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Distribution of Silver in Base-metal Ores*

By SamueL G. Lasky,t Socorro, New MEXIco
(New York Meeting, February, 1935)

TuE writer has been interested in determining the mineralogic dis-
tribution of silver in the base-metal ore of the Ground Hog mine of the
Asarco Mining Co. in the Central mining district of New Mexico.? This
ore consists of a varitextured mixture of sphalerite, chalcopyrite, galena
and pyrite in a quartz gangue. The average ore contains 14 per cent of
zine, 9.5 per cent of lead, 5 per cent of copper, and 10 oz. of silver per ton.
Generally it is accepted that the silver in ores of this type, in which no
definite silver minerals can be recognized, is contained in the base-metal
minerals. Published assays of pure mineral specimens from many dis-
tricts show that each of the base-metal minerals contributes in some
degree to the total silver content of the ores, and to determine the pro-
portionate amount contributed by each mineral in any specific ore it has
been the practice to assay selected specimens of each mineral, the purity
of which has been determined microscop:cally. There being no such
assays available for the Ground Hog ore, and it being impract cable to
have enough of them made to give average results, the writer resorted to a
mathematical attack upon composite assays of large quantities of ore and
concentrates. Surprising results were obtained, and it is the threefold
purpose of this paper to present these results, to describe the mathe-
matical method used, and to point out the value of using this method even
when assays of pure specimens are available.

VALUE OF THE MATHEMATICAL METHOD

The obvious way of attacking the problem would be to separate cleanly
large quantities of ore into its component minerals and then to determine
the average silver content of each mineral by assay of representative
samples. Since an absolutely clean separation is not feasible, it has been
the practice, as mentioned above, to assay pure specimens of the different
minerals. No one will contend seriously that the silver content of a base-
metal mineral is constant throughout any particular deposit, and it will

Manuscript received at the office of the Institute Feb. 9, 1934.
* Published by permission of the Directors of the U.S. Geological Survey and of
the New Mexico Bureau of Mines and Mineral Resources.
1 U. 8. Geological Survey.
1§, G. Lasky: Geology and Ore Deposits of the Bayard Area of the Central Mining
District, New Mexico: U.S. Geol. Survey Bull. in preparation.
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SAMUEL G. LASKY 5
Pbz + Cuy = Ag [1]

where Pb = assay percentage of lead,
Cu = assay percentage of copper,
Ag = ounces of silver per ton,
z = ounces of silver contributed by each per cent of lead,
y = ounces of silver contributed by each per cent of copper.
By inserting the assay values for two ore products, two equations are
obtained that can be solved simultaneously. Or, if desired, the equations
may be graphed and the values of 2 and y read from the intersection; if
the assays used are from two such widely separated kinds of material as
lead and copper concentrates, the curves will intersect at an angle large
enough so that the intersection values will be reliable.

A consideration of assays of the zinc concentrate derived from Ground
Hog ore and of the associated tailing, which contains most of the pyrite,
indicates that the silver content of the sphalerite and pyrite in this ore is
negligible, and that for purposes of calculation all silver may be assumed
associated with the galena and chalcopyrite. By inserting in equation 1
assay values of lead and copper concentrates for a particular 9-month
period, equations 2 and 3 respectively are formed. These concentrates
represent 31,000 tons of ore containing 8.04 per cent of lead, 5.13 per cent
of copper, 14.07 per cent of zine, and 9.65 oz. of silver per ton.

37.0x + 12.2y
7.6x + 24.3y

41.2 (2]
12.9 (3]

Il

Fig. 1 is the graphic solution of equations 2 and 3, from which it is
seen that z equals 1.05 oz. of silver for each per cent of lead (90.9 oz. per
ton of galena) and that y equals 0.20 oz. for each per cent of copper
(6.9 oz. per ton of chalcopyrite). If it appears that the sphalerite is
contributing an appreciable amount of silver, equation 1 may be ampli-
fied to read

Pbz + Cuy + Znz = Ag (4]

and by using also the assays of the zinc concentrate, three equations can
be obtained similar to equations 2 and 3 from which the three unknowns
can be determined readily. TFor the Ground Hog concentrates these
three equations for the same period covered by equations 2 and 3 are as
follows:

Il

37.0z + 12.2y + 9.1z = 41.2 (lead concentrate)
7.6x + 243y + 8.7z = 12.9 (copper concentrate) [5]
2.2¢ + 1.8y + 56.92 = 3.9 (zinc concentrate)

II

By solving these equations simultaneously the following results are
obtained:
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’

SoLuTION BY UsE oF CRUDE-ORE ASSAYS

Strictly speaking, the ratios given above indicate only the mineral
association of silver in the concentrates. By inference, it would be
assumed ordinarily that these ratios describe also the mineralogic dis-
tribution of silver in the crude ore, but this can and should be inde-
pendently computed from periodic composite assays of the ore mined.
Monthly composite assays are always at hand, and if such assays for
half a year or more are used in the computations, the tonnage of ore
represented is large enough to permit reliance upon the results obtained.

An equation similar to equation 4 or to equation 6 may be set up for
each month, thus giving six or more equations in three or four unknowns.
Whenever there are more independent equations than unknowns in a
system, it is not possible to find values for the unknowns that will satisfy
precisely all the equations, and the problem then becomes one of finding
values that give the best solution for the system as a whole. This can
be done by the method of least squares, in which each equation con-
tributes to the solution. Several steps are involved but they are simple
and one need know nothing about the theory behind the method.?

1. The unknowns in each equation must be written in the same order;
i. e., z first, y second, ete.

TasLe 1.—Monthly Composite Assays of Crude Ore from the Ground Hog

Mine
Lead, Per Copper, Per Zinc, Per Silver, Oz.
Cent ent Cent per Ton
ey RO 2 S e 9.49 5.48 12.39 9.77
AR e o e o < P i A LR A 10.45 5.39 13.08 10.75
ATT IS G S e s 7.47 5.19 13.77 8.53
2] TR 700 312} Byt ot e P 7.47 5.70 12.76 10.25
(B N0 0TI oy 1 S B o o s 8.13 5.36 16.80 10.17
November.................... 9.65 4.80 13.42 9.99
December.. .. ..... ... .. . 8.53 4.93 13.09 9.82
Jan—Feb., 1933. ... .. 8.58 4.56 14 .67 9.63
Average..... ... 8.58 5.12 13.93 9.85

2. Multiply each equation by the coefficient of the first unknown in
that equation and add the resulting equations. The sum is known as
the First Normal Equation. -

28ee G. N. Bauer: Mathematics Preparatory to Statistics and Finance. New
York, 1929. Macmillan.
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These ratios should approximate closely those obtained from the con-
centrate assays and should differ from them only to the slight extent that
the least square solution varies from a precise solution. But in reality
the two sets of ratios differ considerably, and we are confronted with the
anomaly that the galena in the crude ore is only slightly richer in silver
than the chalcopyrite and only four times as rich as the sphalerite, whereas
in concentrates derived from that ore the galena seems to be 13 times as
rich as the chalcopyrite and 60 times as rich as the sphalerite. Further-
more, according to the erude-ore ratios, the galena contributes only 35
per cent of the silver, the chalcopyrite 47 per cent, and the sphalerite
18 per cent, whereas according to the concentrate ratios the galena should
contribute 86 per cent, the chalcopyrite only 11 per cent, and the sphaler-
ite only 3 per cent. Obviously, the original premise that all the silver in
this ore is contributed by the base-metal minerals is wrong, and the crude
ore must contain a silver mineral (or minerals) that is associated with
chalcopyrite and sphalerite but that is floated with galena during concen-
tration. As indicated by a microscopic examination of the ore, whatever
silver minerals are present are submicroscopic in size, and they are evi-
dently supergene minerals, for it is highly improbable that hypogene
particles of such size can be liberated by crushing in an amount large
enough to permit a notable change in the mineral association of the silver
during concentration. The galena contains the usual minute dots of
another mineral, which by analogy with the experimental results obtained
by Nissen and Hoyt? is believed by some geologists to be a silver mineral,
but these dots are much too small to be liberated in any appreciable
amount even by the finest grinding used in milling operations. In the
freshest Ground Hog ore mined to date, however, much of the chal-
copyrite and sphalerite has a thin black chaleocitic tarnish or coating.
This coating, and the sphalerite itself, would be ideal precipitants of super-
gene silver; the tarnished and coated surfaces would be ground together
during the several stages of crushing and grinding of the ore preparatory
to the flotation treatment, and the particles of supergene silver minerals
in the coatings would tend to be rubbed loose. Once loose, they would
come under the influence of the flotation reagents and would be driven
into one of the base-metal concentrates, the particular concentrate being
determined by the details of the flotation treatment.

If this explanation is valid, the implications are important. Obvi-
ously neither set of calculated ratios indicates by itsell true conditions in
untarnished ore. The silver-lead ratio calculated for the crude ore may
be accepted for untarnished ore, however, because the supergene silver
is associated with chalcopyrite and sphalerite; likewise the silver-copper
and silver-zine ratios as determined for the concentrates may be con-

5 A. B. Nissen and S. L. Hoyt: On the Occurrence of Silver in Argentiferous
Galena Ores. Econ. Geol. (1915) 10, 172-179.
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The quantitative determination of these features is not practicable in
any other way.

At the Ground Hog mine, half of the average silver content of the
ore mined during a particular 9-month period was contributed by sub-
microscopic supergene silver minerals two-thirds of which was associ-
ated with chalcopyrite and one-third with sphalerite, only a third of the
total silver being contributed by galena; during concentration of the ore,
however, the supergene silver minerals largely were driven into the lead
concentrate, the practical result being that this concentrate contains
over four-fifths of the silver in the mill heads.
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Santa Fe Mining Inc.
INTERNAL CORRESPONDENCE

TO R. G. Marvin DATE March 25, 1983

FROM Wm. H. Crutchfield, Jr. SUBJECT 76,0360-1IT
Chloride Project
which (ncludes
Subject: The Chloride Project <meiuding the Minnesota-Connor
Group and adjacent patented and unpatented lode claims
the Chloride District, Mohave County, Arizonas

{oN9
My.interest in the above distric%dﬁﬁu y increased in
mid-1982 through Mr. C. G. Patterson‘ff prominent and successful

Mohave County mining man whom I've kndwn for over 25 years.
breviovsly Vadisclose]
Q% At that time he gave me his hexetefore=proprietary file con-
sisting of various reports and assay data o eeee. dating from 1902
through 1949 on the Minnesota-Connor Group consisting of one
patented and seven unpatented claims located in the central part
of the Chloride District. Mr. Patterson was then in the process
of purchasing these claims from the estate of the last operator -
a Russell Lord. 1In the past month Mr. Patterson has obtained the
deed to these claims and is agreeable to giving Santa Fe Mining a
first opportunity to negotiate within a reasonable time frame.

Based on two inspections of the claims and, in anticipation
of Mr. PattersQn's pending ownership, I 1nstructed’E§$%9$aB$93"ﬂﬁhﬂ
Research Associates several months ago to undertaké&’a’reconnaissance
emphasizingApapping of vein strugtures in relation €b known_orx
assumed claim boundaries. Attached is the map result of this effort

with claim ownership outlined.

Also attached for background is Exploration Research Associates
December 13, 1982 report sustaining my opinion that the district
has "excellent potential for economic mineralization".

Reportedly no significant drilling has been done within the
Minnesota-Connor Group. It should be noted that the deepest mining
therein was from the steel-set 724-foot Pluto shaft cerca 1917-1918.
Apart from this depth (in sulfide ore) most of the past mining,
ending ecedea 1944, worked only shallow high grade silver-gold-lead
supergene mineralization. The sulfigde pineralization below the
water table (approx. lOO—feet)\_h_“,s;e S ested. The oxide-
sulfide interface and the sulfide zone beloW will therefore be the
primary objective of ::t.proposed drilling program outlined below.

¢ v

A prime drill target# (see attached map) is the Manzanita-
Uncle Able mineralized zone some 2600-feet in length. In 1944 the
Uncle Abe,from limited drifting in sulfides from a 125-foot shaft,
reportedly made shipments assaying 8-9 percent lead, 10 oz. silver,

&




R. G. Marvin
March 25, 1983
Page Two.

/£ dSfn
0.09 oz. gold, and 0.40 percent copper. /‘gﬂ/ J- P el f7‘/
gaibbos

Another primary target derived from the recent mapping by
John Childs and Larry Bradfish of Exploration Research is an
interesting intersection of untested NE-SW veins with the known
NW-SE Pluto and Minnesota veins within the Connor North Extension
claim. A 1923 report by a Kingman mining engineer, included i-:r“"%
the Patterson data, states for the district "---- I have generally
found the ore shoots to uniformly dip 4==sae—wges~ at rather flat
aplgles to the north and to be materially influenced by crossing or
intersecting veins and dikes ----=-"

A third target, initial budget permitting, would be the

Jupiter mine area within Mr. Patterson's Times Square claims., Here
Childs and Bradfish mapped several parallel veins within a zone width
of approximatley 200-feet,. See # ‘ m/,)

Primary targets apgrt from Patterson ownership include the
patented Altatg, Cinco Mayo, Silver Age, Silver Knight, and
possibly the Johnny Bull end on with the past important producer
(1600 foot depth) Tennessee Mine.

. N, . 1£;;faa4/

Assuming successful negotiations with Mr, Patterson or f'
#eetry before finalizationggshould the negotiation climate permit#,
a local mineral surveyor must be retained to locate all of the
Patterson claims including his adjacent Times Square group. These
must be adequately referenced to a bench mark net with elevations
in order to permit subsequent large scale photogrammetry, sub-
sequent geologic mapping and mine planning at a scale of 1l-inch -#v

s 100-feet, and very importantly, permit Sanfa Fe Mining to
file locations on existing open fractions between several existing
claims of importance. This survey could range from $5,000.00 to
$10,000.00

Drilling costé:of the above three primary targets are tentatively
estimated at: %’W:ﬁb&hﬂ

- -y S —

'(.Agfrgr‘ 1. Manzanita - Uncle Abe

10 core holes
2500 feet
2500 X $30.00 = $ 75,000.00

.rAtcféT'z' Minnesota North Ext.

6 core holes

5000 feet $150,000.00
3. Times Square - Jupiter Mine
Tﬂﬂéﬁ’l’. 4 core holes
1600 feet $ 48,000.00
s .00
—tova +273,000




In/ /tym

involved in interpretative aspects %f the progra including largs
scale mapping% q e
ARLBmS oS, /MisTreimforcement of the program is estimated to %

R. G. Marvin ‘)NC‘-E
March 25, 1983 Y 24
Page Three. ﬁﬂ"
Z
A

If results at Target l.prove up, negotiations for adjoining
patents Altatd, Cenco de Mayo, Silver Age, Silver Knight and
possibly Johnny Bull should be initiated. Of course there is
the likely possibility that our drilling activity will draw
attention to these adjoining patents and we may therefore be forced
into negotiations €or them prematurely. Acquisition cost of these
will be determined by the acquisition cost of the Patterson claims.

Minina engineer supervision cost beginning with claim locations,
establishment of bagelines and ' bench marks, plus the actual
drilling program is unknown at this writing. Our previous satis-
faction with Chapman, Wood and Griswold suggests receiving an
estimate from Lhem. et ComPAVY .

Before,and‘during the drilling, Exploration Research should be

1%

cost $15,000.00 A > %
7@/07;;', Saverable as Hhe /r.:,/dav JV&«CCSI )9. .ro"

Again, depending on ea.ﬁﬂi-g-resultsﬁ aerial photography of =,

the area of interest and’dreparation of a topographic map at a -
scale of 1 inch = 100 feet with a 5-foot contour interval should be Z,

made to facilitate detailed geologic mapping and subsequent mine‘qjasfus

{daﬁﬁgn. This should be accomplished for an estimated $7,500.00.

In summary, eWuisition and mining engineering
costs, the initial oride Project should s‘ﬂiﬁd to an estimated

$300,000.00. A‘/éé‘fejo/,q‘ a@Mown?

Respectfully submitted,

Wm. H. Crutchfield, Jr.

WHC: law

Attachments: 1) Expl. Research Minnesota-Connor
Dec. 13, 1982 Report
Jadvaay (S, (993 . .
2) Map showing approx. claim boundaries
and vein structures in the Chloride
Project area of interest. OhJMI‘SIuP (‘ﬂl'“( "'C«’“'(CJ.

3) Cetter 3G phlement ﬁ—@m

@ Aihed uq-akw-m, 1983
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CHLORIDE JoDite
Ls Introduction
(A) Properties are assigned priority for drilling within

(B)

15 February 1983

RECOMMENDATIONS FOR ADDITIONAL WORK
ON AND ADJACENT TO LANDS CONTROLLED BY
PATTERSON/LORD, CHLORIDE DISTRICT

three groupings as follows:

1) Lands controlled by Patterson/Lord

2) Lands recommended for acquisition other than
Patterson/Lord claims

3) Combined lands - 4(£<{n.ptL(2? e o il e

The following criteria have been used in assigning

properties priority:

1) Production history

2) Tenor of ore and analytical results

3) Strike length and width of vein and alteration

envelope




II.

(A)

(B)

(C)

(D)

(E)

(F)

(G)

(H)

(1)

Page 2
4) Structure
5) Accessibility
6) Tenor of ore versus depth

7) Land availability and strategic importance

Patterson-Lord Claims
Manzanita - Primary target
Uncle Abe - Primary target
Minnesota-Conner/Pluto - Secondary target /74
Hidden Treasure - Secondary target
Jupiter - Secondary target
Manzanita Extension - Secondary target

(19),28

Grant - Tertiary target

Motherlode - Tertiary target

Dorothy - Tertiary target
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III. Lands Recommended for Acquisition Other Than
Patterson/Lord Claims

(A) Silver Age - Primary target

(B) Altata - Primary target

(C) Johnny Bull - Primary target?
(D) Emerson/Hamlin - Secondary target - g
(E) Lone Jack - Secondary target

|
(F) Blackfoot Claims - Secondary target Dt o 2 tCilla fid {
|

IV. Combined Lands

(A) The following is a list in order of priority of all
drilling targets including lands controlled by
Patterson/Lord and lands recommended for acquisition.
Priority in this section does not take into account land
availability.

l. Primary Targets

a) Manzanita




2)

3)

Page 4

b) Uncle Abe

c) Silver Age

d) Altata

& '
e) Johnny Bull - Optional - S g
fre
Secondary Targets
a) Minnesota-Conner
b) Hidden Treasure Ad.ts
c) Jupiter = chL Sa. jled
b WREY 7 SR
d) Emerson >
e) Manzanita Extension (North)
f) Lone Jack/Blackfoot J%J-V f"/‘ Var AP

Tertiary Targets

a) Grant

b) Motherlode

c) Dorothy




V.

(A)

Page 5

Mineral Surveying

A registered mineral surveyor will be required prior to

preparation of a topographic map or completion of land

acquisition.

1) Objectives:

a) Reoccupy and survey existing claim corners.

b) Relocate claims for which corners cannot be found.

c) Establish aerial control points which as much as possible

\ees® should coincide with claim corners.

’2) Contractor Cost:

$5,000 to $12,000

(rough estimate)
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VI. Phase I Geologic Evaluation (Prior to preparation of
a topographic base map at 1" = 100"')

A f}ik;

1) Prepare and examine thin sections on approximately 12 key

rock types from the Chloride district

Geologists: 4 man-days $1,428.00
Direct Costs _120.00
$1,628.00

2) Examine some of the more important mines in the Chloride

district adjacent to properties already examined. This

work will include brief examination of the following area:

Payroll Midnight
Tennessee-Schuylkill Towne
New Tennessee Georgia
Geologists: 5 man-days $1,785.00
3) Examine structural setting of the ore shoots and veins on

the properties already examined in reconnaissance.

Attempt to establish structural criteria for predicting




4)

5)
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the occurrence and geometry of ore shoots.

Geologists: 8 man-days $2,856.00
Sampling
a) Collect assay samples from additional mine workings

and veins

o S ¢ e p ¢ — P
¢ eleme ts arsen

Crn ( C an %
b}

b) Collect E—speé samples from various rock types in and
adjacent to the area already examined
Geologists: 8 man-days $2,856.00

Assay samples

(30 at $17.10/sample) 513.00
E-spec samples 450,00
$3,819.00

As part of Items 1 to 4 above, efiﬁgigg_glgig_ggfners and

key points in workings and along veins should. be

Nl

identified for inclusion in the mineral survey and aerial
—_——

photography planned for the area of interest.




Other Direct Costs for Items 1 through 5 above:

Per diem 15 days at $40/day

Mileage LA/Kingman/LA

(670 miles at $0.20/mile)

Field vehicle mileage

(1050 miles at $0.35/mile)

TOTAL FOR TASK VI

$600.00

134.00

- 367.00

$1,101.00

$11,109.00
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VII. Preparation of Topographic Maps of the Area of

Interest
(A) A one-mile by two-mile area will be covered extending
roughly from the Johnny Bull Mine on the north to the
Pinkham Mine on the south and from the Towne Mine on the |
west to the Hidden Treasure (extension) Mine on the east.
(B) Tasks
1, Set up aerial control markers on all surveyed points
as requested by aerial survey firm and on surveyed or

critical points at existing workings.

3 Geologist man-days: $1,071.00
Materials: 200,00
$1,271.00

2 Aerial photography of the area of interest and

preparation of a topographic map at a scale of

1 inch = 100 feet with a 5-foot contour interval.

Data products will include reproducible inked maps,
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one set of 9x9-inch color aerial photographs and one

set of reproducible orthophotographs.

Contractor: Aerial survey firm

$3,500 to $10,000
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VIII. Phase II Geological Evaluation (After preparation of

a topographic base map at 1" = 100')
(A) Tasks

1) Remap the veins which have been proposed as primary
and secondary drilling targets with particular

attention to structural setting and geometry of

veins.
Geologists: 20 man-days $7,140.00
2) Prepare a geologic map of the area of interest in the

Chloride district at the scale of 1 inch = 100 feet
Geologists: 35 man-days $12,495.00
Direct Costs for Items 1 through 2 above:
Per diem 25 days at $40.00/day $1,000.00
Mileage: LA/Kingman/LA
(2 trips 1340 miles at $0.20/mile) 268.00

Field vehicle mileage

(1875 miles at $0.35/mile) 656.00
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Reproduction costs 800,00

TOTAL FOR TASK VIII $22,359,00




(A)

(B)

(C)

Phase I Drill Targets

Manzanita Mine

1) 3-4 drill sites

2) 7 drill holes

3) Drill intercepts range in depth from 75-175 feet down
dip from surface exposure of the vein

4) Total footage = 1405 feet

Uncle Abe Mine [2c

1) 3 drill sites

2) 6 drill holes

3) Drill intercepts range in depth from 70-200 feet down
dip from surface exposure of vein

4) Total footage = 887 feet

Silver Age Mine

1) 3 drill sites

- )
) (. 2%

2) 6 drill holes 2N s
(0 (7

\ @

3) Drill intercepts range in depth from 250-600 feet
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down dip from surface exposures of the vein
4) Total footage = 2,219 feet
(D) Altata Mine , g
1) 2 drill sites (Prete Bixes ore
2) 4 drill holes
3) Drill intercepts range in depth from 210-300 feet
down dip from surface exposures of the vein
4) Total footage = 1050 feet
(E) Johnny Bull (optional)
1) 3 drill sites
2) 6 drill holes
3) Drill intercepts range in depth from 600-900 feet «
below surface exposures of the vein

4) Total footage = 3607 feet




Drilling Program V/

Site Selection and Survey

Geologists: 8 man-days $2,852.00
Direct Costs 538,00
$3,390.00

Excavation and Drill Pad Preparation

Drilling

Geologists: 4 man-days $1,426.00
Bulldozer and other Direct Costs 3,004,00
$4,430.00
Core drilling: 5560 ft at $30/ft $166,800.00 -
Drilling support charges ;3;‘;£Aw e e h 5. 00
Geologists: 14 man-days 4,991.00
Diveet CosTS g5Y. oV

Assays (230 samples at $17.10/sample) 3,933.00

¢ Splitting and shipping samples 872.00

$180,025.00




(D) Data reduction and report preparation
Geologist: 84 man-days

Direct Costs

TOTAL FOR DRILLING PROGRAM (TASK X)

/5(;ena/ ig;fvé7

7 s V7

7 ase T
Tase Vi

P

Task LX

é;}”'Mf ;Z:;;L ety
‘-JZ;zwvy Afzﬁ/ i

$29,948.00

—900.00

$30,848.00

/

$218,694.00

/& 202
', (0F
& 27/

27 359

218 von




XI. BENEFICIATION STUDIES




