil_',.'. This in
viehened By the slem: siliorpos clevacsy ol o fow
il reromants oeviraagg vl npoin e Teaclual wone
el Ly Loedweed fandenilatisms ol e golfle e along
nany of the lanres,

Tlar prevenl waler talibe ab Sideer Tl is well falow
he chaiencile zone, o canlition that custs i many of
her porplyry cogeper dishiicts €8] Thiv indEeales tit
e Sibvcr Bl cliloncile vone inw it s s envinen-
nent ef axidation, and it shoukb be undergoing lead-
v rather than suricliment, This qoreent elimalic cyelo
ray Lave haoen relstively st said diy wnd may lave
wised omly ininar medfenlions ol the clodeorite
banhet,

Tl base of eaidstion conlerms in geacral slape 1o
:neden Lapoge=phy, althingh local relicl 3 nwng than
00 [oet. Thls onde vondoreance waeld seem (o e
nire o relatively wet clinate with e wites 1alda
eing no omore than s fow tens of feet bolnw e
rowndd suclay o3 the wualern phystiogmphy eve)-

I lie ey ey at Morened, Lindgeen (71 alurmend
it wxiaeroms and leaghhg haed, i osome inatanees,
engtraze] alngee Eacnree afowsen theraiehy thee ¢ Loloogitg
bty uzetenyy ing primary solifdes; L4z alza alec vl thet
rosins of Ciose Crock Crnpun had Teft e roocipal
hiteecite zonue stradil ligh abisee the ezzyoun Lol
e, Diclicatings Hhal Whe chalooeile nemed originally
haut an aneleut water table several leendeed Teet
Leove the nregent water (able Aldoph drotion 2
itver Tell Tew pot pecteated as decply as ut Marorei,
s eheloncab weng cugrently Is a2 sinolar nndmlinee
pvlennmient wf wuidation with ua appaecislle enriche
Wil row taling pluwe, Teduning of e ueoer -
e af clalencite rara= in ledh dianied ta ovmpfnem in
s existios praemd sarfoce appears, them, $9 Jave
el duriagg Toreation ol ke medein poaraply
bt it some Lane ]‘.-l.‘il:;l' W thwe coprpenk l]lj‘ Llimaliv
i b

LEACTIEDY €3I s
In the fwinalion of iy elissegainatind dideocite
ity the muiclment peoatss s pretemed t have

hen phice progrescivoly—coppor b beon 1e-
ealedly dlisulved, careand ahiewpwand, ant Frecipi-

LITERATUER

, Dlinchond, Molusd, 1930, Inderpretation of Teadel
ueterops;  Jeur, Chema Al mal Ming Soe. af 8,
Alrica, yfay.

P Batler, 06 5 ool Wiiban, B L, 19098, CLES0 A Levened
it Aroy Do, SLines Mol 113, o T4

L, Damon, «f ol 195, Cusirlation 2 tl'lh‘lmlng_'p' [5)

KENYON

WA AND JARILS ., COULTHIGHTY

et Be L Buee 11w [] entonl el isdaeel I'}' (1A IATEL | [«
Lanks £31, mnl otlury that vanler Vipws otunliions ..

“hiemailes™ o oL ooy ol Ieabutas an- Jefy Ja=1 1.

biizad 37 1= Teachies] wapping s eviclenr ol Jhe e
|'1.|'.‘.I:I.i:_; clalvociie, The sabwvir Tel] Jislejed l:h!u'.'in;h.'g
L'.'Ei't']'lljl..Tl.‘l“}-' 1|_"|:u;||.| |.':|\u|1'_|]1|1*_1 af this |:1I|.|.'||l'.||.:‘i|.'r.u.anr|nr Teit
linwsiibes. nf ke ite degivalion 2n: mg confngd 16
e wmterips over lae wre bolics. They foe widely
lisge vk heonple e zonn of alterating. Prpes in.
ferjnetation uf wheis siznificoes o oreapeet tooom

pesliilitivs o rested ainly on quactititive rather |,

Ui epualitativt apipwas=al, appieg of e Sihoez Bell
witerigs oo this bivis e pavided aoeplealahe swide in

dennstrated that the patleen al relatively strong
slaleorite ab depth is reBecet in e onlerops by the
dotailection ansd almedance ol dingrastic limonitos,

Tt may Lee of inderest ol this peist 1o moentian the
Angicnl dxcevaliing tiat are numerows (o ke nterops
of the minccaled zoee at Silver Bell. Thers it ovi-
diace: indicaling thae they are several eonturies old.
Sivwr there ane an progion s mulils o visilde coppet in
thesw ets, 8 s plosihile la assene iat the Innmite
and ¢l runerals were oonsisliored valualile, porhana
Igr patlery o warpaint Thus, in e Ristoy of
fealipd-outorop flvestipelions, i Seems that fome
early Arzona Iidian tibe deserves at leagy hemeosalile
el lam,

Freclons worl, owd eckugn led menrs, —The Rrsl
scicotifiz siudy af the dizteict wos poliabed 17 1512 Ly
Steawvart (15, Congideralile felil and labsrcny wark
Yo Dt dann ininare recent peers by several praups
andd dnrlvidasly, including the writers, all reporting
Frivatcly 1o the Amercan Smelting and Rigfining Cao,
Pealasel Dlonefoandt condlected leseled-outonag siedies
inn ke of 4oz mres. Horrisan Schwite, B, AL Kingalaory,
an L. P, Entwistle mapoed slicture and miwraliza-
tien I ke central part of 1l disteier. P F. Ker
st livel e ploration Festicrod and lades :Hll.'-’--llld:h‘t -
comprilaingwe papee (B} on e cletriel, Thenas
Atig hasn moapape] srrostaral feslares ot semmnd-
it apra. The wiiters lane drawn cordderzily on
1hese nml other snpuldihed (ala, portiedarly L1 come
Filatiss aof the penlemic sap The higl quatty amd
el nliwess of ts iaterial s gealefully ackmhedged,
b thrfrlr!unntr_]y it i et Frasilde Ba give spesial
inglin ehc]l enbite, Thocls oare dee e Sowerican
Saw Btigge ame] Relindng Co. Tur permissica 1o publsh
thiy paper,

E CITED

fle dl"]l-'.l"‘;h Ad vodeande pncke: Teiv, Atlponn, Aon.
Pt ens Boepiet no. 5.
A Emmume, W L, 19T, The enricment of cre e
wirg: U4, Copl, Benvey Linll 635,
3. Tnkes, Artlagr, T A revidgsd sendorrls | e e
Tdrabargh Caml, Sac. Trans, v, 17, 00 153=Z10E

h.

o

Kerr, 10 1%, 1961, Alleetion Db g gl Sileer 1],
Ariancy; Gl Soes imeicn Mall | v 42 8 A5T=10),

L

Vimnlgirn, WWokirmar, 1005, The ompyeer dequails ol
e el S bemeng dialilel; 105, Gl Snwvey 1,
Faper 13, w2005,

Taxle, Anpgedng, TR, Ttecrhe] oqbarupsd 31 ],':llh.lﬂ
Lin vopspes oes Fallanore, Wiilime aml Wikive
Mauzer, W, L, Do, T K, G006, T T, 1863, Ape
uf ore ddependtion within U amabseeslesn coqper
nctallupenetie procpes o Ao Ane s Madoeg
AMetall, Medralenm Enm'nms_ Dulk, Tenas, Fl."llrl.l.'l'r]r.
MeClymals, X. E, I95%, Taloesky sratigophy of
the Wodvtian Moomtaing, Pimn Couede, Aldawa:
Aviznng Gl Sae, Schtlom Asivena Fiodelonk BT

. r.'t]'l|u:|~‘|!iu|:| t[ri]llug Tor the Dist 13 years, Wesults have Pl 3dichan, TV, 1957, Diseussin of jrupue, Slruglove

l:'.'i'm'{'.rru e etnel Minerulizolton ot Sifver Geff, Avizena

sk aioeralisalloe o2
Mindnz Setall, e

- Rickhan], By, and Comizls, |15, 1951, Sl

At sl prdnewadi s ions a0 S lwer 1) A imonas Mioin
T, Bepgmdar, sl A It Wlosdg .hlr"‘..'ll
Penalewm Fregtiaeens Urass, % 100, g 100G 002,
1058, Saene pecbogie Teatores of the Mmoo
et Aricons ool Soc, Sontlaoa Anivona Guide
Twmat 11

th, Beane CrotaerssTertiny el dignship
i snuiGerm Aciena and Mew Mesieo: Adizons Geol
Sae. [Dpreat, v, 1L

Swewart, T AL 1513, The gendlozy and ore depuil
af the bileer Bell mining dietrce, Adzena: Am 1as
Mindwr Metall. Tetiuleun Lnpincers Patll, v 6
v 435-503,



Objeebives
5 hasie abdective of the conference is to provide the

apportunity to examine the negascopic physical characteristics
of the hypogene mineralization ang aiteratinn a8 they are
revealed in these two deposits. 4 secondary objective is that
of cerparing broader acpects of geology af the two deposits in
order that these details may be moro fully and naaningfully up-
deretood and appreciated, From consideration of the comparisons
of broacd and derailed geology, & final objective will ba that af
examining manifestations of ninevalogy and olteration and ircars
preting those features at the Burface and in the zone of super-

gena effocts. '

SIERRITAH - ESPERANZE AHD SILVER ZELL COMPARES

foth doponitn reflect thoe reselts of mineralization related
to multiple centers of porphyry intrusion. Nowever, wall rocks
to the intrusions differ in composition in the tws deposits and
the geometry of orp ooccurrence ;nﬂ alterzticn show Sixilar dis-
parity in style, <9hese and olher features are br%eflf digcuss=sd
sl o,

Ceomniry

Sierrita-Esperanza consists of two, closelv adjacent cen-
ters of ninaralization alowt 0.3 km apart. The hydrothermal
activity at each genter has apparently produced averlapping of
- At least some features ©f hydrothermal origin. Silver pall con-
sists of multiple centers of amineralization which, by contrast,
are geparated by a 2istance of over 3.5 km along a northwest-

trending axis.

Fock TEE“5

Both deposits have hypogens popper rincralization centered
en grarlz monzonite porphyries. At Silver. Bell, hosts to the
porphyries which aisn carry copper mineralization, inplude
dacite porphyry, zlaskite, and sedimentary rocks of the Falepzaic
section, Mt Sierrita-Psperanza, host rocks incluode a biotira-
Tlch quartz dicrite and a much older Juramsic body of mafic-rich
quarts monzenite. In the Esperanza orebedy, some mineralization
i% also hosted by voleanic rocks. Each rock type in each setbting
reveals its own characteristie type of minpralization and al-
taration.

hlteration Giyles

Igneous nineralaﬁies of the host rocks 2t Sierrita-Esperanza
are apparently reflested in the alterationmincral assemblages.
Parvasive, =elactiveliy pervasive, and vein-veinlet altaration
mingral asccmbliages sfo those of ignoeous rocks. Potassiom sili-
cake or irnn"magnesiumhsilicaté minerals, together with zeolites,
anhydrite, and ninor carbonate veining present there, ‘are charac-
teri=tic of centrally-restricted parts of "potassically-altered”
parts of other porphyty systoms vhere ignecus rocks of inter—
nedizte or zare felsie conpositions predominate.  Although widely

distributed, quortz-gericite alteration prodoces on veins arn

subsrdinate to ather types of alicration assemblages.

. of relatively magnesium-rich diorite and granodicrite ameng the

host rocks has apparently been responsibla for development within

thit zome of potassic alteration, echleority and epifdnte, the

The preosence



charac-erieticr mineralz of propylicic aﬁsemhlagu:, a5 najor al-
teration prodocts.  Except for parts of the Esperatiza orehuﬂy'
where szlfide content was apparently high,.the metal assen-
blage at Sierrita-Ezperanza if low total sulfide (2-25 volumel
and the cpy-py ratio is relatively high. The body lzcks the
significant quartz-sericlte alleration cverprinting cheerved

at Sllver Bell.

?he diverse mineralogies of hest rocks at Silver Dell havo
given rise to magnesium and eale-silieate altercajon types in
carbonate-bearing rocks of thoe Taleorois, and the variatlon
im this mineraloqgy reflects these variztiens in host rock com-
positien. Tn addition Lo the “typical" potassium Bilicake and
propylitic alteraticn of the gqudrtz monzonite porphyry, coacite
porphyry, and the alaskite, puch of Silver Bell reflecks pro-
found and widespread deovelopmenht of gquartz-sericite alteration
in the igneous rocks. This late stage of alteration, masks
much of the earlier potassic anh oropylitic types. The copper
iz part of a higher {than Sierrita} total sulflde asscnblace -
probably 4-6% wvolume, which resulis chiefly from addition of
pyrite by the result of late stage development of quartz-sericite

alteratricn.

Supergents TIifecks

Lilver Bell is characterized by widespread development wf

. =zecondary sulfide enrichwment egpecially where the quartz manzohito,

dacite porphyry or alaskite, altercd to guartz-soricite, wore

present. Excent for o small but imseortant tennage of serondary

enrichment ore which was mined initially at Esperanza. the
Sicrrita-Baperanza ore Lodles are espocially ncte#nrthy hiee-
cause of the absence of secondary sulfides. Hy2ogene chalcoopy
rite was present in some rock types at Sierritn at the grass
rooss. Although there pmay he many additicnal reasons for thi:
diffayence, the prosence or absence of abendant pyrite and
fracture permezbility is seen as one potentially important
reasan for this difforence.

The dlfferent styles of alteration result in different
matifestations of minerali;atinn at the surface. Silver Bell
hzs been cariched through scveral cycios af gxidaticn and
leaching. The »osult is a capping developed in rqcké origira]
strungly modified by Eypngenu alteratien that, from place to
placze, shows the residual products from destruction of old
chalescite blanketa., Tha result is a comparatively spectacul:
su}face with hues from hematitic goethitic and jaresitic lime:
Where sulfide cor

Jarasite iz exposed oa some higher Laehches,

tents are lower and the roecks have smat been strongly nodified

by hyposene peocesges, capping is less spectocular and at Sies

is char=zcterized more Ly gocthitic or goethitic-Jjarositic oxi-
datipn preducts, strongly localized in and near the veins fre
whkizh they have been derived. Much of the Noprrh Silver Bell

copping reflects low hypenene inheritancc, although better zor

of hematizic limonites will be poisted out.



LEGIONAL GEDLOGY |

The egornomic porphyry copper doposits of southeastorn hvizans

were forrmed during ths Laramide intereval (ca 55-75 v agd), a
notahle single exeception being that Sf Bisbes whieh iz Jura;siq
in age. “That they are now exposed iz apparently the result of
geologic apoidents assocloted with evolution of Basin and Range
landforans which gecurraed during the mid-Tertiary. The reasch or
reasens for such great numbers of depasits in this region remain
ohacure ahd matters for gpeocolation.  Similarly, reasonc for
thair great1f1ourishnent during the Laramide ara alsc unknown,
bt continuing analysis of the cffects of plato interackicn and
ceometries during the Laramide is providing some answers. &
nagassary stop to polution of these problems, howé:ar, will Fava
to inzlnde che development of- furkher uondersianding of thé D
.Larnmide and Laramide geglogic sottingen,

The cldest hagement rocks Enown in this =putheastern pazt
of Arizona are those of the Pinal Schist which is zbout 1709 my
eld. Theose gocks, togother with intrusiens of about 1420 my old
conapose the basenent platform for rocis of younger Precambrisn
and rhoneroroic aqge ond gomprise the hasement troaveorsed by the
porphyries, L pronsunced and potefitially important charactecig-
tie of the Precembrion is a rertheast—trending strueturol groin

whieh, at least lacally as in the Globe Miamz area, can be scon

to be aszociated with alignment of separate centere of intrusions.

Thee wlier Schist—granite basenrcnt was cayered with a celatively
thin column of ruch younger Precambrizn se@inmeatary rocks in

ceatral Arizona, perhoads was more extensive than Is now

WROTATED EXPLANATICH TOR RALCICHAL GROLOGIC MER

{From: Geologic Map of Dimn and Santae Cruz Countles, Arizona:
Ariz. Bar. Minesz; B. D. Wilson, R, T. Koore, and R. T. O'Mzire,.
19645}

Crid Scale Is 6 miles (96 km)

] Quiaternary sediments - basic £ill cover

Ob Quaternary Basalt - At least sone exppsures of this
uniit may be mid-Tertiary in age -
frem reszults of post-mapping
radiemotric age dating.

TL  Tertiary Intrusions - mApped in bthe Silver Bell Mountalns
Loz thnd the Silerrita Mountains. doatly
Laramide ip age. See sepavate oum-
marics [or respockive agos.
Tr T2 Tertiary andcosite — most exposures shown are knows ar

rhvolita inferred to be Voper Cretaceous-
Laramide and pre-gre. In the Roskhruge
Mauntalng, some ages of aboub 100my
have heen measured.

¥s . Lowver Cretaceous - mostly arkoses and gandstones of anele
strata affinity (Tecson Mpanloins) or Angelica
hrkose (Sierrita Hountains)

hws Cretaceous voleanies - moatly mapped in the TMoskruge Mpoen-

and sedimcontiary * tagins and includes Mosozole valcanic
rocks of pussibly ¢ldar age.
Pu raleczoic vndivided - carbonate and clastic sedimentacy
rocks.
Ps  rermian sedimentary Ingludes the Raia valicy Formation
rocks undividrd and the Hago Group
col Carboniferoue ongd Includes the Ercabrosa Limaezstops
Devonian rockg and Martin Yormatiaons
undivided ;
Ct Cambrian Btrata .Ineludes here the pbrigo Limestcona
antdt "elszsa fuarteite.
gr Precambrian On this map, mostly in the Slerrita
gronite Hountains,






recognized,  This godinentary column and Procanbrian disbasoe
which invaded it are present in thee altered rock Sygtems at
Bay, Christmarn, Glohe=Miaml, and some othor deposies of this

area.

iuring the Faleezoic, the southwestcrn half of Arizona
compesed a cratenic sedimentaticnal environment betwaen the
Mesocordilleran ceosyncling Lo the northwest and the Pedregosa
Hasin and its antecedeonts 0 the southcask. Tho Faleozeolic oolumn
thicken= poarceptibly to bobh the northwest and stu*hoast kot in
wast of the sputhoast Arizena peogion, the colurn hag a thickness
of about 5000 feer {1500z) of rocks which are domipantly car-
tonate with mingr interkbeddoed clastic rocks. Thc_:sn rocks ra=
present sediments of shallow chelf environments and incledo eva-
porites and shaligw water limestona. In many depasgits, rocke
of thir part of the cection compose important hosts to porphyry
cooper pineralization. Notoworthy exatples are Morenci, Silver
Gell, Santa Rita, Twin Bettos, ﬁisniun, Fima, Vakol, and Lakg-
shore. Altered and mineralized units of the middle and upper
Paleczoic will ke spen at Silwver Doll.

The ztyla of geclog: which evolved during the Mesorole re-'
wezl the effects of pericdie or contirving geologic unrest if
conbrasted with tho Pateczeoleg, In southeastern Arizona, thore
remalin wvolcanic and volcaﬁiclastic rocks of prebable Triasalc
. and Jurezssic ages.  The thiekpess and fost widesoroad expssures
are seutk of a liae marked by &= old and profound faule that

strikes northwestward th-ouqh the Sierrita Mountajipns. It was

deping this lower part of Lhe Mesoole thal the orcs &t Risboe
evolyed, but no rocks of these ages arc known Lo ﬁave surviuud'
in that area gnd the deposit was coyered by upper Mesozoin
sirata after itz evoluticon and oxidation. Rocks of the lower
Mespzeic are present in and near both the Sierrita-Esperanza
and Silver Bell deposlts.

Puring the lower Messzole, the southern part of Arizona
wag largely emeorgent and strusturally high with respect to tho
Tegion of the Colorade Plateaus province. Voleanic and clastic
detiric was shed northward fram sguthern Arizena during this
time, MNowevar, Ecriﬁq the Cretasecus, subsidence of Bouthn-
esglern Erizonm once 249ain toock placo and Seoways ehRorcached
alcng the same paths taken by the older senwzys of the Faleozoic.
Eoutheasternmont Arizena was covered during the Lower Cretacaous
bY.at loast 12,080 feot (3,500m) of clastic sedimentary rocks in
what wis asuarently the northwesteromost part of the Sencran
Embayﬁcnt. Only thinned paris of probable upperrmost Lower
Cretacesths strata remdin in the region of the porphyry systems
&nd nest interpretations suggest that thick sedimentation of
this age did not cxtend quch Ffurther northwest that about the
visinity of Tucscn. Although scdimentation continned inta the
léwer part of khe Upper Cretacesus, not much remains of theso
stTata =nd if ther ware aé all widegspread, theéy waze stripoed
% erasicn prior o the cventd of tho wppermost Cretaceous,

This evoluticn of the porphyry copper systens of the Lara-

mide was spparently heralcded by widespread volcanism over much



il

of the region. This activity resulted in depositleon of endesi-
tie te rhyelitic, cole-alkaline veleanic rocks and interbedded

clostic an? volecaniclastic sequonces. Somo of these strata re-

main 1in and near the minerallzed conters and the wnits are presant
at both Silver Bell apd in the vicinity of the Sierrita-Espevanza

intrusive centors. In both lecations .they reveal at least weak

effects of the hydrothermal processes, and are generally enequi-

vocally pre-ore in age. Where present, Lhowever, thev appear to

be the moct youthful of pre-ore rocks, and they hoave been croass-

cutt by intrusive progenitérs of the porphyry copper depasits.
The immedlate pra-ore setting for most of the region of

the porphycy copper daposit accurrenga Day thus ba gurciarired

ps follows: A Precambrian basemant of Schist ané granite, with

local thin units of Pre=c—hrisn sedinnﬁtary strata cospese tha

aléest yooks involvod with the poerphyey emplacemaent znd hyd-o-

tﬁﬁrnal precesses.  These rocks vere covered by sore 5000 fest

{1500 m) of largely cpicentinentz) Poleozoic strata. mlthough

thick sections of Hesprzoic strata are known in sontheastern

there ic fairly good evidonce that such thicknosses

hrizona,
{possibly as grezt as 20,000 fest — 6000 m) either 2i1 not
extend into or wore not doposited vpon the region In which the

porohyry copper deposits presently knowm evolved. {There nay

be a few excopticns to this gencralization such as Rosemant-

Hielvetia.} Host of the stocks, for which the recaré remains,
apparently crossest virtrally the entire pre-ere rock column,

lacally as ércat as 10,c00 {fect (3400 m) of Phanprozoic ctrata

the same style persisted into the nearby regions.

and wvolcanic cnits, some of which may be genetically relaved

to the intrusive avent. At Morenci, for cxample, tho intruosisn
crosses a thinned Paleozolic column (750 feet, 250 @) and the
overlving Upper Cretaceous {Pinknrg'fm -"Mancag?] section, n
toptal of about 1500 Zeetk (300 m).

The tectonic style of the Loroside has been deduced for
the southeasisrnmost corner ¢f the state., The style §5 charac-
terized by comprecssion-induced uplift of Lasement blocks, tha
boundaries of which are marksd hy northwest-trending pre-Lara-
mide faults. »~leng thosa lines, Tortheast-directed folding and
sothwezbt-dircctod tﬁrusting took placn. Althoughk the work from
which these deductions have beoen mede was carried gut 1o the
southeast corner of 2rizeni, it is reasonable te seggest that
Both Silver
TGell and Fﬂperanza-sicrritn appear to have evelved neiar the sdges
of such base=cznt blocks.

Following spplacement Df the porphyriecs, uplift, erosion,
and at leamt ssée prifarion &nd enrichmont of the copper systems
ilook plaga. These cvents, which prolably tosk place dwring the
carly Tertiary, cannot yet be rigorously docunented as to tining.
The presenco, howeover, of oxidized fragments of ore in dated mid-
Tertizry doposits lezds indirectly to auch a conclusion. It is
further inferred that somé bage level of oxidution was roache:]
during this early Tertiary time which glewed and steopped the pro-

ress, a1 inferrence bosed vomon the face that there was lrsufficient

erosion to remcve the deposits.



~ .'Théfﬁext geologically and ecﬁﬁomically'impértant event
was that of mid-Tertiary Basin and Range mountain building.
This event, preceded and acéompanied by volcanism, appears
to~have 'resultedtin:placing a prntecéive volcanic_cap on.
top of the deposits, uplifting some and downéropping others.
We view them at present time as accidents of erosion 'and of
motntain building ‘which has exposed them to view.  They are
locally undergoing continued oxidation, leaching and secon-
dary enrichment, and are in the'prncess, left to themselves,

of being further eroded.
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Torpty ry Copper Tepoalin - Defdnltlenn, Chnraglerlsticn, 'rollems, wil Tropreds
[Aextract]

By
Jetn M. Guilbert
Tennelnenl of Censrdoncer

Unkyermnily of Arlzcne

TP datinitions since Parsows (1933} bave renped Selseen encineering {ulk, o
grade] med poolopic cxphacir, Feernl rectopie derinitienos hove ranprd from porely
Acserfytive Lo procese-penerdn catbheis. fa ceee A dincevero] abont PCR°s. Lho
rranfs Hlpers Lo wlden In many nepack = for expeple 1o inclwde the podie 8lkalle
depoglite of Brisish Columbia and the I Proilie. A3 P-T aludles 0f the iope to e
deperited ot this eemforemee eormt up, clossiffcstices puch wr Sutherlant-Zrovn'n
Flutenle-voleand¢=1hall e and Chenex s twtkholithle—cplzenal will e resolred.  Mrean-
Ingful derinitdems 1911 cemphesize e word parphyry ' - the jenlicmtien of porpry-
ritle texture  fr clenarly penslistonl fth povocitien, posaeshdlities, minersl ckabii-
itfea, pod elbteralien reagtions of epleennl environmenta, and parphyritic, falep-
relinte-coxioadcion intrudlve mocks wre $3311 wniveroeliy weaocinted with P,

A worhable I9TY definitien 12 "2 large, lov o medlun prade deroafit prizerily of
CoPPeT £5 chaloppyviie and molrvdesua sa molybdenfte In xlhich pulide and eilicatn
ondng srene alkall, pritcdpally redrpele, ond @drolyiic melanomatdsn, end which
In’ Apallally and Leaporsdly refated ba doternedigie to frlple porphyriile epdwosal
falrucdve rocke".

Flnen 1964 the {Titley-Hicks waltmel 1967 [the Lernes volune}, 1968 {4he Fenrose
Demference  ned Cratoh-5al e voluns? i Lhe petadle mulildentions of Lhe rorly
revehtdis, pregd plrddices 1o fleld and Isboeeloss etudles Love Teoy rode.  Txecllerh
mnd preemeroun depeall deped ljticts kewe eslalblisked the imperlines of ton!ng, for execrple,
ond hive cerved In part e capielin §t and deviatjons Feop'fb. Dut fleld sbpdicg ensr=
cindted vith intensive loberabtory work., the thrusl of 2his Comfereper wnd exc=plirie?
¥ Profress oyer the years at, for eranple, Butte, hald presat progiso In resclvine
euerenl protdlenn .

. T'rodlem  arean now wider most fntenslve study fn fIeld and laboratory [nnd shout
which pore will be 5aid todey) arce:

Youlng., The cecchonleal eud tenperal relatlopshive of allerallopg=sincraldzat ioo
rhaner 1t complex cod de 1eing lnereanlagly pepecivinl ns peuerally ievelvizz popy Bab-—
Jmapreldnnes and phones, vach tulfered Ty owall reek plus fluld chareplorlstles.  Irylils
elirreticn har olweys been recognized as pest-potassic, tut 1td wide reeogiiiloh fn aizn
tasl=propyiitic, and the recogrlitien of Zepoc)ly 1ike Sjerrita and E1 Areo wiih aleazs
rma quartt-serleite=-rvrlte, bave prosyied evolont fay of retrograde "plhivlile evcerpring’
eald -hrlier patasrle—prorylitle centinmuR.  Careful atudy of dis0-fTuwlion ol agee=bliafem
and individyal phascs, and of cryplie zouing (golld walytden varlntion] ufthion them,
Fernitn getlviiy=activity dlagran repropentation abl Eenelitlve maza distribosion model-
1ing.

Fluld rechandeme end spurees. Preent iooctenie studiem, computer-medcolling of coaaing
rlutoue, aod fracture dlstrdbutics rlwdles kAve dermonstraied thet oonomnemalic valore
et Jinve rivewinted Lhrouss L eae TCO volwnes, and the priured of phayeleal zod cheafesl
pradlenta oleng which thoy moved are (o be cotmjdered o o lpe Canferenss ecb]=ct. Thao
ratls of Jovenile=xecteorie corisibutiona at Z{fferent timed and placed vilhin POL ny6t s
it one &f Lhe frontlers.

Feitnl srprecp and dielriiolions, Hoend 3o pnpd wilh rlufd teanspeoprt dynemion Iz the
Froblow of tho ulbtinnte sourer of melale Bzl ngh=8etals, entione and snlena, 40 the faulds
and hanete Lhe dopssit, with smphasis pargins 'row cegentinlly total vall-rock derlsn-ien
te doplnmtilc or totally eapmatile; +vidence for both, s;oin, vill be haered Suarlup the
Confercnee.



Sclutinrn Gecechomistoy, Geothermometrr, and Gegbarametry, This areca, Lhe foenl
point of rluid inpcluticn - rhase eompoditien studics, is FlD"lﬁl"* Ln"Lght abh a whole =~
new level. Fregiqe informallcon on =olubien fyess, satinities, 1hrsicrl state {ua-lL e Q.
w5 ¢ondoysell, amd  temverabteres, esuRled vith ecnterporanetis silicpte-oxlde sulfide

datn, wifords chesicnl-thersol paregenetic inferenne rot hilihierts avnilable.

Structure pnd stroctural ceontrol. The evelution of Tractuvres in TFCD syvsltems is
vital to thelpy upderstending, The quantibabive, qualileative, ond cpaticl distribuSion
of tractuatres, sicroveinletls, welsless, eod weins with tire in P EMD sysiess s eleousnt

of axiernal uELtcﬂlc irTiuence {the 'sirain gouge' cencent), interaal P-T ewvsiution,
atnrd rock vechanies and belhinvior, F1anLi,hu1re stuty of freeturns, alteratlon-niperali-

zotion, and faragenezis is ancsher fulcrum of the Conterence,

Arenl-regional distribution and oceurvence. Uldimabely, Lhe explorationisl
in all of us ueeks to Inow whzt leealizes PLD systens in particular tectonige-gecchenical-
temporal setiinga. Ceontinued =pplication of the fleld and Inwratery azproaciios men-
tioned, and thelr integrotlen with regional lectenles, platc tocteonic concepis, geo-
shrenolepy, od geschemistey, wwill inprove cur insiphs.,

T have easentinlly - theugh nol lnlentienally - cublined Lodoy's progrmsm, ineluding
much that will Le doevelopad in the evening sessions and ni field stops. I psy bave
oullined the next fow year's progress. Tn any ‘event, the roate of progress.appeary to
be neceloratinr In nany subloct aress Lo be considered in this SRG Field Conderence.



The Style and Progresa of Minerallzation and AlteratiFn-in Soma
Porphyry Copper Systems -
5.R.Titley
Austract

The manifestaticons of alteration and_minFralization in many porphyry -
copper systems are the result of complex mecﬂaﬁical and hydrothermal process-
es. FRocks of these deposits indicate that they have been repealedly ecracked
and that the phyeical-chemical conditions of deposition of ore end alteration
minerals have changed during the iife of the process., The result of these
changes in conditions and of contiﬁﬁbus fracturing of rocks has been to pro-
duce.rock volumes. in which complex vein relationships exist, Thisg corplexity
ie characterized by cross-cuttingrveins and veinlets with different and
distinctive mtable alteration assemblages. Thé paragenesis a5 deduced from
.studies of veins indicates that in felsic Igneous host rockas, the progress
is cummonly‘thﬂt of & change from biotite-stable (sometimes epidote-chlorite-
stable) alteration assemblages through feldspar-stable asaegblageu, to quartz-

wo.cEericite-stable«asserhleges..  Yariationa-in-thls:sequence: or-in:the=stable . _. _ ___
asserbleges- mey be present in. different deposits-and-in rocks with differing
conpositions. Nonetheless, ss a resuit, the definiticn of discrete zones .
.characterized by single specific stable rlteration mssembloges 1s not or-
dinarily fossihle unless paregenesls is alsc considered. The type of veln-
let alteration can not ordinarily be used &s a guide to the type of aliera-
~ tion affecting.the.rock as & whole, becnuse:nf the -superposition.of .alteration -~ « -

typea.

Chemdcal and mineralr::gic.al composition of the host rocks exeris a

_ profound control onzaltersticn zinerals produced under changing thermo-

chemical conditions. Similarly, mechanicsl properties of the rock, together
with compositional characteristics, influence the eveolutiocpary style of

~ alteration and mineralization...-Viewed.mesoscopically,. alteration assumes_ .~ ww .
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tlree LyTb ahile, Toree hibhitg, described Turther, consizt of celechkive

o

Iy parvesive mlterztiom, cervaslve alieratiom, end velrn-velnlet altezetlon.

Spleaiively rarvasive plleraticon bns affected specific =inerals ef

rorke wnd & common refult i enhoncemest of rask teture, The alteratieon
tyme 1l coomohly ebcerved peritheral Lo centers of systiezs elihcugh it iw

Miely trat ft6 eflfeets, early in the process, were vhiguliens, The boss

biclita, D‘-:}'Jel‘ mnenifestedions inglude nrgillis cilteretion of faldspar rheno-
crysts, reblaccoent of Telispar by néidatc Birsralp, rod, §in 1l-te hydvoiher-
funl slpges, seleetive covwerslon of bickite Lo enlorite.

Pervarire alterstlion rcsu:"_t,s in de=ztrustion of criglnal Todk tex-
tures. Af concldered here, it Iz pot now ebvicusly vein-related although 1t
toy Rave progressed from elterntien along cleceiy-spnocd ‘l:n!'nﬂl. It occure
e & g¢nde thot irvolves from tecs (o thousonds of gubie meters of Tock.

The procese that produces thla alyeratlcs koA often been deacribed ns
"flooding." Included 1s the corplete alisraticr, of large rock volumes to
r.izl.iea In.nrJ. clunite, = orthoslece oy morc rerely <o biotite, snd, in cera
hcmat-,-' reckz, to cole-gilicates. “fhese elteration Lypes evolve rocks which
are LoSte to org rad .t.}_n:;.f vy thorefore products of carly hyfrothermul pro-
eezeez, Late pervezive elieTabilon lg ec——dmly t=at of Ssvelorment of cuprt--
soricite. TFinully, ewperpgens ¢ffects which heve produced lorge volumes of
acid may cverprint and dosirey movy of the effects of 51l hyposens tyras.

Yoln-Veinlet elteretisn ottends depesition of ores. In =mgnt dsposits
in igneous rocks cnd in many u‘:'ulved £rr=-_-ha_rns, sulflde derezlticon cin In-
Yeriebly be chéwm to be related to fraztures. Thege frectures rangs In size
from larpe chvious Tecturen divm 4o micre-velnlets. A variety of welrs and

velalets, ench with ikglr ovi cherecteriztic alteration selvepe 1z vsuzlly

prescnt #within the ecotrol pords of pershyry copper cynitems., The progrensics,

3.
az revealed from eroas-cuibtling veing relnt emchips, Ls ;"ro:nl't. Skeotenla
elteratlon produsts with salflde, to ertheclecz-statle alteraticn products
with sulfids, to awartf-seriglie-stable mssecblores with gullide, ko, fim.lia',
cley-chicrile-zenlite stable fAzzechlages which may or =y noy be attended by
grlTide derosltion.  Suastz ar qua.rt.z-:'eld:;.ar {either orthoclase or ='hite]
with reascticn greducts may lecelly ba interspersed, but at different tizen
el plmces in different deposits. In the velrns of ealc-silicebe dapizita,
progreaelon pay reflecl Zystemabic chenges ir ratios of iron, asgnesiom, and
caleics Logrther with charges in fydrated to enbydreus =inerals, with cr
withgut sulfides. As in the velns of igoeous rock, kowever, altersmtics
minsralopy i3 etrongly wall rock sentroiied. A geterslized peragenetic

gecuence for alteration typeg in felaie igneoous rochs is chowm belew.

ALTERATION PARAGEMNESIS

. | PRE-QRE | DRE - RELARTETD

SELESTIVE ALTERATIDM | T |

Disditzation —_— e —— e e a

epidete = ehlerite ! —_— _| — — b+ .
PERVASI'E ALTERATION l

band 17 2n | —

K=spar- chierite ) ——
gwariz - saricle pyrite |

VEIN MATFRATHN CF TYPE] 1
fia= g {bo-rep)
U fx | — . e i
eridale

Cre = Melarzd | [
qu Iriz I ' - i -
bac iz -
K= faldspar !
EUDrt = seriste

ieiie - cliy ~chl

LY
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Tl= £o relotionships of elteratlon can only ke generallced, notin,
that many cemolnaticres con ke seun fram deposit to deposit, varjotlons which

ez, in part be the mesult of the level ot which a depasit'is viewed., Tor
examnle, "late argiliic” elieration [sillca-alunite flooding, cley steble)
may Zave evelved at high levelsz in fooe syste—s but 17 s, 1s now ohoent at
the level viewed., Is numerouz ol depesits of the Anericns sewthwest, the
alteration Thenomena Geseribed here can be interpreted 25 heving evolved, py
the Tewel viewsd, In the following way.

The systes 1r the entize volume of rock irvelved 1o the hyd-clierzal
process - the copper deposits occupy & ouch sawller volumo wiihin 4he altered
razs oFf rock. The do;opits ercear 1o opour withia am zoregle o selectilve
Liotitic alteration that delfipes 1the liklt c;f the eyctorm. Llotitgiz aliera-
t1lon oay have cubsequently bern modified by superposltion of much youwnger
Teropylitlc™ slteratica whieh, azarg other chesages, .':elec“b..ivel:f Eiltars ezy_
1y bilstite bo chlerite. This rropgressicn and style Tesalta In the lateTire-
taticn of periphersl proprylitie elteraticn, when, In fact, eprlier and wide.
np'rt:m:l'hin‘t.i te-stoblocelieretion was present. Yeilnlet alteratiecr may "wex and
wane", pomerned by the progracss of svoletlon of Cracture permeshility. Zt is
not uncommon to find et leazt eooe Orthorcleze =+oble nlteration et the peri-

rhery of the voluse nf-i‘rmwred rock end, furtker, not uhcommen to find
volimes af more densely Iraciured mnd guartz-cericlie-slieved roek glosely
restricted Lo the ceater of suoch systems.

It ic becomlng Inerepcirgly ¢lear that oeny aspects ol Alteration
fonisg sre complex end clearly tizsereiated Az well b spece-reloted. o=
rc;ﬁult: af the ztudiees reported here gnd other studlez of thess phehem=na
hLeve, as oo Fajor purpose, ke correc interprotaticn o the ispipsed ooi-
erops of froeciured rosys in the context of tholr relatlcnzhip 4o hiddern

ar wmreroghized porThivry copper sysle=s.

Altertiun stangly Fache-ciohlled _phinbas

Ddﬂﬁ-rn G.H'Em L.

Pervasie o lHrathon "Gy be contnllef 53
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STuUCTURE AND MINERALIZATION

AT SILVER BYLL, ARIZONA

ry KENYON RICHARD o JAMES H. COURTRIGHT

INTROLUCTION

This menzlal was eriginally pablibel {12} in
ereunial 190 Tepleradiog and mining daring sebse.
quent years lave pesvided additianal infermation;
socoedingly, & number of rovisions of teat and fgures
are ircluded herein, Catle toncents, however, remais
csserilally the sime as opriealiy poosoolal,

Waticn {ora] eommunicatinn, 106G2) has I1rc1'r;:rl.:|:[ 2
docteral dissertytim basel po detailed mapping Ia the
Bilver Bell Mouatzing. Maueer et al (5) are maling
patagtiunn-aamon ngs deteiinztions of wmost of e
oreepus roeky ia the decdeige, Thesa Lwo lows of re-
warth shoubdl among othor thines, materially inprove
sponi Alie knowledze of crriain ape relations that arg
aoted only Lriely hercin

Silver 1% 42 37 aiving toiles partlovert of Tucson,
‘rizona. in 4 small ruggod raoge g above the
stenadve alluvial plaing of (his deserl region, 13 geo-
?.Tr'["]‘iﬂ‘ﬂ relalicn oot or |1ml;|h!.rr}r oarT u;]-_-l'mnt'i i:f
he Southwest i3 shawn oo the inset map in the lower
eft corner wf Cgure 1. The cliciate 15 semiand AlM-
udes range frorn 2000 1o 4195 fect,

Opening of the Boat fse, labur khown ag e
Hammotl, in 1607 was the Girst ovent of node in the
isleets Listory, Chidiond copper ares conlaining mi.
or silver lead valivs were dudoed From eeplacenent
[epngils in graaetied linesleoms and Prealed in loead
mellcrs Cupp('r |HM:Iclion had nppnutlh:a‘] 45 il
em patands by 1502 wivn the discminated cupper
oskibilitics i ipreous Tooke were Toeognized, Badern.
Pves Chornsdel] ewp o ratinn was carrio Dt doging? 1w
gt 3 yeies ot pmvalted i the pertial delineation of
wir copper suilude deposily—the Onide and Fl Tim.
;1‘.!’}{11}5'! the thwn submarginad tenar |1|-.!\.I;1.ili.|'ﬂz'll'_‘t1 {1x-
foilatinn of Mwss disscinfoated deposils, seleotive
tining of oze luaclies in e wedinmentary rrcks cantio-
ol intormittently werld 1950, providing 2 nrodoction
edal of alacat 103 scitlion pouncds ol opoe.

The Asnerivan Saclting amd Twlingaye Cao lwrin
splegatory 2] check driflag in 1018 and subee-
scntly made plans for imidne arad milling e Cuide
nd L Teo oce B dies 23 thee rate of 3,500 1006 pos sy

Production began in (354 azd has been tnainlained a¢
& rate ol about IS000 tons of copper ganun

CLNENAL GEOLOGY

Formatinns ranging in age from Precambeiazs to
Toecert o esposcd pedr Silver Rell. The moze cecsian-
resistanl ol these—=Pulevecic lmestanc and e
iyl ?} wveleasics—predesainale n the  sartend
pecks and ridges enmprising the Slver fell Mopn.
tafns. Ponglary coppr inecalization ocenrs ilag: e
sokcth weost fank of theas mountalm i h)—'drﬂlfltim;]]}-'
altered ignegus racks, These are prindipally intregives
which cut Telay(?), Coclacecus, 2ad oler sodis
imeits and are considercd to e ecniponcnts of the
Larandde {levoction,

Fer three-fonrh of jts 1znoth, the zone of #lteration
sinkes weat-nortlwest (Ex 15 There sow k2 1o single
siructure Lhal acesunls foc this alignmentl, Towever,
indirect evidence supgests that a fault repoeseeting a
line of profeund structura]l wealness existed o this
poeision prier ta e adveat o Latemide Iibagive
welivity. This B will hercafler be ncfanned o0 1T
“major strugture” It was barpely ehbuesatadd by o
Laramids {otrosive bodlies, but il ofscted 3 dopree of
veningl o their cpunlacement, a5 e1idence. h_',.l H o
shitpes and posuions, T inlhienee oF fanll stracteres
4a the shapes of iztrvives in atler porpliyry eoppae
districts bas lcen noted by Buther zned Wiken (Z).

Ar shoivn on the ingel map on figere 7, e full of
peiralfel drearl 2ed copieleesbe displaesineit fes tn
the eortl, This (29 j3 poww marked by 3 Fre of sl
itreaive badics. To e souwth i 3 uird ot of Taree
dgisplacement, Lvilenge of its spe in melathn o the
Laraidy imtrussns aol minecalieation s et eeests
nired, But its runfermaanee in strike witls dhe otles 1o
r;.::;c: Iaglts ix sigl'l.iﬁc.]n[_ Thise 1iree Lreakhs il
o peremmsgeed tremd gf pepional fanlling, amd it T
Lewi anggoabed (117 ¢l they L mamued, fienn soecth
ta worth, thae Waterman tlaus, e Sihver 1l i
wone, a:d ey Ii:lggcd Movntains faal, The Tww anethe
erly ons are ligh angly, and the seatheddy e inug e
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GENERAL GLOLOSY AWD HYDROTHERMAL ALTERATION
OF THE SILVER BELL POAREYRY CO¥PER DEPDSIT

Presented to the
society of Economic Goologists

Silver Bali Fleid Confercoce

kpril 1973

J. L. Galey

Fluor Mining & M=tals, Ing,

GENERAL GEOLOGY AND |INORSTHERMAL ALTERATICHN
OF THE ZILVER EBELL PORPHYRY COPPER DEPOSIT

INTRODUCTION

The $ilver Bell Unmit of ASRRCO Incorporated is locezted 37
airline =iles rmorthwest of Tucson, Arigorna. The porphyoy
coppar ceposit is gituated on the western flank of the

Zilver B=ll Mountsins which pretrude gut of the surrounding
alluvial plains.

Tnitiat!y. the deposit was mincd in 1865 as a silver preospect.
More intense miring using vrdezground methods started at the
turn of the century and concentrated in skarn mineralizaticn.

Initial stripping by present oper-pit methods begarn in
Cecepber 1951. The ore iS5 from two open pits: Oxide and EX
Tire. As of December 1978, 75,655,000 tohs of ore had been
mined which contained 0.80 percent copper, 0.07 oz/ton
silver, and 0.013 percent molybdenun.

The ore cutoff grade is §.40 percent copper, and the mill is
rated at 21,400 tons per day. In beth mined and reserve
tonnages, ES percent of the econemic copper is from the
chalegoite blenket and 15 poreent is from skarn minerali-
zztion., Average protore values of the intrusives within the
1:pits of the pits i approxioately 0.25 percent cocper and
iz not of ecenemic interest. Thusz, nost of the ore at
Silver Bell is from the sipergene blanket.



ETRATIGRAFRY

The stratigraphic section in the Silver Bell district is
conposed of Precacbrian through Tertiary age strata.
Precambrian. Exposures of Frecambrian yocks are not found
in the ipmediate vicinity of the Silvar Bell deposit.
Howewer, linmited erxposures of Precachrian COrzcle Granite and
Final Schizt are noted poriphieral te the district (Wotsen,
1g588).

Approxizately zZ,000 feet of Paleczoic sediments
The section Consists

Faleozolic.
are located in the Silver Bell district.
cf Carbrian Bolsa through the Permian Sherrer Formaticn.
The Perm:izn Concha and Raicvalley formations are loczted to
the gouth and west of Silver Bmll. The Dalecoeie sectian
consisls principally of carbonates and prenaceous carbottates
with the exception of two guartzite formatiens: the Cazbhria-

Bolsa and the Permian Sherrer.

Mzsozfie. The lower Mesozeolc is cooposed of arkoses and
sechdstones eguivalent to the Anola Ztkose, and it is
overlain by a redbed unit called the Willage Tedbeds (Watseon,
1358). Overlying the lower Mesozolc units inm an apperent
angular vrcenforeity is the cliaflin Rench Formation. 1t is
compoeed of voleanic flows and tuffs, wvolcancclastics,
sandstones and conglomelates. This formation is of importance
4s it marks the beginning of the Larazide volcanic events.,
Above the Tlaflin Hanch is the Silver Bell Forpation. it
congists of dark gray to purple ardesite through rhysdacite
flows and breccias, nanweldad and welded ash-Iflow tuifs, Znd
congloperate. The Silver Bell Formation grades wertically,
and, to a less extent, laterzlly inte the Clzflin Ranch

L

Formatieon.

» exlying the Silver Bell Formation is the Mount Lord valcanics
and they represent the last phase of the Laramicde extrisives. °
They are gererally guartz latitic in compesition and corsigt

of five or more coeling units of welded ash-flow tuffs.

These cooling unitsr aze interbedd~d with nonweldod tuffs,
water-lain tufis, tlows and clastic sediments. The Laramide
irtrusives are possaibly coeval to post-iount Lord in age.
Tertiary. The Tertiary units arm present as gravels with
hges of 19.5 through 22.2
rliiion years were determiped for units which represent the
balk of the basaltic flows {gacks and Dockter, 1976). An
intrusive quertz latite ~Mat is found throughout the distrier
was dated at 25 million years {Mauger and athers, iBEE}-

intrimittent basaltie flows.

LARAMIDE INTRUSIVE SEQUENCE

The first Laramide intrusive is the alaskite and its enplace-
ment was apparently contrelled by the r - thwest trepnding
Silver bell Fault Zore (Figure 1). Tho [ault zone traverses
diagonzlly through the district. Compesitionally, the
alaskite i5 2 coarsely crystalline monzonite. The biotite
has been replaced by sericite and clays in the zone of nmore
intense hydrethermal activity. Thus, the rock was originally
hamed Yaleekite" because of the lack ¢f mafics in the rone

of alteraticen. This name has been retained to aveid confusicn

in the literatures.

“he cecund Laramide intrucsive iz the dacite, Corpoaitienally
it iz a sub-volcanic cuartz latite porphyry. The dacite
intruced vp aleng the Silver Bell Fault Zone, and upon
enccuntering the Claflin Ranch Formation pushed toward the
nertheast. It has been suygested that the decite is a =i1l
which is floored by Paleczoic sediments and reofed by the
Clafi’n Ranch Formation (Watsen, 14984).



The third intrusive phase is that of the monzenite porphyries.
They ropresent o corposite intresive phase which vary terturally
dateg
Barlzest

and cocapositionally.  One phage of the morzonites was
ot £€5.% million veers [Maucer and gthers, 1965}, The
py¥roxene~bezring phase called
0f the iatrIlsions wWere guattz
The intrusion

intresion was by an extensive
syenodiorite. The later bulk
penzenitic to granadicoritie in compositicn.
cf the monzonites were less controlled by the $ilver Rell
Fault Zohe then the alaskite and dacite. The monrzanites
oceur as stecks inside the more interse zere of alteration
and intrude aleng ENE trending tenszional faults which are
iccated fo the ezst of the district. Drilling suggests that
the monzenites pessibly becoms hmore voluminoug at dapth!
Thie indicates that the stocks at the present erosiesncl
level represent fingers from a mare massive body at depth.

STRUCTURE

Regional Structures. Fegional structural features in the
Silver Bell district are exemplified by major WNW trending
fauvlts. The Silver Bell Foult Zone, which represents cne of
these faults, has plaved a key role in the localizatien of

the Laramide intrusives and possible channeling of the
hvdrothermal fluids. The fault »ope iz probably a Precambrian
struetire with intermittent movement throughout geolegic

ko definjte major post mineral mevement has been

one exception is in the E! Tiro pit where a
Howeyer, the lagck cf

tiza,
identified,
linear brecocia feature is leocaled.
evidence for offset and the anamalous tungsten values pay

suggest a late or pest eineral explosive hydrothermal event.

that thre Silver Bell structure continuecs
The structure

+t has been suggeste
irts the Bichee mining district {Titley, 1876]1.
has been referred to as the Silver Pell-Bishee discontinuity,

Thus, the faults appear to be regional features and hLayve
their origing in Precambrian time.

The dikes that are proninent to
are griented in an ENE directieorn
represent intresiens inte tensional
resulted froo weak continental

ENE Tensicnal Fragtures,
the cast of the deposits
{Figure 13). Thése dikes
fiactures which probably
corprezgsicnal forces ocriented in an ENE - WoW direction and
tensile stress fields localized over crests of KNw-ariented
ez¢hes (Rehrig and Heidrick, 1976).

Hineralized Vainz, Orientation of the mireralized veins,
particularly the phyllic veins, have a2 hartheast to ENE
girection and & minor MWW et iz present. However, iz the
Oxide Pit the KWW set aften beoemes more prominent than the
MNE Ect._

Tertiary Tectgnics. 2nalysis of the regicnal sTtratigrashy,
dips of sedimentary units and foliaticns in the volecarice
shows that the entire 2rea has been tilted toward the nortk-
east. Frex this data it muest be concluded that the entire
alieration system is tilted approxzimpately 30° to the northeast
rezxulting in a plunge of &0° toward the southwest. The age

of tilting iz younger than 1% millign vears and ls undoubtedly
associated with Basin and Range tectonies.

HYDROTEERMAL ALTEAATICH AND MINERALIZATICN
Cereral Description. The general pattern of hydrotherwal
alieration and mineralization is a wide prepylitic zerme with
the mpore intense potassic ang phyllic alteration cccourrzing
in the Cxide ang EI Tiro pit arezz. The alteratien 2o-e is
and ifts position i& generally centered along the

Bell Fault Zone. If the monronites are the causitive

linear
Silvar



irtrusive for the porphyry eystem, it is suggested thai the
al*crat:=cn zocnaticn reflugis the position of the more voluminoas
Menzonites at depthk. Thus, the positian of the alteraticn
phzzes along the Silver Bell Fault Zone may reflect the

position of the menzonite nere than an actual charmeling of
hydrothermal fluicds by the fault zone. EHowever, it is
recognized that the fault zpne could pessibly have some
influence on the channeling of the hydrothermz? fluids,

The altezation assemblages defined at Silver %ell are potassic,
pronylitic and phyllic. As discussed later in the paper the
potessic and propylitic assexblages are coeval and the

phryllic phase is parageastically later than the potassic-
proovlitic phase.

Eath alteration asserblage will be described as a cuoulative
of all rock types., It is noted that at Eilver Bell and
other depesits, each rack type will vary is alteration
effects within esach alteraticon type. Thus, the chemistry of
each rock type is a control on the alterxaiion minerzlogy.

Fotagsic Altersticn. Potascic alteration at Silver Bell is
defined as the introduction of secondary k-feli=par guartz,
biotite, chalccpyrite, pyrite and molybdesite. Secondary
k-feldspar occurs oz flooding of the groundmass, replagement

of plagioclase angd in wvein assermblages. The secondary

biotite is present as a recrystallization of primary bietite,
as a dusting througheout ithe groumdmass, o= a replagement cf
hornelonde apd in vein essemblages. The coourzence of
secondary biotite is minor and is more notable with micrescapls
exeninaticn as compared to megescoplic identificatien.

Proowlitic Blteraticn, The propylitic asceablage is definad
by the presence of secondzry chlorite, epidote and calcite.
Al three nminerals occur as replacecent of the groundmass

arnd in vein asserpblages. Microscopic examinatien of the

viin vhiorites, particularly oo the southwest side ai’ the .
deposit, shows that the chlorite sometimes replaces vein
biotite. It is suggested that biotite was deposited originally,
arl ag the hyfrothermal syster progressed in tinme ant chemistiry,
chlorite and epidote became the dominant alterstion asserblage.

Phvllig alteratipn. Fhyllic alteration is defined as the
weln pecurrehce of guartsz-sericite-pyrite. The gua-tz and

cericite ccgur as vein selvages arocund a pyrite core. An
abundance of disseminated sericite ococurs in the grovndmass.
Howaver, this occurrence is not included in the phyllic
alteration ags its arigin is guesticonable. Much of the
diszeminated sericite is associated with supergene enrichment.
It has keon suggested Lhal some of the disseminated sericite
could be of stpergene aricin.

Metzllie Miperzlization., The principal metallic minezrals )
asscciated withh the hydrothermal mineralizatiorn are pyrite,
chalcopyrite, molybdenize and less amounts of sphalerite,
hornite, galena and magpetite. The metallic minoralization
is viewed as an integral part of the alterstion assechlages.

The assay contour nap shows the relative cccurrence of
chalcopyrite and melyhdenite in the protore zone of the
intrusives. The gehneral pattern in the E! Tire Pit is a
depleted chaloopyrite center that is flanked by higher
chalcopyrite to the east and west. The east and wesi limhs
of the Lhigh chalcopyrite zone coalesce immediately north of
the El Tire Pit, but opens again in the Nerth S5ilver Bell

ared.

The assay contours in the Oxide Fit show an enriched center
of chalgepyrite in the east and central portion of the pit.
Hawaver, at the west end of the pit a greater anount of



chaleoprrite opcurs en the north and south sides, and the
interior of the alteration chowa a decrease In chalcopyrite
relative to the sides. It ic suggested that the east end of
0xide is higher in the porphyry system than the west end.
Further evidence for thiz hypothesis is the knowledge that
the deposit is tilted to the narrheast. Thus, the ercsicnal
level of the systex on thae west end would be deeper than
that on the east.

Two large guart? veins on the north and south sides of the
Oxido Pit have apparently channeled the hydrothermal fluids.
An elevated copper content paralleiing each cuartz vein
indicates a Jamming and chanreling of the flvids {FTigure 2.
The silicate altearation aszerblage also suggests chapneling
has occorred. Phyllic alteration is abruptly terminated at
the veirs. 2lse, a marked change of potassic alteration an
the inside of the veins and propylitie alte-ation on the
cutside is noted. This evidence indicates the gquartz veins
are pre or early mineralization in age.

Felybdenite is srratie in occurrence. ‘The . 010 percernt
nolybdenite contour is delineated on the assay contour map
and greater azmounts of molykdenun occur inside the contowr.
Contour patterns inside the 0,010 percent polybdenum contour
could nct be established with the available data.

Pavacenesis. The paragenesﬁs ef the different altecaticen
ansenblages was rvaluated by cross cuttiing vein relation-
ghinn. 7This wag supplemented by microscopic examination.
The results of the study reveazled that the potassic and
propylitic as-exblages are goeval and the bulk of the
phyllic assemblage is later than the poatassic-propyiitic
phase (Figuzre 3.

Examirnation of the potassic parzocnesis showed that mast of
the biotite and chalcepyrite are paragenetically carlier
than the wolybd=nite.

The evidence suggests that the hydrathepmal SY5iem wWas
continually charging with time. These changes in the
chemisiry of the hydrothermal fluids appe#ar to be slew. For
exazple, the chaleopyrite deposition overlaps in time with
the molybdenite, demonstrating that the chemical change was
not abrupt. However, the bulk of the molybdenite alteration
phas= s later than the bulk of the earlier chalcopyrite
chase as evidenced by cross-cutting vein relaticnships.

This =zame overlap of time of depositisanal environments is
nated witk the later phyllic alieraticn and its pa}tial
evarlap vith the earliecr potassic-propylitic phase.

Trus, the data a2t 5ilver Bell demonstrates that the.
depositional envirenrents for the different mine-als evolve
with time. A distinct boundary between each mineral or
alteralicn phase is nonexistent. The hydroihermal systea

goes noct stop and another inflax of fleids creates a different
alteration phase. The system gantinually evolves with time.

CORTRILE OF MINERALIZATICHN

Logalization of mineraliration at Silver Bell has been
pertially contrelled by regional structure. Alsc, rock
chenistzy has apparently contralled the depositicn: of
chalcopyrite.

Structural Contrels. The more intense alterstion and metallic
mineraiization occar in the Oxide and £1 Tiro aress. Znalysis
of the genlcgic =ap chows that to the east and northeast of
eich pit, the density ¢f the EKE trerding dikes increcses.




t is suggested that the miructuzal intersection of the INE

The fluid inclusion study alse revealed a late and lowes fault system and the Silver Bell Faylt Zome provided an
tem?B:at?re E?Ent with a mean Femperatuxu af 220°C. It is avenue for intrusion of the Lenzonites amd pa55ibie chenneling
unAnewn if this population of Incjusions represents i of the hvdrothermal fluids.
final hydrothermal event or a later heating event not
aSBﬂC%ated with copper nineralization. A vein asserblage of Fontrels of Chalrcocoyrite Depositison. The chalecopyrite
sericite selvages with alunite cores has heen identified ag nineralization wasz infiuenced by'ZE; reck chenisisy. The
crogs-cutting phyllic weins. This might rEF:EE?ﬂt Tre last chalcenyrite appears to have been centrolled by the mafic
and lox rerperature stage of the hydrothermzl cystem. Also, centent of Lhe intrusives. Cenerally, the highar the mafic
® PoSt copper mineralizing assezblage of sphalerite, Geiena, cantent of the intrusives, the higher the chalcopyrite
flugrite, barite and calcite has beon identified. Filling content. This clese association of mafic minerals apd
temperatures of fluid inclusions for this Srsten are in the chalcepyrite may suggest that the chalcopyrize is acquiring
6% 200°C range. See of ils iron from the mafics, It is interesting ta mote
that the available data does not show a major increase ip
The temperaturc; tepresent fillirg terperatvres which have iren content in the mineralized rock as compared to the jess

nst been corrected for pressure.  Thus, Lhe actual texperatures
cf forcation of each ziteration gsserblage iz glightly
higher than those temperatvres that are reported.

aliered rock.

FLUID "IKCLUSION DATA

SLIMARY A flvid inclusion study was copducted on vein quartz frem
tre alteration assexzblages of the El Tiro Fit., Tekle I
In surmary, an envirgmment cengisting of Precambrian, Pzlegzojc depicts the maximus and foan £illing temperatures of each
and Mesozoic rocks was intruded Py three Loramide intrusive alteration assermblage. The resulis of the data suggest the
phases: alaskite, dacite and morzonites. The ezplacezent hichest temperatures occurred during early petassic altera-
°f the intrusives was structurally contrslled by the Silver tion and chalcepyrite deposition. The mean filling tempernture
Bell Fault Zome. The Lydrothermal alteration foliowed the for this stace was 360°C. The terperatvce declined in the
iatrusicn of monzonite ;urphyritea hich has been dated at later potassic phase and molybdenite deposition as marked by
6.5 millfor years. The more intense slteration occurred in " a=mean filling temperature of 325°C. The coeval prapylitic
twe ﬂ;eas 3s exemplified by the locatior of potassic and alteration formed at a lowver temperature Lhan the interiar
phvllic alteration. Thesc two i?tense ccntﬂ?s are 5ur:ound?d _ potassic assemblace. The temzeratuie of the raragenstically
by a broad linear sone cf prepylitic alteration. The phyl?lc later phyllie asgerbiage dunotes a cooling of the porphy oy
alteration ics paracenctically later than the coeval potassic- E¥Etem with bime. ts nean fiiling tempeiature was 305°C.

prepylitic assemblago,

1o
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Regionzl tilting associated with Basirn apd Range tectonics
tileyd the depesit 30% toward the northeast. Expagure of

the depozit to surfi¢izl weathering cenditions resvlted in
the formaticrn of the chaleocite blanker.

12
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SCMTE GECLOSIE REPFLCYS CT THE SILERITA-LSPTRANZS
" GOPPER-MOIYSOENUM DLFCSIT, TEMS COURTY, ARIZONA .

by

Dardel W1, A%enl and Richard 1. wWezr?

b s

“ha Egperanza picperty, which had beep werked snowadically si-e¢ 1893, was purchased
by Duval Corporation in 19585, Fallowing sompletlen of o expliec s driiling program ynder
tke direcilen of Harrizon Schmitt, pre-ming ateipping starred e 1957 and subsequen: fra-
ductizn gtazied In 1953 wWith the beglinning of sippitg on vasly 1960 and the atasl of mtk
opErEllors 1A March 1570, the Slorrlia mine Degane ona ol 1he bergeet copper=malysdenum
vonturos in Arlzend. The combined Slerritg=Tsporanzd complex will ovenraally 2o a pio
12,500 feet 1ong, 6,500 feet wide, aut 2, 1580 fect deep,

The Slprrita and Csperanza proportics constitute A porpkyry-type copper-nalyhderam
deponit which noeure wilhin inlvasely fractw ed ond modorately aliered chyolite and ardesite,
guarte diprie, dacite norphyry, gualls monzecita, and quarte moozanlte rorphyry with an
aiiendanl irinesive Boecely, Essentlal ta the emplacerent of Lha orebddy 72 the Lamamide
Fuby B1ar prarodloflle Som which off £0lutlons were dersved, The deposit 1icE at the fonth
end of thlg pluton, which males up Muth of the Siereita Sounlalns.

Elteratlon in the are zone iz predotingatly petassie. with phriilc Bnd minor drglllic as=
seshloges, Fooprllic oinerals commonly eccer cutklde the pit ereas. All rock Lypes Are
mircreliced 52 alicred,

2alar primary einecals are imited tc pyrite, chaloopyrite, ard malybdenltew. Silver, al-
thoroh recontred Ino iR amounis, 13 Sol rocosafied Inoineral [oem. 1Minor plneiels In-
ctude gélena, sphalerite, tennantie=1sirahedeite, magozitte, marcasiie, fluorfle, and rare
barnito. Significant sincupts of seaendary enrfchment were Wmlied 10 Diporanra and West
Especonze, Tnitlal IRtesest in chese Lwo greas was dus (o Lhe prezenso of a watl-devoleped
chalzactte blanksl, most &f which hos Open rined, Ciher secontay minerals cormmenly
founs Inglude cupi e, tensrlie, malackite, azurite, ctrysocolis, ralive coppe?, abd mincr
wreciee,

Yoineratzaiion ot Sterrila-Eineranza Js grrecturally and wholocicelly sonwe!tcd. Lincar
mineralized zones paralle] or gird!a faull rreads, major joint pels, amd Introgpive conlatis.
In additinn, henagane tlyeralization it associalod with speeffic ol 1ypes ol 15 geherally
fractzre Copteollvd wlthin these unita. Mingr dizzemibations commonly ecour In the bresoia
AR oaartz mencealte porphyry.

Iruodustion

She Duval S1cmita=Caperatas conples 1o
teegted 25 miles scuthe-soulhwest of Tugao
Arizésna, oo Ihe szsthesst Zlapk of the Siecr
rountale ranga. rive milec Ip tha cakt lle:
the Twla Balbes Somos!l anad about 12 miles o
the norincasl, the Fina-rlizssion orebodies.,

The Zicrtlip end Fenerarnzs deposils werg
Brought Lise producilet 45 scparate cpon plis

]-'?Dt-'-r;l-m:::iu Coarpeiatien, Sahuariza,
Arlzpna DELED

within pa-tg of a sfmgle large mincralized syx=
tem and zie nonw belng Integrated into ene of
Ltk warlé's Jargest edpper-mplybsenum nuera-
tionk.

kilning do the L=pererca aréa began late In
the 105 copteey as BNOrp- e yndecground wos k=
ing &f relatyvely clgh grede bage 2rd precious
eeisd veing., The Brw Yoars Lve mioe {known
then a5 the Red Cathon-te ming), lotated 1n
what 1= row the Teperatizg pit, was parly de-
velpped Sy (e Catamel 324 Arlzono Rlplos
Compafiy in (907=08 203 abandgmed dug to
Tow £59per prices. Diring whe 19335 ond 15502
several mompanler vesmiced the New Years Eve
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Tebir 1. Tatruziwe apd Jhirelive rocks In the S1affilu=Capiranas ming pias /
lsne o L scxintbon obd Qocwrenes

Croaitx ankee Cocona {A Foks ond high=angle diken {weakly minarslieed)

Pron bty

Fuoy Tiar guartz
LLaranloe o akyry

Jul £ CCLa
Daclie pershyry

by i
[ ST ]

Ricil.e gaalla
[ -ty ]

earz lallkw
wepkyTy
Dueerrls Yolcaics
Elecita granlse
Farrls Ranch guariz

SorIohid

Cu Traze Vollanicy

TRcone
31.5 m.y. Dbngn 2l
asroelaien, 19E&]
A0 muy. [Srcaney and
klavler, 19k}
8.9 oy, Loepar, 197])

Toerr
7 m.y.?

Focene-Faloocana

Iccece .
0.7 m.v¥, Mamcn »nd
WESLCigidn, THEE)
b3 m.y. [Cemrn and
aratclalen, 1565)
Bt oy, Kwcnes, 14720

"Palecccrx (N
.0 .y, Cocper, 1913

adE unCeTIain
Late Cretataims

Jursnsle
140 m.y. (Damon ard
asnocioler, JRRE] |
130 .y . Koape:, 1973
Turasslc-Trierslo
b m,y.
T8 m.p, Coopar, 1971}

Transle

Sincke aed plugs {probable source Iﬂ'.llﬂll-hllﬂlq
hydrothermd| soletlony apd o8 Impartasl bout for
Elnesa]aatiGnd

4

Ireegular pipelits bedian: Large &1s cont Iouous
BAELEED d1lma , :

Dikes and Lrrwpulerly sheped bodivsr may be
ganatizally relaied 10 quarls monaonlla porphyTy

Horth-nonbwasl-zendiag batholith coasidered Lo
e Source ey me (o quarts sanaondie pRaphyry

Korthwegi-iranding . re Clibgulst wiack ahd pagller
bodies [excalicnt host ToF mincreiiasliont

Irregular pluge and pods within and morih of l:

Laparanzs mina

Eoqurnce of aodek s and dacitic trwgelas ll&
flows Locpitd southeanl of Daperanaa ming

Locatcd wasl and north af Blerrila-Toptinnis

Horthweyl=traading ptoch faxcallend hant for min= '
aiglizanon) . . .

Eayoliie Mows, luily, and twil receias with loiees
caluted lertlouler bode of vandsions; sndeeile ard
daciie flcan, wilbh & fow flow bracelan; sndesilr
Iz & gol haat for mincralizativn g Coporknza

L nne) rediomeirte dates of 47,0, 56,9, snd £0.0 m,p, have bucn obisined Irom minerals in
Caarz velatels bm ciociie Kooeper, 1971} ol ¢mplacenend may be relatad 15 Beby Sier granodlerile

IE=r-cian,

L] lur-p
| T L FAER I s

grasrcd Jery byl rech

Figrae Velehhi2C bo LY
ceTirad parf of the [x
ol [anu-itIg, & 3imila

shypy. The Mrapagic
w lIphe-celomd, llne=
. 1Mk tha Cn
afnthme sy sice atd
afam depeielt. hErh
whll le reeoynized.

The Luans lullle poiphyry méf 4 [Avarsbile hoal

000 b imary COPper and molybdengs phd decan-

, Gary andichacni Ia the ming. Howmevsr, be-

cuusd ol bk Domiied giewl Cabenl, |§ Gors net
povide an impesisnt source of o, Tleld ol

Honthips mdieaie thal thik rock byps 10 younge 1’

of \han the Trinasis voleanle recks bdl oldar
thar ik Raby Stor quaris -ﬂ_ﬂliﬁl‘u" PEhyTY .

ALY wad D02 m

A -
1
A
2 e |
o T EAYS . -
L *11._1‘\”.1-\4‘-“1 ath
SRS
T :
bl

e OFa ]
Poby §wr Doty Mangwsid Paipyrp A gt
Pttt btk oty gt 200 L]

DH Fopy il it [T nrll)

Fig. 7. #ecilon A=a', showing BIETEls goology

» Lisdhie quarle
diorita e fodod harth of Saercita an Liregular
pluions wid 2xxende nic the north wnd &1 1he
mife ai & pertheani-teohdding Loty ler bady .
The wolt I wl10 presdst 16 Lhe wedl gnd 1oulh-
cosl pafl Rl TapHanze. Tnan casl Wikl croak-
pechlorad wlew of the Starrite put (Rie. o),

the wodju=ahapcd disalie de [Thredcd By the
Ruby Jiar gdarid mepronlld parphyly, This
dark-gieun 10 Slack, ne- [0 medium-graland
focs cammpnly eahitiin & 51020~ pd Dpdr ap—
peatpien Ln both wreatharrd and Irésh ¢xpo~
SwEs. The $2lue Ik an excelbenl hanl for
Lypogene eopner-mulybdencm minersliention,
*Motoraiy shallering prepared the themically
feciiiva rOER for ibe Invasion ol Aydnlhires)
pclutions Myl pocompiniad e yourger Lafa-
mlde lruwilons. -

The bigiiie quarts diorile 10 Leta Crelecenus
flacamida) hawing &h sar of appreaimalaly 67
|

Ry f1nr Grpondtorie pnd S rlr 1z
zonlie Ferphyry . Oe€wri 117 Rarlh Lf Ve FELIER
quarly diariio 16 the Auby S0 grapolier e, &
o k- mata (R A =tidnd iy Battwallih wlh 1wd
feniufal vorlations and o Quarl DAL B
phyry dllcremdole. The grancdisile Ln Lbe
mine arvd a1 iy, mRJdiwmegraingd rock
digtingaiahed Iroin wnlor il fppdd Ly a0 & buai
darze ol "Iy ih* eguldixoauienal Betha of Tna= .,
thie amd occeriong] dqll, bonsy-colond Crye=
1edE o epheed. Miodislliation 13 the Qraes=
diaqiie (0 sparse, wivally ocgpiilng &c K214
cLaleopyte Llehe replacing bl 31d wa
copper gridos ond €arbopalcs, 16 keveryl
pobdsridm=at@ah a0 dalas dutcimiacd (oo TRIB
Lacimlde Iolrullve ML avirage ppronimanely
B m.Y.

Ine Ruby Sar quarth moanzoelie BATRYIT, &
Ightegray, parghyritle lagies ol 1ha Ruerp Slar
Qroanddpba)ie, Iy eNcfaclevired by 2 arnl
qQuasid “eye1™ which ard proscreed tugh ln in=-
ladagly wealhiiéd ek, Tha ifbraslon 12 Inlis
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¢ Fig. 3. Sectlon A-A', showlng dlawlbunion of FEaRamls mineralization af Flemles b

~airly ppactlared with —incralieaticn and ai-
1evetlnn and gn et Hcre 4 o Ta ihe cource for
e metalabbarisg b, Ul siral seluiions,
coveral vailalbe tostvro s pa Bie Buby Siar
QANTLT FARJARIE PErphyry may pUFCEsD fuc=
creEin @7 eoinde of biras vl ezlvivg, ef they
miy be conlerFporanron e ahd ivpeasal dtifer-
ol 2enen I thd sl ragrs.

4

The Aoy SEn¢ CuflE monearila porphyry
eErurfd ma 4 Erviral elptk with seversl pmaller
gARrt: monganiLle perphyty Lbdir: marginel o
1t. Thezs B1fued are fniegulerly shaped and
1rtrd e thwrtiward, relleciing 2 o idqlon-
el 2'miprurc] end, Brah the lareral ard veri-
ral exicel 4% the potphyy #rd Fesh grosier
phan =ik Le walerred Seomopuriocr xapodyrod,
e rack Ran guacrably nel penelaled chrough
1he obder voloen!c anf Inthutlve razks La Lhe
soudbherr gt af e rloe dbcs. THe Contact o
tre rerit, Biwt r0 O BRE QU E MoRZORINE PSS
phry and (bp paren!, the Rahy Star granod o=
rlie, It comtanly aradollanol.

Mimteallzallon 10 Lhe Ruby Ster maariz moR-
tpmlie pophyry Decurs predolentts oo hal=
coayrlte, pyrite, and molybdendie oo ot o2a (Ll
it But ehealcopyrile and pyrite i S prage
et 45 Clescmingtjont and bleba. H

4 1 .

Stericy 1olzanfee Progely . Seviral dmeg-
ular reccla maricd aSfuTy bh ATRE 13 1he ro b1~
orfy poruch of tha Slerrlia pil. Thede are fom=-
nimts of & much larges, roughly rast-wesl-
trepding Body, 1athe unper levals af Glerrlie,
claflh derived from Ihe O Frawee voloanle
rocht, Harcls Ramch quatty monpenits . Xubey
Siar Guaris monzoaite pocphyry . bt Diclite
guaflz diorlie pry comm=on in the Wecoie body,
¢ Tewer pacl of tha breccla g reposed oA
the 1640 level 1y composad &f subdngulor frdg=
mgrif, typloally Ruby Slar guane monzenlla

hyry. The clesty become more anguler 1o
ward Lhe pdces of 1TRE beecale o, Tragmenls
sri Lt in a metrin o Mue —grained Bobiie, ok
Iraf, Ellles, and poms magnrllir.” The sthaps
and disdribullon of biecels muvnen and pods

[ remreral -
trwigi bl ben’

il —
[N PRI T

Flg. &. Sretion B-8°; (o] Gealogy of the Blwrite-Caparanzs depoalt; ok disteibatlon ol

wmnomnle mirarslizalon

[Flg - 2) ruggest that the vnil fa related to
Ruty Star quarls monegnlie porphyry Brd was
Apyplepad by the channeling af Fagmetic Mfuide
wp trreqular conduits and flseures. These
pbrut furet contcaly wads probably ssroc|zted
with dlackwirk haclwirg cavped by ke em-
plezemest of the duallZ ManLoRile porphyTy
plargh If Lhe Lok aras . .

The zenc of breeelation expands lalerally
slong Fock cortacis nowr the 3900 rlevallan
Tig. 71 and Tmgers ool In Ox Freme andesiia,
bloa il # earis diorlie. ad pihor walis thal
cron out on U preemine Bailaca. Thie may
arpl#in ke relailee mbundance ol malle irag-
menlt In uppor bregfild ooccurre ACEE B nared
axrller. The conligyratlon af bregela as da=-
acribtd o%ove may Ba mE mrch x4 2400 Cect
lory 0 GEG 1o 2000 focl wide in ihe wppcr
by Bul narrows beloe Lse 1730 bench 1ym-
1r3lly iato discontimeut bxdlen ol variasle
slra- !

[

']

The bretcla 15 gendtally chdrecterfred by
medepplt alterotlon ol fragmente, biotite [lawm
Tcalurg® arouned clokl edaen. relatively lerge
fragmenls with 1Etla microbrecolstion, and a
dark, denae molrix compoled calrly of (inr-
grained bittite with rars open channely or

VU X,

Copper and palyhdonam mincraligsiion in
1he brecela, good in wpper bevels &f Slecclla,
ciminlther with depth, Appasenlly, the in-
crrased grede In the upper rasl of 1ty bees=la
§s relatid 1o che abwndance of recopllve] frag-
mentt of OF Frame andosiie, Sicie Gulrcl
diprite, and Hacrly RARCH gquatiz moRzeniic,

g B Preguiy. A dIstingtive IRbo-
alve{?) Breecla exlily seuth cf Ceperanza 5.
11, voe partially covered by waalr dumas.

The hridrothormel slteratioe of ihe brrecia In
wrunually Intense compared o ether rrecia
eceyrrenee§ Ln the depanit. Strong gartd-
sorlejer dlierullon hdix almagt complenely o=

FE

a=
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Fig. 5. 3700 tench, showing Einmite-Copersazs deporil geclogy !

pirgyed andular ama] feunded fepgme e af an=-
deapie o Quariz 1pHiie podphyry BCF Ina "
pyclne=nlliga motein, Thip brceels hay sparas
crano® [E nltmaliadion,

Loveer firprin, Brecelanjon st Sicmite
10 mHe cAmcan Jler) e comacrk G Lhe Har=
Iz Fanbh Adaris mohsAfla, bie:]ld gearle
pinrdle . ok Auly Drak guarta mogpadarfie por=
phomy. Rewttkle; pof Incluslerg detaghed from
Lee £pa nbry F2Ek durleg mulitaly ppfsoaes of
Imtragive seiiy iy had irrutied in Intalired
Wriocld T RLEr: of IpiTrmlned |n7u|4l' rag+
paais, #hd chilled gt hybrid conlac! cones,

urpr A Foghyrel, M Kieisha,
Tertizay peprocitic BaeTiL Dolile dlbed oyt utl .
deck LT o0, dazfoding Ihe Laramide Ru'y Slar
15U S 1ONL , IMELCal s 10l Poving g OF Lonrouy
artiriey Jhvpiving giialiad roch tpep-f b Ih the
Xierrita=Lugeranzg pydiem. The diben are min=
Eialized with pyrile and chalcoayclic Dacturs
caalingd.

1

Hypogend iyull e BLAerolizaion I8 Lhy
Eiwrig Usperenzy dupdsll conyiptn of pyrlie,
chalcepyTlic, pnd molybdeniic wilth Compara=-
tlvcly minor amounia 0f galcna, ephalerite,
magratLbr, tenkont|e=loirabede]ia, &nd rara
marcgalte, cubsenpn, and bocnjiel. Within
1he o ke, Lhe pyrbt-chaleoopyriin ratls is
roughly | 18 3; 1ola) geifidn comem |1 noragls
Iy T 1o parcent or ledr, seldom enévading 1
precent by volume, TRIN LI IndredRed IO
grazier than 10 1o ] | the propybile bonr,
with lona]l sullide copent satlmpied al 1 1a )
PHCEN . .

Minerallisting a1 $lerrlin-Caparanda i
slruftwatly and Diholoaleally conprwlled. 1igs
for minerelisad goney. (of examalp. Pursllel
of Qiedie faull trendy and Inlfuslve CRRLaCts
trig, 4], In addiilon, Mposenn minerabiza-
Hon Iy ghbocisicd with dpecillc roek ypea
#0d Ig ganid k1 ly Iraclwrd Conlvg]led =1ihln

D‘ CRERY
ey WS LTI

Cnjrnr Fymemant  Yiw

Bou.lﬂ
m-l!ll"h D 2 nr!-

] e g

| ) I

theay unith, & dominant Syilem of N. 300
NSYE, wnd N, 5%- 230 W. vtremdicg, piasaly
dipping, minsraljiaed Ireciyigs octwid 41 Slevrd-
1a. Tha wovl-mactheasl frachore ppl |9 mosl
slirongly minerallzed gnd poraliels & Adjor
strutiural Irend in thy mine aren, Alae, The
rost-portheant minery1i00d vl appeatn $o b
wuperjmpoded on the northwesl=yending ore
aonad, cplncident with condacia beyfen thy
Laraxlde Auby Star guaML Bonroniia BPhyry,
biolite gubiis dioriie; aid Harrip Aanch quarne
mooronle. kinersllagilon snd slicralion wre
comirolld by 1Rl comporlbe atruciucel Iramg-
wirk,

. I IR '

biinwslization st [aparanza, accwting

xatoly Ia Raly Blgr qualz moaroniie Mephyry,
iraxds W, 09L., spproudmdiely paratltl [o
the conlstl Botwean thye Muby Star qualfil Mdme
ronile posthyry and frissdle Ck Framé rhyp-
e, CecnoMic chndeniesllons alva #ECUr In
Oz Freme And palte gnd blitile guarts diovice,
waich a4 (oo bozia (FIOa. 5 ard £, Ao
®hay Caporefia ord bpdd rafepds mortheeti-

4

" .
Fig. §. 3200 banch, alwpwing dlitributics Of misgralippiion at Flariie-Frpcrania

ward Inte 31#crlin [Fig, 4b).

Thi hypogéne Sirmily occbody 10 coaporrd
&2t g Faraliel minetalized poect . Thr
sanl sone, which conmgcis with Capeiah=zy {0
the pouft rail {03 nered above]l. mtgues 10 the
Ruly S1ar quarls monagnile pocphyry gnd boeec=
cid, The widl 1Ong ceruf i Wikar(ly im Dlolite
quart: & e, Herrla Bapch § & mpnzondle,
arad Ruby Zcaf Guarls sonzoniue porphyty. Thin
o mpy wetnd Inko Coparanre 019, 4

Begp ¢110Mng Indicaied 1hat 1he want Sleml-
1o xoing Slungex wtepply (C09-B09) woptward,
A Eimilar configwratbon enlnln for the rd il aote
Fig. 1. The+r iwo 2oncs copand IatelzlTy
with Cepty of A ore eganeciod Ly p wrll=-niners
aliaed, et npl-trandimg EREFRGVEr pdhe IR
newihwd 13 B rrite 1o Tarm & conceris|c 30RE
prvcloping & cEnteal byrem core [ig, 3. The
Bartes <tre, a3 shaen on Figuies J wrd E. &0
rousldy SEJ Teot long gad B30 Text wida. This
*hamen® wod kB & coppis eguivelest of lcsn
than 0,1, pefecal, Balow Ihe 1300 loval . filns
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rratizatlon incroaded o economit grade,”

Al digcussed abeive, mingrallzallon 18 poj=
marlly atiociied with Draciure Hibing s o)
wzlpltin. THEScminated minerglizstion i3 lcea
crxman. The paragenric sequinte of veinlel
furmallan lotdest vo youngest) recognized an
Elerpiia 17 a0 fallaws;

1. HMedlie.

¥, Dusitz=sohydriln-oribiciain.

3, Queniz~coihocivia-chyleopyriie-
melybdenice=pyrie,

A, Querna=serlciby =z haloep yriie=
mLlybden]ig-pyrite,

1, SphalElie-galihd wilh guaris-
cralcopyrite = pyrite.

b, GCumiz-malyadorlia,

7. awrtopytita-u

B, CrPiumaod x#

Alirrellng
Ypdrothermsl allcration st S1erclia and =
pavaniw In primarily contralled by the compo=

sillen atd rhauivily ol hasl rocks sndd ragianal
goct JRatal siraciaret,

Betracls MM gsnmyriym

Folenylc meissomatiam o the mosl 2igndfi=

cant Ard widrespresd aliaration In Iy depasll, -

The polaicic Zom Froompesary muth of the
conlal povtion of Lthe Eloerita pit amd the northe
orn hall of Expmants, with locallred vooar-

recoeb nonbeasl of Slecrie., The dlasslc min-,

eral dzaer Dlaze Inclubn secordary Gribhoclagn
apd SIGle, aCcoasidy anhydriie, and in 1ame
places, Quirtz, aericlia, and epldote Bmith,
laral. .

]

Ercondary potans s (rldiper 1n miws wide=
agreatd Lthon gecondary Slciiie In the deposit
and cefwrd mosl camnaniy In the #1808 10 1n=
Termedlule 1ocis ol Sivrrita, 30 SECWL RE:

1. Unsdperaticrd K-leldspar voinlen,

2, Felholoz wr-£lalbprome=pyesto~chin e
weinieie, . N

1, E-teldspar Doading, which olion do-
wiroyE The auiglowl rock Lexlure com=
phetaly,

Zarcotd Wy Elotire it Common Ia the Motiiy
quarid SHaile, ithe Siemits SWeccfas, and In
ke Perrls kancl gaarit monzeniie al Slealn
ara Livk olie rocke o Bsperonze., 10 e pras=
ol malnly da:

1. Tima-gualoed alierglion halos acou
gaar E-bulfide wvalnliia. -

7. Cowmrse-grained Mractare Iillige,

1, Ioned o {In-odmu whigh irplace cr dig=

v

place odlor sinraby (03 {n cerlaln brocoipled
RO .

4, PRucryalpllissiios of prisssy ground-
mapy BIGILE dnd Morshlends Lo I Holilr
aarin dliwlie, ,

Anhydriie 1n p Eammen accaBary mincrat
in tho podansic wonm pnd ja presesn (o all rach
tyned at Sioerlie, parmiCularly s Dlotiie
quaric dlorlie. Tpidsde, which Is ood normally
recogninsnd &6 part of 1he poIsbaic Loaa, Jpv
pracy 1o Pavd an Irimete relsilonship with
poma @b ihe early-loemed valn ayatema sl Both
piin. It epptars 10 have been gansratod o a
companion minerel 16 prcopdary oviheclany
Bahn, 1375 Tawley, 19753, AL lessl somr of
Lha spldsie pbscrved In thls envrohmeng may
be atiribuled (o rolrograds cflecid and related
e tempaeraluce Huciustions which &ecomgsned
tha Sompled Larssids Lntrusfur sotiviiy.

Dwads-dericiie Aicrarion

= QualtE=SeriEllE BILETLTIGN tdtw & theoggh-
cGul ihe depaslt and Ib relatlvaly (ntansa §n, |
apst TREFFRAXE . Al Flir/lla, quarlz welning
with pericice aliaretlan vovelopes OCCurs wilh=
1oy pEriphers] 10 the pOLISIC Tone and
Almjnialed L with dupts, The dlsirbbulion of
1hly sancmblage be uhe recull of peveral porl=
cdy of hydrotheemal Muld cireulacion os Indls
catad by {10 the offaailing snd croanculling
rulationahipn of vxine; (1] the varimd thick-

noserd OF selvegral smd OF varled veln treods -

and (ulllda contem Lb ladividubl Jpecimenn.

. 1
“An #arly phase of quarlz-serkeite aliecatlon ”
sccomPanics chaloapyrite land molybdenita)
mingrpliLaotien, A lalar slege of quarit - edrk-
cifg-pir e alierallon culs all sclures axcdapi
Tow g b8 CoALpimlieg gypavm and Foclites.
el

Lther ACretlen Trped
' o

ArgilHE wlicrallon le mainly reatricted to
Laulny wod Dracturps ofd B0 malof patiorn by
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METALLIC MINERAL RESOURCES OF
. COLORADO

-S. B. ROMBERGER!

ABSTRACT

Moast of tha known mglaliforaus deposits of Coloredo opeur in 8 narow northeas!-irending el extending from near .

Curanga in 1he southwest It Jamestowr in ihe noriheast. Thiz zone 15 cafted the Colorado Mingral Bell. The depasit can -

"be placed in one of fiva calegaries: Precambeian massive sufide daposits (Gunnigon goid belt); eady to middia Tarbary
vieing in Precambrign recks (Caniral Coy-idaho Speings); veens and replacemern] deposits in ssdimantary rocks [Leed-
ville); diaseminaled ang siockwork malybdear minera¥zaion in middie Tarlisry pocphyrilc stocks (Climax); and pro-
clous and base-meral veins in volcanic rochs {Ouray-Silverion -Tallunica). The kngwn deposits ara roraly distributed rom
Yans @ Precandrian rocks i the northeest trowgh carborngia reglacements in the contral portion of e bell Io vang
vidcanic rgckE D tho southwes!t, Local axceptons fo DS pattern gocwr, especially in the $0uMwas! whare soalialy
relaled deposits May ba lound in & thrae enviroomentis. Mineralirad Tartiary porphwnilic infrusions socur ihroughoul frg '

el the amplecamant of which appears 1o be conftroffed by deap, northeas!-trénding Precambrian shaar zonas, Much of

the mineralizetion can be relaled o these niresions, aven the Precemiriant magsive Suflicdes hiave hean remobiired in

iaces by Tortiacy aven!s. ..

INTRODUCTION .

Codorado has long played an imporam part in the metals
industry 0l the Urited States, This state ranks Tirst in the U.S!in
production of molybdenurm, which is by far the most important
melallic commedily produced in Colorado; irsl in producton of
tin; secard in tungsten and vanadium, third in silver and lead,

Grande County lies on the southém edge ol tha San Juan v
camg lekd, ard is nol within what commonly has been consic-
erad the mingral bell. However, at its scuthweslern end the bell
becomes broad and dilfuse and its boundarias are not clear.
The boundaries ol the mineral belt are based on the gistribution
of major minerakized districts Lhat are known, and do ngt pre-

“urthoin zing; fitth in gold; and 1enth in copper {Uniled Stales clude the possibility ol finding yet undiscovered depus:ts
reau of Mines, 1978). Addiiional metalics produced in Col- elsewhera,
wrado are cadmium and iron (Colarado Division of Minas, 1977). ,"
Table { summarizes the vahue of matallic minerats poad in - -
Colorada in.1977, along with (he percent share :E:r?:tal USs THE COLORADO MINERAL BELT
“production for that yaar, and iha cumulative production; in terms™ ™ The'exact ' reasan for® mmerat-geposits o be concentrated
of dollar value, through 1977, Pocause of inflalion and the in--  along, the. narrow Calorado Mineral Belt is still paorty under-
crease in melal prices, the tolal value of metals produced in—  slood.AThe belt cuts across all geclogic leatures in he State,
terms of presanl day dollars would be very much higher-The -— as_wall.as .the. general . narth-10-nporthwast | structural grain of
value of &l gold produced in Colorada alone would ba approxi-  tha ceniral Rocky Mountaing (Fig. 1). It may ba related ta a
mately 10 bilion dollars at today's prices! zone ol weakngss within Ihe basement which has existad
~+  The tuture of the melals industry kcks very bright for Col-- since some Wime in the Precamixian [Twelo and Sims, 1963). .
T prado, parculary in ight of the recent openiog of the Hender- - Tha. norhern boundary of Lhe mineral bail roughly carre- - =
son molybdanum deposit and development of the Mt Emmans  sponds Lo the Colorade lineament (Warnar, 1378; and Lhis
molybdanum property near Craslod Butte, bolh by Chmax voluma), a nohegast-treanding belt of Pracambrian shearing
Molybdenum Company, and the strenglhening of Ihe melals  which can b& traced from southeasiern Wyoming to north-
market, panicularly lor gold and silver. Exploration for farrous,  western Anzena. The rend of lhe Transconlnental Arch ln
base, and precious melals is very aclive in Colorada, and will  Colorado coincides wilh the mineral ball
coninue 1 e 5000 the fulurg Decause of SUCCEsSAS 1N the past.
v~ Pravious reviews ol the runaral deposis of Colorado have .
been publshed by Vanderill { 1947}, Del Rio {1950); and Twelo
(1358a). Essentially all Ihe medallic and related mimeral deposits
in Colorade lig within the Colorado Minaral Balt, a relalively nar-
row norheasl-Irending zone axtonding from Durango to north of
Boulder {Fig. 1), The only important deposits kngwn outside this
belt are the vanadum-enriched uranium depesils of the Col-
orado Plateau (see Chenowelh, 1his volume) and lha Cripple
Creek gold dstrict. There arg numerous MinNat ocoumances out:”
side the bell, such as the Westohfe-Silver CRR disirict in Custer
County {Twmn, 1968a) and the Copper King Mine in Larimer  zong 10 10 15 mi (16 1o 24 km) wide which conlains indvidual
County L8ims, al al, 1958). The Summitville district in Ric  shears and clusters of shears. This zens of shearing generally
- coingidas wilh the mingral belt (Twetn and Sims, 1963). The
main period o! shearing gccurred during the Palegzoic and
. Mesozow: Eras. These shears conirolled the intrusion of stocks,
Tunsmardaven gikgeand sills andassoctated mineralization- duting late

il Wt i et

GENEHAL GEDLDGY

The geokagy of the mineral balt is wall dnmmanter.l in other
chapters ol this volume, This section will omphasize only those
fpaturas which are imponant in the lacalization of mineral de-
posils discussed in this chapler,

The mosl camman focks exposed in the mineral belt are Pre-
cambrian intrusions, schisls. and gneisses which have gone
through several periods of delommaton and metamaomhism.
Sheanng has occurred slong a northeast direchon, producing a

,{.':'_ngﬂ marnl o Gaokgy Cokoradd Seneol of Minay Golden, SO AQagT .

oy COLOFADO BEOLOGY, 1964, Fiotky Moynten Asecianon ol Gedlog 1
Dl-ﬂ‘vil St sy

- '.1!! Maren ke Gk e -
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EXPLANATION N,f;:
Bc Bouldar
.-.De Denver . -~
Gu Gunnison Middle
Ou Durango Park
.0, 2 . .50 .
N ﬁ
. - - .i e W1
. 22
. 23
2B 25
9. & ]
_+- Tl - .30 "SAN .EELJUAN;; [
‘__ o3 - San
Lot Pl MOUNTAI N_S Cuis
.E?"

MINING DISTRICTS

.. Copper King_ _
‘2. Jamastown
3. Ward
4, Goald Hill
5. Central City-Blockhawk
6. Idaho Springs
ana. - Lowson-Dumont __
‘WDe" g, Geofgatown~-Silver Plume ~
9. Hendersen-Urad
10, Mantezuma
{1. Breckenridge

[2. Kckomo

. 13, Gilmen ) L TR
14. Climax -

_ 5. Alma.

16. Leadville
7. S5t. Kavin
18, Aspen
19. Redwell Basin )
20. Cripple Creask
21. Tincup
22. Gunnison Gold Belt
23. Bonanza
24. Westcliffe-Silver CIliff

b 25- Lﬂkﬂ Cityr.- "\l:..._."‘ iy W -
26 . Creade
27. Summitville

28, Ouroy,
Egi TE"LIridﬂ‘
30. Silverton

) 3. Rico- ~

Flgure 1. Distribution of mineral depasits o1 Colorado discusssd In text ang thejr relathonship to major structural features [modified

from Twelo, 1968a).

-t -

Crelaceous-eary Tertiary, and middle Tertiary ime. They ziso
controlled kcal minerakization in dislricls along the Front Ranga
such as Jamesiown (Jenkins, 1978), Central City-1dabo Springs
(Sims, al al., 1963}, and oihars.

The Palgozoic rocks of the mingral bell ara characterized by a
relatively 1hin-sequence consisling ol quartzile, sandstona,
shale, limeslone, and dolomile, in places amounting  onfy a
lew hurdrod leel in thichness. The carbonate unils are imporiant
ore heosts in replacement deposils, perticularly where they con-
lain paleokarst solution-collapse breccias. The Mississippian
Leadville Limestone i8 Lhe most lavorable unt for replace-
et depdsns,

-

Minium and Hermosa Formations and 1he Pennsytvanian-
Permian Maroon Formaton, 19 locally saveral thousand leet
thick. This thick sequence s 8 result of sedimentalion during
uplit and erosion ol the Ancastral Rockies, Even though the lale
Paleczoic unils are generally poor ore hasis, they arg locally
mineralized where lhey direclly overlie mineralized lower
Faleozoic formalions, or whare tha latter are missing.

Mesozoic and Cenorgic sedments are not importanl ore
hasts in the mingral belt, although local excephions exisl. The
Eccena Telluride Conglkamerate is an importanl ore hasd in the
northwestern San Juan Mountain area (Mayar arl Fisher,
1272). The Cretaceous Dakola Formation is locally runaeralized

—nnaThe-latePaleczoic seclion.:including the » Pannsylvamian == n the Breckenridge district {Lavering, 1934) s momes v
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Table 1 Metatlic Minerals Production for Colorado
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1877 Share of U.5. Cumulailve Producton

elal Production 1377 Output{%) through 1577
Molyboenum B275, 238,044 61.0 £2.364,132,519
Vanadum 25,041,601 H.A. 23, 560,488
Iing . 20.292, 427 . G4 632,488,195
Silvor . ' 18,560,061 ' 11.6 700,417,151
Tungstan 15,644 674 ac0 130,224,197
Lead 10,181,349 4.0 445,496,934
Gold 8,528,605 5.0 569,008,882
Copper 2.001,737 o1 157,060,063
Tin 742,306 MN.A. 5,401,188
Cadmlum + - g7, 7 MA. -_—
Iron 309,764 NA. ) —
Total $370.135,243" $5.716,700,625"

MN.A— Mot Availatle

Sourcas ol Dala: Colorado Division of Mines Summary of Mineral Industry Activites in Colorada, Part Il Metal-Nonmetal; and U.3.
Bureau of Mines Minecals in Ihe Economy of Colorado.

= *Dopa not incude vatues of minor malals recoversd in Colorado.

[« el P or —uh g

F-F

Widespread infrughve and extrusive activity oooured during
w Laramide time in (ha mineral balt {Twatp, 1375; and Ihig vol-
urme). intrugiar amplacement was confrolled by the northeast
renang basemen shears. Small slocks, plugs, dikes, or sills ©
are most comman; however, a large batholith undaries the cora
of lhe Sawatch Range, farge irregular stocks occur in the Elk
Mourtaing, and larga laceoliths typily the intrugive activity in tha
‘uag) Elk Mountains. Most of these inlrosiong have measured
s between 70 and 63 m.y. {Twew, 1975), They consist
slly of pocphyrien of quartz monzonite, bul ranga in compask-
pon from granite to diorite. Much ol Llhe mmeralization in the
minara! belt is atiributed .10 actlvity associated with these two intermontane basins Is siructurally complex and coincides ;
“Laramide intrusiongt. et =Tl80 TNhees Al b S e e S0 yithy the camer of tha mineral belt in this area, Farher soulbiwest o 1:
lgneous aclivity recurred during the middla Tertiary-in the = occurs the Sawatch Rangs, cored by Lhe Sawalch anlicline. The
rminaral balt [Steven, 1975). Tha maasured ages ol stocrs intha-  latter is pan of & northwest-ancing feature containing the Whila
cerdral mineral bell mnge from 39 10 26 muy. The composilion ol ¢ Aver and Uinta ypdifis. Seuthwesl of the Sawatch Range ooour -
thesa intrusions ranges iom quartz diorite 1o granite, and many = the Etk and West £k Mountains-cord by Laramide intrusiona, -
arg porphyritiz. This intrusive activily was alsg conlrolled by - and finelly the San Juan valcanic tield. - . -
nartheasl-tranding asement shears. Many impartanl deposits
MINERAL DEPOSITS

- or districls are associaled with mid-Tertiary activity such as the
Climex molybdenum depasit (Walacs, gt al., 1088), the Uragd- Most mineral deposits in the Colorade Mineral Bell can be
placed into cne of five calegores: Precambrian magsive sulfde

Henderson ore bodies [Ranta, 21 al., 1976; Walace, et al.,
deposits; early to middle Terbary vains in Precambnan rocks;

1975}, and 1he Montezuma district [Staven, 1975).

The axlensive Thiry-ning Mile and San Juan volcanic helds veing and replacemanl deposits in sedimantary rocks, dissermi-
werg als0 built during middle Torliary time, Linits Irom the former rated and slockwerk molybdenum mineralization in middle Ter-
have agas ranging Irom 36 o 28 m.y. (Stevan, 1975), and thase Lary porphyritic stocks: and precious and base-matal veins in

- from the lafler have ages from 35 10 14 my. (Sleven, 1975;.  volcanic recks. Some disticts may have depasits belonging to_
mare than one categovy. and lthere may be a ganabe ink be-

Lipman, el al., 1578} Ages as voung as 11 my. have been
maasired for quartz latde porphyry inlrusiong in the Silverion tween the diferen! Iypes of deposits. Classityng the deposils
area (Lipman, et 8l., 1976). The rocks ol tha Thiry-nine Mile Intg the various types, however, eslablishes a basis for dis-
figld ara mostly andesiic, atthough phongite infrusions are also cussion. There appaars 1o be a gross 2anal distnbution of the
reported. The Cripple Creek gokd disincl may oocupy an outler deposit types across Ihe mineral bell, begnning with veins in
of s feld, as phonoltes simisr [0 those observed in the Precambrian rocks in ihe northeas!, then replacaments in sed-
Tinrty-nine Mils liald pecur i B district. The phonolite in the mentary rocks in the central partion, and linalty veins in volkcame
“*Cripple Cresk chstrict has an ago of 28 my_ {Steven, 1975). * rocks in the southwesl (Fig. 2). This distribution may be relaled
The San Juan volganic field i3 noled for the large number of  to the depth of erasion, or perhaps 1o the distribubon of geclogic
evenis, such as the development of the San Juan volcanic held,

collapsae calderas which formed 88 a result ol 1Ne eruption of
extensive ash-fiow sheals (Stevan and Lipman, 1976). Volcanic Even though the minaral beli contains many impressive dis-
tnigks, ovar three-lourths of the totat production has come trom

wuts range in compasiion from rhyolae 1o quartz latie. The
icturg sysiems associated wilh the calderas acted as impor-  [ive districls or areas: ihe Chmax molybdenum deposit. Lha
.M org-localizing structures, allhough mineralizatian is signdi- Leadvilla district, the Quray-Silverdon-Telluride area. the Cripple
== cantly younger than the calderas (Lipman, el al., 1974} ;%= =#-~: Greek gold district, and tha Gilman disirict {Twelo, 1968a). s =

The regional struclura across Iha minaral befl is characlerized
by north-to-northwest-tranding wplifis and idlervening valleys
{Fig. 1}. The uplitts consist of eithar raised blocks bounded by
norrmal or reverse 1aults, or antcines bounded on aach side by
monaclines, or a combination ol bolh. Most of thase teatures
developed during middle to late Tertiary time (Epis. et al., 1976),
From nartheast 1o soulhwest, occur the Frant Range uplift, fol-
kowed by the Gore-Masquito Fange bounded by normal faults,
In places the bounding faults are sleep reverse faults. Thoge
two uphits are separated in the minaral belt by Lhe soulthem end
of Migdla Park and Souwth Park. The boundary between tha tattar
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N PN e EEEEE] aisre s --wesd onbanml - —geypMATIC, NOT TO'SCALE ™|

Precombrian  sandstons ¢erbonata shale volocanic intrusive

Sedimantory Rocksa ~——Ilgnedus Rochs—

. . {Numbers corraupond to

Figure 2. Schematlc cross secilon along Colorada Mineral Belt showing relailonehip of mineral depasit types 10 geslogy.

Precambrian Massive Sulfide Deposits Georgatown-Silver Plume,: Montezuma, and Brackenndge, in
- Precambrian sulfide. daposits of Colorado.haw bheen re. part. Examples given for. the fatier. group are Lhe tungsten de-
viewsd recently by Sheridan and Raymond {1977}, Thasz de- posits of Boulder County and (he telluride veins of Jamesiown
posis oocur in rocks ranging in age from 1,700 1o 1,800 my.. . _and Gold Hill districts. Hewever, as more ages are dotermined
which hawve been melamarphosed o greenschist, bower am- for inrusions with which tha mineralizalien is associated (Sle-
phibolite, or amphibolite facies. The deposits conlain sphaierite, ven, 1975), it is becoming moee apparent that some of the de-
chalcopyrile, and galena as major ore minerals, with lesser posils anginally thought to be [aramide are much younger in
amounts of gold and silver, More ores consist of base-metal  age. Bacause ol the lack of age data on all of these deposils, the
sulfides disseminated in silicate rock; howaver, kocally the ore veins in Precambrian rocks are considered s one category in
minerals can ba found in 2 matrix of pynita and'or pyrholite. The this paper, and & subdivisian in terms of 8ge shoudd come with
texturas of the ores indicate Ihe sullides and silicales recrystal-.  more complste dala.
~~lizad at:tha- tirme o ‘regional metamorphism: (Sherdan-and =~ ~* Veins:in-Precambrian: rocks commonly fare:in,* or. border, ™
Raymond,.18977). Locally the ores show considerabis remobilli- Laramide or.younger intruskons and occupy hssures and faults -
zalion of the sulfides resulting In ¢ross-cutting vens and breccla . of Prcambrian or Laramide age." These siructures commonly =
fillings. - This remobdization could be a3 young &s Terliary and -  lrend east or norheasi: Ore bodies am typicalty smatl and are=
led many ol the &ary mirners 10 think in terms of a classical usuzalty economical becausa of 1hair high grade in precious mel-
epigenetic hydrothermal ongin lor these deposits. + +=w -alg Atthough deposits are placad into specilic districts, minaralj-
Tha best praserved deposits occur In the Gunnison gold belw 1« Zalion ooccurs in a nearly continuous ball from Jamesiown lo
. of Gunnison County (Fig.'1).-The geclogy of these deposits has  Breckenridge, i

been reviewed by Drobeck {1979). This nortbeast-trending belt is In lhe Jamesiown districl, the deposils occur as nonheast-
about 30 mi (48 km) long and up lo sevan mi (11 km) wide, trending veins of complex mineralogy associated with 1ha early
and contains matavelcanics and related intrusive rocks msta- Miocane Porphyry Mounlain stock, boslonite, and biolite lalite

morphosed 1o lha greenschist or lower amphibolile lacfes. The dikes. Jankins (1973) outtines saven phases of minaralizaton
depoaits appear 1o be localized near or at contacts between am-.  roughly in order of increasing age: VIl quartz-—ferberite; VI,
phibolte and lelsic metavolcanics. Some deposits are adjaceni ta  quariz—sylvanite—patzite—gokd; V. quartz— pyrite—gold—
-.5hin beds of Gquartiite, which are bekevad o have anginatad &5 wew Molddanles, , IVE., galena—1tennanlile—aphaienig==ranierte -
sea floor chert beds (Sheridan and Raymond, 1977): The cres  -—germanite; IVA, quarlz—pynte—bismuthinile; Ill. galena
consisl of sphalente and chalcopyrite, associated with abundant —sphalerile—tennantile; Il. Mugrite; |, quanz —pyrite—
pyrite, which commonly ocour in thin bands of pods paralal o sparse base-metal sulfides. Phases |, 1), and I are genatically
layernrg and foliaton in Lhe host rocks, Some ores show cruda relaled 10 thee Porphyry Mounlain stock, which 5 a complex
banding. The overall lextures and structures exhibsted by the infrusion cansisling of an early porphyrilic guarz monzonilg in-

ores, alang wilh their association with lalsic voleanic units, truded by atkahc rocks. Tha meneralization occurs in stockwork

, suggasl these deposits can be grouped with the syngenetic vol-,. : fraclures and brectia pipes around the margin of the stock.
CANOQenic massive sulthde deposits of Hitchinson (1973). Phases IV and ¥ occur in northeast-frending veing within a

prominenl shear zone and aro ganetically related (o the bosto-

Veina In Precambrian Rocks mla dikgs, Phases VI and ¥N oceur as vein lilings in fractures

Twoto {1968a) recognized two groups of deposils within this trending northeas! and norhweasl, and are genalically ratated 1o
categary: veins of Laramigde ags in Precardwian meks, and 1he inlrusion ol biokie latile d.kas.
past-Laramide deposits in Pracambrian rocks. Examples given The Baoulder County tungsten and precious melal lefluride
for the foemer group are Jameslown, n part. Ward, Canbou, ores have been discussed by, Kelly and Goddard (1963). In-
- Empire, Lawsen-Dumont, - Central City;«idaho Springs, = cluded is a discussion on the Guid Hill and Magnolia districts as”
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wil gg tha Jameslown arga. The depdsits oceur as nofheast-
'ing veins whare local structural controls include veir inlee-
ans, inlersecbon of weins with laulls or dikes predating
. minarpizaton, and imeguiarilies in veins produced Dy move-
mant along 1he fissuras. The veins consist of pyrite andlor mar-
| casita and quartz with varying amounts of ora minerals, most
'L imperlant of which Bre sylvanite, pelzite, hessite, and nalivg
gold. Calaverile and krennerite are alsg importanl. Ascording ig
Kelty and Goddard (1968}, ihe hydrothgmmal solutions werg
denved from a lalile magma underlying tha telluride bely
These solulicns rose zlong major nprthwest-rending laulls,
| and mineralization took place as they spread oul along the
- naillwasl-trending fraciures.
L The most iMportant mining district in the Colorada Front
F

* Ranga area is ihe Cangral City district in Gllpin County (Fig. 1) It
has produced more than 100 million dollars worth of gold, sitver,
gand uranium since 1859, with gold amgunting to B5 percent of
the total dollar valua (Sims, et al., 1983). Tha veins and minar
stockworks oCtupy northeast-lo-east-tranding faults in Pre-
cambrian greissas, granites, and pegmatites. The lalter are
infruded by Teriary small dikes and irregular bodles ol

- granodioniie porphyry,-quartz monzonite porphyry, DOSIONilG ...

- porptyry and quartz bestorste porphyry, The Central City ani-

cling, e axis ¢f which hisects the dizirict, is 1ha dominant
struciure o the fraa.
The veins range from simple to complax, and renga from ong

| to three M{.3 10 1 m} in width. The most commeon minerals ars

pyrite, sphalerite, chelcopytita, knnantite and galena In & Gar-

‘ gue of quarz; carbonates, flucrila, barite, pitchblende, and

‘ enargite are locally important. Gokd octurs as lellurises, i thy' '~

free state, and in the structure of canain metallic minerala. Siver
"irs predoming ntly in metallic minergls, but also as sullosaits,
itic aheration adjacent 10 the veins grades Outward ino

_ o alteration and theninto resh rock (Sims, e al., 1963).

i Sims and others {1963) and Moench and Drake {1866) rec-

| ogrized & regienal minaral zonring which induded the districts of -

| Central City, |daho Springs, Lawson-Durmaont-Fall River, Lamar-

ting, and Chicago Creek (Fig. 3): The ronal pattemn s elongate

- in the nartheast direction parallel 10 structures in the area. The

- zoning B based on the composibion of Lha veins in the districts -

The cantral zone, exianding frwn Cantral City southwest tg
‘Dumpnt, consisis of pyrile-quartz veins containing variable -
~-proportons of basa-metal sulfidea and precious metals. This
A zpna grades outward nto the nlermediate zone contamning py-. -
rita vains with signilicant quantities of copper, lead, and 2inc,

~ This zone is aboyt one mile wide, and grades outward into the

 periphers! zone coataining veins of galena, sphalenle, guartz,

- and carbonales. The latter zone ranges in wadth lrom one g

three mies.
Tha Sliver Plume-Gaeorgelown, Argantine, Monlezuma, and

«n Breckonridge  districis.form-a neary continuous- zane of .

mingralization. These districts have been discussed in detail by
Lovenng {1934, 1935), and Lovenng and Goddar [1950). Pro-
duction of sitver, lead, and zinc has been fmwn comphex sulbde
veins cutting the Precambrian ldaho Springs Formaten, Sitver
Flume Granite, and intruded monzonile, quartz monzenite, andg
granile porphyry dikes. Major metallic minerals ars sphalerite,
galena, and pyrite. Silver minerals in¢lude polybasite, argen-
tilergus telrahedrite, argentte, ruby Stvers, and native sibier, ™
The ores are localized at ihe intorsattion ol lhe noriheasi-
trending shears and maper northwast-lranding faulls; the tarter
arg considered to ba the majar plumbing syslemn ler the hydro-
rmel solutons fLavaring and Goddard, 18501, The ora de-
15 ol I1he Geometown dislrict Lo the eas| are similar to those
. Sikver Plume disiricl, except in tha lormer, veing al pytilic
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appears 10 ba refated to Tertiary alaskite porphyry dikes (Lover- -

ing and Goddard 1950). -
In 1he Momezuma district, mingralization is assotialed with a
largs quartz monzenide porphyry pluton with an ages of 39 muy.

The plulon was orlginally doscribad as a stock; however, sub-

gurlace geologic ang gecphysical investigations indicale that
what is exposed in the district |s an apophysis ol a very large
body of batholihic proportions (Steven, 1975). The veins most
commenty ocoupy northeast-tranding fissures in the sumound-
ing Precambrian ymits and comain vanable amounts ol gobkd,
gilver, galena, sphalerite, and sulfosalts of slhver, copper, and
msmuth. The ore doposits ol the Argentine disirict 1o the north-
aasl are very similar lo these of 1ha Montezuma disirict and may
be pan of Lhe 3ame mineralizing system, Dikes ol quartz mon-
romte prophyry redated 1o the Mondezuma stock extand irto the
district, However, thyolile and dacite porphyries, nel commen in
tho Montezuma districl, are abundanl in tha Argentine distric)
{Lovenng and Goddard, 1950), In Ihe sguthern part ol 1he
Breckenridge district, vein deposils smilar 1o those i 1ha
Montezuma dislricl oecur in nerthaasl-trending fissures in
Precambrian rocks {Lovering and Goddard, 1950].

More recenily, Mewerburg and others {1974) suggesl there
may be a degp porphyry molybdemum deposi wilhin the Mon-
1ezuma district. This suggestion i3 based on minor GeCUrrences
of molybdanls in yeins and alleration paierns around the small,
lala porphyry dikes and plugs near the interseclion of 1he Mon-
fezuma stock and the large northaast-rrending Montezuma
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assoclated with middle Terliary porphyrilic intrusions in the
eastarn Breckenridga districl. The intrusive history of the area s
complex; an early quanz monzonte and the Cretaceous Pigme
Snhale are niruded by a quariz monzomila porphyry which, in
turn, is imroded by thyodaais porphyry, lollowed by the intru-
sion of twe breccias, Alteration, consisling of an inner phyllic
zone and gn ouler propylhic zone, is spatally related to the
rhyodaclle and breccia bodies. Tha allaration pattems and the
distribution of laad, zinc, copper, and motlybdenum suggest the
mineraiization in the district is related 1o 1he intrusive complax,
and a molybodenum deposit may exist gl depth.

Deposits in Sed/mentary Rocks

Replacemenl and vein deposits in Palegzaic and youngar
sadimertary rocks have been some ol the most productvwe In
the mineral belt. These primarily consist of sitver-lead-zing or
lead-zinc deposits in carbonate unils wilh minor amounts of
minarafization in the Inlercalated gquartzites. The Laadville Lime-
£one is the most importard ore hosl, with kesser armounts in the
underying carbongbe wnits. Most of the known deposits are dis-
ributed around the Sawatch uplift whare the seduments hava
bean uplifted and eroded on the flarks of Lhe largs antitome
Examples are Leadville [Tweto, 1568b), Gliman {Radabaugh,
el al., 1368; Lovering, el al., 1878), Aspen {Vanderwilt, 1935),
Alma (Singewald and Butler.-1941), and Tincup {Dings and
Robinson, 1957). In lhe Leatville Limestona, the mingraliza-
on 5 concertraled in paleckarsl sodsbon-colapse breccias
which sevved as permeable zones for tha passane of the hydo-
Ihermal solutions. . e e e man

Copper and gold eften occur in small amounts primarily in
veing in silicecus sediments and fractura lillngs associaled wilth
the replacement oras in the carbonalgs. The mineralizalion in
1ha districts and individual deposits is usually zoned in 1erms cf
iha distnbution of metals. Veins hava also been Tound in the
Precambrian metamorphic rocks ynderlying the Paleozcic sed-
imendy, such a5 at Bretkennidge described above. In the 5t

5. B. AOMBERGER
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Figura 4 _Schemetic represeniation of minerslization occumende
In tha Lesdville district (madified atier Emmans, at al.,
1927).

Studly ol deposits in the Leadvilla district. Tweda (1568b; 1978)
more racently discussed the pCCurrence of mreralizabion and
summarized the complex mining history of bwe dsthict, The dis-
tricl has had gvar 100 years of ngarty continuows mining activity

. producing over 500 million dollars werth ol gold, slker, copper,

lead, and zinc. Production has come from both primary sultide
and secandary oxide ores.

Figura 4 illustrates schematically the occurrence ol primary
ore in the Leadyvllle distnct. Sulfides occur both as replacements
in carbonate sediments and vein and chimney deposils. Tha
siraligraphit. sequence consists of Cambrian through Mississip-
pian dolomitas Bng guartziles with a iotal thickness of 500 1.

EKewn gstnet just wesl o Leadhille-the sediments have beanre= (152 m)oThe sediments are intruded from the sast by several
argded away and all that ramains areg the weins in Precambrian .,  quarlz. monzonite. dikes. and sHla. «Intrusions: clder - than tha
rocks (Singewald - 1955; Zogg 197 7). - mineralization have & Laramide age (Twalo, 1968b) - However, -

In some distrcts mineralization ocours in Pennsybaanian and = - those bodes appeanng o ba genetically related to minerakza-

younger sedimenty such as the Mintum Formation-at Kokomo -

{Koschmann and Wells, 1946, Bergendahl sng Koschmann,

1671, and the Hermosa Formation in the Rico [(Varnes,

1047; McKnight, -1974), and Quray {Burbank, 1947) districls. Al

Brackenridge no pre-Pennsylvanian. sadiments occur and,

minaralization oocurs in the Maroon Formalion and 1he Cra-

taceous Pigre Shale (Lovarning, 1934 Pride and Robinson,

1978). In the Tellurlde-Quray area, vain and replacement

mingralization ocours in ihe Eocerme Telluride Conglomearala

_ {Maygr and Fizher, 1972; Nash, 1875),

-~=  The vemn and replacemant deposits in sedmmantany uruls in the
Colorado Minerzl Balt are very similar o thoses adjacent 1o large
copper of copper-molybdenum porphyry deposils, such as
Bingham Canyon, Utah, except the large porphyritic stock is not
apparenl. The daposils may be zoned around & vein system ar
stockworks which may have served as a leeder system for 1ha
geposity, ar zaned around a small dike system which mighl ba
related 1o the cres genelcally. The possibility thal Jarge por-
phyniic socks axigl béneath these deposits canndl be alime-
nated. It has already been suggested thal a large bathohih
oxisted beneath a poruon ol the mineral belt during much of
Teniary fime (Sleven, 1975).

The Leadville dislrict has been the most productive ol Ihis
fype &nd 2 brief description of its mineralization will serve o
charactenze the replacemenl and related deposits in sedimen-
Lary mcks. Emmons, el al. (1927) published a comprehensive

tion-are much younger-The most favored sile for mineralization -
appears ta e in sotulidn-collapse bracoias in dolomites below
sills; ihe Leadvile Limestone is the mast extensively mineral
ized. Rsplacement deposils in the west may pass laterally and
dowrmward oo vein deposits in the aast.

The regional dip ol units is lo Iha easl; howaver, exlansive
faulting has ceused |local reversals, Most major faulis sirike
north to northwest and are, for the most part, normal faults

2 downthrown to the west, Tha latest movemem appears 1o be
related 1o the tormation of the Upper Arkansas River graben and

appears 10 be retuament OHset atong older faulls. Theses ' com- |

bined with smafl easi-trending faulls, cul Lhe area inlg & Mosac
of blocks.

Fleislocane glacial gravels cover {he bedrock over most of the
district 1o thicknesses up 1o 600 I (182 m). Some of these
gravels contain placer gold. Seme of the gravals have been
laulied alorg Lhe north-trending sysiem.

The pamary replacement gres oonsist ol pynite, spralerle,
and gakna wilh kcal concentratons of chatcopynte. Sikver is
presaen as arggntilerous galena and small amounts of argenlite.
The gangue consists ol quartz, manganosiderila, ankenle, ba-
rile, rhodochrosie, and dolomite. The vein deposils essentialty
have 1he sama mineralogy as Lhe replacemenl depasits but with
higher amounis ol pyrite, copper, silver, and gold as argentifer-

-

aus tetrahadrite, pyrargyrite, and nalive gold. Bismuthinte alsa

oceurs localy.

4
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The gridized ores played a major folg in the production of
the district early in its history. Thay extend 400 1o 600 ft (122 1o
182 m) below the presont surface and locally reach a depth of

_i"ﬂﬂ{) R {273 m). The cxdized orgs consist of cerussits, smilh-

wenile, cerargyrite, embolte, and others, Over copper-rich
“Heposits, Iocal supergene enrichmenl has occurred forming
chalcocite, cavellile, and barnile. Some ennichmenl of silver has
glsp ooccurred.

The Leadvlla dislicl &5 a classical examphe of mineral zomng
whara Ibcal conlact-melamorghic magnelie-specularite-
siderite bodies occcurring 2djacent to irdrutions grade outward
inlo high-lemperalure hydrothermal lungsten minarahization,
The next zone outward is |he most important velumelrically ang
tomtains the vein and replacement copper -2ing-lead-silver -gold
ores. This main sullide mineralizalion is also zoned where
copper - Sitver -gold veins grade outward intg lead- zing- Siver re-
placemanls. Low-temperature gold veins occupy the periphery
of the dizirict. Mot everywhare are alt zones found or developed,

The Gilman district is the next most impertant of 1hs type of
deposit in terms ol past production. it has baen described by
Radabaugh, et al. {1958) and Lovering, al al. {1978). The
peologic setting and cocurrence ol ore are vary similar to thosa
gl Leadville except there are no exposed intrusive rocks which
can ber ganeticalty relaled 10 the mineralization. The ores ocowr
in solution-coflapse breccias primarily within the Leadyill g Lime-
slone which dips al a low angle 1o (he northeast. Chimney de-
posits pecupy breccia bodies which penetrale at least 1o 1he
Harding Sandsione, Lead-rin¢, a5 galena and sphalerite, occur
as dolomile reptacemerts while copper and silver ocgur in the
chimneys. Pyrite is a ubiquitous gangue manerzl along with
various Ccarbonales. Alerakon consists of dolomilization of
ik carbonates.

Iliddl& Tertiary Porphyry Deposits

ong 1he entirg fength of the Colorado Mineral B ocour
dle Tertiary porphyrilic inftusions of intermadiate 1o granitic
composilion conlalning varying amounts ¢! hydrothermal
mingraitzator. The mosl important of these include the large
molybdenurm porphyries ol Climax and Hendegrson. These two
deposids aro vety similar in terms ol lhe petrilogy of the as-
sociated slocks and lhe nature of the mineralization

Wallace, el al {1968} and Surfaca, et al. (1978} havwn dis-
cussed tha geology of the Climax deposit and the loliowing
suminaty |s based on their work. The mineralization is asso-
dated with a8 complex stock consisling of four separale -
$he phasas of granite or rhyolite parphyry. Each of Ihe irst three
infrusions has g mineralized envelope shaped like an invered
cup developed aver the stock and in the intruded Precambrian
rocks. A late, barren slzge o mineralizahon, oonaining some
base-metal sulflides, 5 assotiated with the 1ourth infrusive
phase. Each enveiops is zoned with & molyhdenite zong ower-
-lain by & diffuse tungsten 20ne containing tin and undarlan by
an area of high-silica rock. Mineralized fractures of early stages
A cut ang displaced by veins associaled with later intrusions.
Thu high-silica rock was produced by pervasive silicification
which has destroyed all earlier 1extures and structures induding
molytiderde vens, The molybdente mineralization is atcom-
pamed by parvasive potassic aletation.

In gach minerzhized anvelope the molybdente ocours in
fquarty veins containing smal amounts of uorie and potas-
sam leldspar. Thage weins are cut by a later set conlaining
quartz, sericie, topaz, and pyrite. The lungsten minerglization
appoars lo be earty and occurs a5 huebnerite; the tin ocoyrs as
Cassiterite.

» Henderson deposit has been dscussed by Ranta, at al.
i and Wallace, et 2!, (1878). The general gealogy ol the
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Figure 5. Generallzed gealegic cross section through Red Moun-
tain showing the Hendergon porphyry molybdenum
deposil (modified after Wallace, ot al,, 1578} ’

Aed Mounlain area is shown in cross seelion in Figue 5. The
minerglizathion is Bssociated with a middle Tertiary complex por-
phytitic slock intruded inte Precambrian Siver Plume Granits,
Wallace, ot ai. {1978) inlerpret the siock Bs subwolcank:; how-
ever, tha lthocap has essertially been eroded away, The Urad
deposit, now mined oul, accurs Dear the top of Red Mounlain
and probably is relaled 1g lhe emplacement of Lhe square quartz
porphyry, one ol 1he oldest units in 1be intrusive complex, This
phasa has been largely reMoved by the intrusion of the Red
Mounlain pevphyry and 5 found near the base of the Tungsten
Shde complax, All the phases of the complex arg rhyollic in
composition and consist of vanang proportions of sodic plagwo-
cfase, potassic leldspar, guartz, and minge baolite phenotrysts in
a groundmass ol polassic feldspar and guartz,

The dislribution of mineralization and associated alteralon
suggesls lhere are at least two overlapping ore bodws (Fig. 6).
The upper ore body supposedly s reated genelically to the
Pamos Porphyry and the lower Is relaled 10 tha Menderson
Granite. Thera Bra at least ten altaration zones and he distn-
bution is shown in Figure §. A propylitic alteration, observed on
the surface, exlends Tor 4 distance up 1o fwe mi {3.2 km) lrom &
point centered over lhe Hepderson ore body. This alteralion is
charactetzed by the chlonitization of biotite and mid alteralion ol
plagioclase to clay &nd sencite. The argiflc zone can be traced
ior a distance of &t least 2,500 1 (B33 m) 2way rom the ore and
shows the conversion ol plagioclase to meontmerilonle and
kaplinite. Pofassium felgspar remaing resh and sernicitd s gom-
mafl, The garne! zone pocurs about 1,200 4 (365 m) above tha
ore body and consists of a 200-#t (80-m)-lhick zone of orange
spessartita garnet replacing potassium feldspar actompanied
by galena, sphalerite, rhodochrosite, quartz and sericte. The



Argithc

Quarlz -Sericita-Pyrira -

- W " frgiliic =SE—

‘I"rlfl':‘H IE&ETW‘WMW}
™ T
et Tnpu: B . '}]r}i
ﬂ' ,_uu'uuu.ww |n.
ﬁ-“ "_F'":E}JEQ_M. \m4|ihﬂ -
"—-""'""I-'—v-f-l?'qh_l -
—5 T opdgﬁ_*‘- Ll\ ’1‘

Lower T
o Lomer

Argiltic

0.53% Mos5
Grvisan

Figura E. Generalized alteratlon rones around the Hendergon
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quarlz-sencite-pynie Zons is charactarized by the replacement
ol leldspar by sericite which is sccompanied by pyrile and
quartz. The upper and lower 10paz rones consisl of wpaz and —
magnelite, the latter makiyy up ag much a8 45 percent ol the
-rock. The topar ocours in veins wilh quartz and pyrite and as

- replacaments ol potassium-feldspar. The potassiom . leldspar ==

atteration congzists of teldspar. raglacing . pra-existing ' slicales -
and recryslallized pnmary potasshum feldspar and roughly coin- .
tides with the high molybdenila ore” The sirong silica zone -
below and within Lha ore rapresents an increasse of Quanz con-r
teni In the porphyry from 34 1o 72 percent. Locally the rock
corgists of gmater than 90 percent guarlz, and all pre-existing

- potassic-allared mehybdenile ora is gesiroyed. The grengsen 2ong

consisls of widaly spaced quartz-mglybrdenila vains with allera-
tion anvelopes ol quarlz, lopaz, muscovite, magnetita, green
biotite, sericita, pyrite, and locally gamet.

Oire mineralization in the Henderson deposil consists of
malybdenite in quartz veins containing small amounts of Nuorite,
Thase veins are cut by veins, up to one inch wide, confaining

_Ine-grained ippaz wilh quartz, pyrile, flucete, carbonate, chio-
nla, and gresn bialite. -

Sharp (1978) describes B molybdenile-minaralized, breccia-
pipe complex in the Redwoll basin northeast ol Creslad Butte,
Tha breccia pipes developed over a complex siock conslsting of
rhyolle, rhyolle porphyry, and granile porphyry inruded into
Mesoroic and younger sadiments. The intrusive complex ap-
pears to have baen locallized by the inferseclion of northwest-
trending laults with major northeas!-trengding shears,

The brecoia pipe has a verucal exterd ol at keast 2,300 #
(700 m). It is floored in the porphynbe-stock complex and out-
crops in the Redwell basin. Galana, sphalerite, chalcopyrite,
and pyrrhotila waih mingr bornitg goour in the upper parts of 1he
breccia-pipe compies. Two lower malybdenum-lungsien-in
ronas ooccur 2000 it [608 m) below 1he base-metal mineraliza-

a
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siterite. The lower zones are spatially and genelically related o
1he porphyries, Allerabon Congists of an outer propylitic zone, an
inlermadiale soricte zone, and an inngr potassie zona, The
patassic rong oogurs within and balow the molybdanum zona,
whilg IPhe sericile zane oocurs peripheral to the lztter. Bacause
ol tha overall distribution and zoning of minerakzalgn 4 the
Redwell basin doposil, Sharp [(1978) suggests the overall

breceha-plpe ang parphyry complex is similar to the Climax and °

Henderson deposits. The newly discavered MI. Emmans de-
posd i8 very close 10 Lhe Redwel basin. However, the relation-
ship betwaen Lhe twa deposis is uncarlain,

Base gnd Preclous Meisl Veins In Volcanic Roc ks

Most Ol the merallilerous vein deposils i volGanic rocks oo
in the San Juan Mountains of scuthwastern Colarade (Fig. 1),
The Crippla Creek district is includad hera evan Lhaugh Ihe
wiging commanly occur in Frecambrian rocks. However, the lat-
ter disthct is spatially related 10 a large caldera-tke structure
containing volkcanic units and middla Teriary intrusive rocks
{Koschmann, 1949; Galt, el al., 1969). The Cripple Cresk vol-
canic complex may be an gullier ¢f tha large Thirty-nine Mile
volcanic field ber mi {16 km) Lo the wes! [Tobey, 1963).

Tha gealogy and minaralization of Ihe ore deposts in the San
Juan Mountains have hean summarized by Burbank and
Luedke (1568) and Steven (1868).-The deposils appear to be
controfled by siructures which are ralated 10 the lormaton of
colapse calderas within tha volcanic pite. Many ol the calderas
arg comPlex, and mineralization appears O be younger than lhe
youngas! ¢ollapse and/or resurgent event. Lipman, et al. (1576)
have found the age of minaralization 1o be severel milion yeers
younger 1han the host voicanics. Theretora, it can ba assumed
that the mineralizing history of these deposils is very complax,
and tha calderas and relalad structures serve primartly as tavor
able phumbing systems for the mineralizing solutions.

The gres consisi of a complex mixture of gold, sitver, lead,
zing, and copper minerals as Iracture tillings in volcanic rocks

-and locally as fractura fillings and replacements in underying

Teritary  sediments, Examples occurin-the Curay (Burbark,
15414 Kelley.. 1946; Fischer,-et al., 1964; Mayor and Fisher,
1672;-Paul, 1974; MNash, 1975}, Silverion (Varnes, 19563;
Burbank and Luedks, 1596%;.Casadevall and: Chman, 1977
Langston, 1978) and Teliuride (Burbank, 1841; Hillebrand,
1957; Yhay, 1962) areas; at Lake City (Slack, 1976; Sieven, sl

-al., 197 7a); Creads {Silevan and Ratte, 1965; Staven and Ealon,

1875; Slovon et al, 1477k); Summitvllle {Slaven and Rafo,
1960; Bird, 1972, Liprnan, 1975); as wall as al Cripple Creek,
Many ol the individual deposits were vary fich, bul olten small,
gndd iew mines are operating in 1his area at the present time,

Minerahized braccia pipas in volcanic rocks arg BIs0 known in
the San Juan Meountains such as thosa in the Red Mountain
district {Burbank, 1847; Fischar, et al, 1968; Fisher and Leedy,
1973), and al Summinille (Steven and Aatle, 1960; Bird, 1972;
Lipman, 1975). The breccia pipes appear to be siructurally con-
trolied, mogt often gepurming alintersectons betwaan major frac-
lres and eoncentric nng fractures bounding the caldera, Thess
deposits were also small bul often high grade in gokd, copper
and silver,

In some districts, mingralizatiocn has & definite spatial and
genelic relalionship to subvolcanic, parphyritic inirusions,
Examples accur in the Red Moontain disinict, the Lake City area,
the Summitville dsincl (Bird, 1972}, and the Needlg Mouniains
district soulh ol Sivertan [Sleven, 21 al, 1963; Schmitt and
Raymondd, 19771, In the Red Mountain district, Sumrityilla dis-
trict, and Lake City area. the imrosions appoar (0 have bgen
emplaced along concentric Iractures bounding the calderas.

"

- tion. Thesa melals ocour a9 Molybdenite,- huebnerite-and cags#s The intrusions generally 2re much younger then the calderas =
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Figure 7_ Aslationshig of mineral deposita to structures pssociated with Sliverion caldera, Sen Juan Mauntains (modified frem Burbank

and Luedke, 1968},

and associated voleanics [Lipman, et al., 1976). The siocks in
the Meedle Mountams distrcl are intruded into Precembrian
granite and have an age of approximalely 10 m.y. (Schmit and
Raymond, 1977} The mineralization may 0ot a5 veins o dis-
semnations within 1he imrusions or in veins adjacent 1o tha
irrusions. The compogite stock in the Needle Mounlaing d:sirct
has a zoned alteration halo consisting of quartz-sericite - pynie
and quartz-sencita-kaolnite.pyrite assemblages. and local
eenceniralions of molybdenita in gquartz veins (Schmill and
Haymond. 1877). Sleven, et al, {1977a) report intrusions on the
narthern tnargin of the Uncompahgre primitnve area which are
hgh n copper, and suggest thoy migh! represent a dissemr-
naled porphyry-type deposit,

The minaral deposils in the Silverton-Telluride - Ouray area
are relaled 1o the Silverton caldera, a smaler goflapse 1sature
within the southwesl end ol the large northeas(-rending Un-
compahgra voleang-lectonic depression. The Lake City caldera
occupies the northeasi end of this depression, Figure 7 Blus-
frates the major siructures associated wilh the Sitverion caldera.

“hare are lhrea mam gredocallizing siructures: Iractures radi-

.ng outward from the caldera, breccla pipes localized aking

J@ concentric ring fractures bounding lhe caldera, and the

Cureka graben. The lalter appears 1o be @ complax siructure
relalod Io resurgence. Alohyg the linear fealures, minerzlization
preferg koci whare thers is a change in attilude of 1he fraciure
and mevement bas produced a dilalion zona, Inany one deposit
there appears to be more Ihan ore stage of mineralizalion,
wherg vans ol ditferent apusodes omss each other, and muthple
everls produca compeoyund veins. Propylibe atteration of 1he wvol
canic rocks is widesproad, Adjacenl ta the veing, argilic attara-
lici @and minor sericitizalion are Igurd,

In depostta associated with radial fractures, indnigdual
mineralized siruclures can be quils cominuous, having moa-
sured sirike langths exceeding freo mi {8 km}, dip lenplh of 5,000
ft {1,520 m), and widths up 1o five A {1.6 m). In the ldarads Mine
a vein systemn could be lollewed 1or six mi {$.6 km). A single ven
was sioped through a length of 9,000 ft (2,736 m) and heighl of
2,500 1 (760 m) (Hillgbrand, 1957). In the vein deposits in gen-
aral, lha mast common ore minerats are sphalerite, galena, and
chakomymto, with kxcal concentralicons of lennantita, argenuter-
ous lennantile, tetrahedrite, and silver sullesalts, In the gold-
silvar vains, arsenopyrite, native gold, and silver and gold
igllurides are found. The gangue minerats are pyme, quartz,
bante, calcie, with lkocal concentralions of ankerte, fluarite,

-
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and mangangse minarals. A typical paragenesis woukl be:
[1) eary pyute; (2} common sulfides including galena, sphalér-
ite, chalcopyrita, and quartz; {3} pyroxmangde and quariz;
{4} guartz and silver minerals with mingr sullides, ankanile,
anf rodochnste; (5) quanz angd gokd with late sulfdes, calcite,
and fluprite. Thare is & crude vertical zoning where precious
metals ere congentraled in the upper portions of the vains,
and base metals are beiow. In the Camp Bud Mune, replace-
ment gres of similar mineralogy but higher in base-metal
sulfides are found in the Telluride Conglomerate adjacent to
vein structures {Mayor and Fisher, 1872).

In lhe Red Mountam dising, ihe breccia pipe deposils are
recognized tor lheir high grade and verlical telgscopad zoning.
The: are bodias occur ag vertical chimneys of oughly circular 1o
efiptical ¢ross sechon. The Guston Mine was one of Lhe richest
breccia pipes in the Red Mountamn district (Ransoma, 18013 H
consisted of a nearly vertical pipa with elliptical cross sechions;
the maximum diameler was abowut 200 1t {81 mj, and «t exiernded
from Ihe Surtace 10a deplh exceeding 1,300 11 {396 M. The pipe
contams mostly fragments of the surrounding velcanic units. |n
the viclnlty of the breccia, the rocks are intensely argilically
allerad; sercite is alsa found localy. The Guston depesit ex-
hibiled Ihe wall developed, telescoped vertical zoning common
W mireralized broccia pipes. Near the surface the deposit con-
asted of galena and minor telrahednte and contained 50 10 50
percent lead ang 30 to 40 ouncaes per lon ¢f silver, As deplh
increasad, the smount of stromayerite increased and acconm-
panied galenz 1o 8 depth of about 290 H {88 m). Below this depth
the impartant ore Minerals were slromeyenta, ruby silver, pynle,
and chakeopyrite. Locally Ihe ore contained up to 15.000 ounces
par ton of silver, and 0.1 to 3 qunces per ton of gokd, and up 10
12 per¢ant copper. At a depth ol 500 it {152 m), the poe is cut by
» faull below which the ore became Jower grage, Tha ore minar-
als ware bornite, silver-bearing pytite, enargite, and chalcopy-
rile. Balgw a depth of 680 {t {207 m), the ore contatned as much
as 28 cunces par on of fres gold, much Ol t associztod wilh
barite {Rarscme, 1901),

The mireralizalicon n e Sunnyside Mine northeast of Slhver-
ton occuptes fraclures associated wih the complex Ewreka gra-
ben on the northeast margin of tha Silverton caldera (Buthank
and Luodke, 1968; Casadevail and Ohmlo, 1577 Langsion,
19¥8). This is the largest mMine in thee San Juan Mourtain area
that 5 presently in operation. Langston (1978) suggests the
resurgence of tha Uncompahgre caldera to lorm the northeast
fracture system predatad the formation of the Silvarlon caklara.
The collapse of 1ha latter, combined with a laler mingr period aof
subsidence, afl combinad 10 form: |he complex boot-shaped tea-
wire gocupied by the mineralizaton, The minoralizalon oceurs
85 fracture fillings and replacernants of earlier vein minerais,
and repealed fracturing s avidenl. Langsion [1974) idenlitied
Bighl slages of mineralization, in order of appearance. 1]
pyrite-quartz; (2] band sulfide consisting of sphalents and
galena; 3] massive sulfide consisting ol sphalerite, gakena, py-
rie, mirwr chalcopyrite; (4) chalcopynte; (5] precious meatal; (6)
ranganese silicata; (7)) rthodochrosile; and (B) amgilic gouge.
Early slages of mingralization were faulted and crossou by later
maneralizing epsodes. The voleanic rocks adjacent to the veinsg
wera argithcally altered; sencite 15 locally abundant. Similar de-
posits ofCur within the highly fraciured zone batween the Silver-
Ixn and Lake Ciy calderas, but these arg not presently uncar
produchon or have been depleled by sarher mining.

The Creede district in the easiern San Jvan Mountains lies in
a complexly taultéd? caltera complex, Al least three periods ol
caldera colapse ook place. The deposits oocur at Lhe intersec-
tion of a set of graben faults, produced by resurgence of the
Rachelor Mountain cauldren, and the ring fractures of the later

Creeds caldera, The Bachelor Mountain cauldron 13 A
northwast-trending depression aboul 45 mi {72 km) long. The
younger Crecde caldera is iself resurgent and is nested wilhin
tha sowthaasiern &nd of the Bachelgar Mountain caubdron [Ste-
van gnd Rate, 1985, Staven and Ealon. 1975), Watear-laid tufl
and silt were geposited in the moal of the resurgent Creega
caldera when il was ocoupied by a lake. These lake deposits
also condain minaralizaton.

Mineralization ocsurs as open-space fillings in vaing oocupy-
irg) the ngamnal fagits in e norhwes!-trending graben. The host
rocks arg vanous yvolcanic tufts erupled durirng the complex hig-
tory of caldera lormabon, The normal faulls have branching.
hangimg-wall faults which are also mineralzed, bul nal o Lhe
same extent as the main ractures. Mineraizalon oocurs primar-
ily as operrspaca filling in fault bracciz, tha latter consisting of
valeanic ragrarits in a matrix of clay, chlonte, gquarz, and sul-
hdes, The are consisls Of sphalarta, galens, and nathva siver,
with minor chalcopyrte. The gangue consisls of pyrte, GQuanz,
hamaktg, and chlgnle, with mingt amaunlts of fluarite, banta, and
ankerite {Staven ardd Ratle, 1965; Steven, 15968; Steven and
Eaton, 1975),

Minaral deposits are associaled with caldaras elsawhere in
Iha San Juan Mountains. The Summilville disiricl, associated
with the Flatorp caldera, has already been merboned. The ore
depasits appear o be assodiated wilh Quartz [alila porphyry
yvolcanic domes intruded on the marging of the caldera. Tha
hydrathermal activity appears to be very shallow where so-
falaric activty resulfted in Quartz alurete repladement vins con-
lairing pynig, shargite, and gold. Breccia pipes are also lound
and lpcally mingralized {Sleven and Ratte, 1960; Bird, 1972},

Minerafizafion al$o oocurs associzted wih the Bongnza cal-
dera in the Bonanza disinct on the northeas! edae ol Ihe San
Juan voleame field {Burbank, 1932}, Mineralizod veins occupy
tensicnal fractures in mddl e Terlary vokanics. The gecmely ol
the fractures suggesis thay are ralaled Lo caldera subsidenca,
Tha ore consisled of a complex mixture of pyrite, sphalenta,
galena, chalocopyrite, and bormita, wilh local concentrations of
enargite, lannantile, and stromeyerite, The gangue minerals are

quartz, calate, rhodochroste, and bame. Adacent 1o the vems

Iha volcanics havo been silicdied. argillized, and seric tized.
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Marbht, Colorsds, The markle plars are the remaing of the marble finishing plant. Tha marble was alsn uvsed in tha riprep and wall

siong the Cryxial Rivar. The wooden plers in the foreground are part of the old bridge on 1he road leading up to the quarry. Tha dark
outcrop an thg fef Is Mancos Shals. Yule marble is meEmoarphosed Leadville Limestons (Miasheslppian) and was eriensively quarried

on Tredbure Mouniein.

The 1omb of the Unknown Soldiar is made of a wingle block of Yule marbla. The Linco!n Memorinl in Washlngton and the U.S, Post Offics

in Denver are mlao built of Yule marble.
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GECLOGY OF THE TWIN BUTTES COPPER DEPOSIT
PIMA COUNTY, ARIZONA

Abstract. Stripping of vhe Twin Bulies cOpper
deposit started dp I965. Total mstarial remgved
for the firyr 10 yr of opsarstion ix approximatcely
878 millipn tons. The sulfide concentratoar has
treated about 45 mil}ifon tons. The Iwin Bottes
mineral zone wag concealed undar gevreral tundred
feat of recent allpvium. Bapeath this post-miner-
al cover, Paleszpic limestonpe, siltgtone and
guartzite, and Me=sgroic oetaargillite, arkoss,
congloamerate, axt volramic rocks are Intruded by
an igneous complex of Quartr monzonite and dlo-

rite. All rock units are erratically mineralized, -

principally with copper and oclybdepum. Strongest
copper mineral favors the Peieczoic calec-sillcac-
od lipestone And gllistone, often preferentisl to
Individual heds.

The Twin Buttes mine, one of the more recently
develeped large copper mineg io the .5, {8 in
the Fima Hiniog District about 25 miles (40 lm)
mouth of Tuesonm (Fig. 1), Other copper preducing
mines in the district are the Eeperanza-Siercita
mining operations, 5 miles to the southwest and
the Pins and Mission mines, ¥ mfles to the north.

Copper metal preduction from the Fima Districe
in 1974 rotaled 276,728 gt (251,043 wt) and the
Twin Buttes Mine's share was 46,473 st (427 ,15% mr)
or about 17X,! The district's copper production
was 317 of Arlzona’s productlon and nearly 171 of
the productisn frem the U.E. in 1%%4. The Fima
District Lhus tanks as ooe of the major copper

.producing areas in this country.

Figtory and Development

The nining higtory of the Twin Buties prea
daces from about 1870 snd far the firsc 30 ¥r or
20 there was & liniced production of copper ore
frem ghallow mine workinge. Soon after the turn

of the century concerted mining efforts got under-

wvay and continued Iptermirtently under several
operators uncil 1923, To 1906 & 24-wile (23.6 lm)
raflroad wag completed from Tucson, and eperated
part time untll {ina]lly dismantled in 1915.%

A small amelter, bullt near the Sants Crur Ri-
wvar several miles noTtheast of the mines, tresled
Twin BPurtem copper ofe for about 1 yr im 1911,
Host of the ore mined ar Twin Buttes in the esrly
yeura, howeyer, wag rhipped ta gmelters at Hayden
and Dougles, Ariz., and E] Paso, Tex. Bulk of rhe
production came {rom the old Copper Clance, Copper
Queen and Copper King mwines sbour 1 ®ile (1.6 im)
weat of the Twin Burtes pit, Feak produsiion pre-

J.L, FELLY, Mecher SME, is Chief Geolegist, Ana-
ax Wining £o., Sahuarita, Ariz, SME Preprint
(613, RIME Annual Meeiing, Las ¥egas, Hev., Feb,
1476. Hanuscript, Awg. 16, 15975, Discussicn of
this paper, submitted in duplicate prior to Sep.
1977, will appear in SME Transactions, December
1977, znd 1n AIME Transactiens, ¥ol. 2EZ; 1977,
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Fig., 1—iocation pap, Twin Buttes mine, Plma
County, Arle.

bably waw sttained during World War I.

The district was essentially dormant for aboul
20 yr until Banner Mining Co. first acquired mia-
ing ¢laime 1n 1950 and soon thereafrer started an
investigation of the area that continved intermit-
tently for shoor 12 yr.? puring this time Barmer
reopened the Copper Glance mine and did consider—
able dArilling in the alluvium covered are2 helween
Glance Hill and Twin Burtes and axtending about 1
mile f1.6 kp) easterly toward the Santa Crur Val-
ley (Fig. 2].

The Anaconda {o., following execution of a
longtern Jeome agrerment with Banmer Hining Ca..
started an Intensive surface drilling cazpalgn 16
1963 avgmented in 1964 o 1967 by undergroucd de-
velopment and drilling threugh Twin Buites Ho. 1
Shaft.“ Thiz explaratory, development and test
work culminated i the Initiatfon of an open pit
mining cperation,’

fverburden strippicg, wvhich gignaled the start-
up of the Twin Buttes oped plt. got underway in
wid-1%65 and bedrock was firer exposed in Decem—
ber 1967, The sulfide concentrator was started ia
September 1969, all under management of the Ana-
tonda Co. r

Dvnership and operation of the Twin Euttes mine
was invested in the Anamax Mining Co., a pariner—
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Append iz
The governing system of equetions referred to
in the text im:
equilibriom— .
Uji.j + oy, 0 {1}
geonetry of incremental strale—
2dcij - duj.j - duivi (2%
- e 4 P
deij dtij + dnij (3}
yield functioo—
(o, ef Y=g . )
11,714
conatitutive equationpg—
-E. -1
dcij Hi;mmdamn {5)
acl = Aarfav 6
acfy = AGria ) (6)

where subscript notation and summstion convention
are in force, and a, ¢, and o refer to stress,
strain, and displncencnt. T refers to body force
per unit volume; H; Aat# the inverge elastic
coaf ficientn; ¥ ans £F are the elastic and plas-—
tic componente of strain; ¥ 13 the yield Function:
arnd A ig an unknown acalar funcefen. |

The form of the above equations In matrix no-
tation suitable for finlte element programing is:

——wa g -

o e {su) = [#){2g) ~-- -- (h
ot T {ac] = [2]l{ag} 8y -

. e} = ([E1-[87)]){ax}) (%)

{20] = [xHHag} {(10)

wvhere & mesne incregent: a, ©, and v refer to sle-
ment streaw, strain, and displacement respectives
ly; © and g Tefer to nodal point force and din-
placement,. [M] and [E] mre the element to nodal
point displecement and element nodal point dis-
Flacement to strain satricea. [F] ia the matrix of
elasctic moduli and [EP] 15 the plastic correction
to the material properties matrix requived for
yielding elements. [kx] 15 the rurrent elemeat
eriffnese matriz. The master stiffness macrix is
assethled {n the vsval wvay. '

Frogram capability includes plane sirmin,
plane stress wnd axially symwetric elmstic-plas-
tic and elastic-brittle analysis of layered ani-
sotroplc geologic nedis subject to srbitrary ini-
timl strese wiates, mining pequences, snd support
effectn,
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Twin Buttes mine, Pima
County, Ariz.

ship formed by AMAX, Ine. and the Apwconda Co.,
in 1973 following the acquisition of Fanner Min-
ing Ce., by AMAY. Conatruction of a leaching
plaar to tresal copper oxide gre wag #tarted sdom
thereafrer, #pd first production of electrelytic
coppar frem this plant wee in August 1975.

Totn]l material rexoved from the open plt for
the firet 10 ¥yr of operation, ipcluding alluvium
averburden, otk vaste and ore, is approximately
B79 mil1lion st {797 mwillion we). The sulfide con-
centrator haw treated about 45 mi{llicn st (LO.B
million mth.

Ceologic Serting

Steep, northvesterly-rrending quartzite, lime-
stene and slltstone beds of Palecznic dge are ex-
posed In the Twin Buttes, Foy Ridge, and the
GClance-{uesn Hille along the wegt cdge of & broed,

TRANLALTIONS —VIX, 262
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alluviyp-covered pediment aloping gently eascward
to the Santa Cruz Valley {Fig. 2}. The sedimanta-
ry beda are incruded by Laranide grancdiorite and
Juraseic {7} quartz monzonite, rather pooarly ex-
posed in lowv ocutcrops wvest of the alluvium—cover-—
td pediment aod in the saddle hetveen Foy Ridge
and Twin Buttes. A Frecambrian complex of cozree
granite #nd dark, fine grained ghistcee rock oc-
turg went of Queen Hil1l, age-dated by the lead-
alpha pethod at B50 m.y.*®

The old copper mioes at Twin PButtes were open-
¢d along & narrow oineral zone In skarn developed
in the Pennsylvaniao Horquille limestone. Small
ore bodies vere found in this rene from rear the
Bullion whafec northwesterly through the Clance
oine to the Cueen #od King wines. ® distance of
nesarly 3500 fx (1067 =) {Fig. 2). Some of the ore
shoots were mined 2 a depth of akout 600 ft {181
m}.
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