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LAND SURVEY 
GEOLOGIST 
REPORTS 

MINING 
U . S. MINERAL SURVEY 

o. T. Hansen 
.' Proje.rsional Engineer 

2301 N. 13th Street -:- Boise, Idaho 

Phone 342-7426 

Sileo Mining Co. Inc. 
Route 3 
Pocatello, Idaho 

GEOLGY 

The mineralization of primary exploratory interest 
is copper with silver and gold being of lesser 
interest. There are fine seams of copper, in the 
mineralized area and from the shaft under the #10 
drift some area has been stoped sometime in the 
past to a depth of approximately 30 feet. The 
present face in the stoped area shows an 18 to 24 
inch quartz stringer abundantly mineralized with 
copper ores. Its total extent is not known, it was 
observed for about 12 feet verticle. 
Observations disclose the most abundant mineral­
ization is present where the host rock has been 
weakened by faulting and folding. It is in these 
areas in which the Company plans to explore. The 
location of the tunnel enhances the possibility 
of exploration in this mineralized zone either 
above or below this level. Near the end of the 
main tunnel is an area which show the most abund­
ant mineralization. There has been no adequate 
sampling. The 500 foot drift to the south of the 
main tunnel at a point 3,865 feet from the portal 
has not been explored and properly examined due 
to being back filled as for as can be seen and 
is inaccessible. 
A core drilling program should, if properly eval­
uated , disclose the possible mineral trends much 
less costly than drifting or shafting. This program 
would indicate where to do the open work for .pro-
ctuction. / 

~~77~£~t.J 
O. T. ~~sen P. E 
December 7, 1972 

APPRAISA LS 
INVESTIGATIO N S 
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(' 
ProjeJSionai Engineer ·GEOr~ ·~ -. .. . .... : ; .. .l'O)~D 

Boise, Idah~ 32J-[, '-i ~ 3 2301 N. 13th Street -:-

Phone 342-7426 

Observation Report of the Sileo Mining Company's 
Fort Hall Mine 

Fort Hall Mining District, Bannock County, Idaho 

Submitted to: Frank Honas, President 
Sileo Mining Company 
Pocatello, Idaho 83201 

By: O.T. Hansen, P. E. 
2301 North 13th Street 
Boise, Idaho 83702 

INTRODUCTION: 

The Fort Hall Mining district was established in June, 1902. 

Not long after, the Fort Hall Indian Reservation, lying within 

Bannock County, was opened to entry of agricultural and mining claim-

ants. 

The Fort Hall Mining Company was one of the first to start min-

ing on their property. And, by 1916 the present tunnels, raises and 

shafts were about completed. Only sporatic work has been done since 

that time. I do not have any personal knowledge of this work. How-

ever, I do know about the by-pass drift (around the "caved" area in 

the No. 10 tunnel), which was made by the present company. 

LOCATION 

The Fort Hall Mine lies about 7 miles southeast of Pocatello, Idaho 

in sections 34 and 3S, T. 7 S., R. 3S E., B. M., on the west side of the 

Bannock Mountain Range. 
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DEVELOPMENT: 

This mine was being developed from 1902 through 1916. During 

This period of time, a long tunnel--4300 ft., was driven east into 

the mountain with raises, drifts and shafts. The latter were not 

accessible at the time of my visits to the property. However, the 

long tunnel was open and rehabilitated, so it was possible to go 

to the end. The old raises had lost their timber and all the shafts 

or winzes, which were sunk from this level, were full of water. 

The No. 9 drift, to the right approximately 3900 ft. from the 

main tunnel portal, is full of rock and was not accessible. This 

drift is not "caved", but has been filled with muck to save the haul-

age to the surface. 

The No. 10 drift, to the left near the face of the tunnel, was 

badly "caved". Sileo Mining Company has driven a drift around this 

"cave" and intersected the continuation of the No. 10 drift about 200 

ft. from the main tunnel and had cleaned some of the No. 10 beyond the 

the "cave". 

PRESENT PLANT FACILITIES: 

The present company has equipment for a small operation, which 

includes a compressor, light plant, trarnmers, cars, and living quarters. 

The main tuanel has track and an air line to the No. 9 drift. I under-

stand that this is unencumbered and is fully owned by the company. The 

facilities are sufficient for the present prospecting development, though 

it would be desirable to make additions. 

GEOLOGY: 

During my short visit to the mine, I observed the rock encountered 

as we went into the mine. All of the rock penetrated was of sedimentary 

type--ranging from conglomerates through quartzites, shale, slate, dolomite, 

-2-
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sandstone, and calcareous shales. The age of which has not been 

determined. Weeks and Heikes, in the U. S. Geological Survey Bulletin 

No. 340. page 1771., places the age (of the rocks) in the Ordovician 

rocks of the Paleozoic era. More recent writer have questioned this 

and place the Bannock Range in the pre-Paleozoic. 

At no place did I see rock of igneous origin. 

MINERALIZATION: 

One can see copper stains and little seams and veinlets of min­
I 

eral in many places throughout the tunnel. Most of the copper. how-

ever. is in the sulphide-chalcopyrite. The area, which has shown the 

most abundant mineralization, is near the end of the main tunnel and 
J .I 

had been prospected most ly by the original company. This zone of min-) 

eralization is approximately 125 ft. wide--striking generally North~ 

South and dipping East. The zone is in highly contorted and folded cal-

careous shales with some inter-bedding of siliceous limestones. 

The minerals occur in fine seams and has been deposited in bedding 

planes and fractures. The whole mass is more or less mineralized, but 

there is no strong vein present. I took no samples. as it was reported 

in U.S.G.S. Bulletin 3402, that the samples would run 1 to 1 1/2 % 

in copper. 1/2 ounce in silver and a trace of gold. No other values 

have been reported in the literature. 

Like most copper ores, a small amount shows strong and gives a 

false impression as to its volume within the host rock. 

There doesn't seem to be a deposition between the two marke~ 

rock-types. but rather a deposition of minerals from water solution 

1 k . Wee s, F. B. and Heikes, V. C •• Notes on the Fort Hall ~hning 

District. Idaho: U. S. Geological Survey Bulletin 340, 1908. 

20bid 
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because of the presence of fractures to admit the solution and e-

nough neutralizer to make them drop their load. 

Weeks and Heikesa attributes mineralization to a igneous dia-

base which "intercalated in the sediments" below the mineralized zone". 

No other mineralizing has been found nor reported in the present 

open development. 

PRODUCTION: 

For the amount of ' work done on this property, only a meager a-

mount has been produced, and we do not have any recor~l C?f what it brought 

in returns. However, in my research for the amount of ore produced 

from this property, in official publications, there seems to have been 

but 2 cars or approximately 100 tons. The last record of production 

was in 1916, according to the U •. S. Geological Survey Bulletin No. 7132 

It was reported that an additional 3 cars of ore was produced in 1917-

IS. But, thIs did not get into the record nor has one been found to 

enst. 

REC()~11--1ENDATIONS : 

The following is recommended for further development of this pro-

perty. 

1. Detai led survey and ~ps prepared of both underground and 

surface, so that correlation can be made of all the features. 

2. A drilling program both surface and underground. 

3. According to Weeks and Heikes , there is a vertical distance 

from the surface mineral showing of approximately 800 ft. 

and on a dip of about 1200 ft. from present tunnel level. 

-aweeks, F. B. and Heikes, V. C. work cited, pp. 175-183. 

~ Mansfield, G. R., Geography, Geology, and Mineral Resources of 

the Fort Hall Indian Reservation: U. S. Geological Survey Bulletin 

713, 1920 
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4. Studies be made of the ~ossibilities of an open-pit or 

block cave-ing methods for the recovery of the low-grade 

mineralization which is present. 

S. That drift No.9 be cleaned-out, as it is "back-fill" and 

not "caved" material; then this can be studied. 

6. Clean the main tunnel to its face. 

7. That developments below the tunnel level be from shaft 

instead of inclined tunnel. This would make it possible 

to go deeper if the ore justifies it. 

8. Bring in electric power • 

. 9. Install forced-air ventilation--preferably fan and air 

ducts. 

10. That all drilling, mapping, development plans be under 

the direction of personnel trained in mine development; 

for the protection of the public, a licensed mining engineer 

in the State of Idaho. 

These recommendations are not listed in the order of accomplish­

ments. Many can be done concurrently. 

SUMMARY: 

This is not a mine ready for production, It is a prospect 

showing mineralization which has been abandoned by others as un­

economic. There is a sizeable amount of usable opening already 

done which places the present owners with a favorable spot for 

further prospecting and development. New mining techniques and 

equipment may be able to bring this to fruition. The former o­

perators could not continue as the returns did not equal the cost. 

No evidence of an extensive high-grade ore body was observed, and 

the possibility of one existing is not likely • 

iObla 
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The cost ~6 search for small "pods" of high-grade ore may be 

prohibitive. The search should be made to attempt to develope 

large tonnage of possible low-grade ore, which cannot definitely 

be known or stated. In this way, an operative mine might be more 

assured. 

.c22'~ 
/. 

£l.T. Hansen, P. E. 

DATED This /? of ~ t 19;72) • 

. " , 



SILCO MINING CO., INC. 

Essex International 

ROUTE 1 SOUTH - Box 365 - PHONE 233-4240 

POCATELLO. IDAHO 83201 

February 9, 1973 

Mr. John Wilson, Geogolist 
P.O. Box 888 
Milford, Utah 

Dear Mr. Wilson; 

Enclosed is some information and geology reports concerning our 
property. I am sorry I do not have more to send you as Mr. Hansen has 
most all of the information in his possession. But I will give you 
all I have. I was instructed to send this information to you. 

We have 13 unpatented claims, 7 miles southeast of Pocatello,l~ 
miles from a paved road, 2 miles from the railroad and freeway, and 
l~ miles from electric power. Elevation of mine portal is 5280 feet. 

We are contemplating a $150,000.06 regulation A offering. Mr. 
Hansen's report and the supplementary one has already been approved 
by the Securities and Exchange Commission. This would be mostly for 
a core drilling program. 

Mr. Edward H. Snyder, International Smelter, suggested, I 
contact Essex International. After reading the information I sent 
you, and you are further interested, prehaps you would be interested 
in paying us a visit. If so please contact me as I will need about a 
week to get everything ~~dy. I brought t he light plant down and 
repaired it, but hav~n.~Jlt back yet, as the snow is about 2 feet deep 
on the road. I look for improvements in a few weeks. I need the light 
plant to run the rectifier to charge the battery for the trammer. 
Also the tunnel needs to be aired for about 3 days. We stopped 
activities during the winter. 

Mr. Hansen is our consultant, I hope his am Ernest Burghs 
report will give you sufficient information necessary to interest 
you to examine our property. 

I am sure Mr. Hansen wouldn't mind talking to you concerning our 
property should you feel it is necessary at this time. 

Very truly yours, 



<\'.VIl 
ll>ND SURVEY 
GEOLOGIST 
REPORTS 

o. T. Ha nsen 
Profom'onal Engineer 

2301 N. 13th Street Boise, Idaho 

Phone 342-7426 

December 7, 1972 

Sileo Mining Co. Inc. 
Frank Honas President 
Route #3 South 
Pocateelo, Idaho 83201 

Dear Mr. Honas; 

Here is the long delayed rewrite of the Geology 
section of your propectus. I sure regret the 
delay but trust it will fill your needs. 

I seem to lack time to get all the work done 
for which I commit myself. 

I have put in a punch for a drilling program. 
This I feel is a must. The purchase of a drill 
and the training of an operator may payoff in 
custom work when it is not busy at the pro perty. 

SinCer~y / 

~,.r:~l4'I..~ 
O. T. Hansen P. E. 

MINING 
U . S. MINERAL SURVEY 

APPRAISALS 
INVESTIGATIONS 
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SILeo MINING co., :lTC. 

Essex International 

ROUTE 1 SOUTH - Box 365 - PHONE 233·4240 

POCATELLO. IDAHO 83201 

Februar,r 9, 1973 

Mr. John Wilson, Geogol1st 
P.O. Box 888 
Milford, Utah 

Dear Mr. Wilson; 

Enclosed is some information and geology reports concerning our 
property. I am sorry I do not have more to send you as ¥x . Hansen has 
most all of the information in his possession. Rut I will give you 
all I have. I was instructed to send this information to you. 

We have 13 unpatented claims, 7 miles southeast of Pocatello,l~ 
miles from a paved road, 2 miles from the railroad and free'i'iay, and 
l~ miles from electric power. Elevation of mine portal is 5280 feet. 

We are contemplating a $150,000.06 regulation A. offering. Mr. 
Hansen's report and the supplementary one has already been approved 
by the Securities and Exchange Commission. This would be mostly for 
a core drilling program. 

Mr. Edward H. Snyder, International Smelter, suggested, I 
contact Essex International. After reading the information I sent 
you, and you are further interested, prehaps you would be interested 
in paying us a visit. If so please contact me as I will need about a 
week to get everything ~e~dy. I brought the light plant down and 
repaired it, but haven'~)it back yet, as the snow is about 2 feet deep 
on the road. I look for improvements in a few weeks. I need the light 
plant to run the rectifier to charge the battery for the trammer. 
Also the tunnel needs to be aired for about 3 days. We stopped 
activities during the winter. . 

Mr. Hansen is our consultant, I hope his and Ernest Burghs 
report will give you sufficient information necessary to interest 
you to ~xamine our property. 

I am sure Mr. Hansen wouldn't mind talking to you concerning our 
property should you feel it i.s necessary at this time. 

Very truly yours, 

4'ACL~r(,!? rY:-M7' <-d~ 
Frank t. Honas, President 
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U . S. MINERAL SURVEY 

o. T. HC1l1S6:; 
.' Professional Engineer 

2301 N. 13th Street -:- Boi$e, looho 

Phone 342-7426 

Silco Mining Co. Inc. 
Route 3 
Pocatello, Idaho 

GEOLGY 

The mineralization of primary explorat ory interest 
is copper with silver and gold being of lesser 
interest. There are fine seams of copper, in the 
mineralized area and from the shaft under the #10 
drift some area has been stoped sometime in the 
past to a depth of approximately 30 feet . The 
present face in the stoped area shows an 18 to 24 
inch quartz stringer abundantly mineralized with 
copper ores. Its total extent is not known, it was 
observed for about 12 feet verticle. 
Observations disclose the most abundant mineral­
ization is present where the host rock has been 
weakened by faulting and folding. It is in these 

. areas in which the Company plans to explore. The 
location of the tunnel enhances the possibility 
of exploration in this mineralized zone either 
above or below this level. Near the end of the 
main tunnel is an area which show the most abund­
ant mineralization. There has been no adequate 
sampling. The 500 foot drift to the south of the 
main tunnel at a point 3,865 feet from the portal 
has not been explored and properly examined due 
to being back filled as for as can be seen and 
is inaccessible. 
A care drilling program should, if properly eval­
uated , disclose the possible mineral trends much 
less costly than drifting or shafting. This program 
would indicate where to do the open work for pro-
~uction. _~/' 

~"O:~?"ciA.-t-/ 
O. T. ~~sen P. E 
December 7, 1972 
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2301 N. 13th Street -:- 80iu, ldah~ J2J-~d ; 3 

Phone 342-7426 

Observation Report of the Si l eo Mining Company's 
Fort Hall Mine 

Fort Hall Mining District, Bannock Count y. Idaho 

Submitted to: Frank Honas, President 
Sileo Mining Company 
Pocatello, Idaho 83201 

By: O.T. Hansen, P. E. 
2301 North 13th Street 
Boise, Idaho 83702 

INTRODUCTION: 

The Fort Hall Mining district was estab l ished i n June, 1902. 

Not long after, the Fort Hall Indian Reservation, lying within 

. . 

Bannock County, was opened to entry of agricultural and mining claim-

ants. 

The Fort Hall Mining Company was one of the first to start min-

ing on their property. And, by 1916 the present tunnels, raises and 

shafts were about completed. Only sporatic work has been done since 

that time. I do not have any personal knowledge of this work. How-

ever, I do know about the by.pass drift (around the "caved" area in 
, 

the No. 10 tunnel), which was made by the present company. 

LOCATION 

The Fort Hall Mine lies about 7 miles sou~heast of Pocatello, Idaho 

in sections 34 and 35, T. 7 5., R. 35 E., B.M.; on the west side of the 

Bannock Mountain Range. 



• 
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OEVE LOrr-'IENT: 

This mine was being developed f rom 1902 thAOUgh 1916. During 

This period of time, a long tunnel--4300 f t., was dr iven eas t into 

the mountain with raises, drifts and shafts. The latter were not 

accessib Ie at the time of my visits to the property . However , the 

long tunnel was open and rehabilitated, so it was possib le t o go 

to the end. The old raises had lost their t i mber and all t he shafts 

or winzes, which were sunk from this level, were full of water. 

The No. 9 drift, to the right approximat ely 3900 ft . f rom the 

main tunnel portal, is full of rock and was not accessible. This 

drift is not "caved", but has been filled with muck to save the haul-

age to the surface. 

The No. 10 drift, to the left near the face of the t unnel, was 

badly "caved"'. Si lco Mining Company has driven a drift around this 

"cave" and in'tersected the continuation of t he No. 10 dr i f t about ' 200 

ft. from the main tunnel and had cleaned some of the No. 10 beyond the 

the "cave". 

PRESENT PLANT FACILITIES: 

. The present company has equipment for a small operation, which 

includes a compressor, light plant, tramrners, car~ , and living quarters. 

The main tunnel ha~ track and an air line to the ~o.9 drift. I under-

stand that this is unencumbered and is fully owned by the company. The 

facilities are sufficient for the present prospec~ing development, though 

it would be desirable to make additions. 

GEOLOGY: 

.' 
During, my short visit to the mine, I observed the rock encountered 

as we went into the mine. All of the rock penet rated was of sedimentary 

type--ranging from conglomerates through quar tzites, shale , slate, dolomi t e, 
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sands tone, and calcareous shales. The a~e of wh -d .i-las not been 

determined. Weeks and Heikes, in t he U. S. Geo iog~~~l Su~ey Bulletin 

No. 340, page 1771;; places the age (of t he r ocks) in ~he Ordovician 

rocks of the Paleozoic era. More recent write~ have questioned this 

and place the Bannock Range in the pr e-Paleozoic . 

At no place did I see rock of igneous origin . 

MINERALI ZATION: 

One can see copper stains and little seams and veinlets of min­
I 

eral in many places throughout the tunne l . Most of the copper, how-

ever, is in the sulphide-chalcopyrite. The area , which has shown the 

. most abundant mineralization, is near the end of the main tunnel and 
r J 

had been prospected mostly by the original company. 111is zone of min.-) 
, 

eralization is approximately 125 ft. wide--striking generally North~ 

South and dipping East. The zone is in highly cont orted and folded cal-

careous shales with some inter-bedding of s iliceous limest ones. 

The minerals occur in fine seams and has been deposi t ed in bedding 

planes and fractures. The whole mass is more or less mineralized, but 

there is no strong vein present. I took no s amples, as it was reported 

in U.S.G.S. Bulletin 3402, that the samples would run 1 to 1 1/2 % 

in copper, 1/2 ounce in silver and a trace of gold. No other values 

have been reported in the literature. 

Like most copper ores, a small amount shows strong ~d gives a 
~; i k ,. 

false impression as to its volume within the host r ock. 

There doesn't seem to be a deposition between the two marke~ 

rock-types, but rather a deposition of mine rals from water solution 

1 k Wee s, F. B. and Heikes, V. C .. Notes on the Fort Hall Mining 

District, Idaho: U. S. Geological Survey Bulletin 340 , 1908 . 

20bid 



. , 

, 
• 

(' 
' . . - ,) 

because of the presence of f r actures t o ad@i~ the solutio" and e-

noughneutralizer to make them drop their load. 

Weeks and Heikesa attributes minel'ali ;;:ation ~o a igneous dia-

base which "intercalated in the sediment s" below the minerali zed zone". 

No other mineralizing has been f ound nOA reported i n the present 

open development. 

PRODUCTION: 

For the amount of ' work done on t his property, only a meager a-

mount has been produced, and we do not have any :n~corH of what it brought 

in returns. ,Howev'er, in my research for the amO\.1"t of ore produced 

from this property, in official publicati ons , there seems t o have been 

but 2 cars or approximately 100 tons. The l ast record of production 

was in 1916, according to the U .. S. Geo logical Survey Bulletin No. 7132 

It was reported that an additional 3 cars of ore was produced in 1917-

18. But, thi,'s did not get into the record nor has one been found to 

exist. 

RECO~!HENDATI ONS : 

The following is recommended for further development of this pro-

perty. 

1. Detailed survey and m~ps prepared of both underground and 

surface, so that correlation can be made ''o f all the features. 

2. A drilling program both surface and underground. 
l,;- • 

> ' 

3. According to \'leeks and Heik~s , there is :30 vertical distance 

from the surface mineral showing of approximately 800 ft. 

and on a dip of about 1200 ft. from present tunnel level. 

aweeks, F. B. andJleikes, V. C. work cited, pp . l'l~S - 183. 
,', 

2 Mansfield, G. R •• Geography. Geology, and Mineral Resources of 

the Fort Hall Indian Reservation: U. S, Geological Survey Bulletin 

713, 1920 
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4. Studies be made of the ~ossibil ities of an open-pit or 

blbck cave-ing methods for the r ecovery of the low- grade 

mineralization which is present . 

S. That drift No. 9 be cleaned- out , as it is "back- f i ll" and 

not "caved" material; then t his can be studied. 

6. Clean the main tunnel to its face. 

7. That developments below the tunnel level be from shaft 

instead of inclined tunne l . This wou l d make it possible 

to go deeper if the ore justifies it. 

8. Bring in electric power • 

. 9. Install forced-air ventilation--preferab ly fan and air 

ducts. 

10. That all drilling, mapping, development p lans be under 

the direction of personnel trained in mine development; 

for the protection of the public, a licens.ed mining engineer 

in the State of Idaho. 

These recommendations are not listed in the order of accomplish-

ments. Many can be done concurrently. 

SUMMARY: 

This is not a mine ready for production. It i s a prospect 

showing mineralization which has been abandoned by ot hers as un-.. 
\ 

economic. There is a sizeable amount of usable opening already 

done which p l :aces the present owners with a favora~ Ie spot for 

further prospecting .and development. New mining t echniques and 

equipment may be able to bring this to frui t ion. The former 0-

perators could not continue as the .returns did not equal t he cost. 

No evidence of an extensive high-grade or e body was observed, and 

the possibility of one existing is not likely. 

10bl.a 
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The cost ~o search for small "pods" of high~grade oo:-e illay be 

• prohibitive. The search should be made to attemp~ to develope 

large tonnage of possible low-grade ore, which cannot definitely 

be known or stated. In this way, an operative mine might be more 

assured. 

DATED This /;J of ~ , 19,72). -

•• 
. " 
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Phone 342-7426 

December 7, 1972 

Sileo Mining Co. Inc. 
Frank Honas President 
Route #3 South 
Pocateelo, Idaho 83201 

Dear Nr. Honas; 

Here is the long delayed rewrite of t he Geology 
section of your propectus. I sure regret the 
delay but trust it will fill your needs . 

I seem to lack time to get all the work done 
for which I commit myself • . 

I have put in a punch for a drilling progr am. 
This I feel is a must. The purchase of a drill 
and the training of an operator may payoff in 
custom work when it is not busy at the property. 

SinCer~y . / 

~,. ~~Vf,t..-d-Lvt/ 
O. T. Hansen P. E • 

.. 

MININ G 
U. S. MINERAL SUR VH 

APPRAISAL S 
INVESTIGATIONS 



H. Lanier Ft. Wayne, Ind. 

P. Eimon Tucson, Ariz. 

Earth Resources Mining Division Feb. 6, 1974 

The validity of ore reserves reported by Earth Resources 
Company at the Nacimiento copper mine and at the oartly owned 
silver prospect in Idaho is difficult to evaluate from the data made 
avaHable. 

If Essex is interested in acquiring a 3,000 ton plus per 
day copper mining operation with a probable five year ore reserve, 
a six month option with no front end payment will be necessary i.n 
order to provide time for evaluation of ore reserves. An appropri­
ation for substantial amounts of drilling by Essex to confirm and 
attempt to expand ore reserves probably will be needed during tne 
option period. 

PIE:td 
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Dick Kelly 

Ken Jones 

Tucson Office -
New T ruck Order 

Ft. Wayne, Ind. 

Tucson, Ariz. 

Feb. 7, 1974 

Tires on the company Bronco that will be replaced by one of new 
vehicles recently requested are getting thin and would normally 
be replaced at this time. But, if the new vehicle request is going 
to be approved' we would like to avoid, if possible, the expense for 
tires and other needed repairs. 

Please let us know as soon as you have any response on the request 
for new vehicles for the Tucson office. 

JKJ:td 
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Marubeni Peru S. A. 

Las Begonias No, 441 ~ 9th. Floor, 
San Isidro, Lima 27, Peru 
Central Telephone No. 40-3347 
P. O. Box 4126 
Cable Address: MARUBENI LIMA 
Telex: Nos. 3540052 and PX5433 

~fb call- Z-e;JC a-JJuz.ea( C~;f/ ('he ;J?W ~ Jg~U/e7U' Yeu£ 
y ...w. lVbU

J 

cont'b/I-u.e- ;Jt!';'.t.-lb~'cY /O':'b a;J b/b ("h.e. /z-adC a ·nd ZVb:!?' 

d; /e-/eaJed Co a,);JbJC }/o(.(.- b/b tvhat'et.-<e.z. U"~~' /z-O;J;Jb-?/e. 

&:fc7:nd:.~';9" j/0/!b fti!.- j/OI?Z- ~/bd C0ry?,Mf7/':'O?b and /oOk7'c? 

/o'''rt:.<Cl-Z-d to ~eceb'tH/ t;;7 /~t'!~~i!.- Oi!.-/!;;';-';' /ion'? you, tVi!?- .z.enz.ab/t. 



TUCSON DAILY CITIZEN 

THURSDAY, FEBRUARY 7 1974 



THURSDA Y, FEBRUARY 7, 1974 



-~....... . ... e~e _ ••• __ • __ • 
.......... __ ...... 



Essex/NPI Polyurethane indoor signs 
Add dimension to your sales with this modern concept in fun c tional P-O-P design. Any size, shape, 
color and simulated texture is possible - illuminated or non-illuminated - in lightweight, durable polyurethane 
construction. Signs can be custom-made or utilize the standard Mark" model. And they can include clocks, 
motion, transparencies . So for a quality image and maximum visual impact at minimum cost, consider Essex/ 
NPI polyurethane indoor signs! 

10" draught beer 
tap handle for 
Guinnes. 

Certificate holder developed for 
Jerrold Electric is 16" x 10". 

14" X 9V2 " dealer plaque sign 
used by Nettleton Shoes. 

Sylvania's 16" x 7" in-store clock 
sign and a 14" x 21 " Sylvania illumi­
nated motion sign for dealers. 

ESSEX 
illuminat ed sign s 

Distinctive tap 
handle with marble­
like inset for Bass. 

Custom molded tap 
handle in wood­
grain for Harp Lager. 

State Farm Insurance ordered these 
two: a 16" x 10" digital clock with 
logo; and an 11 " x 10" agent wall sign. 

Eastman Kodak is using this 
53" x 27" wood-grain photo display 
unit at point-of-purchase. 

ESSEX INTERNATIONAL, INC. 

NPI I ILLUMINATED S IGNS 

NEON AVENUE , LIMA. OHIO 45801 

HOME OFFICE : Li ma (419) 223-9045- REPRESENTAT IVES: Chicago 539-2000-Cleveland (Medina) 725-5922-Dalla5 352-4431 
Detroit 675-4634-Kansas Ci ty (Mo.) 421-3455-Louisvill e (Ky.) 584·5368-- Milwaukce 352·9009- M inneapolis 339·7:l38 
New York 751-3185-Philadelphi a (Wil low Grove) 659-1721 - Sealtle 623-5432-St. Louis (Florissant) 831-6222 

v 

Essex Automotive Division revs up 
its auto parts marketing plan 
with Essex/NPI signs. 

MANSFIELD 

AUTO PARTS 

ESSEX 

f"~~ur." 
'- ' ..... :",,-_ .. . -" 

'I' 
volume 3, number 9 IJAN 2 9 ltHJ 

SQ\ 
ESSEX 

illuminated signs 

ESSEX INTERNATIONAL, INC. 

NPI I ILLUMINATED SIGNS 

Single or double-faced 
4' x 6' illuminated outdoor sign. 



MANSFIELD 

AUTO PARTS 

Jobber s get a sales boost from their 
day-i n , day-out adverti semen t on a 
4' x 6' outdoor s ign. 

Sales accelerate for 
Essex auto replacement parts 
and Essex/NPI signs 

• • • 

help spread the word. 
Essex International Inc. has been a major 
automotive electrical parts supplier to 
original equipment manufacturers and 
independent brand marketer s si nce 1929. 

But in 1967 they decided to enter the 
market under th ei r O'vvn name . .. Essex 
Automotive Parts. And they decided to 
work through the traditional channels ­
through warehouse distributors to auto­
motive jobbers to independent repair 
garages, dealers and service s tations. 

In 1968 they had two salesmen and one 
account in Ohio. 

Today, they have 59 salesmen and over 
350 Warehouse Distributors selling Essex 
parts in 49 states. 

And Essex/NPI signs light the way to 
even greater brand recognition. 

Automotive jobbers promote themselves 
and the name of their products to the vast 
passing public with a colorful illuminated 
outdoor sign ... a sign that lets them "sell" 
24 hours a day. 

Independent repair garages, service 
stations and dea lers promote Essex auto 
parts, the time and their services from a 
highly f lexible 12" x 37" illuminated 
indoor sign with a G.E . Telechron digital 
clock. A 25" x 12" area permits the simple 
use of any message the dealer wishes to 
pass on to his customers. The unit may be 
wall or window mounted, and also serves 
as an in-store night light. 

Essex can look for their auto parts sales 
to continue zooming ... with a little help 
from E ssex/NPl's tireless 24-hour-a-day 
"silent salesmen." 

Dealers remind customers that it's 
time to buy Essex with this modular-message, 
modern digital clock sign. 

JERRYS PIT STOP 
mechanic on duty 24 hours a day 

tune-up special $15.00 

complete air conditioning service 

credit cards honored 

ESSEX 
Illuminated sig ns 

ESSEX INTERNATIONAL, INC. 

NPI I ILLUMINATED SIGN S 

NEON AVI NUl. LiM,\, 01110 4560 1 

HO ME OFFICE: Lima (419) 223·904s.-REPRESENTATIVES: Chicago 539·2000-Cleveland (M ed ina) 725-5922-08I1as 352-4431 
Detro it 675·4634-Kansas City (Mo.) 421·3455-Louisville (Ky.) 584·5368- Milwaukee 352-9009- M inncapolis 339·7238 
New York 751-3185- Ph i ladelphia (Willow Grove) 659-1721-$eatll e 623-5432-SI. Louis (Florissant) 831·6222 

Trademark registered U.S.A. and Canada Litho in U.S.A. 11/73 



Howard Laniel" 

Paul Eimon 

Mineral Deposits in 
People's RepubHc of China 

Ft. Wayne, Ind. 

Tucson, Ariz. 

Feb. 5, 1974 

I asked Ken to report this interesting bit of data because I noticed 
reEntly in the National Observer magazine that United Aircraft 
was negotiating the sate of helicopters to China. This bit of' data 
might be useful in developing commercial interchange with China. 
I pel"'Sonally very much doubt if the Chinese would be aware of the 
porphYry copper potential in the geologic environment that is 
described. 

PIE:td 
attachment 
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AC-016 

TO __ ~P~a~u~l~E~i~m~o~n~ ____________ ___ 

FROM __ .......:....K:..:e:..:..n~J_=o:..:..n.:....:e:....:s~ _______ _ 

LOCATION -...!.....l=:!.=='!...!..,J~'----"-"='-"-----t ~ 

LOCATION ---"---"-----1 ~ 

avoid verbal orders 

SUBJ. __ -£~~inuwe~r~aul~D~e4p~Q~s~jts~~j~n~ __________ __ 
T 
o People's Republic of China 

In reviewing a 1921 publication entitled "Silver Ores" 
by the Imperial Institute of London I noted the following reference 
on Silver deposits of China. 

"In the Hunan province, Central China, is the Shin-Ko­
Shan zinc and lead mine. The country is limestone 
(probably carboniferous) overlaid by red sandstones 
and shales of Cretaceous or Tertiary age. Large 
irregular-shaped bodies of ore, composed of blende 
and galena with pyrite and chalcopyrite, are developed 
in the limestone at and near its contact with syenite. 
The latter has small crystals of chalcopyrite dissem­
inated through it. •••• " 

Although this is a very brief description it certainly has 
the earmarks of a porphyry copper deposit. The CIA Atlas on the 
People's Republic of Chiba does not show a copper deposit in the 
Hunan Province, so the possibility exists that undeveloped porphyry 
copper deposits are present in China. 
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The foldout Table 1 permits comparison of relevant geologic detail· · · .· ~'.,..,:: :~ / .\:,; 
. '. . '. ':': . :;' ~' . :: : .';. 

, ' . ' .":~ _ , 6 

of 26 porphyry copper and po!phyry molbdenum ore deposits in the New 

.. - , ' 

. ' ., ' .. . . 
. "World. Data were collected for as many deposits as possible I omitting 

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

; : ~. ' .. : ; '. " " . . .' . ... only those deposits for which modem descriptions have not been pubiished 

.or those which have been discovered so receI)tly that descriptions are not .' 
"',-:' .: '::-';. ::;' 

.. .. ' . ,'" yet 'in print. For obvious reasons, greater~ttention has generally been . '::'.:<> . . . :~ . , , ; .' ~ .. " :~ 

: .:; ... , .. :: ..... , " paid to North American deposits • . The table has been kept 'as factual and · ~ :: \j~::;'~'L·~ ·~··);: 
; , .... " .... . . .. ~ :: .. :._! ;: ~~. ::t, .. . :::' '>:1.: .. .. .. . ' , 

I: "; :-:'.: ' . . , as true to the published descriptions as possible, although careful inter- ; · · .· ;; :'"\'~~::-t .. . '. ' .. :". :--. . ',: . ,,; . . . . . , . :~ '~~.;~ .. ~< 
~.: , ":;:. ): pfetatior'l was sometimes required simply in the selection of the appropriate ': . : .. : ':;':; 

I, . ... ·~:~ : · .' , .. . : ......... ;: . . f, . .'. ' . .::-
',. . . " .~ " 

.' :\ "'::. ~·I . ·>·· ' column in which to enter information: Factual information, generally known •.. . 

! ...... . ... . . but not necessarily in print, 1s also judiciously included. Entries for most · . , . : '~ :":. : .':'. :':-
,- . ', 

. , 

,. . . 

... - .' . ~. ,' .. 

" of the deposits have been checked and verified by the geologists and 
' . ' ~ .... ( ... '. . , ~ 

'. I ; ;; '.' > :.~ 

, .-.. ' ,-~ ~ 
: . .. ' . .. ;j;; 

authors most familiar With them. Abbreviations used in the table are, given :,.; 

on the page opposite the foldout. 
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Preore Host Rock . 

Preore Host Rock (Column 2) 
i· 

T'his column cites rock types and ages into which the igneous host 

rocks of the respective deposits have been intruded • Mineralization may 
. . 

.. . . :" '. ' 

"< .' 
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.. '." 
r (J ,." ' .... o,~~.ur in the 'se pre ore rocks ,. asat Bingham and Safford;: or the pr~ore host , 
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. : ; . 
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Tertiary time approximately 30 million years ago. 
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Bingham) and two Nevadan-age depo'sits ' (Bisbee and Ely). Two of the three 

. mid TertialY deposits are porphyry molybdenum deposits. 
. , I 

. ' .. 

.. ' .. ' . ': 
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porphyry molybdenum .deposits associated with the southw'estern American . . . ' . . . . . . , . , , 
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. porphyry 'copper' pro~i~ce. 

1 The , .single South ArneriqC!-n age :In Tal;>le 1 is,,for ,;£,oquepala, Peru, 

, ',' . " 
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. . :-, ! " ~:..r~: j~ .. ~ <: 

.' .~ .... /; ..... ~ ." ..•. " " . .'. , ..... ' ... ' 
and falls in t!1e Laramide range. ,(59 m. y.). However,' geologic relationships ' :: t::·:::; 

,' . ' . ' ',,: #" ,:. '" " \ " 

together with recent absobtfil age dating by Chilean government geologistS · ..... · ·. ': ~ ~ .' .. ·, :~ 
. ' . . . . .. -,' . . .. 

indicate that many 'of the South American porphyry copper deposits are of 
. . ' I 

mid Tertiary age. 
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sive activity and porphyry copper mineralization have occurred in each of ' ' : ;~.\ < . <. "' . 
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the prinCipal porphyry copper districts I but that 1n a very general way. the 
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· j ........ .:. ," .. ':'. . Table 1 that most of the host igneous bodies exhibit minor elongation, and .. ......... . 

. j , .'; ; .. :. : .... ';:,\ .......... ::./.: .. :" that districts with .strong structural control also tend to involve pronounced':" ,. ': .. : J 
l· .. ·:· .. >·:··~ ··.··~,:. ~:.;~': · ,:·! '· . > .:··' hy elongate stocks 0 A 'plot of short dimen~ion against long produces a .' "'>'.:/:-;~ 
1 ", ", . '.::._. ". _ . .. ' .... .... . ' . ,:.' 

1. ~ ".'" .: : . . ... . . ~ . . :'.:. ;' .. broad cluster with a slope of about 2 suggesting a low incidence of equi- . .' . ... ' 
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another smaller' group of' very large d'imensions, WIth relatively few intru­

sive hosts falB rig in ' the middle-s ize range • . 

Mode of Emplacemen,t (Column S) 

These entries adopt the . te rminol.ogy and, confirm the conclusions of " 
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". Str.ingham (1966) extended 'to include the .additional porphyry copper deposits.' ,.' :: ?':;' 
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· described he:e. Empia'c~ment of the porphyry copper deposit host rocks 1s 
· . . , . ' '. ,' . \' , .' 
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shewn to be almost totally passive. ImpliCit in this dominance is the impor- ·'''::-:<':.-
. ... . ;._ e . ..... .. ~ ':. ' . 

tance of replacement, resorption, and assimilation with respect to snoul'- " . : .... " 0-: 
' r , '.' . , 

dering aside and other manifestations cf f'vrceful intrusion , and the likeli- :.; ',:':=:.- : .. \ 
. .. ' : ' . .. : , '. ': " 

' .. . ' , 
hood that both lateral 'and ve!"tical petrologic zoning might be more common .: ,:~: .'.::" ' " 

than has been recognized. Ccnsideration of Column 8 with Columns 41 and . .. 
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· 42, the latter brecciation and shattenng specifically wlthin the orebodies, · , .. : .. .• ;: .. : '. 
. . ., . ' ~ :' .. 

r~veals th'at brecciation and/or shattering are associated with ore deposi- .:. ':'-:;': .::.'.< ... 

Hon in every porphyry deposit, even where emplacement of the host stocks ::",,' , ' ::: 
' . ' .. ... 0 . : ••• • , 

· is passive. ' This disparity suggests t hat the ' brecciation and shattering are :<.:::~J · .':: (' 
. • . • • .. ••. <. . '. -.-

, . : . :.' . . . ,; .' . , . . . . : . '. . ~ ~ " 
.' ." ~ '. ,: ; .: . ... .. , . .. ;.' ::'. ". themselves "passive ," and that they can commonly be expected to have '.; . ,; ' . 

: ::.'~>:' ><. :.: ::.:': '. ,' ',:' . ' been "blind" and probably 'Of solution origin. Forceful intrusion ' and active,' ., .. < .. :.::. '~ . '-'~(' 
\r" .. : .... : .:;. :. :.~ .:.::.- .... .' >. even explosive brecciation as at Toquepala, are apparently of rare occur- '. ' ~ >j. ·.:X'.~· 
\:: .,,:i,': /:: ,:',-:< rence. The extent of magmatic stoplng ,as slmllatlon, and metasomatism ,'""" • ;>;'" 
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appears mechanically and kinetically in'consistent with extremely shallow . " .... ' 
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'. ' emplacement, but moderately near-surface environments are again indicated. ', : __ ':< 
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.:.' . Stock-Dike (Column 9) 

The II steck-dike" column (,Column 9) indicates that stocks and 
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. ' . stocks with subordinate associat:ed diking are far mere typically associ'ated 
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withpc!p!1yry copperdepostt genesis than are dikesi dike swarms, or 

. breccias alone. Impacit is the association revealed in Column 6 of 'por-
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'or, .linear ones. Twenty-three of. the2€! depcs·its l~volve impor.ta'nt stock 
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development and a hlghratlO of stock characteristics to dlke forms. ' 
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. SeqlJenCe of Intrusion and RockType's Mineralizea {Columns 10 and llj 
• " '. • _, I 

The sequence of intrusion column reinforces early observations ~ 
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(Buddington, 1933) of the aSSOCiation of copperdepostts with intermediate 

.. : ' ;4, . " 

... 
" associated with copper deposit formation. Granodiorite and quartz mon- ., ::." :';.~:':. ' . 

• ~, ' . 7 l . .~ 

zonite and their aphanitic and hypabyssal equivalents are overwhelmingly·· ", :.< >;:,.'. 
. . '. .. 

I . ,' .•• •• 

. mos t important to the porphyry copper deposits I witn more felsic variants , ...... < .. . . . '. . 

' common to the porphyry molybdenums. Most of the papers consulted in the :. ': ,':.:;' ::. 

preparation of Table 1 were carefully explicit on the sequence of intrusive , .. . .' . .. :~ ,' '''- . 

;:':.l,'·,.:.:,:":, .. ·.',~ ... ':.~ ... '.·, .... ,.' .. ~. ::.: :.:, , ,",.:.' ..... ' :. " events and compositions, but uncertam field relationships coupled with ' .' '.:.""':,",,,::, 
1 . " paucity of absolute age determinations seldom permit unequivocal identt- . , . ',' 
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, '. , . ,: . ':.'""::. , .; . ' " fication of the beginning and ~nding of the magmatiC epi sode that involved .. :,; ";::.:;' . 
' , .. . ", , " 

:;(. '::, :" . :. , :.' .: .. ::::: . ore mln~ralization • No attempt Is made In Column 10 • therefore. to deter- : .. ','.·" 

~ j" ; . .. ' . .... mine whether the events lis ted are parts of a single complex intrusive '., 

'~l}';:;: ~:·>:· : i:: " :< .~ ':: " , event or successive consanguineous intIUsions . Much older and much :: .';.::.: ':'< 
· !.:> .. :' : . ~ . ~ .. M " • • ~: •• : . " .- . ... -', • :' . • • • " • 

>tr: .. :'·> . ·:,>· : :~:;, . < : .. "/ :, younger rocks f as described in the appropriate references I are excluded • ,':::':,"» :;-:,{. 
't~ : :, .:,:-,' .. :.: ,: ' ... ':,:," ". . . ," >, <. 
:j"' : .', " ': . :, . ',',: ' Column 11 shows that all of the igneous rocks of Column 10 are mineralized > "" , .';'. 
'. ~ .. I. ":' .' • .'., ' '' ' ; . '' • " . • I: .: : .. ,., 

T< ·: ··, ,,:':,>,::.". ~, ' : .in 22 of the 26 deposits tabulated and the latest rocks are mineralized in 2 , .""; : . 
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~t~':: ,; ';"'.:'..' " of the rema~ning 4 t • ,,' " 

.l · '. , Several relationships are apparent from Columns 10 and 11. The " :: ' .: 
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. sequence is generally frcm diortttc to monzonittc rocks I ' commonly with the 

development of late lattt1c to rhyolit1c or "quartz feldspar" intrusions. . , .' <: ' ' . . 
Typically I all of these rock t.ypes at a given locale aremineraltzed, so it 
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hypabys .sal rocks OCcur' :"~hea~ ·sOc.i~t1.on : e.f p~rpllyry' coppe(depos {tswlth 

intermediate plutonic rocks 1s .imp!e~sive hut not as ur.iver5al ·as the aS50- :.:. 
. ..' '- ' . . . '/ . \ ' . 

· cia.tien with po~phydtic ' rocks J the latter c<?cufI'ing mall. 26 districts 1n 

Table 1. The lainprophyre 01. ~'late diabas~" event is less common in tIle . " " , 
. : . . 

porphyry coppers than it has been thought to be (Spurr, 1925), .late diaba<Eie .' . 
f ~" . • 

having been reported in only 5.of the 26 districts. The general trend, clearly, ' : ''';'.;: ~ 

is from dioritic plutonic toward· more felsic hypabyssal rocks with all rock . ..... . , 

types typically mineral1zed. The degree to which the shift from dioritic 
• • • I 

through granodioritic to monzonitic rocks may reflect K-feldspar enrichment .' .. ,' . 
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conSidered below. Dioritic rocks commonlyocclJrat intrusion margins , as at 
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· Ajo and Mineral Park, ' witn progressively more K-feldspathic rocks inward, ' . ~ .' " 

· a relationship not appdrent in the table u The distribution is consistent with .. 
· apparent felSic-component enrichment accompanying potassiC alteration 
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· near' the' central portions of some porphyry copper deposits . 
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11 .: :. . .; .... ; . :, . ' ; : ... . ' . . . The porphyry copper deposits almost alt' have circular or oval cross ·;· ... · .. :.· .. : ;·.· .. ·:. 

t\::'::" ,:' ,>:, ' ', :' sections. At least four of the deposits have clearly defined low-grade cen- " ' .. ' 
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·l!I. ·, ~.·<.: · .. ;·.·; ..... :.::.->-.: : .. : . ' .. ters which produce a ringlike orebody shape in plan •. It is difficult to inter- ,:.:.: .. '. :: 

~ , . . . .. ". ' . .. ... , .. pret the vertical dimension of hypogene mineralization in most deposits '. '.' ,: .. '. 
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depth, but the tabulated hypogene mineral bodies seem to fall into three ' 

general configurations: . 
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flat, invertF?d c.one! elf, shield fo'm. An three of the porphyry m()lybd~n~m 

deposits.fall in·this groap.,. " 
. . 

3. Three deposits (Ir.splratiqn ·, Ely, and Saffora) have a gently 
,1 , ' 

. "" . .. 
dipping I tabular shape. This form may represent a Type 2 deposit elongated ' . : .. .... . 

I • ' . • . ' I ' 

by a controlling preore strucrure or by postore displacement •. ' " . . . 
. . :.; " 

. . Boundaries (Column 13), 
', t' , - " . ", " 

. ' . . .. . . 'T . 

In all of the deposits studied, the orebody boundaries are at l~ast '.: :.' .... ': >~ 
. " . ': . . ; .. 

. ... • . ,. : ... = . .' .. :- :; ':.' 

' in part the original gradational or "assay wall" boundaries. All of. the ore- ' ;",: : 
. ' . '. :. '.'<: : '. ; . 

, ",\ 

bodies have been inter.sected by a pastore erOSion' surface. Eleven of the '2'6 .. " . . ~. :; ' . 

L:,::',:'",/,, /'::, deposits are bounded by at least one postore fault. Two of the deposits 

il')\: :: ".: ;".: :.: .' ". '. coincide closely with breccia pipes which are preore ' or contemporaneous 

t:~ : ·· ·· . ., .. :. '. ' ... with ore. 
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:. Percent in Igneous Host and Pre.ore Rocks (Columns 14 and IS) " . ' . " , .-I 

: ! ' . ~ . . ?' .. ~ ~ : 

In several deposits I 100 percent of the mineralization 1s in igneous ·.·-: '. ;·~(~·;:>~; 
. . ' .; .. ~ . 

: host rocks (Butte, Castle Dome, Copper Cities, Endako, and Mineral Park) • . ;.:':<:: 
. ; ' . ' . : - ' . ; :~ : :', ':.' . " ' .. , 

:r. :"{': :, .. : .... .... : / .. .... ;., ~ .. Ail of the deposits contain. some ore in igneous host rocks, but the bulk of .. : .,: ~".<. ~:: 
~ .. . . . .. . . 

1 1 : :~/:' ,:· .. -:·: ... · '. :·~·<~ ... ,,:: . mi~eral1Zation at Bisbee, M.1ss1on , and Ray is in preore rocks. Something · .. : : ~ .: .. ::~.:: :i< 
!\< .' : .-... .. .. , ... . "': like 30 percent of all m.1neral1zation associated with porphyries occurs in . : ,.' :::: . . ; 
~.':": ',":' ..... .. ';'. '. . .... . . . " <:: ..... '>:: 
:1.': ·:·: ." '. ". preore rocks, a figure again suggesting cupola-type or at least high-level . : ., :: ." . . : 

II':" ::" magmatic development of the porphyry environment. . , ii 'i~ 
J' .~ < : ' :.' . ...... " Dimensions (Column 16) ' . ' .,.' ." .. ' 

~ ' .. ~ ' Horizontal dimensions of the tabulated deposits range from 250 x . . .. 
C ,- . , ':: 'j. 
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1200 feet for the La Colorada pipe at Cananea to 6000 x '13,000; feet for . , .. " .. .. '. 

Morenci and the difficult-to-limit Butte dist.rict l the fringes of which may ' , ' .: .. " ." 

reach to dimensions ltke 20,000 x 50,000 feet (only the highly" porphyry 
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3500 x 5000 fep.t. · .' 
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'," . 
Total Ore Tonnage and Grade (Col'lmns 17" lSI , ana 19) : . .. .. .. . " 

: . . : - - ', . . 
, Of the 26 deposit s tab~l ,c1ted 12 a fa estimated ,to contain qver , ., , . ' . ,: ', '. '.' 

500, 000, 000 tons of ore, : 6 fc;ill between , 100,000,000 and 500 ,000 ,000 tons ~ "', ,: : :,: 

• and 8 , contain less , than 100 i 000, 000 tons;, These tonnage ' estimates must be " 

, cons idered only approx~ma teo ' Tonnage flgures are rarely published, and 

these numbers are calculated from published deposit dimensions I mill 
"~. -
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, capacities, and so on, and could be considered esser:ttally public infor~' " 
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'. ' 

, mation. 
. .' . . . ' . 

Included in these figures are a number 'of deposits in which ore 
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'.t . ' .;.' : '.r:. 
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grade depends on secondary chalcocite enrichment. Aver~age grade of copper . .' , 0: ... 
. : ' . .. 

. ore is 0.80'% Cu, and average grade of hypogene mineralization, where 
'. . ' ~ : : . ' 

." ' .. 
thi~ infor'mationis available, is 0.46% Cu. Eleven copper depOSits contain . . .. . ,. -'. 

• I " ~ .- . ~ - I 

at least 0.5% Cu in hypogene mineralization, and ten contain less than ' ,' , . 
J i : .:-:: 

'. f " . ' : ' :. ... I.· '. 
I '. ~ ':" ' . 005% eu. Molybdenum deposits average 0.16% Mo in grade. It has been , 

, ', ,' , " 
J " ,: ,' ' " ' 

J .; ' , : . - , ;' , ... , .... 

.. .. . 
. . ; ,: .", 

, I 
" , noted that there is apparent regional zomng of primary copper from higher · " ', ~ . 

: ". < I ~ , ' .··'i ",' ~ . . I ,\ • J , ' ~ i '\ 

":," " . ~ . .. . ".. '. contents to lowe! ones eastward in southwestern United States, with mOlYb-":', .. ,,::> 
.' r . . ' . . '"' ' .. ~ ' . . ... . ' . 

I • ',; .. . , • 

' ::' . .. ' . 
' . : 

: .. ':' . , 

. ;' . " " 
.. 

./ .' . 

, ' 
, ,. 
, '.' 

" ' .. : 
.,.: .... 

. .: ,' ", .. ' denum content concomittantly increasing eastward. . " ' ...• ~. ... ; , ' 

Hypogene Alteration ' ~ . " . , 

. This' sectiqn of Table .1 (Columns 20 through 27) 1s part of and In 

.' ,,' 

" , 
." ' . , 

. " . ~ ~ .' ' . . . 
~ . ' .. . . 

. ..• fI" 

' Ii, " 
':. : ' " 

" ' . parallel with the two sections which follow: the first on Hypogene Miner- ' .:,~ ' : :.' ... " " 

al1zation (Columns 28 thrcugh 35), the second on Occurrence of Sulfides 

(Columns 36 thr'ough 42) • These thl'ee blocks are set up so that alteration, . ' 

' " , . , 

'I : ". ~~ ' ' 
' . . . 

, . 
I ' , , 
I , , 
I'" 
'I ;, : . 
! . __ ... __ ..... .. .. -_ .. - ....... . . 

~-~-.----,-.-~ ... -: '---·· .. are reported'-in"the"-th;'~e columns with identical headings: for e~ample, , . 

m1neralization, and sulfide occurI'ence for a single zone in a give~ Aep<:>s.~t_ .:_' __ _ 
_. -........... _ .... ... . .. . . . . _.- .. __ . ---..... --. .. -.. -.. ~ -.... 

II" " ' ,, ' the innermost alteratlcn zone a t San Manuel-Kalamazoo c~msists of quartz, ' . 

~ . '1'0 :, .. :,':, . K-feldspar, ' blotite, and minor anhydrite (Column 25), the sulfides , ,,:,; ' ,,:,""-' : 
: ' r '. .' . I • • . . _ .. .. __ • . __ ••. • __ ___ " . _ • • __ • _ _ • • _,~_. __ . ___ . _ . __ _ ._. _ _ . _ " , .••.. _ . _. ~- . - •• - . - ._ • ..•• 
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i 
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; ". ' '. 
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.'-... .. :." ;.; . . ,,' .; . . 

.' . , ~ ' . : ... ' . ... . " .; ... 

'"' ' 

. . .. .. . .. -----.. , ,' 

. , ' , ,' 
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occurring with it are pyrile~ chalcopyrite f ·and· mclybdenHe (Column 32, 

'with ~H~~unts)' : and t'hey OC'C\J.f 'as ' di ss~·mi.'nlH 16nsmore ' Si.gn·iflc~ntiY · than 
. . 

. veinlets .(Column '40). It'must be restClted here that the table is based as 

·completely as possible upcn published descnptions, descriptions whlch . 

, . are hardly uniform in approach, deta il, and even terminology. Several 

deposit descriptlons were based on temporal ra.ther than spa ti al 'relation-
. .. ' 
ships; these deposits . we entered as earliest equals innermost, and so 

. , 

'. " . ' 

: ..... . 
. : ' 

.' 

.... . : . . ' '.' ... . ; .. : 

! ' , ' .... I , 

" .. on o~tward 0 Several deposlt descriptions involved separate and poorly . . .. : , ... . ,', 
" . .. . . : . ; '" :" ',,-. ~~: . ~" .• f' :::::',;' .... : ':. '," ",", ce la ted de s cr i pt! on s of "I te ra t.i c n. m! ne rali za ti on • and occurrerice • and ,,:,'::, ',,':.::: ," . 

j ".~" , ',: ,: , .: :.' " • we have made every effort to match approprIate spatial and mineralogical ,' , ,' .::.. .. ;:. , \ 

t. :::·~,::. : :·,: , :. ,~,,;: :,: , . data. Question marks in the table generally denote uncertainty of place- ;: .. '.:.~, ::'. , : ,. :-. 

"L~~:;:' :. : :.: ' :,.:,: <.: :~ ' . , ment of the information rather than uncertainty in the data itself. ,' .. 

In discussing the alteration of porphyry cop~r depos1ts, we have ." 

~ : . :.. ~ '. 
". " t.··:: .:' 

... . : .... ' . 

. ',, ' 

. ,~ .' . 

.' . . ' 
' .. 

" .' .. ' 

: . . adopted four alteration assemblages, the potassic, phyllic, argUlic, and .. . , ' , .. : ;. " , ' 

propylitiC. The potassic assemblage is generally one of quartz with at ! • • ; 

.': . ,'. 

.'. least two of the three minerals K-feldspar, biotite, and serictte 0 Sericite, ' ",,::: 

. ' ; ... ~ . '" '." . . :. ,' , '" where present, is subordinate to minor 0 Anhydrite appears increasingly 
. ' ; ' , 

.' . - •... 
. "r . :" 

, ,, 

.: '<': .. :' ~- "' ; < ~ ','.; ' • . ' . ' 
. .. .... 

. important and diagnostic as a trace mineral , along with other calcium salts. . .': i::,.· 
': .' 

I!.' 

. :~ ... :': .. ' '.". ' Potassic assemblages commonly yield abruptly to an assemblage consisting ' ': . '::-' 

'j">'" ,';': .: :.< ' .. : :.-, essentially of quartz, sericite, and pyrite, which we have called the ' .. :~:. :'::,; .: .. '~ ; 
, :~',,:~,, : '.:, :;: .:: ....... . ': ... ::":: . . phyllic as semblage·. The usage is adopted to distinguish this characteristic ' .... :.;:,, ; ~ :~~:: 

'.. . . '. . .' . : . . " 

." .- . . - .' ,.', 

I:;'" ' .. ; .\ :: .. ': sericite-dominated assemblage from the generally next outward argillic zone. ··. ::'. ' ; .: ' 
.... . '. ;', ,.' i;' . ' ., 

The argillic zone, well established in the l1teratare, consists of important , , "' " . ,. ,-:' . . . 
". ' . . ' . ' 

. . - ' r 
but not quantitatively dominant phylltc minerals which are as properly 

I ., '. 

111-' ___ . ' _______ ~.e-~!?!:a~.~,~--~.~?i!.I~.~:--=~~-<?!y:'--C!.l'!.~-m9.!ltJnOJJl.lonit~rc~with .lesser-serioite :and ")---

chlorite. The fourth category is the propylitic assemblage alteration min-
. . 

erals, which are dominated by chlorite, epidote, and c'arbonates. (See 

. i .', Hemley and Jones, 1964; Creasey, 1966; and Meyer and Hemley; 1968 .. ' 
• I ~ .. 

·: 0 ···· 
'.. . ... .. ". . . . : .:.:: ~~ ":.: . 
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for great<:, m,ineralogical petal!. on · thris·e as'semblages .). These are .the 
. .. 'r l " l' , . ".. . 

assemblages abbreviated Pot I prlyl. Arg I and Prop in Table L 

Review of the data in Table 1 reveals some repetuive I . unifying I ·· 

' ..... 
. . " . 

, . 

. .... 
','.1' 

" 1. 
,,' ; . 

alteration featu: 'es of. the porp~'. yry copper deposit group. The table was set 

" , up so that if a phylhc (Quartz-sericite-pyrite) zone was described it was . ' .. ::': 
'. 

placed 1n Column 24 headed "Inner Zone. II Other assemblages were then ' 

entered wherever they fell according to the ' desc.r1ptions. As the table · 
, , 

. . developed I it became apparent that what could best be described as the 

, 

:. , . : .. .. 
.. ' " , . ' 
.. ~ I 1. " , , : 

';:: .: ... :"': .... :~' : . 
. . 

. .' .. ' .. . .. . . . 
.. •. ,-. :. ' :. , 

,, ' . . " , ._ . 
. ,. " .: :' ·· i .. . r ' •. ", 

innermost zone was typically potassic I the inner zone pnyllic I the inter..... .'·i ':': ·~:. ;':: · 
. .. :',.' : . . . . ' .. ' ", 

... : . ..... . 
· .mediate zone argillic, and the outer zone propYlitiC. The assemblages ;- . , . • • . • ' • • •• ·t • •• 

.. . ...... . .~ , .. 

'. : ;:. i '.,' •. ':. ' were thus entered where no. contrary evidence was at hand. There are, ' 
, . .. :.' .... . : . .. " ' . ' 

, .' " ,' ... ~; .. . +.... :. : ;.: . .... . .. ' !.:. .. .. , ~ , 
-~ . . , . . ,:: .. ! .. , .. -: ' . :~ . '" ; . . .,' ~ ,. : , " ' . ,. '. ' . . therefore, some open spaces in t!1e table where an assemblage I for . '. 

~. '":" . " . . . . '. , . '. . ~ '; .. 
", .. .. 

.. example, one consistent with II argillic, II was not observed or described. 

Known Ext'ent Beyond Ore andP,erlpneral Zone (Columns 20 and 21) 

. , ' . 
• • I , , ,,' : , ~ 

, 
. ' ' . 

... . -.: .. : 
, ; , ,:.!. 

. ': ~' 

': .:. , '-. j 

. ' " .. ,; . :"''-'-.. :: >:- . ,: .. 
.... ... 

, ,, , ,'. ~ ' , 

Column 20 records the stated or mapped extent of altE;lration beyond ,,' .. ',: 

•. the outer reaches of the orebody itself. These distances are somewhat un-. :· :..- . 
, : '., ... 

' . ... . , .' 
• " ; • • • _.~ . ~ . ';I .... : .. 

':" ' 
' .. . ": ~ '., f ', . 

., ". 

characteristic of a majorityof the Canadian porphyry deposits. Other 

. deposits show alteration in thousands of feet, averaging approximately 

. ' ." ' . '~ .... . ' 

, -;' ,'. ' " 

" '. . .~ ..... ' 

'T ' • • , 

" , ' ,. 
," ' . 

. . ', ' . '. 2,500 feet. The higher nu~bersprobablY represent some merging of hydro- .... )'.' " 
, . • r • ' • 

. ', ' .... ... " ," .. , ' 
" . ,- . ;, ..•. " , :. ;. " 

thermal with low-r.ank metamorphic effects, the two being discernible only ­

Vo!~!Ju:iJjf ~G{'J 1 ty._- -Sig nJ fica nt- i s-the-facrthar·de tec-ra151e-a-IteratTon effects 
.-:,-.-~-----

," . 
, ) 

\ . 

. ' ,' 

i O 

do indeed extend laterally to an average distance of half a mile beyond 

porphyry orebodies. This may well be a low figure, since some authors 

drew the outer limit on the basis of "bleaching" and the presence. of seri-

. cite, phenomena that may not mark the o~ter limit of alteration . 

. . ~ .. . " .. 
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. Fer ipheral Zone (Coh.~mn21) .' 

'. , 

'., .,,' .: , 

Tne periphera 1 zone ' c:;:clbmn was inc'luded prir.ctpa lJy to ' permit nota~ . ': ' . 

tlon of s~arn zO.nes 'cf w!lich 5, at Bingham, Mission-Pima, morenci ', Santa ' " 
" 

Rita, and Silver'Bell ~ a rereported, ' and of alteration associated with the 
: ~ . 

. . . , 

. commonly described per ipheral mineralizatio:L Tr.e mineraiization 1s note6 
, . ' . :. 

for all 26 deposits, but alteration 'associated with it 1s in effect not des-
. ... ', . " , 

cribed; Column 21 should be filled with ' ND symbolS, ' since data for the 
... . 

'.-· . 
':j :. '. mineralization i~ repc-~·d3d in Column 28. Where alteration ,mineralogy 1s 

,,' .: .' . ,' 
; ... . 

11 ~ , . '. .... ', . 
1] .' .': '.' ' .. : ' .: ': . . ' ' ,' ! 

:.H ;" "': ;' '-:';~ :: ' : :.' given, it is of mixed affinity , dominantly propyl1t1c, with sericite ment1<?!,le~ .: .. .. 
.' ••. M:" 

'~1 1 . . :.:., .~ Q ~ , ... ' 
!: ,; ,. ' ::.~" • . " at uesta . . .... .. '. 1] . . .. . . . : " . . 

til" , >, ," ':'" :' Outer Zone (Column 22) 

;'\ .~. :-': " .. . " ; . " Mineralogic notation is given for 20 of the 26 deposits in Table 1, 

. ,' . 
.. " . 

: ' ", 

· .;. 

"I'::- :- ,'. ' .. ' .-'':' 
11" ': " . : <. ~.' " . with "propylittc ll for Ely , Nevada. Of these 20 descriptions, 18 include , . ', : 

i / ,> ::',:' ,, ,. ch I c:>r Ite . ' 16 include epidote . and 12 include a carQonate. 10 of which s pec~ ,' ,-' 

1
1
' .: .. : . . ' .: .: , '. . ' ify calcite. Quartz is cited 7. times, ser~cite 6 times, ' zoisite-clinozo1site . . ' . ' 

.1 . . _ ." 
~ t·. .' . • . ' . 

5 I kaolin 3, montmorillonite 2, and albite, hematite, specularite and . ', ' ~ 

· ",: 'jl '·c.·"· ;:::·· ' :; , ".; ' 
U "'>:':'.: "~ ' :- " ' : . . rutile(?)i .once each . More important than numerical frequency, clearly, is ' ": '~.: : : 

r ,<'"~. ,,,': ," '::: ,'c,,:::': ,'i , the occurrence of as semblages. a nd by far the most common Is chlorite- ' ''-';', ':-' 

'!i ' ,:,:", ':,'" "; :" ,::;,,:,:,." ",:: epidote-calcite. Replaced mineral sare seld om discus sed; these rePlace- ' ",. 

'lii<··,;. : :'::. ':':~ ': , .~ . .-'::::>. ::> ment minerals are presumably dominarlt1y after amphibole, biotite, and ' ': .• ' · ;: · : ·r·:~·, 
l~ . . ' ./':: ....... ... :. ::: .. : :-:. . ' . . ' 'J • . 

:11'- , .:. ..' :!.::: ,',':':".:.:'.: Plag10Cl_~ .~~ .• ~~_~nd _~~~.~~~~_~~~ ~,~_~~~1cult t~ ~~ iStingu_i~h _ be~~ee~_.~~ ' . 

1·· ~~hydrothe[mally propylitized assemblage and a low-rank metamorphic 

rr .... :'- ·:: . :'-' ~' .. :' . facie·s. It is' significant that this assemblage has affected by far the largest. ". ' .. 
Ii . . '.,. ,. . ' . 
)1' ~. .: . volume of~ock. The chlohte, epidote, calcite propylittc assemblage al- . 

. \l· .' 
rr ... . : . , 
iI" . 
1! 
i ' 

~ ' 
, . . 
I' 

. . 

. ways occurs outside the ore zone and beyond the phylHc and argillic 

. volumes as will be developed later • . 
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. '.: . 
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• I • • .' , ' " '" , ' ~t. , ~ .'. .~ . " " ' . 
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. ' . '.,',: ',:., . , ' .' . ': .... . " -:' . ',' ' . ~.~ . , ' 
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I ~nTfem-a-l~Zlvm;:-~ot:rn:n Iln-lo~,H-
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, . 
. Tl'llS ',cclumnproved to .r~cei~e, pr~dom1~arlt,ly ,argillic assemblage 

descriptlons. S11 icUicatlOn 1s clea!lymo~-e impOI tant here than in the 
, . " , - I' 'I. ," . ' • 

: . .. . , , 

Outer Zone, and the dominant minerals a.re quartz, kaolin, montmorillonite, " :. : 

, " • ',' 0 ' and sericitp.. Argillic assemblages, whether or not they actually fall in ". , . . . ' . . , .. . , '. , 
.' .. 

Column ,23, are discernible in the descriptions of 21 of the 26 depoSits, 
t' . ' 

, .. , ' . :-, 

if quartz-sericite-kaolinite (4 occurrences) be included as argillic. Most . ". ' .'. 
. ': ' , ~.' .. 

of the assemblages cite quartz first. KaoHn is cited singly orbefore 
, I _. . " 

montmorillonite in 17 out of the 21 assemblages for whiCh 'mineralogic data :' . . '.: :-., 
. ' ' .. " . . 

. .. .. .. : . ; ' . . 
. ' " 

. ' ,. 

are given. Three' deposits indicate montmorillonite zonally beyond kaolin., ;' ::'. :-' .. :-:, :-; 
. ;, . " ' -" -. :. 

and 7 involve sericite, including the four quartz-sericite-kaolinite occur..,. ' '~. ' .: '.: :: : 
. ' ' . . ' ~ r . . ' . 

' . rences mentioned above. An argillic assemblage is unreported from 5 

deposits. 

• 
Inner Zone (Column 24) 

Into the Inner Zone column fall most of the quartz. sericite 

, . 
. \ ~. . 

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

. .. : " . 
. . , . . 

. .. : . . :, :', ' 

.. •. .. ... 
" : .. : 

' .. 
... .,: .:. , 

(pyrite) assemblages I the .chiefore bearers of the porphyry copper deposits • . 

The zone is ' reported unequivocally as a perVasive quartz, sericite assem- .. . 
I . 

.blage at 19 porphyry districts , as quartz, major sericite, minor K-feldspar 
. } . 

" , . , 
. . ~.: " ,: ;: 

at 3 more, and as quartz, maj or sericite, minor kaolin at 3 more. Only at 
: , ' : . 

' .' Esperanza is a quartz, K-feldspar pair reported zonally o~ts~.~;L~~LQn .un~~~ 
. . ---_ .. -.--- ....... -.-.. ---.--'----.--------.~--,..-. . ..' . ': .: :: 

i~·:....·-·-.. ..:..· -...,...:.-.·1-· ~-us~~i-q-uart~, sericite, K feldspar; biotite assemblage. Creasey (1966) indi.- ' .; ,:" ", 
. . . ' . . : .' . . 

" , • I • • 

" " 

. ' . 

. . 

' , ' " 

cates that K-feldspar pan be part of his quartz, muscovite assemblage; 

that assemblage occurs at Bagdad, Bingham, and Chuquicamata. Creasey 

... . states (1966,· p. 62) that "Quartz, sericite, pyrite without either a clay 

, , 

mineral or K-feldspar associated 1s a common assemblage that does not 

. fit into any of the three previously described alteration types. If clay 

, were present (as at Bagdad, Bingham, andChuquicamata--JDL, JMGJ 

. it would belong to the potassic. II Since the assemblage appears by far 
" 

" " 
" , ' ,. 1, 

" ; , , : : ' 
••• ' I •• 

• ' , .. 1 " • .. ' 
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' . " . \ .:.l:' ... } , 'r • . j , ' . ' '. , ":. 

most commcnly a~ -i'uartz '~ ·.sari.cite {. py:. \~e in' ~ne PO~phYIY copp~r environ- . 

m~nt, the term" phylllc" 1S. urged as a dislinct type for that deposit group. · ., 

Advanced ar';Jillic alteration, involving chiefly pyrophyllite, dickite, and 
' ., ," 

" .' ~ 

topaz (Meyer and HemleY. ~ 1968), .is associated with phyllic assemblages . ~ ' , 

, . 
. .. . '. 

at Butte and Bisbee. It is not reported .elsewhere but may only have es- .... .; ..... :: 

caped detection. 

The phyllic assemblage of Column 24is the highest intensity 
I I 

. . ~ ' .. 

, r - . : . 
" ., " .:.#. 

.. ' ). " 
, : ,' , .~" . ' ," :~ 
. " . '/. 4·: 

' .. i 
' · .0 

',.' . , exposed alteration asse'mblage in at least six districts. 
.. : : ' .':' . , ' . . .... .. . 

. ~ . r- " " . , " ._ 

. Innermost Zone (Column 205) 
. .~,. ..... . .. - .' ' .. .'. . .... . 

:. ,. 

This column is perhaps the most surprising of the hypogene alter':' ,·"::~ · :.:··: .. ::·< 
" . '~. . . . ~ , . 

. ation data block. It indicates that potassic alteration, ' in spite of rela-
, : ', ' , . ': .... '~ 
. .: ';,' .. '" .. .. '-:.:' 

• I· :-:- . ,. ' 

" '. 
'.: ' ' .: 

" . ' . 
,: 1. 

tively scant attention given .it per se in the literature, is encountered at 
. . : .. 

. ; 

most of the porphyry copper-molybdenum depc.sits as either an early or . ' . o· , , " _ .' 

! . :.... ' . 
I .. ; ... ;,' an innermost assemblage or both. 'It is reported as simple quartz, K-feld- .' .... . :: . . . ." k> ':" ",,', '" ,:: :' spar, biotite (?) only at Endako, as qualtz, K~feldspar , biotite. sericite :': ';:,:,:::' 
I -': . .. ..... .... . ';' .. :' . at 7 deposits, .and as quartz, K";feldspar, biotite with chlorite, albite, .' :'! : . ."< 

!., :: .. : ~\ . '~ .. " ~ .... ,' ...... f1.uorite/-anhydrite, or tourmaline at 7 more. Quartz, K-feldspar, sericite ( :. '~~~ 
f -:{ : .- '.: ... ;'. . .. ' . . . ... __ . __ ~ ... ____ ..... _. _____ ""F -----

t";,::", " ,," " ls-repOfted -at-SH verileU -;-anoq uaitz-"oniy-wlth K -feld spar occurs at , 

1;\' < '. ,,", ,,", " ::~:~t PI:r::::: u::::~::::: :~::~g:::~~r::U::I:::r::::::I:ts ~:na - .' ' :: 
I:'. . ' given in parenthesis irt Table 1 because it has not been described in print, . ':" ...... .... ::~ 

• • 'r 

... . . 

' . . 

.... ' 

l' • 

but pieces of anhydrite from Ajo, Bingham, . Esperanza, Questa, San Manuel- : .: ....... . 

. Kalamazoo, and Santa Rita are on hand to swell the published occurrences 

at Butte, EI Salvador, and Toquepala;. Annydrite is also reported from 

'. Braden I a depos it not included in Table 1. Other characteristics of the 

potassic zone are briefly described by Meyer and Hemley (1968) and 

Guilbert and Lowel1 (1968). Ore values commonly occur at the interface · . 

.,' between potassic and phylHc alteration zones, as developed below. The 
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· potassic .zone is , alml)st .plwGlYs mqst central 01.: deep'e~t .or ·earl1esr .if a time 

sequence .1s discelnible. 
: 1' 

Zoning Sequencejrom Center and Bottom (Columns 26 and 27) 
: ' t' , 

." ! • 

The upward arod outward zoning sequence of alteration assemblages 
. ,; . " 

. " . . .i . . ,", ' .~" :, 

is seldom re'ported as such in the articles upon which Tahle 1 is based I but ', ' , 

their systematic entry by description or from map or diagram reveals a re- . 

markable and doubtless~y significant sequence. Most significant is the fact ' 

" ' . 
. ... " 

• . 0' 

f ',.: 

, 
. 

that 6 and possibly 7 (the position of phyllic alteration at El Salvador is 
. : ,", . ' " '. ' .. ~ 

." . . 
. '.. . ~" ' " ~ . .: 

· uncertain) of the deposits show aiteration assemblages in the same outwa.r.d ·.·· : ... . : .. : 
• I ' •. ~ " ' ,' • • 

· sequence: potassic, phyllic, argillic I and propylitic .S.ignificant also is' · . 

. ' the fact that even where certain assemblages are not reported, the remaining • 

, assemblages fall into the same . order. Two deposits, possibly 3, show only 

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

. ~.,' 

• ; '.' . 1 '" : , 

· potassic and phylltc, 4 show the sequence lacking-only argillic, and 6 show ,.·':'::: <; 
. , ,." .... 

. ·the ,sequence starting with phylHc and Inc~uding argillic and propylitic • . : .. 

Either the geology or the descriptions prevent assignment of sequence for 

lit., ':; ": .", ,~: ~ 

1

1:'," ·.<» .. '.: . " , .', a few deposi~ertica~~t!e~9f.LQLzcrlation -is-genera-lly- much ~less-we11" _ , . . '; . .-

I ,----

Ig. ~ " ': .. .'. ",. ' ~ .. ','. known ahd described, so ass.ignments can be made in C~lumn 27 only for :.~ 'j ", :, : , ( 

1;:-::":'-':'""" .. ' ', ' . Butte I Climax, ' El Salvador, and San Manuel-Kalamazoo~ Except for uncer-' :: , ::' .:~ 

i;:. '\ ,."· ·::" , " . ..: ·. tainty with the El Salvador sequence, the order is consistent with lateral . .: ' ' .. : . 

h" :7' " ~ :. .... : ".,
 . : 

Ir>~' /;,'.':.':. ' ':. ":':.:.' 'zoning and supports the conclusion that outward and upward zoning of the !:: . .... :< ... .'~:< 

".:: . . 26 major porphyry copper and molybdenum deposits is reliably shown to be ',. ,;::,.;< ..... 
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of potassic, phyillc, argillic, and propylitic assemblages. Mineralizational :' .. : .... 
,. 

. : , : ,,' :. 

conclusions will be developed in th~ next sections ~ 

'. Hypogene MineralizaTion 

• ,! 

As has been s.hvwn by many authors' and articles, hypogene ore 

mineral assemblages are closely tnterrelated in time and space with por- · 

phyry coppe~ deposit alteration mineral assemblages. The'designationof . 

", ' , ... 
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,: .~ .' pyrite and ma~nellte as ere minerals rati".er than as alteratLon minerals, for .1: '. . . ' 
! 

• • 

i ': .. 
" . 
~ . " , .. \ . 

, . 

.example ,is la!:gely an arbitrary aeci~ ton. ': 
In ·Table. I, .sulflde··oxide mineral assemblages have been des'cribed . . .. : ... 

in Columns 28-35 with reference to the same zones defined by alteration 

minerals in Columns 20-27. The excellent consistency apparent thro'-1gh .. 

each of the mineralization zones and the .consistent variation from one 
, 

. . ,', 
, .. 

: .. . . ': .. .. ~ . 

. .. , 
':: .. , ,~ . ,: 

particular assemblage to another outward from the center suggests that this 

is a valid framework. 
, I 

Peripheral Alteration Zone (Column 28) . r , o ' 

' . .. " ': . . 

This column contains base and precious metal occurrences which 
. .. . . 

I " . . 

. form a discontin~ous ring typically near' the outer edge of the propylit1c 

. zone . The occurrences tend to be only small to medium sized deposits, ' 

although large lead-zi.nc deposits with or without precious metals occur in 

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

" . .... 

I ,' , 

" , " 

;::',. " .; ' . 

. ; :. ' :. ':' .. .. .. . this zone at Santa Rita, Bin9:...~rn~~and .. Butte.-At·-least -mincr 'C)cc'urt'en-ces- of 
1;- '-' -:"-' ___ . ·_·.:.,;_1.--:-.. --- .... _···_-- . ___ ... __ ._-t - ~.-.... -- ,'. . 
I" • .• • ~ 

1i . < .. 
, ~ . . . ' 
.n· ... 
J' .. 

. ···· peripheral mineralization a!"e found inall 26 of the deposits studied. Per-

ipheral mineralization :was a geometrically diagnostic feature consisting 

tetrahedrite, barite, and manganese and vanadium minerals are found. 

Outer Alteration Zone '(Column 29) , , 

This zohegenerally corresponds to the propyl1tic alteration zone, 

; ... - ' , 

. ' . ' . :, 

.. ' , 

'\ ... 

and mineralization is generally restricted to pyrite I though sparse chalco- .. 
.' , . . 

pyri te 1s usually present together with variable amounts of bornite, molyh- · 

denite, . magnetite, specularHe I rhodochrosite, sphalerite ,galena, and 

rhodonite. I . 
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Intermediate Alteration Zcne (Ce,lumn 30) ', .: ' : 
. , " " ' 
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j I ' ~ . 
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r 
,I ' 

' '\ ' 
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I : ' .' 

" ".., ' . . . 
Thisconesponds roughly to the argillic a1 tetauan zone I and the 

. . . . 

' bulk ~f mine"al1~ation is usually pyrite 'with ~ high pyrite to chalcopynte 
.' , . 

. ratio which averages 23 ~ 1 in the deposits for which quantitative figures '" . 

, . 

are available. Variable amount s of bornite, molybC1enite , tennantite, spl'tal- .' ,' 

erite , galena, enargite , chalcocite , ar.d huebnertte have been found in this '.'· 

zone. Hypogene ore-grade mineralization may overlap into this . zone, but 

this zone is generally' dutslde of the orebody ~ 
' . 

.. ~ 

.. : ..... 
. . " t. 
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' .. ... "' ; ., . : Inner Alteration Zone (Column 31)· .. ... . 
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This zone commonly corresponds to the phyll1c alteration zone and :".:,: :·· ' .. 

, typically contains abundant pyrite and high total sulfides together with 
.... " . " 

1-1 
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.' 

. , , . pervasive sericitization. Pyrite content averages about52~rcenLf01:,the ---.--.~ 
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26 deposits, or about 8 percent, excluding the porphyry molybdenum group.···: 
. " 

Pyr~te t .o chalcopyrite ratio averages 12.5: 1. This zone commonly constitutes 
' .. "-

. the ore zone in porphyry copper deposits, especially those in which chalco- . , 'r .-

cite enrichment has occurred • . In addition to pyr.1te, chalcopyrite I molyh-
. ... . 

. denite, and variable but generally small amounts of bornite , chalcocite I . . . ' ",' -

sphalerite, enargite, and magnetite occur. 
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Innermost Alteration Zone (Column 32) 
'. ' . ." . . . . " . .... ' . 

/

1' ; . '. ' . .' . :: . . . ; . , . .. ; .. . 

.~~ , .. ' : • _, ' ,; " ' . ' ,: . ' 0' ' . • '" ' .. . .. : This zone is generally equivalent to the potassic alteration zone . . . ' .. '. , H ;;' ~ .. . " . 

I
I:

ij

. -, .' .... .. and is usually the central zone i n the concentricalteration-mineral1zation . -- ' : 
-,' ' ,' ,,-

:(i •• , ." ':. , . .. j I . :. . .' '" 
1'1 . '-" ,:'" ': ~ : ,':: ,. " , conte n t of a bou t 1 percent and a pyrite to cha lcopyr!te ra t! 0 of 3: 1 in the 

H. . " . deposits tabulated. This zone may reach hypogene ore grade, and. it prob-
,1,1 ' 
j'i 
, 1 

I J 

j1 
'I 

' I 

I 

.. : . ' . . ably accounts · for the majority of ore grade materials in solely hypogene 

ore deposits. It also forms the "low-gr.aqe center" tn a number of deposits. 

' Five of the 26 depOSits show some development of a low-grade center. 

I 
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The mineral assemblage is chalcopYl'i te I pyrite I and molybdenite, 
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. , . uncommcnly acC'ompClni~d by b(:,~n·lt~' ~ · fl.lnhermore, where copper and m~lyb-

! 

J 
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\,' . . .' 
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. : : . 
• ' - . y • ••• ~ •• 

.. .. .. " 

' . . 

, .' 
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dem.:m occur in the samp. depcislt, molybdenite .is dec~.deci1y mOle abundant . 

in the more central or deeper portions of t'ht:! ·deposlt. 

Overall Abundance .Major Ole MlOe .~als (Column 33) 
. .. 

In the porphyry copper systems which were tabulated, pyrite ' is by . .:'.:' ',' 

. . , .. . . . .' 

. far the most common mineral pre$ent. P'ollowing in order of abundance are 
. , . 

, . ' . 

. chalcopyrite, bornite ,'Efnargtte, and molybdenite. Molybdenite was present",: . 

in all 26 of the depos.its, a fact not previously recognized ~ 
~:. . .. , 

. . 
. .... . . 

.. " . ,' 
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=, ,: . • • , . 

. .' .. , ' . 

Zoning Sequence from Center (Column 34) and from Bottom (Column 35) . . : .. 

~ ::' : . ' 
__ .. ~----~f----=--~---:-

~he- typlcal-lat~i'arseq'l..ienc·e- ~PPe;~t;-b~-p~ri t'e , molybdenite, then . . ': .,;,:" :;: f "· . ..::......---.:.:. .. _ . 
;q~ . ,~ 

,I ' . .. .. . . .pyrite ·, chalcopyrite, molybdenite, bornite · gradirig '~utward to pyrite, cha'l- .. ..... . 

j .. . . 
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" . " ' 

• ••• • • : ", , ' t" 
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, I " . 
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copyri te and to sp~ale!"1te, g'alena, ' silver, gold. Apparent reversals were 
.. 

noted in only three camps. 
., 

. 

·Vertica.l zontng sequence information is extr'emely limited because ' 

most deposits for which information is available have been explored by 

mine openings or drill holes only to shallow depths as compared with their 
j 

original vertical dimension. Scant information available ·from 12 deposits 

suggests that typically a pyrite , chalcopyrite I molybdenite as semblage 

:,':' " 

' . '. 
r.o . 

. , 
. '. . " '~" 

'. , 

': ~.: -i . .' " . 

grades upward into pyrite. An apparent reversal of this gradation has be'en ' "' :' : ' :~., 
..... : . .' . . ' .' ." 

:." · ·reported in two deposits. It must be concluded that present evidence on . 

Ii : .: .. :, " .... . vertical zoning is sUll inconclusive. 
.' . . 
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Occurrence of Sulfide s 

Occurrence of hypogene sulfides in porphyry coppers is typically 

. . 

in the form of veinletsor disseminated grains. This habit is probably re-

lated to the fact that cr:ackle brecciation is present throughout most of the 

volume ofmineraltzation and alteration. As a broad generalization, the ' 

porphyries give the 'impreSSion of being large masses cf homogeneous 
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material penet.!.dted by a ret1cul,ate network of fractures and mineralized by 

a massive 'infusion of fluids which soaked the mass rathe'r than concentrat­

ing mineralization in tabula:- masses or replacements. ' 

Occurre'nce of Sulfides in Peripheral, Outer, Intermediate, Inner 

and Innermost Zones (Columns 36., 37, 38, 39, and 40) 
" . .. 

' . . 

' . '. J 

. . . -. ' : 

. .', 
A progressiv,e general gradation in sulfide occurrence has been , . 

. : . . : ' ., " 

'. 
, " -:: 

I .. ... .. .. noted in almost every ,df!Pos 1 t tabulted in Table ' 1. This sequence pro-

j ...., .. '. . .~. ., , 9 re ss ~-" ~:':"".~~:! n ~J'0h-" __ PJ'IJph era Lzone -to.-velnl et s ~!~ th e 'Quter-Z one,-c' , .:. . --:­

~ ~~::--.~ . . : . to veinlets and minor disseminated values in the intermediate zone, to .~:: '. ' . 

i., .. ' ." 
) . . 
, 

, I 

::! 

J!. 
; . '. .. , . ' . . . . . : 

" . , . . ' 

veinlets approximately equal to dissemmated in the inner zone, to dis- .... ,. ; 

. seminated greater than veinlets in the innermost zone • The tendency for . ' . . , .. ' 

disseminated mineralization towards the core may result from metasoma-
:'- . . ' 

! . . ' ,' : '., : ' :. ' : . . 
; . . . . .. -:. 

, tism or recrystallization of the rock and healing at earlier veinlets. The . ' . : : .: ':> . 
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absenqe -of prominent veins in most of the alteration zones may indicate 

that, a crackle brecciation zone behaved as an incompetent mass which 

:' .. . would not support through-going fissures and in which, therefore, veins , 

' .. ', cDuld ndt for m • 

: .- . 

. ,, ' : 

: .' " . . , . 

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

BreCCia Pipes and Crackle Zones (Columns' 41 and 42) 

I .'. ,.... . . . ' Of 26 deposits tabulated, breccia pipes are present in.19 and are 

jl- :' . .':: .. " :< ..... .. : .:. ' ,.:': ', ': min~ralized in 18. Two of the deposits, 'TOquepala and Cananea, are 
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'mineralized breccia pipes in which ore limits are nearly 'Coextensive with ... ... .. 

the limits of the pipes ~ The mineralized breccia pipes (Toquepala in par- .... . :. :.: .. . ;:' 

. · t · 
' . ' . 

., ticular) show evidence that the alteration zones around the deposits have ' .. .. 

l 

been telescoped into a relattvely thin alteration halo, and alteration 

assemblages within the orebody overlap. 

' A well-developed crackle zone 1s present in 25. of the deposits 

but 1s largely absent in the scanty mineralization of the MiSSion-Pima 

orebody. Crackle zones are usually circular in ,outline and are always 
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larger than the orebodies. They typically fade out laterally within the zone .. 
of propylitic alteration. Crackle texture is often less distinct near the cen-

ter of the porphyry copper system, particularly if a potassic alteration zone 

is present. 
---------... ~----'-- ---
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Supergene Sulfides (Column 44) \ ' 

Of the 26 deposits studied, 22 conta1n supergene sulfides, .and 

. secondary enrichment was required to reach marginal ore grade in 10 dis- .... 

tricts. Chalcocite is present in each of the depo&,its where secondary sul-

" .1 
' . 

.,.' 

.., .' 

fides ~cG:ur, and it constitutes the chief copper enrichment mineral. Covel- .:' 

lite is reported in 12 deposits, and digenite is reported at Butte., Montana. 
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ECONOMIC CLASSIFICATION 0 ... om: D~POSITS . . 

r' ..... ·-· ·: . 
PAUL I. L. ) )N 

A\' I r J ~. C .. \ ' 'Iner.Jls c>:p oru~ion Qmp<!r.y . : . 

216 North iah Avenue .. 

Tucson, Aijzon~1 U.S.A 85705 
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Note 
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I SEDIl,r8N'J'N~Y 

E:i\VI ROWliEN'l', 

(A) .Conforr:;able 11'3.ssi ve 
Sulphide Dep,)sit.s 

(n) Confor~a,b lc:; Dissen­
. inatecl · SUlu}lide . . . 

Deposits 

(C) Disselninate(1) Bedded 
SJlphide Deposits 

(D)" M:i.ssissi.l)pi Vulley 
Deposits 

(E) Discordant Deposit.s 

• 
(F) Pipe-Like Deposits 
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II VOLCA0JIC 
ENVIRONl,1.BN'll 

(A) . Conf9rr~e.b l(! ?':as si ve 
Sulphide Dep.)sits 

(B) ~issc~t~ated} Con­
for~able Deposits 

(C) Discordant 1)~posits 

. (D) Pipe .. L:i.ke Deposits 
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: .. .... . 
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'. 

- subtract metaTrl'Jrphic grc"!.de of host 
'. and. enclosing r :)CK S before making 

class assignments It·"') 111. 
' . 

. 
, . , 

" 

. ", . 

.. 

·111 PLU'j\)NIC 
F;NVIROlijKSNrr 
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. JETJ'i.ILS OF cJ.,.I\SSn'ICf~TJON 

BASIS FOR CLASSTFICA'l'IOH: 
. ' . 

A classification is based upon mc.ny chr.re.c·~ers, noJ~ req\.l.iring any single 

cllo.ract.cr or property to be uni \~9rs!).1 for a class. In such C<.l.SC3 a cla.ss 

is er;Gublishecl bec<lUGe it contains a suost,e,ntial portion ' of the characters 

employed in the cJ.u.ssification·. Assignrr.ent--:t;o {h .. e class is not on 'thc 

basis of a single property, but on the aggregate of properl;ies, and any 

. pair of members of the class ",5.11 not necessarily share evcry charaC'i;cr. 

· Funclamcntal to any 2:t.tCnJpt at clustering objects into homogeneous groups 

· is tl1e concept of CO:1ipnritive Sim:i.larity (Aff:i.nity), that is) "1\ is more 

sim:i.lm:: to 11 .!.;.han itis "G O C-rr • 

. " 

.' . 
, , ' . 

" " , 

, .,' 

". 
, . ' , ," , 

TDe fo110\07ing classification is based upon reJ .. at:i.onships of overall 

· simila.rity among ·theobjccts being cJ.o.ssifiecl a.s opposed to relationships 

based ul)on corlh"TIon lines · of descent (g0nctic classifications) . . Although . 

close eenctic relationGhips imply close comparitive. s·5.milarity, iJ~ is not· . 

. almlYs the cas~ ~ 
, ' . 

CLASS 1 A 

~ 

CONFOH1·1ABLE MASSIVE SULPHIDE P,ODU:S SEDnmNT/ffiY ENVIROII!l-1ENT . 

, .. 

' ~:" . 

. ": , .' 

DEFINITION: 
... .:, ': 

. Massive or primc.rily masf " ve suJ.phicle bodies occurring in 8. dominanJ~ly 

· sedimenta.l'y envirollment. Includes the -'~y:pe sulphide body occurring in 

, " -. .' 

. metamorphosed -'licrrc:dn "There the enclosing rocks con be identified or are 

·infer:ted .to have originally been sediments • . The ty)!e deposits are lenticular 

or te.bular) conforIlk1.o1e "T:i.th the enclosing rocks, and frequently display 

sulphide bancJ.ing "Thich pa.rallels features within the enclosing stra:cigruphy. 

Depos:i.ts may snOl-1 stra;t.igraphic restriction on a local or regional scale. 

Preferred host .rocks are silstones, micaceous quartzites, argillites, pyritic . 

. '.' .bln.ck shales, impure limestones and dolomites. . . 

Characteristic sulphide 'minerals arc pyrite, pyrrhotiJ~e) sphalerite, galena,. 

and les~; frcCluently ch2.1copyr{te .. SiGnificant silver contents. <:I.nd .loiv ·or 

trace gold vulues appear to be another diae;nostic feature. 

INCLUSIVS KEY DESCRIPTIVE i'lORDS: 

Massive Sulphide, Conformable Bedded., TD.bule'.r, Lensoidal, Sedimentary Envirvnment, 

Banded., Zinc-L~ad-Copper.1 Cop1)Cr" ~vratigraJ?hic Control, High Silver. ' 

. ' . 
" " 

. ..... 
: , . ' 

, ~) , . 
" • , I ' ~, ' ' " " ,: ' , , ', ,.: . 
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CONF01\i·'1ABJ.J~ Dr SSDolINNl'ED Sl1I;PHIDE DEPOSJ'l'S ' IN SEDII;1E!:';TAT{Y ENVIRONJ',lImT 

" 

.. 

' . DEFINITION: 
.' .' . 

' . " ": ' 

'. 

- -.' 

'. 

~. ' 
'\ ;. 
~. 

, .'-../ . .. 

Sulphide deposits of dominclntly d:i,ssem:i.llfJ,tcd cha,:r.'acter occurrine ",:i,thin 0. 

particu18,r scclimcntf1.ry bed: !.'l:i.n·~rCl.l j,zat:i.on j,s not primarily elongated 
parallel ~o inc1egcncous plon:.l.r fCD.turcs .... d:'enin the host unit) 8.ne1. may have 
rnnclom orientations. 1'·:a5si ve -cYP8-mincr<11izo.tion, if associa'ccd" tcnds to 
occur as veins) or a.long ruptures transvcrse or oblique to the host fOl'ma:tion" 
or in breccia zones .lJ.yPe o.eposi'cs tencl to f[wor impure limestones or 
dolomitized equivalents. Ore controls <:l.rc p:d.l:l3,rily sJ..;ratigrapnic-structural . 
rc:t'ther thD.n lithologic. Pyrite and. pyrrhotite CJ.l~8 common sUlpn:We componcnJGs", 
but heavy iron sulpnide conccntrD.t:i.ons are absent •. Q;u~.rtz) calcite, and .. 

. barite arc 'che COll11l0n ganGue minera,ls. Extensi vc hydroth?rm:).l alterat.ion is 
. . absent. Common alteration types arc dolomitize3.tion and occur in tectonically 

disturbed terr<1in and llld.y be proxim:::J.tc .I~o ej.ther intrusive or extrusive 
igneous activity, althouf.,h a causati V0. rele;cionship bet' .. Tecn igneous acti vity ~' 
and mineralization is obscure. Deposits rCl2.y be repetit~ve "Tithin ' a given 
area, but the tendency -'(,0 cluster is less pronounce'd than for Mississippi 
'Valley type deposits. Class 1-B includes sulphide deposits intermediate 
bet'leen Class l-A 8.nd Class l-C. Ty-,.ge deposits are typically moderate 
accumulations of Pb and zinc) ranging from 4"8% combined metals, vTi-t;h silver 
contents of 0.2 to 2.0 ounces per ton. Coppcr·Oearing clepos:5.ts are .also 
kno .... m. 

INCLUSIVE KEY m~SCRIP11IVE v70RDS: 

.. 

, '. 

Conformable) Disseminated) Tabular, Lensoid, Stratigraphic Control" Sedimentary . 
. : . Environment, (Zinc-LeD.d- Silver)" ( copper) • . : 

CLASS 1 -' C 

DISSmaNATI'::D, . BEDDED DEPOSI'rS ' I N SEDIt-illI\TTARY ENVJRor~;ENT 
., 

DEFINITION: 

Prim8.rily mono or bj.-mC:'callic clissemino.ted deposits occurring within the 
intcrc;ranu1ar spaces of a specific sedimentary unit. 'lY,pe deposits ha.ve 
a 18.rge ratio of thicY .. ness to area and. are uS\lally found. w:5.thin present ' 
or former intercrC'.tonic basins of 'generally passive tectonic setting. Tne 
primary ore control is sedi1'1entary-lithologic r<1-(;he1' than stratigl.'aph:i.c­
·s'cructura.l. Type deposits arc usually large 10v gra.de concentrations of 
sulphides, but l('sser areas of r:5.cher conc0ntr'J.tions -may occur o1'i,:;1na11y 
or through up-grading by regional metamorphic processes. D0posits sho\-{ only 
remote rela.tionship or proximity to igneous activity. Com:non contained 
metals arc Cu) Fo" Cu-zn-Pb) U308) and Au. 

. . 

:. . . ..... Pace 3 ' 
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! , K1'Y Dl~sc!npTIVE Harms: ' Disze;nina~vcdJ Bcc.ded; Slil'atigrap:"ic Restric''I;iouJ ' 

'L~~vhologic Co~'~rol-:-
· ! 

• : •.•. ...:. - , "1 . """",-- , 
. .•• •. 1 

CLASS 1 - D 
'~ 

~,lISSISSIPPI VALLEY ~;YPE DEPOSITS 
~~---~------~-----

EXCLUDES: ' .. 
Lead.-Zinc dcpos5,ts in carbonate stl'atn displaying eit:"er high silverJ 

Gold) or ca.wilium contents, extensive hydl'o·cherm8.l or me~vasomatic 
alteration effects, unusuD,lly heavy iron sulphide to Pb-Zn sulphide', 

" , 

. .' . . . 

. ::',. '" 

, . 

.. ' 

· I .... " i 
! 

" i . , 
.'i . '. 
, 

· , . . , 
:. 1 

.' concentrations) or deposits closely related. spatially to intrus:i. ve 
or extrusive rocks "'hich \Olere once in active contact vlith the host 
strata. " i 

: .. . 
D~FINIr.rION ; 

Single or 'bi-r~etallic' deposits of lead and zinc occurring p::cilU8.rily _' 
in doloraite or dolomitizcd limestone strata. DeposiJ.;s aTe cDaracteristically 
of lOiV' grade 3-67~ :P'b-Zn, althou[Sh massive vaTicties gTc~din6 up~,;rards of 405~ 
com'bined mct<.J,ls over limHed areas) and avc::ra[Sing 10-15% over larger areas 
are . MOlm • Sliratigraphic rc::s-criction of deposits is 8. lrtajor attribute) , 
along 'Y6th a. tenclcncy for deposits to IIcl us-cer" J formin.:::; zinc "c1.istric.l"s" 
or lead "belts Ii. Deposits arG often stratii'orHl) occurTing v.s bedded re-
placements ,vithin host strata; r,12..Y also occu.r in 'breccia zones of tectonic 
or sedimentary origin) as open space fillings in vugs ana l"eefo:),d areas as 
fissu.re and fracture fillj,ngs) and as cave fillings. Pri;nD.:ry sulph5.de 

. minerals £)'re [;phalerite and galenaj pyrite and l1laTc09.site ure common c;,cccssory 
sUl?hio.es) C).lthough iron sulphides '.rl3.y 'be ~ntj.rcly absent. C:nalcopyrite mEJ.Y 
be a rare const:ttuent of · tile ore. GangJ.e minerals are co:r.monly calcite} and 
o.olo:nite; 'barite)· lil!'l.d flo1J.l'ite rrB.y elso oe :p,resent. The more r.lassive sl'uphide 

. i'£)''b:r'ics frequently shov' colloform ocmding of. zJ.terj,1atin[S lOll 8.110. high iron . • . 
spbalcri te. LOI'1 or absent silver; gold and cadr:lium values are e.nothcr· o.iagnostic'· .:' 
feature. Host deposits OCC1..1.r vithin tectonically passive regions) devoid of 
intrilsive or extrusive ignious activity nOi-TCVer, Illany areas show cOI:lplex fa.ult 
l)atterns. TilC bulk of dcposits occur in Palaeozoic age . strata" although similar 
deposits exist in late :precan'briand910rrlites. " 

. INCLUSIVE KEY D8SCRIP:rI\T}~ ir70RDS; 

Lead) Zinc) or Lcad- Zinc.7 ·'Carbona~ve strata) Passive Tectonic sett,irJ8) 
SGratic;ra.pnic Restric~vionJ ,Dolo):4itiz.?tion; Low Silver ,and/or CafuniULl 
Conten-t;,1 Strat:i.forr.1,· Open Space Filling. 

CLiI.SS :I. - E 

DISCOI1DAW.r DI-:POSI'l'S IN SEDn.'lS~'iTARY F,'NVIRON!!!.E~;T 

DT::YiNITION: 

' .. 

Any cli5COr(~an.lv mineral filled feature' (exclusive of :,oij?e like c1eDosi ts ) 
vlhose initial formation produced y.oicl(s) in thecotmtry rock v!hich acted as 

. ,: . 
" , ', :. '. :: . . ' .,. ·1, 

. ' .. . '.. • • • •.• Pas~. ~ 
• "0 • ', t ' 

" 

. ' 

. .. . :-' . .. 
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D, rcccpt[l,clc or locus of dq)osit:i.or. fo~: introduced rninero.lizinZ sol'..t'~ions. 
· A Gl'C.:lt siz.e ranee occurs (,).~nonG these features frOl:l occurrences to minc2.ble 
ore bodlcs J of' '"hich the ll1t·tcr constitutc 11 very srr .. ';l.ll pro}?:)rtion of the 
total P011UJ.:.'1.t:i.on. Tyrlc dC1K)si ts arc th:i.n-t8.bulD.l', \.J,Su2.11y stecply cJ.il)p:i.nc; 
'in the case of vcins a11c1 fissures, or irreGular in outlinc "lhen contr011eo. 
by rlllY~u:rca. folcls unO. tectonic breccias, AJ.tera.tion :i.f present, heW 0. 

limited lntel"2.1 extent being Generally closely confined to the mtneralized 
· structure. Depos:i.ts are w;ually multi-metalli c and chG.ractcrized by a 
great variety of m:i.nel'.3.1.f'.ssoc:l.b.tions. Ti1C size oJ: inclividual deposits' 

· dcpend,; on the magnitude a.nd 1"eeu1n.rity of th~ .controlling structure. 

''lJTC occurrences mCJ.y be sic;nificant 8.S indica.tors of potential lo.rge 
tonnaGc beClcleclor coni'orma.blc deposits) becausc such features sometimes .' 
form a.s ta.nGential or tributary features to the stratiform type of 
deposit) or exist in strCJ:l;ic;rapby potentially favouraole for the larger 
ty]?c of c1.eposi t. When mak:i.nG this evalUation) thc rainerD.l content of 

,thc diGcordant feature shoulc1.. be assessed against both .I~he immediate 
. and toto.l geologic environmen·c. A classification of this kind '\-10uld be .. 
'Discor'clant Sedimentary Environment/?o'~ential - Mississippi Valley. 

KEY DESCRIPTIVE l'lORDS: .' 
Discoro.ant, structural Cont.l"ol, Introduced Hineraliz8.tioll, Ve~.ns, Shears) 
Fo.u1ts, Fissures) Ruptured 1"olds) Tectonic Brcccia Zones. 

CLASS 11 - A 

CONFORtOOLE MASSIVE SUI,PHIDE DEPOSITS IN VOLCflNIC ENVIRONtvlEN'j~ 

DEFINITION: 

Confor.ilaole n18.ssi ve sull)I1::i.de bodies '\-7hichoccur primarily) "Ghough not 
. exclusively, i·,i thi'1tl . acidic volcanic flo',T rocks frcguentJ.y of pyroclastic 
nature; also in tuf:fa.ccous interbeds or uJ~ the interfacc of volcanic :pile~ 

-.. . 

and overlying secUmcnts; may also occur }n metamorphosed. ' equi v3.lents of the 
above host rocks. SUlphide bodies 8.re usually conforrn!J.ble vTlth the enclosing 
vall rock D.nd freq,uently d::i.sp18.y macro and micro b<..1,l1ding of sulphid.e 10.Y81's. 
Deposits may be stratigraphically restricted on a local a.nd/or regional scale, . 
and nlrJ.y c1.isple.y a zonal arra.ngement to cerrcres of volcan::i.c acti viJ~y. The ore­
bodies are chiefly enrichme::1ts of copper and zinc) although certain tY]?es are" 
trimetallic and contain copper-zinc and lead. T~!e type a.cp;)sit is further 
distin[,ruished by a v . .';;ually s::i.gnificant silver' anc1/or ' 'gold content .. Primary; 
sulphidc minerals arc chalcopyrite) sphalerite) galena) pyritc, c;~nc1 })yrr~1otite; 

common accessory minerals are Ii'~gnetiteJ arscnopyrite", bo.rnite, tennantite", and' 
tetruheclri tc. 

I NCLUSIVE KEY DESCRIprrIVE HORDS: Na.ssi ve S-.11phides, Conformable", Volca:1ic 
1SVI'ron:llent) Copper, CopP0r- Zinc,) . or Coppcr- Zinc- I,co.d, (Au) (Jig) J Be.ndcd) 
stloatigra.l'nic Control, J\cidie-Pyroclastic-Tufl'accous Host RocksJ Volcanic 
Centres. ' . 

. '. ' ;-
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VE?nn'l'JOI··r: 

'l'.V})8 Ci.q)(lS5,ts 8.re typicDJ.ly 10'.·, to m0c1cratc Grz.d~ c1.issc:r.inate:cl. 

CO~lCe!)'~~~.Jvj,O;lS 0:, <::OT,'p .... ;l· 'in ' vo~c<!.n :i.c f10'.·, l'od:~; of intCT'r;tCCU8.tc to b!~sic 

C0I1:PDG1'\,;J,on. S'Jll)nJ.clC ~C;CUi"\tJ.0.t1.(>ns r.iC~y tc:nd. to f<:'.\'o'.).r the poro\.:.s, 

. vcs5.cuJ.G.tcd} brcc:ci~d.ic:d, ~!ld fl'a~I1;,~:1tnl .rJ.m·i to~c) 01' occt,n' in intcrc.?l<lt.ecl 

' Z.Tcnu.CCot!~, nnc1 con[';10:n2)'2.t:i.c 5~(~.:i.n~nts of cO:jt~;l\l)Ol';J.TJ" o1'5.[;in, l~s s\\chj 

" . ' .. 
< . 

. '. 

..... -

this T;\':xle of 1~:tn(;!·2.l:i.2'.:::. t:i.on ctl.<!.l tfics D.S diszcmin::d;ccl f,Co.in:8nt.:!.ry environmcn"li l 

cxc\?~t for t11C close pro:;dm5 ~~y of extru3i ve volcanic roci-:.s e;ont:lini ng , 

dCl)osi'(.s of the S<).i.18 minC:!rc?ls, Common copper lniner~ls nrc n~~t5.v(: COl)PCT, 

ch03.lc(>c5.t<::) c1w.lcOl)Yl'5.tc) and bo;:rd.te, Kno\-!n produ.cinG districts occur . 

in Prccmr,1)rio.n ClGC ar,<::<.l.s of simple to I1~~dcratc tectoni.c co:!t:P1e;dty rcprcsen~­

.i:·J~ .the extcnsi ve [~ccum),l:;>.tio:1 of cy.trusi ve volc[mic flo'ds and contempor?ry 

scc1::i.n:cn~~s, ~J.1hE: t:'>1)e o.cposii should includ.e all dis~e!:iinated) confoTlilablc: 

occurrences in flo\-, rocks hclvin~ Do high thickness/arca rat5.0. ,. .. 
~ . ' . , . 

.. ' 

INCl.,US:r:\'t~ KSY Dr~SCRIPY[VE i·.TORDS: Disseminated) ConrO'l'rrl~.bJ.e) In-cermedip..te to 

~:-,...:--,-:' .-'-.--,....~_ BCl.sfcC'omposi ti on~-Flo~, Roc.~s·;-F10'.·' Tops) F10\-I Bl'cccic.) AmygduloidalJ 

Vesicular} Large R8.tio 1'hickfj(:zs/P.rC8., 

" . 

'. , 

, . 

,. ' -
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.:~ . . .. 
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. CLASS II - C .---... -----. 
DISCORD,\N1' DT::POSrrrs IN VOLCANIC ENVJRON1·:8N'l' 

. ....... . 
------.. _----------------_ .. _----- ." .-

DEFnr.r'J'IOH: 

Any discordant Inineral filled fea.turc (exclus::i.ve of pipc-:like deposits) 

.Y1hosc initial fOIl.;!?tion produc(!c1 voio.( s) in the country roc}~' .:hicb acted as 

a recep'vacle or locus of c1.e,?::>si tion for introa.u.ced n:incrali 7.5.ng solut::i.ons. A 

great size ranGe occurs 2.m::>ng these featu.res~ from occ1J.rrc41CeS to w,ineable 

ore bodies) ..... rhich c041sti tute a very sr:C8.l1 porportion of the total population • 

. TYPe cleposits 2.rc tOin-tabular) uSl),ally sJ~ee?ly di:pping in th~ case of veins, 

and tccto41ic breccias, Altera~~io41 ' if ,Pl;ese41t) has a limi'ted lateral exte41t 

bcing genc :rally c l osely confineo.to tbcrainer<lli7.ea. structure', ·teposit.s are 

usually rr.u.lti-r.letallic and characterized by a great variety of l'1ineral 

associations. The si7.e of indi vio.ua·l deposits depends on the magnitude ' and 

.. rezularity of the controllin3 structure, . ' 
Type occurre41ces !n~y be significant as inclic8,tors or potc41tic?l laree 

tonnf!.gc confo~1.blc-;;'..:'lssi ve suJ.,?hide or di ssc::un.:ltecl depos its 1 be·ce.use such 

features s:Jr.L~t5.:; .. cs fOri:1 as tanzential or" trIbu.tary fe.::l.tures to the' conforli',:.ble 

type of' deposit , orexlsti41 sJ~r2:ti8r'ap(lY potentially favourable fo'!' the larser 

type o'S:posit', . ~(ncn m!J.kinc; this evaluation) the mineral c041tcnt of the discordant· 

fe8:turc should be assessed aCainst both the i".-rLccLia.te and total geoJ.oeic . 

environl'!".e:nt, A clacsific;:.tion of this kind \,'ould. be -' Discorc.ant Volcanic 

EnVironment/potential 'Diss'S:'min~ted £3edclccl Volcanic ?;nvi ronment, 
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},.l~Y D:;:~;C:l\}: Vi':[ \j 1;; \}O :m~) : 
HE) c J~~irulfro!)~··-vcTiis J 

Tectonic j)~'ccc:ia Z/XICS. 

.. 

Tliseol·o. a:y~ J stl'uctul,,·,19·)ntrol)· Intl'o().tv::c·c1 

Shc:.t:::-s). F8.ul~~$) Fi ssurcz 1 Y\U·l)tul'cd · Fold,s J 

CLASS :tII - . A 

POBl)rrlF\Y-~.'Y!,:'; COP?~~R 
/\(\;;) !,iOLYBm~NUi,~ m;;POSI'J."lS -_ .... _ .. _---._-_._--------_._._ •.. __ .. _ ..... -_ .. _-

. . . 

" 

.... 

.' . }~XCr.UDS: Contact m8t~.soinEJ.t~ .. c o"t' rr:et(1.1i!Ol'l)!·lic c1.ep()s5.ts where \liclespreac1. 

·(1;-sse·;~fm.t5.(l !1 of.' slJllihic1~s is l.:tcking or wh~rc SKf.J.rn8.no.jor t<".cti~~e 

~J.tC:l:'a.t:i.on cl7.'C th~ G.o;nine.n~v inf ... lu.cnc:cs ' on orc clcposit5.on. 
' . . .. 

.' 

..• . 

. m~}<'INIrJ.'JON: 

A broad terra ;,:'cfcrrin,s to lC'.rf,c ton:1E:.ge c1:i. s8E:il'i.n:~tccl clcpozH.z of 

co:ppcr an ell or r,i·.)lybcle:nite' occurrinG vithin 5.Gne0'.ts l)lutonic. roc}~s ran~ing 

. , .. in COilll)Os:i.t5.on from. cr?.n:)c1ior:i.te) sycni tc )m0nioni te to q\.l.!J.rt:r.-d:i.or:i.te 

including the porp~lyrit:i.c ~qui va.lc'1t,s. 1':1e avcrD.CE: m~t~.l content of 

:the type <1(;posi.l~ 5.s usually J.ess th~n 2~ CU,) an<l is !O()re cor;lmonly i"n the 

.. ' raDGe of 0.5 .1'; 0 1"5~ for ' C0l-,})cr. Ore grD.de valucs for molybc1.ennm. fro:n 

'. dCl-)os:i.ts· currently bcInS mined ranc;e fl'orn 0.1% to 0.5;~ rnoJ.ybo.E!!1ite; low 

.... gol<1 o.nel z:i.l vc:r values are fl'cqi.tcntJ.y present. Dcposi".;s are rounei. p:::-lm?rily 

'. ' in al·~-?S of rnultiplc :i.ntrus5 on I,Ii th 2. cO:\!j!lex tectonic · history. SUlphide-:--' 

.- . 

! __ ~-'-,''"7""""--~ lllinerais occur as discrete dissellL-i..n2.tions) spangles; blebs) as s\{c.n,':G . 

, .. of veinlets J 'or as co~.tinGs on fracture faces. 'l'ne elepos:i.ts are structurally 
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. rather than . stratigr8.1)[' J. c8.11y controlled) thc cJ.egree of fl:'ac'.;urins being 

';~hc rroost important factox:--
. 

COIMion SUlp:licte minerals a.re ch<:\lcOI)~TitcJ bornite z.nd pyrite. 

Accessory minerals are Yari~.ble .s:.nd nt-3.y consist of'specular-ite) zeagne:tite). 

:J\oJ.ybdenite) sphalerite and che.lcoci te. Extensive alteratioa of intrusive 

host rocks is ' a . dia.gnostic feature of all deposr~s _ . . CO{;1rr.on alter~tion type.s 

.' are: 

'. ',. 
" . 

' . .. 
.... . 

..... 

.. , 

Quarti.-ortnoclfl.se . (peem-?tiza~ion); 

Qua .... t'?-sei'icite - ·pyrite 

Sericite argillic 

Biotite 
~idote 

9'nloritc 

. Breccia zones "":i.t~in 8.ltcred instruzives are .frequentl~t h.iehly 

,.. :. , ' 

favourable for sulphidc accurrr.llation. in many deposits ore values are . ; 

found in contiguous sedir.;ente.ry or volcCl.nicrocks _ In some cases country rocks ' . 

sho ... , the effects ' of pyrorr.etaso:il:l.tism ~l.no./or contact me~";8 .. "aorphis ho ..... ever) in ' 

true .·"porphyry-t:v:?e" ~eposits sucn .effects do not constitute the do:-:tin-s.nt . 

, mode ' of ore ,cr.::pJ.acernc'nt.. . " 

, 
, . 
'1 

. , . : 
' .. .. , 

• • • ~_~~- -:::~ .~ ~ • o . . . ..... ~~ • •• " • • • 

. ' 

. , ' " . 

" . , , . 
--------._-'--- ' . 

" ," 

., 

'. ~ .' . 

; . . 
' . "'. , 

. ...... 

" •• of 

· ·.·0' : . " 

. ' .. ~ ' " .. 
. ...... .. . , , " 

• • I "'~ . • . ' i • 

: .. 
. ' . 

',' .••• '. ' P.aee 7 
, to , 

. :. 
' . ' " . .. : ".~ . ' . ... 

' . ' ' .... 
., ', . 

, " '. .. ". ,' 
'- '0 ' 

., ' . ;', .... :' , 

. ' .' .. : " '0 

\', . 
. .. , 

. , , 

.. , . : .. " ... .... , "\ 

, . 

-.. . 

.. 
' .. 

. , 

. .; 

: 

' ... 

I 

I 
I 
., 

' . 

.. 



. . 
' .. 
, .. 

I . 
'. 

.. -" r _ 
\ . ! ...... " 

..... . 

, , 

, .. 

. ;. 

-: . ', 

. .. ' . . 

but 
al'(: 

1NC!.,lJS:r.Vi'~ Y.EY lr;:~)(~f;:r:?:l'I\rl~: \·!Olm;;: 
. ·6).;-~o:-:-c·~:;.Io~···!:·;v.rt:rl)rc--inCi,-usTo:1J 
SUll>hi(I.0 ~r:plHccli1ent in Con':.:i.[;~lO\'lG 

'. -

rri.ss~;~\in~:tecl) Porp;ryry J J.2.l'g~ TOnf'l9·e~J 
Co;liplcx TCC'tO:l1.cs) Sc.ruc'l,\u'al control," 
Ro~1~·~; • 

CLASS 1JJ . G 

------_ ... _--.-_ ..•• __ .. _-... _-_ .... _-----------_. 
DEE'INI 'l'l O~: 

'. 

lillY d:i.scordarrt mineral filled fca.ture (ex(.:l1J.si vc of p:i.p~':'likE: . deposits)' 
'\o.'hose ini ti2.1 form:,/('ion p::'oo.'J.ccd voic1( s) in the country rock \olh5.ch acted as~a 
rcccpGncle or locus of depos:i.tion for j.ntr-oQ'..l.ceo. ro1inct<~lizin8 sohrtions. A 
ereat s5.~e r~mec OCC~J.rs ar,long thes::: featlAl'eS froiil OCCi.,rrcnccs to mineable 
ore bodi.cs) \orhico cODstitutc ' a very Sirt::-.ll proportion of J~hc tote.l pOl)ulation. 
Type deposits 2.re thin-t2.bl,th.r) uS\.1 . .;>.lly steepJy dipping in the cas€: of' v~ins 

.. and fissur'es) o~: :i.r:ccgula:::- in outline W:'Cll contr·o11ecl. ?y rul)t'Jxed folcJ.s ano. .' 
tectonic breccias. Altcr-9.tion 5.f p!'escn~..;) h2.s a l:i.:nited laterc.l . extent being 
generally closely confined to the rrJnerali 7..cd structure. 0:1>osi ts an~. \lsu;:~lly 
multi-metall i.c 2.nr1ch:~rz.cJ~crizcd. by a ereat variety of nSner-al assoeiF!tio'ns. 
'l'hc si 7.C of 5. ndi v Idual dcposi ts depends 0;1 'the tn.3.sni t~l.d.e m.d re(3lilari ty of the 
controlli ng str·v.cturc. 

" . 'I,"!}?-::? OC~~:3r,::~~ n:ay be sien:i.ficant ·as indicators of p~tential lp..-rge 

.; . ' . 

.. 
'. 

. " 

"tonn.~.ge porphyry, igneous breccia) cont8.ct· ",et-e.m;)rphic) or cO:1ta.ct rect.e.s·:>ro,,:'..tic · 
ty;;>e cJepos j.ts , because such feB.tu!"cs so;-,;8tim~ s fro:n as tanc;r:mtie.l or t"'t'ibutslry· . 
featUres to toese larger deposits) or exist {n litholoeies potentially' 
fav6\J.r~.ble for l~H'[:;c V01~lll\e orE:. c"'J)h.ccment. \.Jhcn In8.ki ng this eV:;l.lJ.tation the''­
mineral content of the disco:::-da:1t fer?tllrc should be assessEd\. against both 'the 
irr<'"!lecliatc a!1Q the total geologic c;wironr::ent. A classifi cation of this kind 
'Would be - Discord~nt Plutonic . Envir~:1ment/?otentia.l Porl,hyry Copper. . . " 

CL..ll.SS IV 

DB?Ii'fn'ION': 

Either m'ls,sive or disse:nin.:l.ted· dcposi'ts of multi-metallic COr.l.l>osition . . . 
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\:h:LC1! OC(;l1l' [d~ thr.: zo:.c 0f ch~j(;ic.:;J. inte1'fJ.ct5.on 1) ·~tl .. .'c::::m 5.n(.nJ.sivc Or-
ex {; !·I.l.Sl v(': 5. G[\c·~us roc~s <:..:H1 i,h(: 5.ntrtl(1.8.::i. or cxJ~J:'i.1. si vc:J.v C0V';;1'(:\1 C0tl.nt·ry 

" .1--,,,,~ •. ":[", " n<"~('.l '~)e tl~:·'.:l"-; J. s (1; '~n: ,-\, ." clc'l 'r C::'lt <··~JJ ·'; yr. ~·-·~l:>·,··j 0 ' 1"'1' )'1> 'ur·'!·,,·-,·C"; _ "" _ ~... J. ~ I. V ,,1 .~ ... _<oJ _ .;;;, .. v . ... .. :: •.. J.. c.;.. '" to.... .....,...:.J. v .i.. _ J . ~. ,J.. v._ ...J., _ ...... .., v, _ ~J 

5.£;ncous r.c',;i.V).'cy <3;:t~. ore cl,=:}.)o::.;5.t:i. O~1. I\oc~, boundinG the SUJ.l'!':iclc c.c:pc>r;;i J
,; 

sh::)\~s J~hc: cfr~ct,s ' of c5.th~l~Id. Ch t(:;::P'~J';;.tun; or pl'CS~'Jl'(; ;'I.n().jo~· chc!:\'lc~.l 
r(:~·.c~ion) l.'y tile })i~:"S:LC~J l)'l'cs(::~ce or r,ycll'0t.h(;:rl~~",.l altf!l'Cl.tj.O;l of prc-
c· ... ·;.,.' 1"1" ~·OC'..· n'l'rlc'r"'l~ rO'r'r,1~J"J'~"l 0" S1~~"''''1 +!1 c':')' t,·· 01' 'f) () !"l "'c'l<' m.J.""'C /~ ......... \. •• I\.., J • .... \. J;l .... C .... } __ .\;,,-.... v . v. .L ..... '-t) v_ ... .." ........ ) ! l. ~ .>_ .4 

tiu'(':C clcp~zi.t V<.l.'!·:ict.i.c:s !1ot~d ~l'()0VC Til:-ty occu~· 5. ndivio. '.1.r~.1.ly or :i.n so:ac 
C0:;lbioc~tion of the: V<1.riO'lS li'.~t~;;'::'):l'hi c lH'()C(::;:sc:s, Ci,ci'l5. c.?lly rc::!'cti vc 
rocks S'JC11 ["s lj.ii!(;~;tJ:''-:s 8.!·'j(1 (blo~:'.itc3 <~.r(': p8.rt.:i cll.l2.rly rcccI>t5.vc to the 
• ',...,'J I' fe "l Co ~ J' ;' ''r--, Of" ,,{4. ~.", 'Y-·l···~~·l) "f ~. " "1' .. 't~''pc QC}1..1S1~, ··.2.ny ~~'l: 1.'",S 0::' v!I •. ..>\,; '';'1.):)'>~'''S <ct\. • .:.1'., V,!.c; • • :y l no" 'I-.no.l. y .. 
~s:.c,c5.c~tccl \'15 t,h clc;)oz.i ts or .!l-!1c p:>:. ·:r,:!~/r:.f and. i n1; 'rll.f;i ve oloeccia clus5. .. 
'l~ic <l.scis:i.o;,,! to cJ. v. ~;s a cl81)Osi t or tile por~ohyr'y or r.!(!'t0..l".101'pl)ic type rc:sts 
lnrg!:!ly 0;) the f(;:a.turc::; of size) cross c:n\'iro,)r;:~nt) z.ncl trle d.isscn.ina.tcd 
fa'orIe of r,u!1C:2'ulize.tio.n . PO:L})hyry or i.ll-trus5.vc · ieneous bl·C<.:ci~ dc}?osits 
'..'lth s5.gnif5.cB.!)t attributes of thc l!1.etalrDl'l)ilic cJ.ass shou.ld. be C:Cvss­
clRssified \lith the ~.p?ro:prifJ.t~ r(,et~lmOrl)hi(; typc) a.nel vice versa. 

" : .. 
',:: . . 

INCI}jS:[VE: y~;y DSSCHIP'IrIVE 1 .. 101\113= Con'i,;act) ;':ctar:lorl)h:i.c) Nctp.sOIn:?tic·, · 
Pyrorii2tcLSO:;~;:tic:-Ynt:r-~~~i-ve7L'S<-,;~r~.S).vc .lgnco~s Acti'r.i ty, ' Reaction ·\r5.th 
Cou.ntry Hock) J:~neous Injection) HCI)la.ccil~cnt, Hyc.rothc!'lr.n.l Alteration, . 
P~gr:'ati.2'.8.tion) Skarn Tacti te) Hornfels) 'l\:cton:i.c COl:lplexi ty. 

- . 

. PIPE-LIKE DE?OSI'1'3 

. '. 
DE?J rH'j.'I o!'.r ; 

A pl'e-~incr8.1 breccia stru.cture "'hich has controllecl the circulation 
ana. deposition of Su.oscq,uently introcluccd miner~'.l1. ?-?tion. Jt is cO~Clposcd 

. of' relat5. vcl:,' rotated. a!!gu.l~.r or roundecl rock fra.gmen~.;s s~t in a miner<).lized . 
.. rr.p.trix, A p:ipe rr,D.y' be circular, oval, . or polygonal in cross-Gection, ,,;ith' 
a'steep to .cr~icil ~.y.is proIJo:)rtioDp.tely !;'iu:ch greater tca.n its horiz.ontal 
dirLlcnsions. 'f.'lC pipe is a . steq)ly plunging, chiT!lncy-like n~~ss of brecciated' 
:rock ce!il~:1ted ,,:ith h.ter minerc.ls. 

' .. 
v.fhile pipes C.re generally clisc6rcl?nt features) they arc . classed 

sel-'!).ratcly c:.s a. unique and. discrete type of disco~d.e.:nt deposit. 'Pipes P.!3.y 

. ~ 

~~,....-____ be f\lrther classif:i.ed. by appencU.ng the enviroDr;:ent withing whichthe~ ar'~ 
fOi.mel. -
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l~rc~-!..sI'~~_~i.y_ D~~~_~~~!:~_V]~~T.Q212~= Pipe) Br~ecia) Higb R3.tio·Cross . Sectio~ 
to Len.:;t.h) St,e~p Di})ping) Vertic~.l, !·~ulti-Env-lronment.:-.l. 
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