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MINING

U.S. MINERAL SURVEY
APPRAISALS
INVESTIGATIONS

O. T. Hansen

* Professional Engineer
2301 N. 13th Street e Boise, Idaho
Phone 342-7426

Silco 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
rast 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
samplirig, 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 ¢ore 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-

duction. //’
. 7?%4%&4./
an

0. T, sen P. E
December 7, 1972
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Phone 342-7426

Observation Report of the Silco Mining Company's
Fort Hall Mine
Fort Hall Mining District, Bannock County, Idaho

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

By: 0.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 35, T. 7 S., R. 35 E., B.M., on the west side of the

Bannock Mountain Range.

R




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". ‘Silco 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, trammers, cars, and living quarters.
The main tumnel had 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=



PRSTEFTEEE XA IS RNy

O e L

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-
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
had been prospected mostly by the originai company, This zone d% min-)
eralization is approximatel; 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 th; 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 marked

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

fWeeks, 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 fractures to admit the solution and e-
nough neutralizer to make them drop their load.

Weeks and Heikes? 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
o?en 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 record of 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-
18. But, this did not get into the record nor has one been found to
exist,

RECOMMENDATIONS :

The following is recommended for further development of this pro-
perty.
1, Detailed survey and maps prepared of both underground and
surface, so that correlation can be made of all the features,
2, A drilling program both surface and undergrbumd.
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,

'aﬁeeks, 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



4, Studies be made of the Possibilities of an open-pit or

blbck cave-ing methods for the recovery of the low-grade
mineralization which is present.

5. 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 0-
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,

topTa



The cost té 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.

0.T. Hansen, P, E,

DATED This_ /9 of gzﬁééﬁ%ﬁ . 18720,

P



SILCO MINING CO., INC.

ROUTE 1 SOUTH - Box 365 - PHONE 233.4240
POCATELLO, IDAHO 83201

February 9, 1973

Essex International

Mr. John Wilson, Geogolist
P.0. 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’s
miles from a paved road, 2 miles from the railroad and freeway, and
1% miles from electric power. Elevation of mine portal is 5280 feet.

We are contemplating a $150,000.00 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 ready. I brought the light plant down and
repaired it, but haven't it back yet, as the snow is about 2 feet deep
on the roade 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 examine our property.

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

Very truly yours,

»fzw’%// OL/ % .

rank L. Honas, President




MINING

U.S. MINERAL SURVEY
APPRAISALS
INVESTIGATIONS

O. T. Hansen
Professional Engineer
2301 N. 13th Street e Boise, Idaho
Phone 342-7426

December 7, 1972

Silco 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 pay off in
custom work when it is not busy at the prorerty.

Sincerely,

2. 7/ /%A—ud,u

O. T. Hansen P. E.
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SILCO MINING CC., ZXC.

ROUTE 1 SOUTH - BOX 365 . PHONE 233-4240
POCATELLO, IDAHO 83201

February 9, 1973

Essex International

Mr. John Wilson, Geogolist
P.0O. 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 lr. 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,ls
miles from a paved road, 2 miles from the railroad and freeway, and
1% 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 ready. I brought the light plant down and
repaired it, but haven'%ﬁit back yet, as the snow is about 2 feet deep
on the roads 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 examine our propertye.

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,

NZZ/Z([ /Z// O(/;(%7 e

Frank L. Honas, President
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MINING

U.S. MINERAL SURVEY

O. T. Hansen

* Professional Engineer
2301 N. 13th Street .- Boise, idaho
Phone 342-7426

Silco 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
samplirig. The 500 foot drift to the south of the
pain 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 éore 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-

duction.
ég§17zi%2§ézt¢éLa/L//
ansen P. E

0. T.
December 7, 1972
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Phone 342-7426 S,

Observation Report of the Silco Mining Company's
Fort Hall Mine
Fort Hall Mining District, Bannock County, Idaho

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

By: 0.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., 4 ) o '

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 35, T. 7 S., R. 35 E., B.M., on the west side of the

Bannock Mountain Range.
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DEVELOPMENT ¢
o This mine was being developed from 1902 through 1916, During
This period of time, a long tunnel--4300 ftf, 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. ilowever, 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 3?00 ft. from the
main tunnel portal, is full of rock and was not accessible. This
drift is not "céved", but has been filled with muck to save the haul-
~age to the surface. |

The No., 10 dr;ft, fo the left near the face of the tunnel, was

badly "caved', ‘Silco Mining Company has driven a drift around this
ncave" and intersected the continuation of the No. 10 drift about 200
ft. from thevmain tunnel and had cleaned some of the No., 10 beyond the

the "'cave',

PRESENT PLANT FACILITIES:

- The present company has-equipment for a small oper#tion, which
includes a compressor, light plant, trammers, cars,-and living quarters,
The main tumnal had track and an air line to the ﬁo. 9 drift. I under-
stand that.this is unencumbered and is fully owne& by the company. The
facilities are sufficient for the present prospecting developmént, though
.it would be desirable to make additions.

GEOLOGY ¢ ‘
During my shert visit to the mine, I observed the rock encountered
as we went into the mine. All of the rock penetfated was of sedimenfary

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



_ sandstone, and calcareous shales, The age of wihich nas not been

determined. Weeks and Heikes, in the U, §, Geologacal Suivey Bulletin
No, 340, page 1771, places the age (of the rocks) in the Ordovician
rocks of the Paleozoic era. More recent writexr liave questiomned this
and place the Bannock Range in the pre-Paleozoic.

At no place did I see rock of igneous oxigin.

MINERALIZATION:

lOne can see copper stains and little seams and veinlets of min-
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
had been prospected mostly by the originai company., This zone d% min-)
eralization is approximafel;‘lzs 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 legs‘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 marked

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

“Weeks, 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 fractures to admit the soliution and e-
nough neutralizer to make them drop their load,

Weeks and Heikes? attributes minevalization to & igneous dia-

base which "intercalated in the sediments' below the mineralized zone",

No other mineralizing has been found nor reported in the present
oben development.
PRODUCTION:

For the amount of'ﬁork done on this property,.oﬁly a meager.a-
mount has been produced, and we do not have any recorg of what it brought
in returns. However, in my research for the émount of ore ?roduced
f?om 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 Né. 7132
Iﬁ was‘reported that an additional 3 cars of ore was produced in 1917~
18. But, this did not get into the record nor has one been found to
exist,

RECOMMENDATIONS ¢

~ The following is recommended for further development of this pro-
pexty.
1, Detailed survey and maps prepared of both underground and
surface, so that correlation can be made of all the features.,
2. A drilling program both surface and undergrbund.
3. According to Weeks and Heikés , 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,

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

Z Mansfield,vG. R., Geography, Geology, and Mineral Resources of
the Fort Hall Indian Reservation: U. S, Geological Survey Bulletin

713, 1920



4, Studies be made of the Possibilities of an open-pit ox
. blbck cavé-ing methods for the recovery of the low-grade
mineralization which is present.,

5, 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 fam 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 c¢an be done concurrently.
a_S '

SUMMARY ¢

This is hot a mine ready for production., It is a prospect
showiﬁg mineralization which has been abandoned by others as un-
. economic, There is a sizeable amount of usable opéning already
done which places the present owners with a favoraﬁle spot for
further prospecting and development, New mining féchniques and
equipment ma; be able to bring this to fruition. The former O-
- perators could not continue as the retumms did not’equal the cost.
No evidence éf an extensive high-grade ore body wés observed, and

the possibility of one existing is not likely,

TO6Td
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The cost ©é 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 definitel

g 8 g 3 Y
be known or stated, In this way, an operative mine might be more

assured, i

BT, Hansen,/?;iﬁ.

DATED This_ /9 of iy s 1972,
% 7
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O. T. Hansen

Professional Engineer
2301 N. 13th Street .te Boise, idaho
Phone 342-7426

December 7, 1972

Silco 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 pay off in
custom work when it is not busy at the property.

Sincerely,
2. 7//%%1.‘1/4“4/

O. T, Hansen P. E.



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 partly owned
silver prospect in Idaho is difficult to evaluate from the data made
available.

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 in
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 the
option period.

wIBtd
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Dick Kelly Ft. Wayne, Ind.
Ken Jones Tucson, Ariz,.

Tucson Office = Feb. 7, 1974
New Truck Order

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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Essex/NPI Polyurethane indoor signs o

o
Add dimension to your sales with this modern concept in functional P-O-P design. Any size, shape, volume 3, number 9 'JAN 2 9 ]873
color and simulated texture is possible —illuminated or non-illuminated —in lightweight, durable polyurethane r\
construction. Signs can be custom-made or utilize the standard Mark Il model. And they can include clocks, \
motion, transparencies. So for a quality image and maximum visual impact at minimum cost, consider Essex/ N\
NPI polyurethane indoor signs!

GUINNESS |
GUINNESS

illuminated signs

: , ESSEX  +=E

ESSEX INTERNATIONAL, INC.
NPI / ILLUMINATED SIGNS

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

MANSFIELD
T AUTO PARTS
: s\ v-_-w,“‘ il

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

automotive parts
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E s S Ex m‘gu ESSEX INTERNATIONAL, INC.

’ NPI / ILLUMINATED SIGNS
iltumninated signs NEON AVENUE, LIMA, OHIO 45801

HOME OFFICE: Lima (419) 223-9045—REPRESENTATIVES: Chicago 539-2000—Cleveland (Medina) 725-5922—Dallas 352-4431
Detroit 675-4634—Kansas City (Mo.) 421-3455—Louisville (Ky.) 584-5368—Milwaukee 352-9009—Minneapolis 339-7238
New York 751-3185—Philadelphia (Willow Grove) 659-1721—Seattle 623-5432—St. Louis (Florissant) 831-6222



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 marketers since 1929.

Butin 1967 they decided to enter the
market under their own 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 stations.

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

automotive parts

Jobbers get a sales boost from their
day-in, day-out advertisement on a
4" x 6" outdoor sign.
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Today, they have 59 salesmen and over
350 Warehouse Distributors selling Essex
partsin 49 states.

And Essex/NPIsignslight 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 . .. asign that lets them “sell”
24 hours a day.

Independent repair garages, service
stations and dealers promote Essex auto
parts, the time and their services from a
highly flexible 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 anin-store night light.

Essex can look for their auto parts sales
to continue zooming . .. with a little help
from Essex/NPI’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.
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JERRYS PIT STOP

mechanic on duty 24 hours a day
tune-up special $15.00
complete air conditioning service
credit cards honored

ESSEX

illuminated signs

N[ x|

ESSEX INTERNATIONAL, INC.
NPl / ILLUMINATED SIGNS
NEON AVENUE, LIMA, OHIO 45801

HOME OFFICE: Lima (419) 223-9045—REPRESENTATIVES: Chicago 539-2000—Cleveland (Medina) 725-5922—Dallas 352-4431
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Howard Lanier Ft. Wayne, Ind.

Paul Eimon Tueson, Ariz,

Mineral Deposits in Feb. 5, 1974
People's Republic of China

1 asked Ken to report this interesting bit of data because I noticed
reeently in the National Observer magazine that United Aircraft
was negotiating the sale of helicopters to China, This bit of data
might be useful in developing commercial interchange with China,
I personally very much doubt if the Chinese would be aware of the
porphyry copper potential in the geologic environment that is
described.
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Paul Eimon LOCATION Tucson, Ariz, g
Ken Jones LOCATION L I $
Mineral Deposits in DATE Feb. 5, 1974 -
People's Republic of China o)

avoid verbal orders

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..ee."

Although this is a very brief description it certainly has

the earmarks of a porphyry copper deposit,

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.

JKJ:td A(/W
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Howard Lanier Ft. Wayne, Ind.

Paul Eimon Tucson, Ariz.

Annual Reports Fel. 5, 1974

As per discussions and instructions from Don Bellum, we have
decided that we could use about 400 copies of the 1973 Essex~
United Aircraft report to be mailed to this address.
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Deposit (Column 1)

" of 26 porphyry copper and porphyry molbdenum ore deposxts in the New

“World. Data were collected for as many deposits as possible, omitting ~* "

’ ’ " . . '
. yetin print. For obvious reasons, greater attention has generally been

| ‘paid toc North American deposits. The table has been kept as factual and
" as true to the published descriptions as possibie, although careful inter-

- pi‘etatioh‘was sometimes required simply in the selection of the appropriate '

column in which to enter information . Factual 1nformatioh,' generally known_A
" .. but not necessarily in print, is also judiciously included. Entries for most o g
- of the deposits have been checked and verified by the geologists and

authors most familiar with them Abbreviatlons used in the table are given T

T J . b T o 7 \ oty G 2
£t ‘N_o;es cn Table 1 | @

| GEOLOGIC CHA‘{ACIERtSTzCS Or 26 )IAAIOR
PORPHYRY COPPER AND MOLYBDENJM DEPOSLTS S

_ ‘by ‘
1. David L'cWen and John M, Guilbert { L
‘Depo‘sit i Pt o

-

-
A g
N

A}‘.

The foldout Table 1 permits comparison of xelevant geologic detail 15

~ only those deposits for which modern descriptions have not been published

,or those which have been discovered so recently that descriptions are not 4

3
[}

e BT

on the page opposite the foldout. : e E

. Preore Host Rock

Preore Host Rock (Cciumn 2)
This column cites rock types and ages into which the igneous host

rocks of the resoective deposits have been mtruded'. 'Mlineralization may

© occur in these preore rocks, as at Bingham and S.afford_,"‘ or the preore host

a7 A 5
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" Name and Age (Columns 3 arnd 4)

* which and with which the porphyry deposits occur. The names of Column 3 24

. with them, but several considerations indicate that ore deposition was oy

rocks may be LoG remote ,',.at,,ie.a st laterally as aL:\B\r..Lgv.,An‘a\ppz'ais,ol of the

“the local econcmic imporiance of preore 1ccks is given in Columns 14 and -

15 under " Orebcdy." It is appaent from Column Z that the porphyry deposit 4

. host rocks are emplaced generally high in the geologic column, Of the 25
" deposits for which preore host rock ages are availablie, 9 have pernetrated -

into late Cretaceous preore materials, anotner 5 are in older Mesozoic sec-,.,,;,f_;'*""'

]

tions, 4 are in Paleozoic rocks, and 7 occur in Precambrlan rocks only. In
several of these latter deposits, your.ger sections of the geologic column F o Lo

can be projected over the present exposures of mmerallzed mtrusive rock

4 oet

without adding more than a few thousand feet of cover, It is imphcn: that-,
" 'most.of the porphyry deposits formed within a few thousand feet of the sur--ui.i';--:.:;‘"_.’_?

“face, many perhaps less than a mile from the surfoce. R

Igneous Host Rock =« N Tt r

The third major portion of Table 1 describes the igrieous rocks in'

apply to'the intrusive units of most intimate association with the orebodies - ga ikl

in both spéce and time. Ages cited invColumn 4 generally'épply to the in- £

trusive host rocks themselves rather than to the ore deposits associated

essentially contempcraneous with intrusion within the precision of measu‘re;—_f." .

_ment of the K-Ar technique. Age dating of the Laramide-Cenozoic interval
- in thé Southwest rep‘orted by Damon and Mauger (1966) has indicated two

' distinct pulses, one cf Laramide plutonic activity between 50 and 75 mil-

lion years ago and one of domir.antly extrusive activity during the mid

 Tertiary time approximately 30 mi}lioh yeérs .ago.'

Ages in Table.l are for deposits in British Cclumbia and South

America as well as southwestern American depositsv;‘ Five dbut of 26 depcsits

- e
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'are repc'xed ..‘»:"e mlo Trhua-y range uf 30 37 m.lhcn yea-s. 17 out of 26
are prc.bd‘wly in Lue La~am1de range of 59 lu 72 milhion yea's 3 are in the
Nevadar. range 01 12.4 to 143 ml‘hon years, and 1 ‘deposit has a 200 mijlion
year T!iaSSlC date Of tne Southiwest deposits inciuded 1n Table 1, all-are

& v
of Laramide age except three mid Tertiary deposits (Climax, QUesta and

Bingham) and two Nevadan-age deposits (BLSbee and Ely). Two of the tnree T )

mid I'e'tiazy deposits aze poxp} yry molybdenum deposits.

A tab :lation of Bntish Cclumbian deposits recently’ pubhsned by

.Wnite rIarakax, and Carter (1968) indicates that 5 out of 15 copper :., N

and/cr mclybdenum deposits have potassium=-argon ages in the range of

165 to 205 m.y., 8 are in the range of 45 to 55 m, Y., and the reamlning 2

~are 100 m.y. ard 140 m.vy. old respectively. Although the authors do not

consider the geographic distribution of these British Columbia dates in

. terms cf belts, posting them indicates that the 165-205 m.y. dates are con~ . = .
“centrated ina N 70 W-trending belt just east of the Coast Range batholitn.
. This belt also contains the Endako and Boss Mourtain molybdenu:m deposits

' whic'n ‘ha;ye ages of 142 and 100 m.y. respectively. These molybdenum

deposits average about 60 m.,y. younger tnan the copper deposits in the

: ) belt. Just west of the 165 -205 m, Y. belt is a cluster of Laramide-age (50~ :
: 79 m.y.) depoelts along the east border of the Coast Range batholith, Far- X
: -",-'ther to the southwest near the west border of the Cgastv‘Range batholith :

- recent age dating suggests the presence of several stocks and some min- s

¥ eralization of mid Tertiary age,

CIY

The pattern emerging in British Columbia seems to be one of parallel , Uy

" overlapping, northwest trending belts of mineralization which increase in 3

age from west tc east, It is interesting to ncte that two of the porphyry

" molybdenum deposit da!es are substantially younger than the surro*anding '

cluster of porp’nyrjr copper deposits. An analogy might be drawn between _'




i 'mid Tertiax:y age., 3

 the principal porphyry copper districts, but that in a very general way tne

0 have controlled the emplacement of the stocks and batholiths and hence g

they gu1ded Pcsting of data from Column 5 on a coarse Rose diagram base

this situation and the p:"eSencé of the‘relatxveiy-‘yoimg Climax and Questa

~ porphyry molybdenum dépos‘lts associated with the southwestern American ...

po:phyry copper provlnce o , ,

.The single South Amencan age in Table 1 is for Toquepala Pe'u, :

together with recent absolute age datino by Chilean government geologists

indicate that many of th’e South American porphyry copper deposits are of

This fragmentary eviden'ce suggests that repeated pulses of intruy ).

sive activity and porphyry copppr mineraiization have occurred in each of

" locus of mineralizaticn may have progressively shifted from British Colum-_ IO
' bia to the Southwest to Peru and Chile in successivé periods of activity. , -1.,'-‘35
: 'iThat_ the S_outhwestern porchyry copper deposits are dominantly of Laramide -

. . age is now well established.

Controlling Structures (Column 5)

Column 5 lists attitudes of regional-scale structures thought to -

Sl

. . -ultimately the porphyry deposits themselves. Consideration was given to -
3 ~local structure as evidenced by published mine and district maps in pre'-' ;_"'";'_7;":_'_ e
i V_Paring Cclumn 5, but many bounding faults shown on these maps are of
postore age or of rﬁultiple age such that their preore importance cannot

reliably be established. Greater reliance was therefore placed upon direct -

statements in text than upon maps. Several authors comment that the spe- .

cifics of controlling structures were obliterated by the intrusions which

N

indicates the importance of the'northwest and ncrtheast structures in

" localizing the deposits in southwestern North America. Of the 28 bearings

S S R S S e e g e e g Gsilhshs SeEa
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and falls in the Laramide range (59 m.y.). However,' geologic relationships
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e s A , cited in Column 3 mr thlS oeposu g:c‘up, ll are x-ovtneast, 10 axe nonnwest,

- 3 are no'th nozt‘wwest, and 2 each tall in N- S and E-W onentatlon. The -

O o s

' :-* " northeast g:oup'reflect}s both regional Precambrian scnistosity and apparent '
y } 4. -‘ 5 3 o? ) ) 3
"< . importart Laramide stresses. The importance of the northwesterly groug to - * -

. 2 A
.. porphyry copper deposit distribution is considered by Mayo (1954), Schmitt -~

(1966) , and Guilbert and Sumner (1968), - | e

~ Shape and Size (Cclumns 6 and 7)

The shapes of 1ntrusions like dete'minations of their size (Columns |

by,

-6 and 7) , are difficult to establ sh meaningfully, both having been affecte}d

by a number of external variables. Degree of expoéure of a pluton is cer- PR
; ""-'talnly affected by original depth of intrusicn and by the nature of post-
.- intrusion tectonic and erosional history. The Boulder batholith has been

exposed for tens of miles in each direction, while a postulated sauthern °

| Ariz~ona'15etholith (Ettinger, 1955) may be 1mplied by the numercus stocks

‘:"; "‘.:';. and snallowly exposed cupolas of this area. Essentlally cogenetic and
"‘ZI'“{ ¢ contempordneous extrusive activity is a shape-size factor, as are reglonalv
and local‘ contemporaneous and later faulting and uplift. It is apparent from
Table 1 that most of the host lgneous bodies exhibit minor elongation, and :

| ' that districts with strong structural control also tend to involve pronounced=--" ..}

» \ ly elongate stocks A plot of short dimension against long produces a
! f.v':broad cluster with a slope of about 2 suggestlng a low incidence of equi--
saF ., dimenslonal intrusion and thus perhaps a low inoldence of nonslructurally
i gulded‘stock-batnollth emplaoement,. Column.7 lists the size of igneous ‘
.‘ o ¥ . host rock outcrops for each district, the numbers having been taken from E
. ‘, text cr ‘measured geologic maps. These dimensions are in part subject to ) \

the same uncertainties as Column 6. They indicate that the porpnyry copper»_

T _‘ A_- 4“V<‘.

deposit envircnment was commoniy developed in st_ocks with cross sections

'of_well under a sguare mile at the elevation of ore deposition. ‘There appear -

. 5_.‘ = 5
O‘ '

-
¥
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Stringham (1966) extended to include the additional porpnyry copper deposits

" described here, Bmplacément of the porphyry copper deposit host rocks s o

" tance of replacement, resorption and a531m11ation with respect to snOul-
~dering aside and other mamfestations cof forcetul mtrusion and the likeli- i
42, the latter brecciation and shattering specifically within the orebodies, -

= been "blind" and probably of solution origin. Forceful intrusion and active, .

o even explosive brecciation as at Toquepala, are apparently of rare occur- -

Bty _'i_":lrence. The extent of magmatic stoping, assimilation, and metasomatism -

i appears mechanically and kinetically inconsistent with extremely shallow

phyry deposits w1th eqmdimensicn to oval bodies rather than thh tabular

T

" to be wo ‘noSt rock mze'populati'ons one q"o:ip iess th'an'a mile square and -

anotner smalle: qrcup oi very large dimensions wilth relatively tew intru-
: i

sive hosts falli ng in the miadle-size range.

" " Mode of Emplacement (Col'umn 8) | | R e o ‘_ . o

These entries adopt the terminology and confirm the conclusions of

e

" shown to be almost totally Passive Implicit in this dominance is the 1mpor.' S

'w

"hood that both latera. and vertical petrologic zoning might be more common

than has been recognized. Consideration of Column & with Columns 41 and =~ = *

_revéals ‘that brecciation and/or shattering are associated with ore deposi~ - =
. tion in every porphyry deposit, even where emplacement of the host stocks B : ]

is passive, This disparity suggests that the brecciation and shattering are

i'.'_'themselves "passive," and that they can commonly be expected to have

e T P

R "emplacement but moderately near-surface environments are again indicated

-

Stock-Dike (Column 9)

The "steock- dike“ column (Column 9) indicates that stocks and

stocks with subordinate associaied diking are far mere typically associated

with pe:phyry copper deposit genesm than are dikes, dike swarms, or

-breccias alone, Implicit’ is the associaticn 'e‘vealed in Cclumn 6 of por-

L [N

s




" . associated with copper deposit formation. Granodmnte and quartz mon-

or lmear ones. Twenty-three of the 26 deposits mvolve important stock .

: development and a high ratio of stuck c.\axactertstlcs to dike forms, -

éeq'Jence of Intrusion and RdcktT'yp'.es' Mmerallz'é'd‘ (Columns 10 and 11j |
The sequence of 1nﬁusic’>n cclumn reinforces early cbservations

' 3 (Buddington, 1933) of thé association' of copper deposits with intermédiat.e
‘-to felsic igneous rocks. Except for generally'late diabase dikes, no rocksl

‘more mafic than dionte'occur in the direct sequence of "1ntrusive" events

b,

.. 'zonite and their aphanitic and hypabyssal equwalents are overwhelmingly

: . most important to the porphyry copper deposits, witn more felsic variants
‘common to the porphyry monbdenu.ms " .Most of the papers consulted in the
- ‘preparaticn of Table 1 were carefully explicit on the sequence of intrusive e

f';fevents and compositions, but uncertain field relationships coupled with = :

paucity of absolute age determinatiohs seldom_ Derm‘it unequivocal identi- "11- MG
i fication of the beginning and énding of thie magmatic episcde that involved
ore mineralization. No attempt is made in Column 10, therefore, to deter-
mine wh‘eéthér the events listed are parts of a single complex intrusive |

event or successive consanguineous intrusions. Much older and much

L younger rocks, as described in the appropriate references, are excluded.

Column 11 shows that.all of the igneous rocks of Column 10 are mineralized
".In 22 of the 26 deposits tabulated and the latest rocks are mineralized in 2»" i
of the remai‘ning 4, | |

| ,Se\;n‘aral relationshlps' are apparent from Columns 10 and 11, The
sequence is generally frcm diorltlc to monzonitic rocks, commonly with the
development of late 'latltic to rhyolitic or‘"quartz feldspar" intrusions.
Tybically, all of these roqk types at é given locale are mineralized, so it
' is evident that mineralization éither spanned or succeeded, howevgr

briefly, the.er'nplacement of plutoni_c rocks where both plufonic and

. e 03 . . - . v . .
. R Y el . * . “r o 1€ o v "
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hypabyssal rocks occur . The aé‘svo'ctau\\')r'\'f c1 bdfphwy’ co_pbérv'depos‘iis'wuh

! ;ntermediate_ plutc_nic rocks is,,impre,sSwe but not as univer‘sal-‘a.s the ass'b-.-'*"j_ 2
223 ciaticn v».rith porphyritic rocks, the .lauer; ccﬂ'curzfing in-all 26 districts in
Table 1, The lamprophiyre or "J@te dia‘base“. event is less common in tne
porphyry coppers than it has been thcugf‘.t .t(-) be _(Spurr, 1925), late diabase
having been repcrted in 6n1y 5 of the 26 districts} The general trend ;.clearlf-,‘-"‘f‘*f_i‘;

* is from dioritic plutonic toward more felsic hypabjssal rocks with all rock .

' types typically minerél;zed. The degree to which the shift from dioritic

- “ . through grancdioritic to menzonitic rocks may reflect K-feldspar enrichment "~ - "

vy, v'.'_, i

-via or-e?depositionrrelated potaséiclalteration (Peters, et al, 1966) will be
considered below,. Dioritic rocks commonly occur at intrusion margins, aé' 'at‘ -'_,-Afl
Ajo and Mineral Park,'with progres sivelly more K-feldspathic rocks inward,

a relationship not apparent in the table. The _distripution”is consistent with - |
"apparent'felsic-corﬁpbnent enrichment agcompanyin§ pctassic alteraticn * 3

2 near the central portions of some porphyry ccpper déposits .

. @rebody
" Outward; Shape (Column 12)

" The porphyry copper deposits almost all have circular or oval cr‘os's‘ ;,

3 - sections. At least four of the depcsits have clearly‘defined low-grade 'cenf v

e o AR e i g =

e et i

. . N -, - 3 -‘“ e _‘ PG \ 3 < 3 .t o e 3 % ) > N
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& _ter'-s‘ which produce a ringlike .orebody shapé in plan_‘.. It is difficult to inter;__ By
prét the vertical dimension of‘hypogene mlnéraltzatién in mést deposits‘ -
" ‘:v because relatively_litfle data are availa‘ble Substantially below the surfac‘e.
: exposure or on precise distr_lbution of primary and secondary sulfides with -
depth, but the tabulated. hypogene minefal bodies seem to fall into three
general configurations: | ’ |
| .1. Sixteen depbslts haye the general shape of a steep-walled
. cylinder. Included in tnis groulp are two deposits (Cananea and Toquepala)

- which approximately. coincide in ‘space with breccia pipes,. .
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by a controlling preore structure or by postore displacement.

' -2, Seven de‘posits'have‘tfﬂ‘e gereral shage of a st'ubby cylinder or

ﬂat, inverted cone, or. snield fovm All tnree of the porphyry molybdenum

' deposits, fall in.this gro..ip.‘ v

3 Three deposits (ins.pirat.ion',‘"Ely, and Safford) have a gently

’

- Boundaries (Column 13),

dipping, tabular shape. This form may represent a Type 2 deposit elongated

CHESIERES deposits studied, the orebody boundaries are at I P

-in part the original gradational or "assay wall" boundaries All of the ore- A

bodies have been intersected by a postore erosion surface. Eleven of the 26.""

e bdeposits are bounded by at least one postore fault, Two of the deposits

. coincide closely with breccia pipes which are preore or contemporaneous

- with ore.

i

" Percent in Ignecus Host and Precre Rocks (Columns 14 and 15)

In severa] deposits, 100 percent of the mineralization is in igneous
Al of the deposits contain some ore in igneous host rocks, but the bulk of

5 mirieralization at Bisbee, Mission, and Ray is in preore rocks. Something

‘magmatic development cf the porphyry envir'onment'.,

Dimensions (Column 16)

Horizontal dimensions of the tabulated deposits range from 250 X
1200 feet for the La Colorada pipe at Cananea to 6000 x 13 000 feet for

Morenci and the difficult-to-limit Bufte district, the fringes of which may

" reach to dimensions hike 20 000 x 50,000 feet (only the highly "porpnyry

'host rocks (Butte Castle Dome, Copper Cities, Endako, and Mineral Park) P :

N

7 like 30 percent of all mineralization associated with porphyries occurs in. " : o et

e .. preore rocks, a figure again suggesting cupola-type or at least high-level . e

‘équivalent” for Butte is cited in Column lb) The average deposit size

R
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deduced ‘from publisned desc.ipiu.ns and macs is pemaps surpnsmgly :

."'3500 x sooo teet. P

Total Ore Tonnage and Grade (Columas 17, 18, and 19)

Of the 26 deposus tabu laied 12 are estimated 10 contain cver .' v

IU

500,000,000 tons of ore, 6 fall between 100,000,000 and 500,000, G0 ko o1

‘and 8 contain less than 100,000, 000 tons. ‘I‘hese tonnage estimates must be

. considered only approximate Tonnage figures are rarely published and

5 these numbers are calculated from published depcsit dimensions mill s

vy, .

- capacities, and so on, and could be considered esser.-tially public infor= " bs, 2

" mation.,

Included in these figures' are a number of deposits in which ore

grade depends on secondazy chalcocite enrichment. Average grade of copper

o

ore is 0.80% Cu, and average grade of hypogene mineralization, where

_this lnfor‘r‘nation'is available, is 0.46% Cu. Eleven copper deposits contain

at least 0.5% Cu in hypogene mineralization, and ten contain less than

. . . : ) s
. noted that there is apparent regional zoning of primary copper from higher -

contents to lower ones eastward in southwestern United States, with .moly'b-_",._f. __'-'f"_.

0.5% Cu. Molybdenum deposits average 0,16% Mo in grade. ‘It has been_. .

denum content concomittantly increasing eastward.

Hypogene Alteration - R e T E ..-.

This section of Table 1 (Columns 20 through 27) is part of and in Rk

‘parallel with the two sections which follow: the first on Hypogene Miner-

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

(Columns 36 through 42) ., These three blocks are set up so that alteration,

~ mineralization, and sulfide occurrence for a smgle zone in a given deposit__

& : ‘K-feldspar bioiite and mirocr anhydriie (Column 25) . the sulfides

‘are reported in the three colum"s w1ih 1dentical neadmgs for example,

the innermost alteraticn zone at San Manuel-Kalamazoo cc_>n51sts of ‘quartz,

b S
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“ BF .occumng wun it are pyrue cnalcopyme and mclyodemte (Column 32
with amcunts) and they cccur as disseminaticns more. sxgmﬁcantly than :
R ' “veinlets (Column 40), Tt must be resmted here that the table is based as
?':'(” | 8T -completely as possible upcn published descriptions, descriptions which
| "are hardly nniform in epproacll, detail, and even te‘rminology. Several
. deposit descriptxons were based on temporal ra.t'ner than spatial relation- " e 5 5
r .~ ships; these deposits we entered as earliest equals innermost1 and so
| on outward. Several depuslt descriptions involved separate and poorly .
. related descriptions of alteraticn, mtnerahzanon, and occurrence, and - ,‘
we have made every effort to match appropriate spatial and mineralogical . .'*t 3
'_ o data. Question marks in the table generally denote unceftainty of place- .. s

~* ment of the information rather than uncertainty in the data itself,

‘_‘A,#‘s,.q._rsss
® = Tk A . v

In discussing the alteration of porphyry copper deposits, we have ‘

. .adopted four alteraticn assemblages, the potassic, phyllic, argillic, and
propylmc; The potassic assemblage is generally one of quartz with at . |
iy ‘leest two of the three minerals K-feldspar, biotite, and sericite, Sericite, ;

where present is subordinate to minor. Anhydrite appears increasingly

: fimportant and diagnostic as a trace mineral, along with other calcium salts. A
{ f)f,. - ' Potassic assemblages commonly yield abruptly to an assemblage consisting- :

. essentially of quartz, sericite, and pyrite, which we have called the

g ,phyllie assemblage. The usage is adopted to disttnguish this characteristic - "

- sericite-~dominated assemblage from the generally next outward argillic zone,

}’: 5 . The argillic zone, well established in the literature, consists of important
% -"' . o but not quantitattvely dominant phyllic minerals: which afe as properly
I ‘1 :
B : desxgnated argillic—-)caolln and montmorillonite, with lessersericite and- ""‘—""""'"

P e e g 2o

%

chlorite, The fourth category is the propylitic assemblage altexation min- -

!
i ; o 1w
|

|

i

|

erals,' which are dominated by chlerite, epidote, and carbonates, (See

i . | Hemley and Iones, 1964; Creasey, 1966; and Meyer and Hemley, 1968

o e e S e+ e e et e




ifprfgreat_e_v m,-ilné'y;alegical de‘tei‘.} gn:‘t‘nese .as“sem‘blagesn) Tn;xeseﬁ are the
assembla'ges' aBb"'eviated Pot, Pnyl, Arg, and Ptop in Taule 1 L | |
Review of the data in Table 1 reveals some repeuuve ‘unifying,”
alteration features of the porphyry copper deposit group. The table was set
up so that if a phyllic (Quartz-sericite-pyrite) zone was described it was
placed in Column 24 headed "lnner Zone." Other alfssemblages Were then ;T.'
. entered wherever tney tell according to the descriptions. As the table i
[

- developed, it became apparent that what could best be described as the s

innermost zone was typically potassm, the inner zone pnylhc tne 1nter~,."2'._'»_. X .':}

- mediate zone argillic, and the outer zone propyhtxc;. The assemblages

2" were thus entered where no contrary evidence was at hand. There are,

_therefore, some open spaces in the table where an assemblage, for

- example, one consistent with "argillic," was not ¢bserved or described.

Known Extent Beyond Ore and Peripneral Zone (Columns 20 and 21)
Columh 20 records the stated or mapped extent of alteration beyond
" the outer reaches of the orebody itself, These distances are somewhat un-

"« certain since different observers drew the outer line on different criteria. ast

External alteration is narroweé,_'t around the Bethlehem, B.C., deposit, a

: g characteristic of a majority_bof the Canadian porphyry deposits. Other
'li.bdeposits show alterati.o.n ih thousands of feet, averaging approximately
2,500 feet. The higher numbers probably represent some merging of hydro-

‘ " thermal with low-rank metamorp.uc effects, the two being dtscernible only.

: w_;ghﬂd,iffi-qu1ty.4..-Signlficant»is«-the—factth'a‘r'dete‘c‘tabTe‘"a"Ifé'r'Et—{on effects

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 cuter limit on the basis of "bleaching" and the presence of seri= -

.cite, phenomena that may not mark the outer limit cof alteration.
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. cribed; Column 21 should be filled with' ND symbols, since data for the

; mineralization is reported in Column 28, Where alteration mineralogy is . '

; »"5-'.'-..'.21 ment minerals are presumably dominantly after amphlbole, biotite, and

» ,' plagioclase. As lndicated it may be difficult to distinguish between 2 1‘

| .‘Feripheral Zéné (Column 21) -"

Tne peripheral zor.e col..mn ch 1nc1uded pnncnpally to perm1t nota- Y
tion of skarn zones cf which 5, at Bmgham stslon-P1ma morenm, Santa -

Rita, and Sllver:ﬁell, are;::epor.ted, and ot alteration assoclated with the ¥

commonly described peripheral mineralization. The mineralization is noted

_for all 26 deposits, but alterationv‘associated with it is in effect not des- '

d gwen, it is of mixed afflmty, dommantly propylitlc with sencite mentioned

v -

‘at Questa.

"Outer Zone (Column 22)

Mineralogic notation is given for 20 of the 26 deposlts in Table 1,

wltn "propylitic" for Ely, Nevada Of t‘lese 20 descrlptxons, 18 include )
‘chlorite, 16 include epidote, and 12 include a carbonate, 10 of which spec-
‘ ify calcite, Quartz is cited 7 times, sericite 6 times, zoisite-clinozoisitev .

- 5, kaolin 3, montmorillonite 2, and albite, hematite, specularite and

rutile('?)s once each. More imponant than numerical frequency, clearly, is’

. the occurrence of assemblages, and by far the most common is chlorite=

3 " epidote-calcite. Replaced minerals are seldom discussed; these replace- . .-

o ol

e o e 8

- hydrothermally propylltized assemblage and a low-rank metamorphic
facies. It is sxgnificant that this assemblage has affected by far the largest 5 ¥

-volume of rock. The chlorite, epidote, calcite propylitic assemblage al-

‘i

ways occurs outside the ore zone and beyond the phyllic and argillic

volumes as will be developed later.




. montmorillonite in 17 out of the 21 assemblages for which m1neralog1c data :

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

N

i of the assemblages cite quartz first. Kaolin is cited singly or before

at 3 more, and as quartz, major sericite, minor kaolin at 3 more, Only at

LlllbHIIUU"I.G'LW—'LU“L"(\JUJ uu]]T‘ZTDI

R

This cclumn proveo to necetve predommantly argilltc assemblage

descripttons, Silicification 1is clearly more vnpon tant here than in tne

' Outer Zone and the dominam minerals are quartz, kaolin, montmonllonite,

and sericite, Argillic assemblages , whether or not they actually fall in
L 4
Column 23, are discernible in the descriptions of 21 of the 26 deposits,

if quartz-sericite-kaolinite (4 occurrences) be included as argillic Most

|

 are gwen Three deposn:s indicate montmorillonite zonally beyond kaolm., o
and 7 mvolve sericite, _1nctud1ng the four quartz-—sencite-—kaolmite occur- : j'
" rences mentioned above. An argillic assemblage is unreported fromS -

deposits.

Inner Zone (Column 24)

Into the Inner Zone column fall most of the quartz, sericite
(pyrite) assemblages, the chief ore bearers of the porphyry copper deposits, . L

The zone is reported unequivocally as a pervasive quartz, sericite assem~-

£ Esperanza is a quartz, K-feldspar pair reported zonally outside of an. un-_..__..__§-——-—

et e e e e e

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

usual quartz, sericite, K feldspar, biotite assemblage. Creasey (1966) 1nd1-
cates that K-feldspar ¢can be paxt 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 elay

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

. were present [as at Bagdad, Bingham, and Chuquicamata--JDL, MG ] ,

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

§ IR . . most commenly és guartz, 'sez'icite,'pyztie in the porphyry cbpper em'ri.zon- R
ment, the term "phylhic" 1s urged as a distinct type for that deposit group., '
e Al . Advanced argillic alteration, invelving criefly pw‘ophyllite, dickite, and

:\7/ - topaz (Meyer ard Hemley.,’ 1968), is associated with phyllic assemblages e

‘at Butte and Bisbee. It is not reported ,els_ew'nere but may only have es- . S

_ caped detection, - R B S co
| The phyllic as’semblage of'Column .24 is the highést mtlens‘xty'_' ‘
exposed alteration asse:'mblage. in at least sbvc, distxjicts_:. L e

‘Innermcst Zone (Column 25) B § 2 | LA

This column is perhagps the. most surprising of the_.hypogene alterf,'f'; ;

"_ation data block. It indicates that potassié alteration,‘in s'pite.of rela-_"'

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

most ot the porphyry copper-molybdenum dercsits as either an early or ... PRt

[ »’AT-V'_;{’ - an innermost assemblage or both. It is reported as simple quartz, K-feld=
spar, biotite(?) only at Endako, as quartz, K—feldspar, biotite, sericite -
at7 deposits, and as quartz, K-feldspar, biotite with é‘nlorite, albite,

. fluorite; ‘anhydrite, or tourmaline at 7 more. Quartz, K-feldspar, sericite '

il B 1s-}epoz»'ted -at-Silver-Bell; afid Guartz only with K-feldspar occurs at
| T g ey

Mineral Park and Questa. Quartz, phlogopite, tourmaline occurs at Cana-‘_:.

_ nea, but it may not be innermost there, Anhydrite af sevéral locales is

. , " . " - given in parenfhesis in Table 1 because it has not been described in print,'.

2 " but pieces of anh?drife from Ajo, Bingham, Esperanza, Questa, San Manuel-
,Kalahlazoo, and 'Santa Rita are on hand to s'well the published occurrences -

| "- T e et S0 " at Butte, El Salvador, and Iqquepalaa Anhydrite is also reported 'fr_om

potass.ic zone are briefly déscribed by Meyer and Hemley (1968) and
Guilbert and Lowell (1968) . Ore values commonly occur at the interface. -

O £ 'between potassic and phyllic alteration zones, as develoﬁed below. The -

hopo. e P T, R W o o, M e e i =

i

'
i
{
i
i
i
!
} S . Braden, a deposit not included in Table 1., Other characteristics of the
!
i
i
|
i
l
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: .'potassxc zone is almost always most cemral or deepest or earliest if a time :

sequence is mscermble.‘ _—

Zoning Sequence from Centei ard Botwm (Columns 26 and 27)
The upward ard ocutward zoning sequence of alteration assemblages
is seldom reported as such in the articles upon which ‘I'able 1 is based but"
3 '\ N ¢"" \ ; | their systematic entry by descripticn or from map or diagram reveals a re- . 7» .
l markable and doubties sly significant sequence Most significant is the fact/ »".;':'
: 3 that 6 and possibly 7 (the positicn of phylhc alteration at El Salvador is L aimitl
uncertain) of the dep051ts sl'ow alteraticn assemblages in the same outward
- sequence: potas51c phyllic argillic, and propylitic. Significant also is
'.A_.lthe fact that even where certain assemblages are not reported the remaining
I5s assemblages fall into the same order. Two dep051ts, possibly 3, show only " ":"'-;_T.‘
' potassic and phyllic, 4 shcw the sequence lacking“only argillic, and 6 show
‘the .sequence starting: with phyllic and including argillic and propylitic.
Either the geology or the descriptions prevent assignment of sequence for

,...4_——'—‘-..--

a few deposits. VerticaLsquﬂlgﬁ,Q' zcnation is- generally much-less’ well

e e

ey

* known ahd described, so assignments can be made in Column 27 only ’Or /

‘ Butte, Climax, El Salvador, and San Manuel -Kalamazoo. Except for uncer~ o
¥ tainty with the El Salvador sequence, the order is consistent with lateral
& -".' ‘zoning and supports the conclusion that outward and upward zoning of the -
26 major porphyry copper and molybdenum deposits is reliably shown to be i:' "
of potassic, phyllic, argillic, and propylitic assemblages Mineralizational

E' ER7N L% " conclusions will be developed in the next sections.
|__" ! A ., ‘ '. . " . “. ) ” g

Ta Hypogene Mineralization

-~ As has been shown by many authurs and articles hypogene ore
mineral assemblages are closely interrelaied in time and space with por--
phyxy copper deposit alteration mmexal assemblages The designation of

) : et e
= C g i




| is a valid framework.

pyrite and magnetite as cre minerals ratr.er than as alteration minerals, for

,example, is Ia'gﬂly an arbit.nry cecxstcn. g
In Table 1, sulfide-oxide mineral assemblagea have been described .. -

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

' minerals in Columns 20-27. The excellent consistency apparent throggh .

each of the minerélizatton zoﬁes and the consistent variation from one

particular assemblage to another outward from the“ce'nter sugge'sts that this g

' Peripheral Alteration Zone (Cblumn 28) b' s G Ty
This column contains base‘_and precious‘vmétal‘occ‘urrenc‘:eé whilch ;
- ..form a disdontinpous ring t&picail{z near the outer edAgeb of the propylitic

:; zone, The occurrencevs. tend to be only small to médium sized deposits,
although large lead-zinc deposits with or withocut precious metals occur 1rl1' '
this zone at Santa Rita, B1nng _and.Butte.-At-least-minocr ‘o’c‘C‘ﬁFr'éﬁEé‘s"'gf;_‘—;;

- e ip——

‘perlpheral mineralization are found in all 26 of the deposits studied. Per-
ipheral minefalizationv_w'as a geometrically dtagnostic feature consisting |

| :' ;vo_f arcuate clusters of mines or mineral prospects in 22 of the deposits. | A
Minerals found in this zone are commonly sphalerite, gélena, silver, chale.
'li’copYrite, gold, and pyrite. Less commonly, specularite, enargite, fama»tlni'_te,, :

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

Outer Alteraﬂon Zone (Column 29) | .
This zone. generallY corresponds to the propylitic alteration zone, L e

and mineralization is generally restrlcted to pyrite, though sparse chalco-

. ‘pyrite is usvally present together with variable amou.nts of bornite, molyb=

denite, magnetite, specularite, rncdochrosite, ‘sphalerite_, galena, and

rhodonite, ,




‘ ' , Intermediate Alteratton' che (Cclumn 30) . LA
This cor'v.-esbo_nds' toughly to the ar‘gi!}ie éitéﬁ-éuon'zon'e, and the
e '_ "bulk of rninezalilzation is usuvally pyrite with a high pyrite to chalcopyrite
- ratio which averages 23:1 in the deposits fot wﬁich quantltat.‘we figures
. 'v are availa}ble.Variabte amounts of bornite, moiybdenite, tennantite, spHal- o .
erite, galena, enargite, chalcocite, ard huebnerit:e'have been found'_in this :
\ . . zone, Hypogene ore-gfade mineralization may overlap into this. zone, but

e ._this zone is generally' dutside of the orebody.'

by, -

_"‘_"‘.'f'Inner Alteration Zone (Column 31)-

This zone commonly corresponds to the phyllic alteration zone and.. ..

. typically contains abundant pyrite and high total sulfides together with

pervasive serlcitization Pyrite content averages about § gercentior: the

IE———— e st S ————

26 deposit"s, or about 8 percent, excluding the pofphyry molybdenum group.

Pyrite to chalcopyrtte ratio averages 12,5:1., This zone commonly constxtutes

" the ore zone in porphyry copper deposits, especially those in which chalco- e
cite enrichmernt has oocurred In addition to pyrite, chalcopyrite molyb'-
denite and variable but generally small amounts of bornite, chalcocite,

sphalerite enargite and magnetite occur,

Innermost Alteration Zone (Column 32)

This zone is generally equivalent to the potassic alteration zone

" “and is usually the central zone in the concentric alteration-mineraltzation 3
. ! o . pattern. Total sulfide content is iow to moderate with an average byrite
. ‘content of about 1 percent and a pyrite to chalcopyrite ratio of 3:1 in the A
- deposits tabulated. Ttlis zone may reach hjrpogene ore grade, and. it prob- ' e
'ably accounts- for the majority cf ore grade 'mate.rials 1n‘ solely hypogene L
. ore deposits. It also ‘forms' the "low-grade center" ,ui a.number of deposits.
'Five of the 26 oepostts‘ show some development of a low~-grade center. .

! ’ Q s sy 0 fhe mineral as_sem_blage is chalcopyrite, pyrite, and molybdenite,

T
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'far the most common mineral present. Following in order of abundance are

" copyrite and to sphalerite, galena, silver, gold. Apparent reversals were

~mine openings or drill holes only to shallow deptns as compared with their

.-uncommwiy accompamed by burnne Fr..nr.eumore, where coprer and moiyb-

denum occur in the same dep:.nsn, mo‘ybdemte is dec:dealy more abundant

.. in the mo,re central cr deepez portions of the: dep051t.

. Overall Abundance Major Ore Mme'als tColumn 33)

In the porphyry coppey systems which were tabulated pynte is by

chalcopyrite bornite,. enargite and molybdenite Molybdenite was present'

© - inall 26 of the deposits a fact not prevxously recogmzed

Zoning Sequence frem Center (Column 34) and from Bottom (Column 38) . .
i e e e KA e R S -____4__.___,_.——f-_,_._~,_.—,.—___-——

"t M~~The typical*lateral sequence appears to be pyrite molybdenite, then ...

pyrite chalcopyrite, molybdenite bornite. gradmg outward to pyrite, chal- e
noted in only three camps.
‘Vertical zoning sequence i_nformation {s extremely limited because S o

most dep051ts for which information 1s available have been explored by

g originai vertical dimension. Scant intcrmation available from 12 cieposits n A I

suggests that typically a pyrite, chalcopyrite, molybdenite assemblage

. grades upward into pyrite An apparent reversal of this gradation has been‘_'_'"_j_',':_-
w1 reported in two deposits. It must be concluded that present evidence on

i .vertical zoning is still inconclusive. . .

Occurrence of Sulfides_ ' D ¥ -

Occurrence cf hypogene sulfides in povpnyry coppers is typicaily

» in the form of veinlets or disseminated grains This habit is probably re=

lafed to the fact tbat crackle brecctiation is present tbroughout mcest of the

volume of mineralization ‘and alteration. As a broad generalization the.

porphyries give the impression of being large masses cf homogeneous

e v b 2t s et = 0= [




il
S
CRRSY

~

material penet:ated by a reticulat

Occurrence of Sulfides in Peripneral Outer, Intermediate, Inner .

; noted in almost everyldpposit tabu

1 T N

-l- semina
" tism or reorystallization of

" that a crackle brecciation zone behaved as a

“mineralized in 18 Two of the depoSits 'l‘oquepala and Cananea, are

mineralized breccia pipes in which ore limits are nearly

S the limits of the pipes. The mineralized breccia pipes (Toquepala in par= | agh

s

' ste network of fractures and mineralized by

a massive infusion of fluids which svaked the mass rather than concentrat=

ing mineralizaticn in tabular masses or replacements.:

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

A progressive general gradation in sulfide occurrence has been ey

lted in Table 1. This sequence pro=

_veinlets--m-theaouter-zone',—'-n e

gresses from veins in t the peripheral zone tc.

ki | el e et e 0t

to veinlets and minor dis seminated values in the intermediate zone, to {

veinlets approx1mately equal to dissemmated in the inner zone, to dis- - L o

ted greater than veinlets in the innermost zone. The tendency for .

disseminated mineralization towards the core may result from metasoma= 3

the rock and healing of earlier veinlets. The "
ndicate

absence -of prominent \}eins in most of the alteration zones may i

n incompetent mass which K

“would not support through-going fissures and in which, therefore, veins T

could ndt form,

Breccia Pipes and Crackle Zones (Columns 41 and 42)

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

coextensive with J

ticular) show evidence that the alteration zones around the deposits have

been telescoped into a relattvely thin alteration halo, and alteration

assemblages within the érebody overlap.’

'A well-develeoped crackle zone is present in 25 of the deposits -

but is largely absent in the scanty mineralization of the Mission-Pima

’ orebody. Crackle zones are usually circulai in outline and are always '




_is present. . % Fupdim a 2 B
LE . $ e a . ‘

larger than the Orebodtes ‘I'hey typlcally fade out laterally wltnin the zone

of propylitic alteration Crackle texture is often less distinct near the cen- .

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

et e e

e e e e ST

STy AT

secondary enrichment was required to reach marginal ore grade in 1

a4 Supergene Sulfides ]

- ey, -

" Supergene Sulfides (Column 44) . ) e X i

Of the 26 deposits studied, 22 contain supergene sulfides, and

tricts. Chalcocite is present in each of the deposits wnere secondary sul-
fides oceur, and it constitutes the chief copper enrichment mineral. Covel- i

ltte is reported in 12 deposits, and digenite is reported at Butte, Montana._ e
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" TR S SR . PETATLS OT CLASSIFICATION

BASTS FOR CLASSIFICATION: .

e A classification 1is bascd upon many charachers, nob requiring any single
character or properby to be universsl for a class. In such cuses a class ' L
is established because it contains a substantial portion of the characters . )
employed in the classification. Assignment wo the class is not on the
basis of a single property, vut on the aggregate of propexrties, and any . -, o
‘pair of members of the class will not neccssarily share every character. o B

ndamental to any abtiempt at clustering objects into homogeneous groups g e o
+he concept of Comparitive Similarity (ALfinity), that is, "A'lis moxe -~ ..
similax %o B than it is ©o ¢t ey B4 dn al®

" .. The following classification is based upon reletionships of overall
similarity anong the objects being classified. as opposed to relationships
scent (genetic classifications).. Although

based upon common lines-of de
close genevic relationships imply close comparitive-éimilarity, it is not - L

- alweys the case.

st OLASS 1 - A

éONFORMABLE MASSIVE SULPHIDE PODIES SEDIMENTARY ENVIRONMENT -

DEFINITION: . : P B E B
o Ty Massive or primerily mass” ve sulphide dodies oceurring in e dominantly ' '
* e . sedimentary environment. Includes the type sulphidec body occurring in
+  metamorphosed Lerrain woere 4he enclosing rocks can be identified oxr are
inferred 1o have oTiginelly been scdiments. . The type deposits are lenticular
or “abular, conformadle with the enclosing rocks, and frequently display
. sulphide banding which parallels features within the enclosing stratigraphy;
"Deposits may show stratigraphic restriction on a local or regional scale.

pPreferred host rocks are silstones, nicaceous quartzites, argillites, pyritic -

. black shales, impure limestones and dolomitcs. C

als are pyrite, pyrrhotite, sphalerite, galena,.

Charecteristic sulphide miner
_ Significant silver contents. and low or

l'..' _. - e » R
¢ . and less freguently chalcopyrite.
trace gold values appear {to be another diagnostic feature..

s . . INCLUSIVE KEY DESCRIPTIVE VORDS: L T " oo 4
Massive Sulphide, Conformable Bedded, Tobular, Lensoidal, Sedimentary'Environment;
Banded, Zinc-Lead-Copper, Copper, Stratigraphic Control, High Silver. :

'..'..«.,.'01.' P&Q‘,e 2



TASS 1 - D

CONFORMABLY, DISSEMINATED S'U,'PII D DEPOSITS IN SEDIMENTARY E"\WIRODME.“TT

\

DEFINITION:

Sulphicde deposits of domlnuntly disscminated characlter occurring within a
pariticular scdimentary bed: Mineralization is not primarily clongated
parallel to indegencous plonar features within the host unit, and may have
random orientations. Massive type-mineralizetion, if associated, tends %o
occur as veins, or along ruptures transverse or obligue Yo the host formatioh,
or in breccia zones. Type deposits tend Lo favor impure limestones or
dolomitized equivalenis. OQre controls are primarily stratigraphic-structural -
rather than lithologic. Pyrite and pyrrhotite are common sulphide components,
but heavy iron sulphide concentratlions are absent.  Quartz, calcite, and
barite are the common gangue minerals. Ixtensive hyarothormzl elteration is
.absent. Common elteration types are dolomitization and occur in tect onically
disturbed terrain and may be proximste Lo either intrusive or extrusive
igneous activity, although a cauvsative relationship between igneous activity _
and mineralization is obscure. Deposits may be repetitive within'a given
arca, but the tendency to cluster is less pronounced then for Mississippi
Valley type deposits. Class 1-B includes sulphide deposits intermediate =
between Class 1-A and Class 1-C. Type deposits are typically moderate
accurulations of Pb and zinc, renging from 4-8% combined nmetals, with silver
contenis of 0.2 to 2.0 ounces per ton. Copper-dbearing deposits are .also
knowm. : : .

INCLUSIVE KEY DESCRIPTIVE VIORDS:

‘ Con;ornible, Disseming ted, Tebular, Lensoid, utratlgrapnlc Control Sedlmentary
. Environment, (Zlnc-bea&-81lver),(Copgcr)

"

-

CLASS 1 =g ‘- .U e

DISSEMINATED, - BE DDUD DEPOSITS IN SEDIMENTARY ENVIRONMENT

DEFLNITION: | o - 0 R e BT

3

Primarily mono or bi~mctallic disseminated deposits occurring within the
intergranular spaces of a specific sedimentary uwnit. Type deposits have
a large ratio of thickness to area and are usually found within presend

or former intercratonic basins of generally pasoive tectonice setting. The )
primary ore control is sedimentary-lithologic rather than stratigraphic- - g
structural. Type deposits are usually large low grade concentrations of o
sulphides, but lesser areas of richer concentrations may occur originally ;
or through up-grading by regional metamorphic processes. Deposits show only
remote relstionship or proximity <o igneous activity. Common contained

metals are Cu, Pb, Cu~Zn-Pb, Us0g, and Au. | . .




KEY DESCRIPTIVE WORDS: Disseminated, Bedded; Slratigrapaic Restriction, . N

Lithologic Control.

. v : . " e "

AP CLASS L

MISSTSSTPPY VALLE 1Y - GYPE DEPOSITS - R s AR

FXCLUDES:' - | . ' o :~;Tf"3f"'ﬂj

- ’ & CRUIE - AN ok

Lead-Zine deposits in carbonate strata displaying either high vbr, P B,
e £old, or cadwmiwm contents, extensive hydrothermal or me uaoomau*c _ R T ,
- alterabion effects, unusually heavy iron sulphide to Pb-2n sulphide . : :
- concentrations, or deposits closely related spatially to intrusive
or extrusive rocks whlch were once in active contact with the host
strata. ' - E:

DEFINITION: , ' i L - e

n T Single or bi-"etallic'deposits of lead and zine occurring primarily .
i S in dolomite or dO]Om tized limestone strata. Deposits are cnurucuer;3ulcally
~ of low grade 3-6% A Tb~Zn, although massive variecties grgaln" wpwards of L SR P
* combined metals over limited arcas, and aVG“W7Lﬁ” 10~15% over larger areas L
are known. Stratigraphic restriction of deposits is a major aitrloaue, ' R
. 8long with a tendency for deposits to "cluster”, forming zinc "districhs" , o
or lead "belts". Deposits are often stratiform, occurring as bedded re- P
. placements within host strata; may also occur in breccia zones of tectonic o
- or sedimentary origin, as open space fillings in vags and reefold areas as -
" fissure and fracture fillings, and as cave fillings. Primary sulphide T
i, - -minerals are sphalerite and galensz; pyv¢ub and marcasite are common accessory :
.7 sulphides, although iron sulphides may be entirely absent. Chalcopyrite may ' |
be a rare constituent of the ore. Gungu ninerals are com wo“ly calecite, and
.- dolomite; barite,”amd flourite may elso be present. The more massive sulphide ;
‘fabrics frequently show colloform banding of. alternating low and high iron Sl
spbalerite. ILow or absent silver, gold and cedmium values are another alaouostid"
feature. Most deposits occur within tectonically passive r gions, devoid of
- dntrusive or extrusive ignious activity however, many areas show conplex fauld
- Ypatterns. The bulk of deposits oceur in Palaecozoic age strata, aLUnougn sindlar
deposits exist in late precambrian dolomites. s ) o : ; i B

- INCLUSIVE XBEY DESCRIPTIVE WORDS:. O e

’

lead, Zlnc or Lead~Zince, CarborauV Strata, Passive Tectonic Setiing, . .- .-

Stravigrapnic Restriction, Dolomitization, Low Silver aad/or Cacm*ua
Content, Stratiform, Open Space Fll;*ﬁg.

CLASS 1 - B

a . DISCORDANT DEPOUTT” "V SWDI &YTARY 7\.RONME‘T ?
DEFLHITION: f
Any discordant mineral filled feature (G“Conlve of pipe like denos;ts; " e

whose initial formation produccd voi d(s) in the count ry :och w“1»u anCd as




.and toltal geologic environment. A classification of this kind would be .
‘Discoxdant Sedimcntary Environment/?otential - Mississippi Velley.

o receptacle or locus of aepoci ion for introduced mineralizing solutions.

- A great size range occurs among “10 e ¢cauurea from occurrences to ﬂluCgble

ore bodics, of which the latter constitute a very small proportion of the
%otal popwlation. Type deposits are thin-tabular, usually steeply dipping
in the case of velins and fissures, or irreguler in outline when controlled .
by ruptured folds and tectonic drecclas, Alteration 3L present, has a
limited lateral extent veing gcnerully closely confined to {the mineralized

"structure. Deposits are u,ual]y multi-metallic and characterized by a

great varieby of mineral associvtions. Tae size of individual dcposmts
depends on the magnitude and regularity of the controlling structure. C

’

.Type occurrences may ve significant es indicators of potential large

tonnage bedded or conformsdle deposits, because such features somelbimes .
form as tangential or tridbutary features to {the stratiform type of
deposit, or exist in straiigraphy potentially favouravle for the larger
type of deposit. When making this evaluation, the minerel content of Z;
the discordant feature should be assessed against both the immediate e

XEY DE SCRTPTIVV WO?US ' . = -

Dlscordaﬁo, Structural Control, Introduced \1nerallzau10u, Vesns, shears,
Foullts, Fissures, Ruptured Folds, Tectonic Breccia Zones.

CLASS 11 - A

COV“ORWAMLE MAS QIVD SULPHIDE DEPOSITS IN VOLCANIC ENVIRONMENT

DEFINITION:

Conformsbl.e massive sulnnade bodies which occur pri imaxrily, though not

-exelusively, withinm acidic volcenic flow rocks frequently of pyroclastic

nature; also in fuffaceous interbeds or alt the interface of volcanlic piles
and overlying sediments; may a2lso occur in netamorphosed-eouivslents of the

" above host rocks. Sulphide bodies are usually conformsble with the enclosing
‘wall rock and frequently display. macro and micro banding of sulphide layers.

Deposits may be strabigraphically restricted on a local and/or regional scale,.
and may display a zonal errangement to centres of volcanic activity. The ore-

bodies are chiefly enrichments of copper and zinc, although certain types are

%Zrimetallic and contain copper-zinc and lead. The type deposit is further
distinguished by a usually significant s;lve*'and/or"gold content. ~ Primary,
sulphide minerals are chalcopyrite, sphalerite, galena, pyrite, and pyrrhotite;
common accessory m1neral° are mugdetlue, arsenopyrite, bornite, tennantite, and’
tetrahedrite. . l ) -

INCLUSIVE KEY DESCRIPTIVE WORDS: Massive Sulphides, Conformable, Volcanic
Environment, Copper, Copper-zinc, .oxr Copper-Zinc-Lead, (Aw) (Ag), Banded,
Stratigrepnic Control, Acidic- Pyroclastlc ”uf;accous Host Rocxs, vOlcadlc
CCA]vreS- : . .. . 5 % . .
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Pype deposilis are uvpLCUW
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ing the extensive “ccumulauloﬁ of
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IRCLUSIVE KOY Dro
- __Basic Composition,
Vesicular, Large Ratio Thickness

J

CRIPTIVE WORDS

)

Common COﬁO“L minerals are native copper,

Flow Rocks, ‘1ov Tops, Flow Breccia, Anygaalo*anl
/Arca. . s
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-——’«—~—-_\,mﬂnexals e as discrete disseminations, SI
cture Taces. The deposits are surucvvrally--

ol R g
St e cesmavegss oeros o3
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KLY D"“CPWRuLVP VORDSG: Discordant, structural ConVIOT “Introdunccd
”1)ﬁzolwz¢;Jon, Veins Sbcars,,?aults, Tissures, AuoLurca Tolu
_WCCbOﬂlC hreccia AOAC@. ‘ ) o B . , o

_..—-....—._—-

PO?“"‘?" TYES CO’"“? AED I ’“IVJDO”MU ois 7OSTT5

..-_;---.—-..- T s S & . i

FACIUDG: contact melzsomav %i.c ox wv’ﬂworphwc ch 3Ls where wxdee vread.
issemination of sV viphides is lacking or wnere skarn zndfor tactite
alberation are the ¢om1nan’ ix Juences ‘on ore gposition. - .

L. DRI NITION:
A brozd term referring {o large tonnzge Q)SvaUn-vCQ anOoiuo of
copper o nn/OI leVOdPnIu° ocevrring vwithin j.gneous plutonic rocks ranglng
‘1n composition from grenomwornve, syenite, monzonite to quaritz- -diorite
including ithne porphyritic eguivalents. The average ne uﬂl content of

the type deposit 38 uou'lly Jess than 2% Cu, and is more commonly in the e

range of 0.5 to 1.5% for Corper Ore g'qab values for molyvdenun from
deposits currently deing nined range 1r0mM 0.1% to O. 5¢ mo]yboanlve. 1ow

gol.d and silver values are *‘cohcuo)y present. Deposits are round primerily

in areas of roltiple intrusion vith 2 comnlc tectonic history. Su]nnlde.ﬁ
spangles ,_o]eba, as SWorIms

of veinlets, 'or as coatings on fra
.rather +han stratil i graphically COﬂurO;;eJ 4the degree of fracturing oelnﬂ

chc nost lﬂOOLU&Pv factor.

\

. commion S“lnhla, minerals are cnalc0uyrlue, oo”n;te znd pyrite.

Accessory minerals are Va arisble znd may consist of" specularite, ragactive,.
ﬂolyodcnlue sbhﬂlernte and chalcocite. Ixtensive altera ation of intr usive
host TOCKS is & diagnostic ¢eauure of all dePOS}ts. COﬂmQﬂ alteration types

care: ; . SME S : . : e L e
. . 'vf;" G R B Y Sant G g # B b o ® " e Pl
Qua_tz—orthoclase’(pegmatization);
Quartz-sericite - pyrite i
Sericite = argillic .
. Biotite |
N _ . Bpidote : PR
T, - .0 galoriie

ecc1a zones w:thln alte red instrusives are ;requenul\ “*"nly
;avourab¢° for Ulbnlac accumalation. In many deposits ore values are
found in conliguous sadimentary or volcah_c rocks. 1n somz
show the eflects of pvro*euasomauls“ and/or contact metamorphis however, in
true "barp“yzv-ovog ' depos its such GL&QCVS do not constitute the dOﬂ*n,nt

mode of ore eu949cemcnv.- . .

cases counury I'OC:sS

o




e zones arc genorally ivregular, circular arcas of conccnurauJo“,

& iy 1 ” 25
such a5 Jenses, blankeis, or cven linear and stecply ¢ vping ZONC3

xnown, individually or as components ol the overall dzposit.

O .

r
oul shupes
arae 3.1so

Forphyry-typa deposii

ts are further distinguished by anomalous
J in Sucral molybdenite, compared to the
T-

amounts of rheaium contzingd in Lhe miucs .
rhenium content o*-leybac nites- from olher la&u s of deposiltls. . et
INCIUSIVE XEY o‘zscr:.*“»u\ﬂ«' WORD3:  Disseni inated, Porphyry, Jerge Tonnsge,

——— ...'.__. o e e s o B0 § 8 sts . Tl ) .
T3, Voo Casiio, MuiXipre ¥nlilsion, Complex Tectonics, Structural Control,
- - Sulphide Brplaccwment in Contiguous Rocks. K, ’ 4! T
CLASS 1J(. - G : e w5y
T  DISCORDAYT DEPOSITS TN PLUTONIC EXVIROMMAZNT . - T %

DEFTNITION:

Any discordant mineral. filled feature (exclusive of pipz-like e a posit s)
1 d as™

cle or locus of deposition for introduced minefalizing solutions. A

ize range occurs among these features from occurrences 1o mincable

ies, which constitute a very smzll proportion of the total population.
Type deposits are thin-tabular, usuvally steeply dipping in the case of veins

..and fissures, or jrregular in outline when controlled by ruptured folds and
tectonic breccias. Alteration if present, has a limited lateral extent being
generally closely confinzd o {the mineralized structurc. Deposits are uwsually

‘1’) o

whose initial formation produced void(s) in the country rock which acte
recepta
great s

multi-metallic aﬂd'Ckar~0ucrlzeq by a great veriety of mineral essociations.
Ihe size of individual deposits depends on the magnituvde aud regularity of the

‘ COﬁurOlllng structure.

ndicatO“ of potential large

~

Uh“c or contac necesomatic
J :
a,

*tonnzge porphyry, igneous breccisa; contac
type deposits, because such Tesiures somz
o £ 3 2 £ e >

- features 10 these larger deposits, or exist in lxuholorl S ﬁOueﬂuvolly
fevourable for large volume ore emplacement. When making this evaluation the-
mineral content of the discordaal fezture should be assesszd against both the |
immediate and the total geologzic eavironment. A classification of this Kind
would be - Discordant Plutonic,Envirqnuenu/°ou ntial Porgquj Copper. '

l

1?«, TVpb occurrgnees mey be significaut a
nt

.

g : . CLASS IV
CONTACT METAMORPEIC, MPTASOMATIC, AND eym ETASOMATIC DFPOSITS = -
DEFINTTION: | T

ither massive or dissemin mved dCPOole of mulux-metalllc connos ion -
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vhich occur ot the zone of chemical interaction batwean dnlrusive or
A A~

exbrusive jgaeous rocks and the intrudsd or extrasively coversad count}y.
“rocks. The type depasits display a clear csusstive relationship between 5.
igneous acLivity and ore deposition. Rock bounding the sulphide deposit
shous the efifects of either high temperaiure or pressure »no/o" chemical
T'"ColOJ, by ihe wnyslcal presence of hydrvothermal alteration of prg-

D
Q

s
ezisting rock ming rals, Fformaiion of skarn, tactile, or hornicls.
) 20

{hrce deposit varielics noited zutove may occur individually or in sonu
combination of the various metauyorphic processes. Cnemically reactive . ¢
rocks such as limestonss and dolomités are perticularly receptive {0 {the :
type deposit. Many featnres of {hose denosits are nunulmljy if not wholly .°
associated with deposits of the porphyry and inirusive breccia class. .

nhe decision to class a deposit of the ooroly'y or metamoronic type rests
largely on ihe features of size, gross environment, and the dissemninated
fabric of ain“raliZatiop. Porphyry or intrusive igneous dreceia Geposits
with significant atiridutes of the metamorpnic class shovld. ve cross-
classitied with the aporopriate metamorphic {type, and viece versa.

INCLUSIVE K&Y DUSCRIPTIVE ”O’Da Contact, Metamorphic, Metasomatic):

—le

Pyromeiasomatic, ¢LuTUSlV°/EXuTUq3VG Igneous Activity, Reaction with ;
Country Rock, Igneous Injection, Replacement, ! Hyd&rotherial Alteratlon, v
Pegmatization, Skarn Tactive, Horn Lels, Tectonic Como]exlty "

% ~QLASSES I-E, TI-D,  III-C

. " PIPE-LLXY 79087m

B i S oy e i # s i
. B . . ’
. '

A pre-nin

neral breccis structure wvhich has controlled the circulation
and deposition of subsequently introduced mineralization. It is composed
of ‘relatively rotated angular or rounded rock fragwents s¢t in a minerslized .
gmatrix. A pipe moy ve cxrculaL, oval, or polygonal in cross -section, with
e steep to verticzl éxzis proportionztely much E,r—’—"n,er than its norizontal
dimensions. The pipe is a steeply n*unglng, mney-like mass of vrecciated
rock cemented with later minerals. _ ' ’
Vhile pipes ere generally discordant features, they are classed
separately as a unique and discrete type of discordani deposit. Pipes nay
"be further classified by apoending the environment withing which vhej arg
“found.” ' =
INCLUSIVE KAY DE3CRIPTIVE WORDS: Pipe, Br eccfa, High Ratio Cross. Secki on
To Lenzuh, Scecp Divping, vercical, Multi-Environmentzl. .
" : ' ’ * v'. . ' Lg
» . _~
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