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Subj ect: Chemi cal Refining Study
Fi nal Report

Dear M. WIIians:

The final report covering our study of the econonic
feasibility of Chemcal Refining is respectfully
submtted. This work was perfornmed under terns of

an agreenent with The Mning Industrial Devel opnent

Boar d dat ed January 6, 1965, Fund No. 2-3244-51.

The very encouraging results of this study shoul d
be of interest to all those who are concerned with

the future of Colorado's mning industry. It is

hoped that the realistic and pronising findi ngs

will obtain the active support of our |egislative

and industrial |eaders.

Yours very truly,

0. W Walvoord, Inc.
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1 SUMWARY & RECCOMMENDATI ONS
SUMVARY

In this study, an attenpt has been made to objectively eval uate
the econonic feasibility of a Chemcal Refinery processing base
and precious netal ores of Col orado.

The results of the study indicate that a Chemi cal Refinery could
be built and operated profitably. Infact, it is entirely feas-
ible that several such units could be built and operated within
the state.

For the conservative conditions assunmed, a Chenical Refinery
processing 125 tons per day of concentrate (eauivalent to 900
tons per day of ore) could produce a pre-tax return of 24~ on a plant
investnent of $5 /2 mllion., and generate enough cash flowto
pay-out in about five years. Additional noney will be required
for operating capital. At a feed rate of 125 TPD, this unit
coul d operate profitably until the prices of |ead and zinc dropped
as lowas 8.35 #Ab (assuming gol d, silver, copper, and cadnium
remained stable). |f the prices assunmed for the various nmetal s
shoul d remain constant, the Chemcal Refinery could operate with
a profit on afeed rate as lowas 75 tons of concentrate per
24 hour day.

The econonmic life of the Chemical Refinery was taken as 15 years.
However, on the basis of currently published information, the
nmeasured and indi cated reserves of Area 17 are sufficient to
provide feed to the refinery for 30 years or more. This does not
i ncl ude any all onance for the many tons of ore nowlisted as re-
sour ces, whi ch woul d becone avai |l abl e reserves because a net hod
of processing themwas now feasi ble. The inpact of one or nore of
these plants on the econony of Col orado and the | evel of nining
activity inthe state can only be inferred. However, it seens
reasonabl e to assune that it woul d provide a great stinulus.

Many smal | m ne operators could resune production since a facility
woul d be available inwhich to treat their ore. The nill oper-
ators could inprove their present profit picture as a result of
savings they woul d realize fromprocess changes and | ower freight
costs.

In addition, the Chem cal Refinery would provide enpl oynent for
125 - 130 seni-skilled and skilled workers, and provide an annual
payrol |l of nearly one nillion dollars.



1 SUMVARY & RECOMMENDATI ONS (cont i nued)
RECOVVENDATI ONS

It should be recognized that due to limtations of tine and
noney the present study could not undertake an exhaustive
investigation of all facets of this problem Consequently,
there are several areas in which further study woul d appear
to be desirable. The follow ng recommendations are presented
in the order in which they should be pursued.

1. A survey of mine owners and nill operators should be nmade
to establish a firmpicture of the anount of ore and con-
centrates that woul d be available to a Chenical Refinery.
Data on ore reserves were taken fromthe records of various
public agencies. This approach is reasonable and reliable,
but fails to reveal the real availability of the ore. Con-
tractural obligations and other conmmtnents may actually
preclude the use of this ore by the Chemical Refinery. Be-
fore any ore-treatment facility is constructed, the oper-
ating conpany shoul d have an interest in or an assignnent
of enough ore reserves to insure the availability of an
adequate supply of rawmaterials.

2« Some netal lurgical and chenical test work should be under-
taken on representative sanples to verify and inprove the
process. It should be enphasized that the basic el ements
of the process have been proven in actual operating plants
or have been successfully tested in many different |abora-
tories.

3. A careful study should be nmade of all issued patents that
relate to the various processes used in the Chemcal Refinery.
Most of these processes are based on fundanmental principles
of chenistry and are comonly available to use w thout re-
striction. However, sone techniques of application or special
features of equi pment design have been patented, and may not be
avail abl e without some formof |icensing agreenent.

4. The selection of the exact site of the first refinery unit
shoul d be made only after additional study. Information on
avail abl e | abor supply, housing, and conmunity resources, etc.
nust all be gathered to provide a rational basis for the final
deci si on.

5. The possibility of devel oping new nmarkets for the products
of the Chenical Refinery should be studied in greater detail.
Consi deration should be given to the fact that some products
may be available in a quantity and at a price that would en-
courage the construction nearby of fabricating and manufacturing
pl ants.

6. A final study of economic feasibility is suggested upon the
conpl etion of these various reconmendations.



I NTRCDUCTI ON

At the February, 1964 nmeeting of the Col orado M ning Association
a paper titled "Wy Not A Chenical Snelter” was presented jointly
by H L. Hazen, E. A Lang, and R Kl |erman.

Thi s paper advanced the possibility of replacing the conventional
pyro-snelter with a refining pirocess consisting of a conbination
of hydro-netal lurgical and el ectrol ytic operations.

At this sane tinme, the concept of the Inperial Snelter and its
adaptability to Col orado ores was bei ng proposed and st udi ed.

In a discussion with the Colorado M ning Industrial Devel opnent
Board i n Septenber, 1964 0. W V@l voord suggested a programto
investigate the potential val ue of Chemcal Refining.

The first phase of this program an investigation of economc
feasibility using the assunptions of the Inperial Smelter anal ysis
was conpl eted by 0. W \Vélvoord, Inc., as a private study. The
results were extrenel y encouragi ng, but sone testing of the basic
assunptions was still required.

The second phase of the programwas then sponsored by the M DB.
The results of this study, presented inthis report, include a care-
ful analysis of the pertinent economc factors.

The purpose of this study was to investigate the availability of
necessary rawnaterials required by a Chemcal Refinery, devel op

a prelimnary fl owsheet, select a suitable site, estimate capital

and operating costs, and deternmine the economc feasibility of the
entire concept.

As a matter of convenience the U S. Bureau of Mnes' designation
for the nmining areas of Colorado was enpl oyed. The size and | ocation

of the principal areas is shown in the map on Drawi ng 1151-8, which
follows this page.
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OBJECTI VE AND SCCOPE

The principal objective of this study is to investigate the
econonic feasibility of a Chemcal Refinery for treatnent of
Col orado netal |ie ores.

Since the various processes enployed in the Chem cal Refinery
are based on known and tested et hods of chenical and metal -
lurgical treatment it will be assumed that they can be applied
successfully to the types of ores and concentrates presently

bei ng produced in Colorado. In alater study, the amenability
of specific Colorado ores should be tested in the | aboratory.

This study shall concern itself with delineation of a process
or conbi nation of processes for treating ores and concentrat es.
It shall investigate the potential profitability of such a re-
finery and establish a tentative location site. |In addition,
present and past ore production and the probabl e magnitude of
resources and reserves shall be studied, to deternine the pro-
spective life span that such a refinery m ght expect.

This study shall not include an investigation of existing pat-
ents which might cover the various processes involved or the
various aspects of product marketing. It is suggested that

t hese subjects be studied at a |l ater stage in the devel opment

of the Chem cal Refinery concept, preferably after |aboratory
testing ha3 been conpleted and a definite flowsheet has been

est abl i shed.



DEVELCPI NG A GHEM CAL REFI NERY

Metal in the ground has a relatively small value. As the
raw ore is renoved fromthe nine it acquires an increased
value as a result of the work that has been perforned. Each
succeedi ng step in the sequence of treatment adds to the
value of the nmetal, upto alint —the current market price
of the netal. Conpetition among producers forces the in-
efficient to become efficient, the | owgrade mner to handl e
| arger vol umes, and the | arge vol une producer to develop m| -
ling facilities; all of this so that they can reduce their
costs of operation to the nininum

One of the major expenses in the transformation of ore into
metal is that of transportation. For this reason, the in-
tegrated producer will locate the mll as close to the mne
as conditions will permt. Likew se, inthe past, the snel-
ter was usually located close to the centers of mlling ac-
tivity. Mny factors have intervened in Col orado and as a
consequence, base metal snelting facilities no | onger exist
inthe state. This loss of snelting facilities has increased
the distance that concentrates and ores nust be transported
for snelting and reduced substantially the profit potential

of Col orado producers.

The small, independent miner is in an even nore difficult
position. Unless his ore is sufficiently high in grade to
be shipped directly to the snmelter, he is out of business,
for there are no custommlling facilities to which he can
deliver | ower grade ore for upgrading or concentration.

The purposes of Col orado's mining industry woul d appear to
be best served by a facility that could receive and process
both netallic ore concentrates fromthe nmills, and high-grade
or lowgrade ores fromthe m nes. The Chenical Refinery ap-
pears to be such a processing facility. The Chenical Refinery
includes facilities for such operations as, receiving and
sanpling, crushing, grinding, flotation, pressure |eaching,
solution purification and a zinc electrolytic plant.

See Section 5 for a sinplified formof flowsheet, Draw ng
1151- 2, which shows the various sections of the Chem cal
Refinery and the unit operations performed in each.

Such a refinery could be housed readily in attractive nodern
structures and woul d resenbl e any up-to-date industrial plant.
It would be clean, well maintai ned and coul d be | ocat ed cl ose
to an established community without introducing any hazards

or nui sance.

An artist's conception of such a refinery is shown in Draw ng
1151-1, which foll ows this page.
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PROCESS DESCRI PTI ON

A general outline of the operations involved in the Chenical
Refinery are presented in Drawing 1151-2, Unit Qperations
Fl owsheet, which follows on page 5-2.

The followi ng detail ed verbal description of the various oper-
ations is intended to el aborate on the overall picture.

Recei vi ng. Sanpling and Storage

Starting with the receiving station, inconming raw material will
be wei ghed, marked with a | ot nunber, and assigned to a storage
area. Facilities will be provided to p>ermt the handling of

truck and rail shipments. Separate storage areas will be pro-
vided for ore and concentrates.

Al raw material shall pass through the sanpling plant so that
a representative sanple is obtained on which payment can then
be based.

Ores - High Gade and Low G ade

Oes will be crushed to the required size in the crushing plant
during a seven hour day shift and then delivered to the fine
ore bins. If the supply of crushed ore is greater than the

capacity of the storage bin, a bypass is provided, to route the
excess material to atruck bin. Fromthis bin, trucks wll de-
liver the nmaterial to ground storage.

Fine ore is fed into the grinding circuit at the rate of 150 TPD.
After grinding to 65 mesh, the naterial will be conditioned and
"floated" to produce a bul k concentrate. The tailings will goto
atails pond while the concentrate will be thickened and filtered.

Concentr at es

Concentrates will be transported by the conveyors of the crushing
section to a storage bin ahead of the regrind mi|ll. Purchased
concentrates will be blended with the bulk flotation concentrate
fromthe Chem cal Refinery's customm |l and ground in a fine
grinding mll to -200 nesh. This slurried product now goes to

the pressure | eaching section.

Pressure Leachi ng
Chemi cal processing of the concentrate will begin w th bl ending

the concentrate to the required pul p density using neutralized
anol yte liquor and/or water as required. The bl ended concentrate
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PROCESS DESCRI PTI ON (conti nued)

is punped continuously into the |eaching autocl ave where the
metal sulfides are oxidized to sul fates, using high pressure
air. The oxidation conditions are estimated to be in the order
of 375 to 450° F and 650 to 750 psig. The residence tinme at
these conditions is estinated to be 60 to 90 m nutes. The ox-
idation of the nmetal sulfides to the sulfate can be described by
the general reaction shown bel ow where M can be any of netals
under consi derati on.

(1) MeS + 202 - »MeS0”

The chenistry of iron in the autoclave is nore conplex and the
ultimate disposition of the ironis a function of the free sul -
furic acid concentration. In this analysis, because of the | ow
iron content reporting as FeS2, it was assuned that 90$ of the
iron would report with the | ead sulfate residue in the autoclave
di scharge as Fe20-j. The renaining iron would be present as fer-
rous and ferric sulfate. The chemstry of this phase is described
by the series of equations bel ow

(2) 2FeS2 + 702 + 2H20 -* 2FeS04 + 2H2SO4
(3) 4FeSOM + 02 + 2H2SOM -+ Fe2 (SO + 2H20
(4) Fe2 (304)3 + 3H2 0 -> 3H2S04 + Fe203

The slurry discharged fromthe autoclave is flashed to atnos-
pheric pressure and conditioned with limestonu if required. The
sol ution balance at this point is controlled by the addition of
wash water or anolyte to the autocl ave as nmake-up water. The
conditioned pul p is thickened, filtered over drumfilters and
the | ead residue (PbSO”) containing the gold, silver, arsenic,
and iron is washed and sent to the | ead recovery section.

Copper Recovery

The thickener overflow and the filtrate fromthe above filtering
step are conbi ned and processed through copper recovery. The
solution at this point contains the soluble sulfates of copper,
zinc, and cadm umpl us m nor amounts of arsenic, antinony, and
germanium The arsenic is essentially all precipitated in the
autocl ave as a basic iron arsenate. The copper is precipitated
fromsolution by deposition with iron as described by the fol -

I owi ng reaction:



5 PROCESS DESCRI PTI ON (conti nued)
(5) CuSO* + Fe -*+ FeSO* + Cu

The iron addition is controlled to insure the presence of a
smal | anount of copper (about 0.5 gmA) in the solution prior
to purification inthe zinc circuit.

The precipitated copper is collected by hydrocl ones and set-
tling chanbers. The washed copper is sold to the smelter and
the overflowliquor is clarified, if necessary, and processed
through iron renoval .

I ron Renoval

The first step in solution purification prior to electrolysis,
aside fromprecipitation of the copper, is iron renoval. Here,
the soluble iron in the autoclave di scharge plus the iron added
to the circuit by the cenentation of copper is renoved by con-
ventional techniques. This requires the oxidation of the fer-
rous iron to ferric with air and the subsequent hydrol ysis of
the ferric sulfate as hydrated iron oxide (ferric hydroxide).
The chenmistry here is as described in equations (3) and (4),
differing only inthat this stepis carried out under atnos-
pheric conditions. The pH of the solution is controlled by the
addi tion of hydrated lime to favor the oxidation of the ferrous
iron and the precipitation of the ferric hydroxide. Aeration
of this solutionis acconplished in flotation type cells. Resi-
dual anounts of arsenic plus the antinony and germaniumare re-
moved at this point and discarded with the iron residue.

Cadm um Recovery

The slurry fromiron precipitation is thickened and filtered
and the iron residue discarded after washing on a drumfilter.
The filtrate and thi ckener overfl ow which are now free of iron,
but contain some copper, are conbined and treated with zinc dust.

The zinc precipitates the residual copper plus any cadmi um pre-
sent which is then recovered by filtration. The cadniumis re-
covered fromthis residue by standard nethods. Standard zinc
electrolyte purification processes call for repeating the above,
if required, after the addition of a .snall arount of copper as
copper sulfate. GCobalt, if present, woul d be renoved by the
addi ti on of nitroso-"b-naphthol .



PROCESS DESCR PTI ON (cont i nued)
Zi nc Recovery

The purified solution is next sent to the electrolytic section
for the recovery of the zinc. The anolyte |iquor containing

about 125 gmi1 2SO is neutralized with |imestone. The gypsum
(CaS04»2H20) precipitated at this point is recovered by filtra-
tion and washed free of zinc sulfate. The filtrate containing
about 50 gmi1 zinc is returned to the | eachi ng secti on.

Lead Recovery

The chenical process for recovering the | ead, based on the work
of F. A Forward and Associ ates, takes advantage of the solubility
of certain lead amne sulfate conpl exes. Recovery of | ead by

this scheme requires | eaching the washed | ead sul fate residue

with an amine to formthe sol ubl e conplex. The pul p is thickened
and finally filtered to separate the soluble | ead anine sulfate
solution fromthe iron oxi de residue containing the gold and sil ver.
The filtrate fromthis step and the clarified thickener overflow
are conbined and carbonated to precipitate a high-purity basic

| ead carbonate. The metallic lead is produced by reducing the
carbonate in a small nelting furnace. The amne solution, after
carbonation, is regenerated with hydrated |ime and returned to

the dissol ution step.

The chenistry of this phase of the operation is shown by the
series of equations bel ow

Am ne Leach:

Pb S04 + 2 EDA -+ [Fb (EDA)2] SO &)

Pb 0 + EDA + EDAI2S0jif -+ [Pb (EDA) 27| SO + H20 (2)
flnrhnnA-Mon -

2 Pb (EDA)2 S04 + 3 C02 + 5H20 ->

PbCO3 « Pb (CH 2 + 2 EDAH2 CO3+ 2 EDAH2S04 (3)
Regener ati on:

EDAH2S04 + Ca (CH)2 -> CaSO" « 2H20 + EDA (4)
Reduct i on:

C + FbCD3 « Pb(OH)2 800°C 2Pb + CD2 + H20 (6)



PROCESS DESCRI PTI ON ( cont i nued)
Gold and Silver Recovery

The iron oxide residue remaining after the dissolution of the
| ead fromautocl ave discharge solids contains the gold and
silver. It is proposed that these val ues be recovered in a
conventional cyanide circuit. The cyanide pulp is washed in

a series of three (3) counter-current thickeners and finally

on a drumfilter. The iron residue remaining is punped to
tailings, and gold and silver inthe filtrate is precipitated
with zinc dust and barren sol ution recycled in the conventional
manner. The gold and silver precipitate is fluxed, nmelted, and
cast into dore bullion bars.



CAPI TAL COBTS OF A GHEM CAL REFI NERY

The first step in the devel opnent of an economic feasibility
study is the determnation of the capital costs of the process
under investigation. This step nust, of course, be preceded

by the establishing of a flowsheet, the selection of equiprent
and the preparation of approxi mate plant |ayout draw ngs.

The fl owsheet, drawi ng U51-2, page 5-2, shows a proposed se-
quence of operations that should be suitable for Col orado ores
and concentrates. Fromthis prelimnary flowsheet, alist of
maj or equi pnent itens was prepared. By pricing out this equip-
ment and appl yi ng an experience factor, the total capital cost
of the plant was obtai ned.

This estimate includes all direct costs (material, equipment
and | abor) and indirect costs (engineering, adninistration,
i nsurance and taxes, contractor) for the conplete refinery.
Al so, included are many auxiliary itenms, such as:

Scal es

Scal e House

Thaw Shed

O e Receiving and Storage Pad

Ofice

Laborat ory

Lab Equi pnent

Site Preparation

Roads

Sani tation System

Wat er Supply

Tai | s Pond

Power

Gas Li nes



6 CAPI TAL COST ESTI NATE - CGHEM CAL REFI NERY

Summary of Costs - By Sections

Section Unit Costs Total Costs

A 1 Receiving, Sanpling $ 145, 000.
and Pl ant Services

N

Flotation MII| 315, 000.

3 Regrind Unit 133, 500.

$ 593, 500.
B 4 Leaching Section 1,337,477. 1,337,477.
C 5 Solution Purification 713, 650. 713, 650.
E 6 Zinc Electrolytic Flant 1,113, 975.
7 Zinc Casting R ant 528, 000.
8 Cadmi um Recovery 145, 785.
1, 787, 760.

m

9 Lead Recovery 736, 060. 736, 060.

G 10 Gold - Silver Recovery 200, 336. 200, 336.

TOTALS $ 5, 368, 783. $ 5, 368, 783.



OPERATI NG COSTS OF A GHEM CAL REFI NERY
Since the Chenmical Refinery is conposed of several different
sections which performseparate and distinct operations, the
operating costs have been prepared for each section.
This will permt the testing and eval uating of various altern-
ative conbinations for the final selection of the nmost efficient
and nost profitabl e conbination.
The total annual operating expense of a Chenical Refinery is
estinated to be:

7 A perating Costs $ 2,881, 776.

7 B Cost of Feed 4,181, 512.

7 C Freight on Products 454, 757.

Total annual operating expense $ 7,518, 045.

For a nmore detailed summary of the above itens, please see
the foll owi ng pages.

The operating costs above include payroll costs and fringe
benefits for 122 workers directly enpl oyed by the Chenical
Ref i nery.



ANNUAL CPERATI NG COSTS OF CGHEM CAL REFI NERY
Based on Feed Rate of 41, 250 TPY Concentrates

Section of Refinery Qperating Cost
A Receiving, Sanpling $ 388, 318.

Flotation MII

Regrind Unit

B Leachi ng Section 426, 043.

C Solution Purification 401, 419.

E Zinc Electrolytic Plant 1,165, 112.
Zinc Casting Plant
Cadm um Recovery Pl ant

F Lead Recovery 359, 398.

G Gold - Silver Recovery 141, 486.

TOTAL ANNUAL QOCsT $ 2,881, 776.

Not e

perating Costs include the following itens:
1. Drect Costs, such as reagents, supplies,
utilities, |abor, etc.

2. Indirect Costs, such as payroll and pl ant
over head, etc.

3. Fixed Costs, such as depreciation, interest,
property taxes, insurance. A 15 year period
for depreciation and an interest rate of £%
have been assuned in cal cul ating the above costs.

4. GCeneral expense, administration.



QCBT CF FEED TO GEM CAL REFI NERY

For a total annual concentrate feed rate of 41, 250 tons,
and assunming that 20# is obtained fromthe output of the
customFl otation M1l - costs woul d be as fol | ows:

Feed Qe Goncentrat e
Concentrate —33,000 T @$112.57 (a) = $ 3, 714, 810.

Oe 57,750 T 8,250 T @$ 56.57 (b) - 466, 702,

Pay to Shippers — 41,250 T $ 4,181, 512.

Not es
(a) See page 7-4, for nethod of calculating unit price.

(b) This price is based on an assuned treatment charge
of $8.00/ton of ore processed by flotation mll.



7 QOST OF FEED TO CHEM CAL REFI NERY (conti nued)

Note (a) - See page 7-3.

Wei ght ed Assay of Typi cal

Produced in Area 4 During 1963.

Met al

Lead - Pb
Gold - Au
Silver - Ag
Copper - Cu
zZinc - Zn

Not es

Wi ght Unit Price
Wi ght ed Per Ton of Met al
Assay Concentrate  */1b.(c)
22.97 % 459. 4 # 13. 47* Ab

0.1596 oz 0.1596 oz $ 34.9125/ 0z
13. 230 oz 13.230 oz $ 1.290/0z

4.85 % 97# 30. 35*Ab

33.16 % 663.2 # 13.68%/1b

Total Val ue of Metal/Ton Concentrate

Pay for concentrates at 55$ of val ue
(d) - (For purposes of this study

onl y)

(c) For establishment of netal unit prices - see
Section 9 - "lIncone From Products. "

Lead, Zinc and Copper Concentrates as

Val ue of Metal
Per Ton of
Concentrat e
% 61.88

5.57
17. 06
29. 44

90. 72

$ 204. 67

% 112. 57

(d) Refer to Table titled "Estimted G oss Dollars Produced
Annual ly by MIls in Area 4 of Col orado."

Note smelter payout averages 58.2# before freight and

51.8# after freight.

The difference of 6.4% represents

truck and rail freight charges. For purposes of our

study we have assuned that the shipper to the Chem cal
Refinery will save on rail freight - which is approxi-
mately equal to truck freight. To conplete our study

we have used 55% of net snelter returns as the basis of
payi ng for concentrates delivered to the Chem cal Refinery.

For di scussion of the Chem cal
navnent

Refinery's schedul e of

See Section 13 - "Devel oping the Position of



Based on feed rate of 41,250 TPY concentr at es.

Destination Freight Annual
of Rat e Tonnage
Product s Product s $/ Ton of Products
la Lead E. Chicago $ 17.39 9,474.3 T
2a Gold Denver 83.00 0.226 T
3a Silver Denver 83.00 18.67 T
4 Copper El Paso 24.35 1,999.8 T
5a Zinc Chi cago 17. 39 13,678.5 T
6a  Cadnium Chi cago 17. 39 107.3 T

Total Frei ght Expense

Assumes 330 days of operation per year.
Note - 14.58 Troy ounces = 1 pound avoi r dupoi s.

Frei ght
To
Mar ket
$ 164, 758.
19.
1, 550.
48, 695.
237, 869.

1, 866.

$ 454, 757.
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PRODUCTS RECOVERED FROM THE GHEM CAL REFI NERY

In this study, the feed to the Chem cal Refinery was assumed
to be concentrates having an assay conparable to the wei ghted
assay of the present producers in Area 4.

The product recoveries, therefore, are a consequence of this
initial assunption and are not to be regarded as bei ng guaran-
teed rates of production for each netal.

The followi ng table provides an over-all summary of production:

Annual
M ner al Product Form Producti on
Lead H gh G ade 9,474 Tons
Gol d Refined Metal (w Silver) 6,600 0z.
Si | ver Refined Metal (w Col d) 544,500 oz.
Copper Cerrent Copper 2,000 Tons
Zi nc Speci al H gh G ade 13, 678 Tons
Cadm um H gh G ade 107 Tons

Feed rate to Chemcal Refinery is assuned to be 125 tons of
concentrates for 330 days of operation. For convenience in
preparing this report 100$ recovery of netal val ues was assuned.
It is anticipated that actual recoveries will be in the order

of 97 to 98%.

See Section 7 - Operating Costs, for details of weighted assay.



I NCOVE FROM PRCDUCTS

Appl yi ng aver aged net al

prices to the estinmated output of

the Chenical Refinery, the follow ng i ncome is obtained.
Aver aged

Pr oduct Metal Price (a) Annual | ncome
la Lead 13. 47#Ab $ 2,552, 220.
2a ol d $ 34.9125/ 0z 230, 340.
3a Silver $ 1.290/ 0z 702, 240.
4 Copper 25. 394* Ab 1, 015, 410.
5a Zinc 13.68%/1b 3,742, 200.
6a Cadm um $ 2.60/1b 557, 700.

Total Annual |nconme (b) $ 8,800, 110.

(a) See page 9-2 for method of determ ning averaged netal prices.

(b) Note that this is gross annual income fromwhich all expenses
must be met. A conparison of incone and expenses will be dis-
cussed in detail in Section 11 - "Profitability of the
Chemi cal Refinery."



I NCOVE FROM PRODUCTS

Det ernmi nati on of Averaged Metal Prices

The income to the Chenmical Refinery will cone fromthe sale
of its finished products. These products were described in
the preceding section. Inthis part of the study the probable
selling price of each product will be established and the pro-
babl e gross inconme from product sal es determ ned.

Lead
The price of |ead was taken as 13. 47$Ab. based on a
15 year average (1950-1964) of E & MJ average annual
metal prices. See graph of metal prices on page 9-3.

The price of gold was taken as $34.9125/troy oz., based
on payment schedule of U. S. Mnt.

Silver
The price of silver was taken as $1.290/troy oz., based
on | atest quotations of Handy & Har man.

Copper
The price of copper was taken as 25. 394$Ab» based on the
foll owi ng assunptions. Copper prices for the years 1959
t hrough 1964 were averaged fromE & MJ's report of average
annual prices, to obtain a base price of 31.053%/1b. for
donestic el ectrolytic copper. The price of cenent copper
was approximated by subtracting 4$Ab. fromthis base price.
To obtain a realistic price for the copper product of the
Cheni cal Refinery, the follow ng additional adjustments
wer e nade:
To cover netal lurgical |osses: 30 Ib./ton or 0.4057$Ab»
was deduct ed.

To cover treatnment charges, $25.00/ton or 1.250$Ab«
was deduct ed.

Zinc
The price of zinc was taken as 13. 68%Ab», based on a 15
year average (1950-1964) of E & M} average annual net al
prices increased by 1£ to allow for a high purity product.

Cadm yp
The price of cadmiumwas taken as $2. 60Ab«, based on
April, 1964 quotations given inE & M.
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10-1

MARKET STATUS OF PRCDUCTS

Inthis section, let us briefly reviewthe | atest market

outl ook for each of the products discussed previously. It
is our intention here to consider sone of the | atest devel op-
ments and evaluate their effect on the Chenical Refinery.

For a detailed study in depth, the reader is referred to
pages 73 to 88 of "A Study of Non-Ferrous Metal Refining
pportunities in the Four Corner States" prepared by F. B.
Turck & Conpany, Inc. and dated Novenber, 1964.

Qur data has been abstracted fromthe nost recent issues
of mining journals, such as Engineering & M ning Journal ,
M ni ng Engi neering and ot hers.
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10 MARKET STATUS OF PRODUCTS (conti nued)
Lead

1964 was a year of substantial growmh for the |ead industry.
Refi ned consunption exceeded refined production for the third
year in succession - while both production and consunption
attained record | evel s.

The future prospects for |ead consunption appear good, with
no devel opments to be seen in the imrediate future which
woul d al ter the pattern.

The price of lead in New York rose 3£ per pound to | 6# during
the last half of 1964. This price remained firmduring the
first quarter of 1965. The primary cause of this strength is
reported to be the | ong-running Mount Isa (Australia) strike,
whi | e heavy covering of shor* sales have nagnified the firmess.
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10 MARKET STATUS OF PRCDUCTS (conti nued)
CGold & Silver
Gol d

In 1964, U S. mne production of gold dropped to 1.44
mlliontroy ounces, with a value of $50.6 mllion. This

represented a continuation of the World War Il decline.
Si | ver
In 1964, the production of silver was 36.5 million troy

ounces, (a 4$ gain over 1963 production), which gave a
val ue of $47.2 million.

Approxi mately two thirds of domestic silver was obtained
as a by product of base metal m nes.

The average price of silver rose to $1,293 per troy ounce
during 1904. This gain of 1.4% has been held through
Mar ch, 1965.
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10 MARKET STATUS OF PRODUCTS (conti nued)
Copper

Demand for copper remained strong throughout 1964, both at
home and abroad. U. S. Mne production totaled a record
1.24 mllion ton3, a 3%increase over 1963 and 2$ above the
previ ous peak of 1962.

After a three year period during which prices remained un-
changed, the producers' price for domestic copper increased
one cent a pound in md-March, and two cents a pound inlate
Sept enber, raising the year end price to 34 cents a pound.

Demand is expected to continue high, but according to pre-
sently known plans, supply will also increase. By 1969, it
is expected that Free Wrld mne capacity will exceed pro-
jected demand by sone 225,000 tons. New and expanded uses
for copper will be required to reduce this over-supply and
to maintain the stability of the copper market.
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10 MARKET STATUS OF PRODUCTS (conti nued)
Zi nc

Consunption of zinc in the U S. and abroad nade new hi ghs
in 1964. Arelease of 75,000 short tons of slab zinc was
withdrawn fromthe U S National Stockpile to neet the de-
mands of the market. It is estimated that during 1965, a
wi t hdrawal of 100,000 tons will be required to fill the gap
bet ween supply and denand.

I ncreased devel opnent of new mines and snelting facilities
inthe U S. and abroad will help to alleviate sone of the
present short supply of zinc, but no projections relating
estimated production to consunption are avail abl e.

The East St. Louis price of zinc rose to 14 1/27/Ib. in
Cctober, 1964, finally breaking away fromthe 11 1/2$ | evel
at which it had remained for two and one-hal f years.

The trend of the market appears to be toward prices that are
stable and realistic, which should contribute greatly to the
future devel opnent of the industry.
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10 MARKET STATUS OF PRODUCTS (conti nued)
Cadm um

The cadmi um nmar ket appears to be entering a transitional
phase froma state of short-supply to one of over—supply.

In Septenber, 1963, the General Services Administration
rel eased one mllion pounds of cadni um from surplus National
Stockpil e stocks. By the end of that year, this rel ease had
been fully absorbed by the market.

In July, 1964, the GSA announced the rel ease of five mllion
pounds of cadm umfromNational Stockpile surplus at the
rate of 600,000 pounds per quarter at a shelf price of $3.00
per pound intonlots, $3.05 for less than tonlots FOB ship-
ping point. Sales during the first quarter totaled only
23,400 pounds, while sales during the second quarter were
believed to be nil.

Early in March, 1965, the price of cadmumfell 35%Ab. to
$2.65. Future prospects inthis weak market are not clear.
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11 PROFI TABI LITY OF THE CHEM CAL REFI NERY

In previous sections, approximte values for the capital and
operating costs of the Chenical Refinery were devel oped, and
the incone to be realized fromthe sale of products was cal -
cul at ed.

From an anal ysis of these items of expense and incone, the
degree of profitability of this venture can be determned. In
eval uating Chem cal Refining*s economc potential, several dif-
ferent commonly used nmeasures will be enpl oyed.

A summary of "Chemi cal Refining Economi cs" is given in draw ng
1151-7, page 11-2. This datais presented in a flowsheet arrange-
ment so that refinery sections and their capital and operating
costs can be nore readily correlated with their products and.
estinmated i ncome. The tabulation in the | ower | eft hand corner
provi des a conveni ent recapitul ation of costs.

Return on | nvest nent

The annual return on plant investnent (before all owance for
i ncome taxes) is approxi mately 23. 88%.

This rate of return is calculated as foll ows:

Total | ncome From Products $ 8, 800, 110.
Total Qperating Costs 7.518. 045.
Qoss Profit (Before Taxes) $ 1, 282, 065.

$ Return - Gross Profit
Pl ant | nvest nent

- $1.282. 065.
5, 368, 783.

- 23.88%
Payback Peri od
The period for payback of plant investnent (assumng a |evel

rate of earnings) is 5.29 years, calculated as foll ows:
Annual G oss Income (Before Taxes) $ 1, 282, 065.

Al onance For Incone Taxes © 48% 615. 391.
Net Profit 1666, 674.
Depr eci ati on 349. 043.
Cash Fl ow $ 1, 015, 717.
Pay Back Period ** Plant |nvestment
Cash Fl ow
= $5. 368. 783.
1, 015, 717.

5.29 -raATfi
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11  PRCFITABILITY OF THE CHEM CAL REFI NERY (conti nued)

It is unrealistic to assunme that any plant will always find
it possible to operate at rated capacity, or that the narket
value of its products will remain constant. For this reason,
an effort was nmade to determ ne the break-even points for plant
capacity and the prices of the two najor products - | ead and
zi nc.

Break- Even Point for Capacity - See Page 11-4.

The potential profits for various rates of refinery capacity
were cal culated and then plotted on the graph of draw ng
1151-9, Profit vs Capacity.

The break-even point, at which incone just bal anced expenses,
is 75 tons per dav of feed.

The potential profit for any other rate of operation can be
read easily fromthis graph.

Break- Even Point for Various Prices of Lead & Zinc - See Page 11-5.

The potential profit was calculated for various comnbi ned prices
of lead and zinc, and then plotted on the graph of draw ng
1151-10, Profit vs Metal Price.

The break-even point is 8.35 & per pound for both | ead and zinc.

The m ni mum price of 8.35£ may appear to be very low, but it
shoul d be remenbered that this is possible only because there
is considerable incone avail able fromthe other products. This
cal cul ation, for conveni ence, assumes that the prices of gold,
silver, copper, and cadmumwi || renmain constant at the prices
assuned for this study. This assunption has a stabilizing ef-
fect on the expected i ncome fromproducts, and allows the
(conbined) price for lead and zinc to fall considerably before
produci ng a significant change in profits.
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11 PROFITABILITY OF THE COEMCAL REFINERY (Continued)
Capital For Initial Phases O Operation

Sone capital will be required to finance the operations of
the Chenical Refinery until production has stabilized and
income is received regularly. This initial requirenent of
additional capital is difficult to estimate accurately be-
cause of the many variabl es invol ved. However, as a con-
servative estimate, it woul d appear that two—and-one-hal f
mllion dollars would cover start-up expenses, initial
purchases of ore and concentrates, initial requirenents
of operating supplies and other naterials, and provide a
noder ate reserve of cash for various unforeseen contin-
genci es.

It is estimated that the Chenmical Refinery will attain full
production at rated capacity within the first six nmonths and
maintain a fairly uniformlevel of earnings thereafter.

This portion of the capital requirenment for the initial phase
of operation can be retired in about 5 years. 1In the cal-
culation of the retirement of this special fund, no allowance
has been made for additional nonies that night be available
fromplant investnent funds as a result of a depreciation
period of | ess than 15 years, and "investrment credits'*
applied to incone taxes.



12

S&. RMMI THE SI TE FOR THE CHEM CAL REFI NERY

In selecting a site for the Chenical Refinery, it was decided
to select first the mning area that net the followi ng criteria.

1. Along-termrecord of substantial netallic ore
product i on.

2. Total reserves and resources that could insure an
adequate supply of rawmaterial for the refinery.

3. Present ore production that comes from several sources,
rather than a single | arge conpany.

After applying these criteria to the four areas with a record of
base-metal production, it was decided that Area 4 was the nost
satisfactory. The nagnitude of the nmetal production, reserves,

and resources of Area 4 are graphically presented in Drawi ng 1151-3,
page 14- 2.

Wthin Area 4, our choice of a plant site was based on the follow n
criteria:

1. Location on existing railroad to insure econonical
transport of products, to elimnate capital invest-
ment in any rail extension, and to pernit the inport-
ation of ore, by rail, fromother areas. See draw ng
1151- 6, page 12- 2.

2. dose to present sources of raw materials, that is,
wi thin easy trucking distance of existing mlls.

3. Cose to potential sources of raw materials, that is,
wi t hin easy trucking distance of nining districts
that could be revitalized. See drawing 1151-5, page
12-3.

4. Close to city or town that could provide a | abor force
and satisfy their housing and recreational needs.

On the basis of these criteria, it was decided that the refinery
site should be tentatively established al ong the trackage of the
Denver & R o Gande Wstern Railroad, inthe Delta, Mntrose,

Ri dgway ar ea.

A final selection of site would have to be nade after a nore
careful investigation of this area.
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DEVELCPI NG THE PCsI TI ON OF THE SH PPERS

As it has been conceived and devel oped in this study, the
Chemical Refinery will receive and process three cl asses of
raw mat eri al s.

a. Low grade ores
b. H gh grade ores
C. Concent r at es

Each of these three classes will utilize different portions
of the total facility. A sinplified description of the various
process requirements of different classes of rawmaterials is
given in the table bel ow

PROCESS REQUI REMENT COF RAW MATERI ALS

RAW MATERI AL REFI NERY SECTI ON
BY CLASS
°8
|1 38
e | 1 .
0 a)
o) & o
Low G ade Oes Yes Yes Yes Yes Yes Yes Yes
H gh Gade Ores Yes Yes No Yes Yes Yes Yes
Concentr at es Yes No No Yes Yes Yes Yes

W thin each section, there are other variabl es which will affect
the operating cost of that section. These include considerations
such as hardness of ore, reagent consunption, air requirenents, etc.

In order to arrive at an equitable and reasonabl e buyi ng schedul e,
it will be necessary to give consideration to all of these factors.

Wat ever schedul e is devel oped nmust cover the direct operating cost
and provide a return of capital for each section.
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13  DEVELCPI NG THE PCSI TION OF THE SH PPERS (conti nued)

Al of the shippers to a Chenmical Refinery will gain fromits
operation and its stimulus to mning in general.

In addition each of the particular classes of shippers will
enj oy certain specific advantages, as foll ows:

Low Grade Ore Shipper
1. Creates a mar ket .
2. Resour ces becone reserves.

H gh Grade Ore Shipper
1. Saving on rail freight.
2. Facilities for custommlling.
3. Bul k concentrate vs differential flotation.
4, Sone resources becone reserves.

Concentrate Shipper
1. Saving on rail freight.
2. Bul k concentrate vs differential flotation.
3. Sone resources becone reserves.
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14  METAL PRCDUCTI ON AND RESERVES AND RESOURCES

One of the reasons given for the selection of Area 4 as the
location of the Chem cal Refinery was the great magnitude of
the Area's netal production and its reserves and resources.
Thi s choice was | argely based on an acceptance of the obser-
vation nade by Vanderwilt (in Mneral Resources of Col orado,
page 21) that: "The production of nmetallie and non-netallic
mnerals is dependent on the sane econonic factors that in-
fluence industry. It is therefore |ogical that the past
hi story of production over a long period is the safest guide
tothe future."”

Refer to the Drawi ng 1151-3, page 14-2, in which the netal
production, reserves and resources are conpared. Note that
t he average annual metal production of Areas 1 and 3 are ap-
proxi mately equal, as are the val ues produced in 2 and 4.
Not e, however, that Areas 2 and 4 outproduced 1 and 3 by a
ratio of 20to 1. Note, also, that these quantities are not
for a single year, but are -the average of the past el even
years.

Turning to netal reserves and resources, note again how cl osely
Area 1 matches Area 3. Conparing Areas 2 and 4, we find that
4 outranks 2 by a ratio of nearly 2:1. The disparity between
Area 4 and Area 1 or Area 3 is even nore pronounced, being al -
most 8 to 1.

Anot her fact of real significance is that if ths Measured
and I ndicated portions of the reserves only (see chart -
Reserves and Resources - Area | V) were available to a Chemi cal
Refinery then 30 years of |life would be assured. Wen one
considers the possible additional supply in Inferred Reserves
and along with Measure, Indicated and Inferred Resources then
an even greater magnitude of production is possible.

These facts, plus the expanse of Area 4, the many producers
in current operation and the potential |unber of mnes that
could be revitalized, and their past production (see draw ng
1151-4), following, ledtoits selection as the first area
wi t hi n which a prototype of the Chem cal Refinery should be
operated. Additional Chem cal Refineries can |ater be | ocated
in other maj or mning areas of Col orado.

In an effort to further evaluate the potential of Area 4, it
was studied in greater detail. The result of this study is
contained in the follow ng county-by-county report.
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1A METAL PRCDUCTI ON AND RESERVES AND RESOURCES (conti nued)

RESERVES AND RESCURCES - AREA |V

(Measured in Short Tons of Metal)

Reserves Resour ces Tot al
Measur ed 300, 700 11, 900 312, 600
| ndi cat ed 372,700 34, 100 406, 800
Inferred 842, 200 62, 700 904, 900
Total s 1, 515, 600 108, 700 1, 624, 300

Not e:  Above tonnage includes Copper, Lead, and Zinc only. The
wei ghts of gold and silver in troy ounces have not been
i ncl uded.

Above data provided by U S. Bureau of M nes, February, 1965. See
graphi cal presentation in Drawi ng 1151-3, page 14- 2.
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14 METAL PRODUCTI ON AND RESERVES AND RESOURCES (conti nued)

DEFI NI TI ONS OF TERMVS

Reserves: (Mneral Oe Reserves) Material that can be m ned,
processed, and marketed at a profit under the econonic
and technol ogic conditions prevailing at the tine of inquiry.

Resources: (Potential Ore Resources) Mterial that cannot be
m ned, processed and marketed at a profit under the econom
ic and technol ogic conditions prevailing at the tinme of in-
quiry. Material that may becone a mineral (ore) reserve with
i nproved econom c conditions or advancement in the mning
and netal | urgi cal net hods.

In each of the broad categories above, three sub-cl asses have
been established - neasured, indicated, and inferred.

Measured: Ore for which tonnage is conputed from di mensions re-
veal ed i n outcrops, trenches, workings, and drill hol es and
for which the grade is conputed fromthe results of detailed
sanpling. The sites for inspection, sanpling and neasurenent
are so closely spaced and the geol ogic character is so well
defined that the size, shape, and mineral content are well
established. The conputed tonnage and grade are judged to
be accurate withinlimts which are stated, and no such limt
is judged to differ fromthe conputed tonnage or grade by nore
than twenty percent.

Indicated: Oe for which tonnage and grade are conputed partly from
speci fi c neasurenments, sanples, or production data and partly
fromprojection for a reasonabl e di stance on geol ogi ¢ evi dence.
The sites available for inspection, measurement and sanpling
are too widely spaced or otherw se inappropriately spaced to
outline the ore conpletely or to establish its grade throughout.

Inferred: Ore for which quantitative estinmates are based largely on
a broad know edge of the geol ogic character of the deposit and
for which there are few, if any, sanples or neasurenents. These
estimates are based on an assumed continuity or repetition for
which there is geol ogi c evidence; this evidence may include
conparison with deposits of sinilar type. Bodies that are com
pletely conceal ed may be included if there is specific geol ogic
evidence of their presence. Estinmates of inferred ore shoul d
include a statement of the special linmits within which the in-
ferred ore may lie.

The above definitions of terms are based on the current term nol ogy
enpl oyed by U. S. Bureau of M nes.
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14 METAL PRCDUCTI ON AND RESERVES AND RESOURCES (conti nued)

County: Dol ores
Dolores County lies at the western end of Area 4 (its western
boundary bei ng cotermnous with the Col orado-Wah border.) The
county seat is located in Dove Geek at the western end of the
county. The mining activity of the county is centered in the
two mning districts of Dunton and R co.

The Dunton (Lone Cone) Mning District is on the Wst Dol ores
R ver, on State H ghway 331 and lies 16 niles northwest of
R co. The altitude of the district is 9,000 to 10,500 feet.
Dunton is | ocated wi thin Townshi p 40N, Range 11W New Mexi co
Princi pal Meridi an.

The Rico (Pioneer) Mning District is in the valley of the Dolore
River, on State H ghway 145, 36 mles to Dolores to the south-
west and 27 nales to Telluride to the north. Atitude is 9,000
to 10,500 feet. R co is |ocated within Townshi ps 39 and 40N,
Ranges 10 and 11W New Mexi co Princi pal Meridi an.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")

The mountai ns of the nmining districts rise to an altitude of

about 12,500 feet. The slopes are steep but not rugged, and

bel ow 11, 000 feet they are covered by dense growt hs of aspen

and spruce. The mountains are carved froma | ow structural

dore which is roughly circular in shape and 12 to 15 miles
across. Rocks ranging in age frompre-Canbrian to Jurassic

were involved i n the doni ng.

The main production of the district has come fromthe northeast,
east and sout heast sides of the central igneous core. Alarge
part of the production of the district has came frombl anket
deposits inthe | oner part of the Hermosa fornati on on Newran
H Il southeast of the town of R co.

Properties:
The average annual production of netals as reported by the
U S Bureau of Mnes, for the period 1953-1963, was
$618, 125.

The val ue of this production is divided anong the five principal
nmetal s as fol |l ows:

ol d $ 2, 549.
S | ver 51, 836.
Copper 3, 757.
Lead 281, 477.
Zinc 278, 506.

During the period 1954 - 1963, the ol orado Bureau of M nes
reported that 14 properties had been in operation, of which
4 properties were in operation during 1903.
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14  METAL PRCDUCTI ON AND RESERVES AND RESCURCES (conti nued)

Dol ores County (continued)

Qutl ook: By Col orado Bureau of M nes

Ore reserves consisting of silver, lead, and zinc in
the R co and Dunton area and future production of these
reserves depends upon favorabl e market denmands and profit-
abl e narketing of these minerals. Inportant past pro-
duction, under favorable conditions, is an indication
of this county*s future production capabilities.
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14 METAL PRODUCTI ON AND RESERVES AND RESOURCES (conti nued)

H nsdal e County
Locati on and Description
H nsdal e County is | ocated between M neral County (Ceede)
and San Juan (Silverton). The county seat is located in
Lake Gty. The five mining districts of H nsdal e County
are concentrated in the area southwest of Lake City between
Lake Fork and its tributary, Henson O eek.
The Burrows Park District isinT43 N R5 W NWM
Carson District islocated inT42 N, R5 W NWM at
t he head of Wager Qul ch.
Galena (Henson Creek) is inT44 N, Ranges 4, 5 and 6 W
NVFM
Lake Fork (Lake San Cristobal) is inT43 N R4 W NWM
Park ( Shernan)
The altitude in these districts ranges from8,600 to 12,000 feet.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")
The several districts have much in common as to geol ogy and
ore occurence. The districts are in the heart of the rugged
San Juan Mountai ns with unsurpassed scenery. However, access
is so difficult that prospecting and devel opment are seriously
handi capped. Future discoveries of ore conparable to the past
are likely as soon as econonmic conditions are favorable. Znc
and | ead production is a possibility if prices become stable
at a reasonable | evel. The principal production has come from
the Gal ena and Lake Districts.

Properties:
The average annual production of metals as reported by the
U S. Bureau of Mnes, for the period 1953 - 1963 was $2, 596.

The val ue of this production is divided anong the five principal
metal s as fol | ows:

ol d $ 560.
Silver 1, 505.
Copper 108.
Lead 378.
Zi nc 45,

During the period 1954 - 1963, the Col orado Bureau of M nes
reported that 20 properties had been in operation, of which
4 properties were in operation during 1963.

Qutl ook: By Col orado Bureau of M nes

H gh cost transportation of Hinsdale County ores as well as
the lack of treatment facilities inthis area has materially
hi ndered netal lic production. Wen these conditions are over-
conme, many properties in the Lake Gty and Lake San Oi stobal
area can beconme profitable producers.
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14 METAL PRODUCTI ON AND RESERVES AND RESOURCES (conti nued)

La Plata County

Location and Description
La Plata County lies at the south end of Area 4 (its southern
boundary bei ng coterninous with the Col orado- New Mexi co border).
The county seat is located in the county's largest city, Durango.

The principal mning districts are located as foll ows:

California (La Plata) - Townships 36 & 37 N,

Ranges 10, 11 & 12 W NWM
Cave Basin - Township 37 N, Range 6 W NVFM
Needl e Mount ai ns - Townships 38 & 39 N,

Range 7 W NWPM
The altitude in these districts ranges from8,000 to 12,000 feet.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")
The La Plata nmi nlng district lies within the La Pl ata Munt ai ns,
a rugged nmountai n group between the mai n San Juan Mount ai ns and
the Colorado Plateau. The climate is rigorous, but the nountains
are wel |l -watered, and rmuch of the area of 120 square miles that
includes the nmines is covered by noderately heavy vegetati on.
An excel | ent exanpl e of the conplex |accolithic type of nmountain
group, the La Flata Muntains were carved froma donal uplift of
sedi nentary rocks that were invaded by nunerous stocks, dikes and
sills of igneous rock.

Oe was first discovered in 1873. By the end of 1937, nearly
six mllion dollars worth of ore had been extracted. More than
half this total came fromtwo nines, The May Day and | daho, and
four others yielded a total of nore then $1,000,000. old has
al ways been the nost val uabl e product of nmost of the nmines, but
over 2,000,000 ounces of silver and several hundred thousand
pounds of iead and copper have al so been recovered. The district
ha3 been relatively dornmant since 1938, particularly during the
years of World War |1, when gold m ning was di scour aged.

It is believed that new deposits will yet be found, and output
inthe future may well equal, if not exceed, that of the past.

Properties:

The average annual production of metals as reported by the
U S. Bureau of Mnes, for the period 1953 - 1963 was $5, 455.

The val ue of this production is divided anong the five principal
metal s as foll ows:

ol d $ 4,839.
Si | ver 467 .
Copper 124.
Lead 23.

2.
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14 METAL PRCDUCTI CN AND RESERVES MP RESCURCES (conti nued)

La Plata County (continued)

During the period 1954 - 1963, the Col orado Bureau of M nes
reported that 21 properties had been in operation, of which
7 properties were in operation during 1963.

Qutl ook: By Col orado Bureau of M nes

Precious netal production along with some base netal production
inlLa Flata County depends al most entirely on the price of gold
and silver. Wen these factors allow profitable mning in the
county, mneral productionwill returnto early day proportions.



14-11

14  METAL PRCDUCTI ON AND RESERVES AND RESOURCES (conti nued)

M neral County

Locati on and Description
M neral County is located in the southwest part of the state
and is nearly centered on the New Mexi co Principal Meridian.
The south boundary line is approximately 30 miles north of
t he New Mexi co border.

Creede, the only mining district in Mneral County, is |ocated
in Township 42 N, Ranges 1 E and 1 W NWM The altitude of
the district ranges from9,000 to 11, 000 feet.

Creede (the county seat) is at the end of State Hi ghway 149,
41 miles northwest of Del Norte. Access to O eede and nuch
of the surrounding area is not difficult, but as is conmon
in a rugged nount ai nous country, individual m nes and prospects
may be hard to reach.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")

The ore deposits are silver - lead veins in extensive fault
fissures in rhyolite and fractured zones of silver ore in
shattered rhyolite. The veins carry sphalerite, argentiferous
gal ena, gold, pyrite, and chalcopyrite in a gangue of quartz
(anethystine) chlorite, barite, and fluorite. Secondary en-
richnent was inportant in places.

The production record illustrates the inportance of the area.
The persistence of veins with strong mneralization that pro-
duced nediumto rich ore bodies are factors favorable for con-
tinued mning in the future.

Properties:

The average annual production of metals as reported by the
U S. Bureau of Mnes, for the period 1953 - 1963, was
$1, 050, 195.

The val ue of this production is divided anong the five principal
metals as foll ows:

&l d $ 34, 243.
Si | ver 197*438.
Copper 58, t414.
Lead 419, 214.
Zi nc 340, 886.

During the period 1954 - 1963, the Col orado Bureau of M nes
reported that 11 properties had been in operation, of which
4 properties were in operation during 1963.
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14  METAL PRCDUCTI CN AND RESERVES AND RESOURCES (conti nued)

M neral County (continued)
Qutl ook: By Col orado Bureau of M nes

M neral County, like other mneral areas in Col orado,

has continued to produce base and precious netal s de-
spite inadequate mneral prices. |Increased |ead, zinc,
copper, silver and gol d production can be expected from
this area when ore treatnment facilities are avail abl e
and favorabl e prices appear. Present prices woul d sup-
port production if the .snall operator had access to a
conveniently | ocated ore purchase facility.
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Mont ezuma Count 'y

Location and Description
Mont ezuma County is located in the southwestern corner of
Area 4 and the State of Col orado.

There are only three mning districts, all located in the
nort heast corner of the County.
Bear O eek - Township 38 N, Range 12 W NWPM
East Mancos River - Township 36 N, Ranges 11 & 12 W NWPM
St oner - Township 39 N, Range 13 W NWM

The altitude of these districts ranges from 7,200 to 9, 500
feet. The county seat is located in Cortez, in the center
of the county.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")

Mont ezuma County has yielded gold fromsmall but relatively
hi gh-grade veins. Snall amounts of placer gold are found in
stream channel s in the western approaches to the La Plata
Mount ai ns at the eastern boundary of the county. Placer
production has been internittent and small. The veins with
one exception have been small but with sufficient high-grade
gol d specinens to attract the prospector. The exception re-
ferred to is the Red Arrow vein described in the East Mancos
district, which was di scovered about 1932. The Red Arrow re-
cei ved considerable publicity because of the high-grade native
gold that it produced. The area in which the veins are found
isin sedimentary formations, a large part of which is Mancos
shale. CQutcrops are few. Access to nany areas is very dif-
ficult so that the discovery of the f*nal! isolated rich veins
islargely a matter of chance. 1t is nmore than likely that
addi tional veins will be discovered fromtine to tinme inthis
area by the prospector who has the courage to devote the neces-
sary time, which may require several seasons.

Properties:

The average annual production of metals as reported by the
U S. Bureau of Mnes, for the period 1953 - 1963 was $765.

The val ue of this production is divided anong the five principal
nmetal s as foll ows:

Gol d $ 636.
Si | ver 99.
Qoppi er 29.
Lead 1.
Zi nc 0

During the period 1953 - 1963, the Col orado Bureau of M nes
reported that 8 properties had been in operation, of which
;. WNATE-.Tr.€ were in operation during 1963.
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14  METAL PRODUCTI ON AND RESERVES AND RESOURCES (conti nued)

Mont ezuma County (conti nued)
Qutl ook: By Col orado Bureau of M nes

Precious netal production fromthe three nmining districts
in Mntezuma County is contingent on increased prices for
gold and silver. Transportation of shipping grade ore,
except that of exceedingly high val ue, makes this area one
of high cost production.
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14 METAL PRODUCTI ON AND RESERVES AND RESOURCES (conti nued)

Quray County

Location and Description
Quray County, enbraces an irregular area of |and just south
of the city of Montrose. The county is bisected by U. S.
H ghway 550 whi ch connects with Durango to the south.

The four mni ng districts of Quray County are within a radius
of 10 to 15 miles of Quray in the southern part of the county,
and the area as a whol e has been referred to as the Quray
District. The several districts are characteristic localities;
each is so isolated fromthe other by the extremely rugged
t opography as to justify the sub-division.

Red Mountain District in Township 43 N, Ranges 7 & 8 W
NVWM is on U S. 550, 12 nmiles south of Quray and one
mle north of Red Mountain Pass. Altitude ranges from
10,500 to 11,500 feet.

Ri dgway District, in Township 45 N, Range 8 W NWM is
on U S. 550, 13 miles north of Quray and 23 ni | es sout h-
east of Montrose. Altitude is 7,500 to 8,500 feet.

Sneffels District, in Township 43 N, Range 8 W NWM is
on State 36l. The District is 8 mles west - sout hwest
of Quray and 1,500 to 3,000 feet higher in altitude, with
a wel |l maintained road to the m ne canp.

Unconpahgre District, in Township 44 N, Range 7 W NWM
is on the east side of the valley inmmediately north of
Quray. The mines are only a fewniles off the main hi ghway
(U 3. 550) but the grades are steep. Altitude ranges
from7,500 to 9,500 feet.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")
Red Mountain District - The main production of the district has
come fromthe valley of Red Mountain Oeek near the old
town site of Red Mountain in Quray County. The |argest
producti on cane from chimey-like ore bodies in or near
brecci a pi pes and ot her vol cani ¢ pl ugs.

The rocks are intruded by many plugs and pi pes of por-

phyritic latite and rhyolite and of breccia which range
froma fewtens of feet to nore than 2,000 feet across.
Fracturing in and around these vol canic pipes is locally
intense and many slightly nineralized fissures abound in
the area. |In places |arge bodies of rock are inpregnated
with finely divided pyrite and alteration products gener-
ally typical of ore-formng solutions. Mich of the rock,
particularly that formng the ridges east of the valley,

;¢ V.ichi-O- altered throughout to an aggregate of clay m nerals,
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14 METAL PRODUCTI ON AND RESERVES AND RESOURCES (conti nued)

Quray County (conti nued)

di aspore, alunite, kaolin mnerals and quartz. This
weathers to a bright red color that has resulted in the
popul ar name of the nountains. Despite the strong and
wi despread activity of hydrothermal solutions on the rocks
only a conparatively few ore bodi es have nade an appr e-
ciably large producti on.

Ri dgway District - Gold placering on the Unconpahgre River is
credited to "near" R dgway. No other record is available
regardi ng the pl acer deposits.

Sneffels District - The Sneffels and Tel luride (San M guel
County) districts cover about 30 square nmles and com
prise the northwest swarmof veins and di kes between the
margin of the Silverton cal dera northwest of Red Muntain
Oeek and the intrusive stocks of the M. Sneffels and
Stony Mountain center. The mnes are devel oped from por -
tals in the vol canic rocks within the high glacial basins
of several creeks tributary to the main valleys and are
inter-connected by tunnels that penetrate the mountain
di vi de between the two counti es.

Structurally the veins of the area fall into three prin-
ci pal types though there al so are sonme ot her | ocal types.
The vein swarmis characterized by curving fractures that
converge at their northwest ends about the M. Sneffels
intrusion and at their southeast ends they term nate
against or interlace with the bounding faults and frac-
tures of the Silverton caldera. In point of originthe
ol dest fissures are those occupi ed by di kes, and they
general ly fol l ow curving courses. Sona di kes do not reach
the surface. A nunber of inportant veins such as the Smug-
gler Union and the Argentine and Montana vei ns of the Tom
boy group followthe walls of these dikes and formone of
the mai n productive classes. Sone of these veins in favor-
abl e pl aces have yiel ded a good grade of ore down into the
sedi nentary strata beneath the vol canic rocks. Another set
of vein fissures, sonewhat |later in originhave anore uni-
formy straight northwest course, at places cutting di ago-
nal ly across or termnating against the curved fissures
and di kes. These vein fissures commonly di p outward away
fromthe center of the fissure swarmat |ower angl es of
dip than the others; they are termed "flat veins," although
their dips are not generally | ess than 50 degrees. They
al so tend to steepen upward and flatten sonewhat in depth.
The flat vein of the Smuggler Union, the Bl ack Bear, the
Humbol dt, and possibly the Liberty Bell are representative
veins belonging to this class. They are believed to have
originated by tensions! rupture chiefly of the San Juan tuff,
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Quray County (continued)

and consequently may not be expected to yield much ore
bel ow t he base of this fornmation or of the Telluride con-
glomerate. Afewveins followthe walls of dikes that are
concentric to or which spiral outward fromthe vol canic
center. They strike northerly or northeasterly across
the other fissures and may be considered to forma third
class, but other than the Canp Bird which is a fault fis-
sure, the production fromthemhas been snall.

Unconpahgre District - The main part of the district and par-
ticularly the part containing the early Tertiary deposits
covers about 15 square miles inthe vicinity of the town
of CQuray.

The commerci al devel opment of the mining district has been
controlled to a very large extent by the physical features
of Unconpahgre canyon, which cuts through the heart of the
mneralized area. This canyon and its tributaries are carved
ethrough t he vol canic rocks deeply into the ore-bearing sedi-
mentary formati ons, thus exposing the ores and their assoc-
iated structural features which woul d ot herwi se have been
effectively conceal ed. As the rocks through a vertical range
of nearly 6,000 feet are thus exposed within an area only a
fewm | es across, many structural features of San Juan geol ogy
spanning the period fromthe pre-Canbrian to late Tertiary are
strikingly revealed. At the canyon bottom cross-cutting in-
trusive bodi es and di kes penetrate the Carboniferous sedi -
mentary rocks and 2,000 feet above spread out in |accoliths
and sheets at the base of the Mancos shale. The mneralizing
sol utions rose beneath the | accolithic done along the cross-
cutting dikes or along fissures and then spread | ateral ly
al ong favorabl e open or porous sedinmentary beds or al ong
fissures where these cut rocks that were readily susceptible
to fracturing.

The maj or gol d production was yielded by pyritic deposits in
the Dakota quartzite, the beds of which originally were sand-
stone and have been altered to quartzite for several mles
about the center. These deposits, with or without tellurides
of gold and silver, are inthe formboth of veins al ong dike
wal I s and fissures and of repl acenent deposits and open chan-
nel fillings that follow certain zones al ong t he beddi ng of
the quartzite. The silver-lead production has come chiefly
fromveins and beddi ng deposits in rocks ranging fromthe
base of the Dolores formation to the top of the Dakota quartz-
ite.
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Quray County (continued)
Properties:

The average annual production of metals as reported by the
U S. Bureau of M nes, for the period 1953 - 1963 was $1, 351, 433.

The val ue of this production is divided anong the five principal
metal s as fol | ows:

&l d $ 132, 500.
Si |l ver 133, 991.
Copper 274, 265.
Lead 354, 931.
Zinc 455, 746.

During the period 1954 - 1963, the Col orado Bureau of M nes
reported that 34 properties had been in operation, of which
14 properties were in operation during 1903.

Qutl ook: By Col orado Bureau of M nes

Quray County's three major nmineral districts are capable of
producing | arge quantities of base as well as precious netals.
Devel opnent and producti on of known reserves depends entirely
on profitable disposition of these reserves which woul d be
assisted by a | ocal and conveni ent means of ore purchase and
treat ment -
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Saguache County

Location and Description
Saguache County lies at the extreme eastern border of Area 4.
The county seat is located at the city of Saguache.

There are 7 mining districts in the county: Bl ake, Cochetopa
Creek, Orestone, Oystal HIl, Enbargo O eek, Kerber O eek
(Bonanza), and Musi c.

Bl ake District - Township 45 N, Range U E, NWPM with

Al titude 9, 000-11, 000 feet.

Cochetopa CGreek - Township 48 N, Range 2 E, NWWM with
Altitude 8,250 - 8,750 feet.

Oestone Dstrict - Township 43 N, Range 12 E, NWPM with
Altitude 7,500 - 8,000 feet.

Ovystal Hill - Township 42 N, Range 6 E;, NVPM with
Al titude 8,000 - 8,300 feet.

Enbargo Oreek - Township 41 N, Range 4 E, NWPM with
Altitude 8,500 - 9,000 feet

Kerber Oreek - Townships 46 & 47 N, Range 8 E, NWWM with
Al titude 9,500 - 10, 000 feet.

Misic District - Township 41 N, Ranges 6 & 7 W NWM wth
Altitude 9,300 - 13,000 feet.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")
Bl ake District - Scattered occurences of gold mneralizations.

Cochetopa Creek District - -”ail scattered veins in pre-Canbrian
granite and schist, contain prinarily gold.

Crestone District - Scattered occurences of gold mineralization
in the band of pre-Canbrian rocks on the western side of
the Sangre de Oisto Range.

Crystal H Il District - Is a local brecciated area, possibly in
the formof a chimmey or pipe with snall quantities of free
gol d. Considerabl e devel opnent has been done but only a
m nor production is reported.

Enbargo Creek District - It is reported that prospects show gold,
with silver, |ead and copper, presumably inveins. No pro-
duction reported in recent years.

Kerber Creek (Bonanza) District - Al of the known netallic ore
deposits are veins formed either along fault fissures boundi ng
the bl ocks or in subsidiary tension fissures formed in the walls
of large faults. The extrene fracturing of the rocks in the
district created conditions that were not favorable to the form
ation of |long continuous veins, and many ore shoots end agai nst
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Saguache County (continued)

cross faults which may or nay not be appreciably mner-
alized. Small production may be expected fromthe district
for many years, and possibly other ore shoots as productive
as the Raw ey may be found eventually.

Miusic District - Simlar to Crestone Area.

Properties:

The average annual production of metals as reported by the
U S. Bureau of Mnes, for the period 1953 - 1963 was $24, 993.

The val ue of this production is divided anong the five principal
metal s as fol |l ows:

Col d $ 652.
Silver 3, 117.
Copper 2,169.
Lead 13, 047.
Zinc 6, 008.

During the period 1954 - 1963, the Col orado Bureau of M nes
reported that 20 properties had been in operation, of which
2 properties were in operation during 1963.

Qutl ook: By Col orado Bureau of M nes

Saguache County's forner heavy production fromthe Ral ei gh
area and exi sting possible ore reserves makes this county
a |likely heavy producer of conplex ores if and when m neral
prices and ore outlets are a reality.
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San Juan County

Locati on and Descri ption
San Juan County has the smallest |and area of the counties in
Area 4. It lies south of Quray County and north of La Plata
County and is bisected by U. S. highway 550. The county seat
is located inthe principal city, Silverton.

There are four mining districts in the county: Animas, Bear
O eek, Eureka and | ce Lake Basi n.

Animas District - is located in Township 41 N, Ranges
6 &7 W NWM and covers both sides of the Ani nas
Ri ver vall ey i mredi ately northeast of Silverton.
Silverton on U S. 550 is 52 niles north of Durango
and 34 mles south of Quray. Many of the m nes and
prospects may be 500 to 2,000 feet above the valley
on steep slopes that are difficult to reach. The
altitude is 9,300 to 13,000 feet.

Bear Creek District - is located in Township 40 N, Range
6 W NVWM on the continental divide at the head of
Vallecity Creek. The area is in a very rugged part
of the San Juan Mountains, 19 mles east of Silver-
ton, nostly by trail and 50 m|es west of Creede.
The altitude is from11, 000 to 13, 000 feet.

Eureka District - is located in Towmship 42 N, Ranges
6 &7 W NWM and joins the Aninas District on the
northeast. The town Eureka is on the Aninmas R ver
10 mles northeast of Silverton. The altitude is
from9,800 to 13,000 feet.

Ice Lake Basin District - is located in Township 41 N,
Ranges 8 & 9 W NWPM in a very rugged nount ai hous
area at the head of South Fork of Mneral O eek
about 7 miles west of Silverton. A poor road fol -
Il ows South Fork to the ghost town of Bandora, but
the trail fromthe valley up to Lake Basin is steep.
Not only is access to the Basin difficult but the
area itself is hard to prospect. Atitude is from
11,500 to 12,500 feet.

Ore Deposits: (Abstracted from "M neral Resources of Col orado")
Aninmas District - The mneralized area south and sout heast of
Silverton is confined roughly to a belt several mniles
wi de along the southern rimof the Silverton caldera. The
nmost productive veins of this area are approxi mately radi al
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San Juan County (continued)

to the southern rimof the caldera or are in fractures

The veins

that diverge fromthe radial veins. Another set of
fractures trending nore or | ess concentric to the cal -
dera intersect the radial systemat high angles. These
are coomonly filled with dike material and in places are
m neral i zed.

on Sultan Mountain, inmediately to the south-

west of Silverton, are within alarge stock of quartz
nmonzonite. The main product of these veins has been
silver derived fromgal ena and gray copper. The sulfide
mnerals occur in a gangue of quartz, siderite and barite.
Hubnerite is also present in snall quantities. ld -
bearing pyrite and chal copyrite in quartz are locally found
as bands within the | ead-silver veins or in separate frac-
tures. The veins of Sultan Mountain are simlar intheir
mneral ogy to the east-west systemof veins in (hir Val -
ley a fewniles to the northwest.

Bear Creek District - Narrow white quartz fissure veins with

gold and silver telluride (probably petzite) and m nor
quantities of other sulfides occur in faulted, closely-
fol ded pre-Canbrian schist, slate and quartzite. San
Juan andesite tuffs and fl ows rest upon and partly cover
a very irregul ar eroded surface of the pre-Canbrian rocks.
The vol cani ¢ rocks have undergone very little noticeabl e
change since their deposition.

Eureka District - The mnes of the Cenent Creek areas lie within

the borders of the Silverton caldera in the Eureka D strict
a fewmles north and northwest of the town of Silverton.
Two kinds of metalliferous deposits are found in this area;
the first are true veins, the second are chimey deposits
wi thin vol cani ¢ pipes or wthin bodies of highly altered
rocks. Some evidence is avail able to show gradations be-
tween the vein deposits and the nmore or | ess pocket-like
masses of ore allied to vol canic pipes.

The vein deposits are represented by two nore or less dis-

tinct mneralogic types. To the first type belong the
quartz-pyrite-gold vei ns such as worked by the Gold King

m ne. These veins al so coomonly contai n bunches of gal ena
and other base netal sulfides. They are conposed character-
istically of white quartz with considerable pyrite. Locally
free gold is visible inthe quartz, but in nuch of the | ower-
grade ore it is not seen. Massive pyrite nearly free from
quartz characterizes parts of some veins.
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San Juan County (continued)

Chi mey deposits simlar to those of the Red Muntain
Dstrict are found in the area i medi ately northwest of
Silverton on the ridge between M neral and Cenent O eeks
known as Anvil Muntain. Typical of the deposits is the
ore occurrence at the Zuni mne which formed a pipe-like
mass 60 feet long and 15 feet wide at the surface con-
sisting chiefly of nassive anglesite (sulfate of | ead).
Un- oxi di zed guitermanite (lead-arsenic sulfide) and zunyite
lay belowthe sulfate ore, and in depth enargite, pyrite,
kaolin mnerals, and alittle barite were found. There
was considerable silver inthe enargite ore, and the pyritic
ore carried a little gold. Qher isolated and small ore
bodi es of this kind have been mined in this area, and
probabl y many undi scovered ones renain in the | arge area
of altered rocks on the nountain.

Ice Lake Basin District - No data avail abl e.

Properties:
The average annual production of metals as reported by the
U S. Bureau of Mnes, for the period 1953 - 1963 was $474, 753.

The val ue of this production is divided anong the five principal
metal s as fol | ows:

Gl d $ 35, 843.
Si | ver 48, 152.
Copper 48, 071.
Lead 183, 324.
Zinc 159, 363.

During the period 1954 - 1963, the Col orado Bureau of M nes
reported that 6l properties had been in operation, of which
12 properties were in operation during 1963.

Qutl ook: By Col orado Bureau of M nes

San Juan County mineral reserves have been known over a period
of many years. Production capabilities fromthe nmany m nes,
sonme proven, sone devel oped, are as large as any county in the
State. Favorabl e marketing conditions capable of counteracting
hi gh transportation costs and reasonabl e nineral prices woul d
again place this county among the first in production of base
and precious netal s.
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San M guel County

Locati on and Description
San M guel County is located at the northwestern corner of
Area 4, its western boundary is cotermnous wth the Col orado-
W ah border. The county seat is |ocated at Telluride.

There are five nmining districts in the county: KLondyke, Lower
San M guel , Mount W1 son, Ophir, Upper San M guel .

KLondyke District - is located in Township 43 N, Range 16 W
NVPM at the head of GypsumVall ey north of Cedar on
State H ghway |1 61, and a fewmles south of State
H ghway 80. The altitude is from6,000 to 6,500 feet.

Lower San M guel District - is located in Township 43 N,
Ranges 10 & 11 W NWM in the valley of the San
Mguel River. The altitude is from?7,300 to 8,500
feet.

Mount W/ son District - is located in Township 42 N,
Range 10 W NWM on the slopes of Munt WI son and
W son Peak. The mneralized area | i es between 12, 000
and 13,000 feet of altitude - some 4,000 to 5,000 feet
above the nearby town of Newrmire. Access is difficult
and m ni ng costs hi gh.

Ophir District - is located in Townships 41 & 42 N, Range 9 W
NVPM on Howard Fork, a tributary of the San M guel
River. The district extends fromAmes (on State H ghway
145 - 9 niles southwest of Telluride) east for 6 mles
to lron Springs. The road along the valleyis fairly
good but the adjoining slopes are very steep and dif -
ficult for either prospecting or mning. The altitude
is from9,000 to 11, 000 feet.

Upper San M guel District - is located in Township 42 N,
Ranges 8 & 9 W NWPM near Telluride, at the end of
State H ghway 108 in the valley of the San M guel R ver.
The mnes are 2 to 6 mles east and southeast of Telluride
and 1,000 to 3,000 feet above the valley. Access to the
mnes is difficult, but the higher costs are nore than
of fset by the rich ore.

O e Deposits: (Abstracted from' M neral Resources of Col orado")

KLondyke District - The general area is best known for the vanadi um
that occurs in the Morrison formation. Copper mneral s occur
intermttently along faults that traverse the area, and native
copper repl acing |imestone has been observed at several places.
Rel atively little prospecting has been done. 1In 1939 a trial
shipment of 5 tons yielded 68 ounces of silver and 1,700 pounds
of copper. No other production is recorded.
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San M guel County (continued)

Lower San Mguel District - The Sawpit mneralization is found
along an 8 foot bed of linestone. Chief values are silver
and lead with gold. The ore is highly oxidized so that
the original character of the nineralization is obscured,
but the deposits are unlike those that characterize the
Telluride District to the west.

Mount Wl son District - In this area the equival ent of the
Tel luride conglonerate is a series of sandstone and shal e
beds about 1,000 feet thick resting upon Cretaceous shal es.
The San Juan tuff and over-lying Silverton vol canic series
are exposed on the higher grades. The nain mass of the
mount ai ns, however, is conposed of a |l arge igneous stock
whi ch varies in conmposition fromdiorite to nonzonite. All
the mnes of the area are within the stock or in the sedi-
mentary rocks near by.

The main vein systems strike west and sout hwest, and are
slightly offset by thin barren veins striking north. The
nmore productive veins are quartz-filled fissures containing
pyrite, chalcopyrite and arsenopyrite with | esser anounts of
gal ena, sphalerite, tetrahedrite, stibnite, and calcite. The
pay streaks within the veins, though generally narrow, carry
high values in gold. Inveins inthe fine-grained facies of
the diorite, chalcopyrite and gal ena commonly indicate high
values of gold, and in those in coarser—grained parts of
the intrusion the gold is thought to be associated with ar-
senopyrite. Inthe eastern part of the area near Bilk Oeek
the veins contain considerabl e gal ena and sphal erite.

Difficulty of access to this very rugged group of nountains
has done nuch to discourage mning on all but the nmost prom
inent veins. Except for the fewlarge explorations in the
vicinity of the Silver Pick Mne, the mneralized area still
remai ns one of undeternined val ue.

Ophir District - The Ophir Mning District centers in Ophir Valley
on the Howard Fork of the San M guel R ver about 6 niles south
of the town of Tell uride.

The geol ogy of Ophir Valley is simlar to that of the valley
at Telluride. Paleozoic and Mesozoi c sedimentary rocks are
exposed in the bottom of the mai n westward-draining vall ey
and are successively overlain, on the higher slopes, by the
Tel luride conglonerate, San Juan tuff, and vol canic formations
of the Silverton volcanic series. The thorough alteration
precl udes the close correlation of these rocks with their
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San M guel County (continued)

unnet anor phosed equi val ents in the Telluride Valley, and
formations of Triassic to Cretaceous age may al so be in-
cluded in the rocks beneath the Telluride congl orerate.

The main system of veins extends along the sides of the
val | ey westward through the intrusions at the mouth of
the valley and on toward the M. WIson stock. In general,
this systemof overlapping veins trends westward, and the
individual veins dip steeply into the north and south sides
of the valley. The principal values of these veins are in
gold, silver and lead. Pyrite, galena, sphalerite, chal-
copyrite, and gray copper are the nore comon sul fide m ner-
als. Hematite and magnetite are not uncommon. The gangue
material of these veins is largely quartz with considerable
amounts of calcite, manganiferous iron carbonate, and barite.
Lesser anounts of fluorite and anhydrite have been noted in

some veins. The vein matter forms a typical fissure filling
with well defined walls although along strongly shattered
parts of the fissures the vein fillings show braided or

"linked" structure.
In addition to the prom nent vein systemjust described,

there is a conplex network of fissures and altered zones
high on the north side of Ophir Valley which trend north
and northeast and differ considerably fromthe westerly
systemin structure and mneral ogy. These veins are seans
of quartz and pyrite carrying free gold and some silver.
Gol d val ues extend out into the altered and pyrite-inpreg-
nated country rock.

Upper San Mguel District - See Sneffels District, Quray County.

Properties:

The average annual production of metals as reported by the
U S. Bureau of Mnes, for the period 1953 - 1963 was $6, 347, 190.

The value of this production is divided among the five principal
metal s as fol |l ows:

&l d $ 766, 742.
Si | ver 544, 619.
Copper 1, 335, 395.
Lead 1,677,517.
Zinc 2,012,917.

During the period 1954 - 1963, the Col orado Bureau of M nes
reported that 43 properties had been in operation, of which
14 properties were in operation during 19&3.
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San M guel County (continued)
Qutl ook: By Col orado Bureau of M nes

Production of base and precious mnerals in San M guel County
has remai ned high due to the efficient operations of the |darado
M ni ng Conpany, coupled with outstanding devel oped ore reserves.
The potential production of this county can be estinated by the
fact that only a small portion of known deposits are bei ng worked.
Conveni ent ore purchasing facilities would greatly stimlate
further production.
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