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AMERICAN SMELTING AND REFINING COMPANY
Tucsog Arizona

June 3, 1965

To: J. H. Courtright
From: S, I, Bowditch

Zine Statistical Study
Southwest United States

Introduction

In accordance with Mr. Pollock's request of May 6, I have made a statis-
tical study of zinc production from the Southwestern states of Arizona,
Colorado, New Mexico, Nevada and Utah, and from Mexico, since World War I.
Figures for production were taken from the yearly volumes of '"Minerals
Yearbook" (originally "Mineral Resources"), published by the United States
Bureau of Mines, and average prices from the Engineering and Mining Journal,
The results of this compilation are given in a series of tables and graphs
which are attached to.this report.

In the case of both the United States and Mexico, figures are given as
contained or "recoverable" metal, not as concentrates. To translate metal
figures into concentrate, a miltiplication by 2 would be a good first ap-
proximation, Southwestern zinc concentrates contain 50% to 60% total zinc,
but the U.S.B.M, figures are for '"recoverable'" metal, This term is not
defined, but is probably between 85% to 90% of total, so the factor of 2 I
suggest for converting metal to concentrates is probably as close as it is
necessary to come,

Conclusions

Mr, Pollock asked particularly if there was any trend evident, especially
in relation to price. With minor exceptions, Mexico shows a steady rise in
production which reflects only briefly changes in price, This probably is
caused, at least in part, by the inability of the mines to close down without
government permission, and the consequent cost of severance pay.

In the case of the Southwest, production has reflected changes in price,
but more faithfully in declining production with a fall in price than the
reverse, From the point of view of the Amarillo plant, it should be noted
that the peak production was in the late forties and early fifties. This in
turn reflects Arizona's peak, and most of the mines responsible for this
production are now exhausted, On the whole, I would expect an increase in
the ‘price of: zinc' to bring out a progressively smaller increase in production
from the area as time goes on. Only the discovery of a completely new district,
(or new mines in old districts) will change this picture.

However, the recent installation of a zinc circuit at Mission offers -
the possibility that other porphyry copper mines which have appreciable
limy sediments included in the ore zone may'also produce zinec, Among these
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are Pima and Anacondes Twin Buttes mine. Table V shows production from these
_and other sources that might be expected, in addition to present production,
if the price of zinc continues at its present level, and the operators decide

that zinc production is possible -and economic, The possible eventual net
addition of 55,000 tons of metal is impressive,

History

Accompanying this report is a table (TableI) showing the production of
recoverable zinc from each of the five states discussed from 1920 to 1964,
as well as their combined production, From this table I have constructed
two graphs (Figures 1 and 2), Figure 1 is a bar graph showing production by
states and for the region as a whole, with the yearly average price shown in
its proper relation above, Figure 2 is a line graph which shows more clearly
the annual fluctuation in each state.

These graphs clearly show the sharp drop in price following World War I
and the practically complete suspension in zinc production in 1921, Prices
improved slowly up to 1925, and held steady until 1929, During this period
production increased each year until 1925, and then held steady following
the price curve. The main production came from Utah, New Mexico, and
Colorado; Nevada production was small and Arizona negligible,

The onset of the Great Depression in 1930 caused a precipitous drop
in production, and by 1932 only New Mexico and Utah were active. In Utah,
where the zinc accompanies lead in the ores, the zine concentrates were
stockpiled, waiting for a better price, New Mexican production came chiefly
from the Pecos mine,

Prices recovered a little in 1933, and held steady until 1939, with a
short lived rise in 1937 which is reflected faithfully in the total production,
However, this results chiefly from increased output in Utah; 1937 was the
depression low point for New Mexico, partly because of a strike at the Pecos
mine, The Central District of New Mexico (Silver City--Santa Rita area)
became important during this period, and after Pecos closed in 1939 because
of exhaustion of ore reserves, Central became the principal zinc mining area
in New Mexico, : ‘

With the outbreak of World War II in 1939 a steady rise in price began
which continued with only one small drop (1949) until 1952, During the war
ceiling prices were in effect, but were also greatly modified by the Premium
Price Plan. Production rose even more steeply during the early years, and in
New Mexico, Colorado and Utah, peaked in 1943, and then fell off as the man-
power shortage became acute, The Premium Price Plan ceased in 1947, but the
rise in price offset this, Response to conditions after the war was varied
from state to state., With the exception of Arizona, each state hit a low
between 1945 and 1947, and then recovered., Arizona merely hesitated in its
steep upward climb, At that time, in Arizona, Bisbee was far in the lead,
followed by San Xavier, Johnson Camp, Mammoth-St, Anthony, and others,

|

Arizona peaked in 1949, and then, as Bisbee's reserves became exhausted,-
dropped off; rapidly, even though the Korean War forced price to a record high
of 18 cents in 1951, Nevada began its slide to extinction in 1951, Utah also
was unable to take full advantage of the Korean high, and dropped off during
this period., Only Colorado and New Mexico reflect this price peak.



The drop in price from 1951 to 1953 is faithfully reflected in production,
even to an exaggerated extent, Every state experienced sharp drops, and in
New Mexico all major mines were closed by October 1953, not to reopen until
1955, Nevada practically closed down, In Colorado, Kokomo had closed, and
Resurrection ceased production, All the small Colorado producers also closed.
In Arizona, San Xavier, the Magma Copper-Zinc area, and Mammoth-St. Anthony
all closed, primarily because the ore reserves were nearly exhausted, but .
also because the mines could not operate under the lower price,

The upturn in price from 1953 to 1956 also caused an increase in production
in all states, but the reversal in price in 1957 caused further shutdowns,
Combined Metals in Pioche finally gave up the ghost after a hard struggle,

‘and Nevada is now to all intents and purposes out of the picture., New Mexico
production fell almost to nothing by 1959, In Colorado the ASARCO--Resurrection
Joint Venture was shut down, and for the first time since the discovery of

the camp there was no production of any kind from Leadville,

From 1957 until last year the price of zinc was fairly steady, with only
one short rise (and then fall) in 1960, This sharp little price peak is not

r

reflected in the production. '

The recent rise.in pricde has brought on renewed activity, especially in
New Mexico, where ASARCO has reopened Ground Hog, Colorado production has
been rising since 1960, This increase has been chiefly due to the reopening
 of the Keystone mine, enlargement of the Camp Bird mill (now down, but due to
be reopened by Federal Resources) and the Standard Metals operation of the
Sunnyside mine and Shenandoah mill, In Arizona, Iron King is the only
important producer, and increased prices are not offsetting rising costs,

A comparison of possible interest is the relation of the Southwestern
production to total United States production., Table II and Figure 3 show
this. After World War I, Southwestern production dropped from about 7% to
less than 1%, and then rose to over 22% by 1931, High mining costs compared
to the Tri-State, caused the Southwestern percentage to drop to 15% by 1935,
and it remained at this level until after World War II began., The lack of
reserves in the Tri-State prevented this area from responding to the war
demand as could the Southwest, and the Southwestern production rose to 35%
of the total by 1949, About this time the Appalachian zinc field became of
importance, and with the price-cost squeeze of the early fifties the South-
western share dropped to 20%. The price increase in 1957 raised the figure
to 30%, but again the price-cost pincer dropped the Southwest share to 22%
by 1963, In 1964 the figure increased to 24%. This comparison illustrates
how much more sensitive to price are the high cost Southwestern producers
than the lower cost eastern zinc mines,

I am not sufficiently familiar with Mexico to make an analysis of that
country, but for what it may be worth, Table III and Figure 4 show total
Mexican production as reported by the U.S. Bureau of Mines. In general,
production has increased from practically nothing in 1921 to around 275,000
tons now, This increase has been remarkably regular. The big depression
low, a low ‘at the beginning of World War II, when the usual European markets
were cut off and the United States had not taken up the slack, and another
in 1946, due to a strike, are the major breaks in an otherwise remarkably
steady rise. As said earlier, in some respects this is due to the difficulty

of shutting down a money-losing operation, so production continued even when
the companies were suffering losses,



The Future

Other factors beside price enter into any forcast of future production,
Chief among these are the actual exhaustion of mines, and even districts, that
once were major producers, and, on the other hand, the development, or prospect
of development of new mines,

While in 1949 Arizona led the five states under review, with production
from Bisbee, Iron King, San Xavier, Mammoth-St. Anthony, Johnson Camp and
Trench-Flux, now the Iron King is the only major producer in the state, and
this mine is expected to reach its economic limit in the next two or three
years, Colorado has had a fairly even production, but Kokomo is finished,
and Gilman has no more than about ten years expected life. In Nevada, Pioche,
the only important district, dropped off rapidly after 1950, and was closed
completely by 1958, New Mexico has had tremendous fluctuations and shows
most clearly a dependence on price, Utah, like Colorado, has been reasonably -
steady, but its two principal producers, Bingham.~Lark and Park City, are
nearing the end of their history as major producers, Present exploration
of the lower limestones at Park City may bring about a revival, but it is too
early to say yet.

In spite of considerable exploration over the last twenty years, no
important new zinc deposits, or even extensions of old ones, have been found
in the area. The only completely new mine known to me is the Continental
Materials Mine in the Twin Buttes district in Arizona., This is a copper-
zinc limestone replacement mine with a reported reserve of 1,200,000 tons
of 7% zinc, 1.5% copper, and some silver and lead. A production of 500
tons of ore per day is planned, The owners. are inexperienced and the operation
may turn out to be unsuccessful, The ASARCO--Resurrection Joint Venture
at Leadville is an almost new property, with a known reserve of 700,000 tons
of 7.0% zinc along with some lead and silver, More ore must be developed
to justify a mill, but I believe the chances of doing so are excellent,
However, this will take several years.

A possible new source of zine is a by-product from several of the
so~called porphyry coppers which obtain a major portion of their ore from
sediments, Mission already has a zinc circuit in its new by-product plant.
The Imperial area of Silver Bell contains around 1% zinc in the sulphide
portion, but unfortunately it is too intimately mixed with the copper to be
economically recovered, It seems likely that Anaconda's new deposit at
Twin Buttes, which is geologically similar to Mission, also contains appreci-
able zine, and it is known that Pima has some zinc, Likewise, the tactites
now being developed at Chino (Santa Rita) should carry some zinc as should
the copper orebody near Hanover, New Mexico, being developed by U.S., Smelting
Company. However, I have been informed that Chino does not contain sufficient
zinc to consider its recovery. If all these deposits could recover zine,
the amount of recoverable metal should be important,

Of the new sources mentioned, Continental may produce 11,000 tons of
contained zine a year, ASARCO--Resurrection 16,000 tons, and Mission between
9,000 and 20,000 tons yearly, depending on the grade being mined, The grade -
is supposed to improve as mining continues west, but distribution of value
is very irregular, Anaconda's Twin Buttes prOJect might produce a like amount,
Pima has some zine in the -arkose and more in the deeper lying hormnfels, but
has made no real study of the occurrence or possibility of economic recovery.
A possible production similar to Mission can be guesstimated.
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Table V has been prepared to reflect the ideas expressed above, and
shows possible additional production which may come out in the next ten years,
over and above that shown in the 1964 figures. This should be considered as
only an informed guess, and is based in part on the anticipation that
Anaconda and Pima will eventually recover zinc from their copper ores in
the Twin Buttes district, The table also points up the probably loss of
Iron King in the next two or three years. The potential is impressive
(55,000 tons of zinc or 110,000 tons of concentrate by 1971), but too much
depends on decisions yet to be made to consider that there is a real firmness
in the figures.

To sum up, I would expect that an increase in price would be less and less
- reflected by an increase in production from the established producers, but to
offset this there is the possibility of production from Continental, ASARCO--
Resurrection Joint Venture, Pima and Twin Buttes,
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. Year Ariz
1920 729
1921 -
1922 105
1923 260
1924 -
1925 3,666
1926 6,473
1927 1,134
1928 639
1929 1,229
1930 815
1931 -
1932 -—
1933 6
1934 905
1935 3,337
1936 3,589
1937 5,026
1938 5,814
1939 6,711

1940 15,456
1941 16,493
1942 18,522
1943 19,677
1944 29,077
1945
1946 - 43,665
1947 54,644
1948 54,478
1949 70,658
1950
1951 52,999
1952 47,143
1953
1954
1955 22,684
1956 25,580
1957 33,905
1958 28,532
1959 37,325
1960 35,811
1961 29,585
- 1962 32,888

1963 25,419

1964* 25,450

*¥Preliminary

TABLE I

Zinc Production - Southwest

1920 - 1964
Recoverable Zinc - Short tons

Colorado Nevada New Mex. Utah Total
24,395 5,349 5,007 4,079 39,559
1,180 35 114 35 1,364
11,629 1,309 2,248 2,560 17,851
27,076 7,083 8,248 5,665 48,332
28,364 5,501 10,380 9,281 53,526
30,811 7,411 9,246 26,306 77,440
32,500 5,409 12,052 47,590 104,024
35,865 3,172 29,802 49,593 119,566
35,731 3,398 31,203 46,929 117,900
29,431 8,460 34,455 51,510 = 125,085
36,259 14,584 32,765 A4,495 128,918
16,187 10,431 27,866 37,291 91,775
109 127 25,593 29,666 55,495
1,285 6,387 30,924 29,745 68,347
772 13,940 26,522 28,198 70,337
1,202 15,536 22,126 31,307 73,508
1,172 13,477 20,668 36,192 75,098
4,247 14,236 03,927 48,001 95,437
4,553 8,944 28,236 33,658 81,205
1,830 6,228 29,356 34,526 78,651
5,060 11,833 30,313 43,788 106,450
15,722 15,129 37,862 42,049 127,255
32,215 10,197 46,461 45,543 . 152,938
L4, 004 13,647 59,524 46,896 183,801
39,955 20,699 50,727 38,994 179,452
35,773 21,457 40,295 33,630 171,381
36,147 22,649 36,103 28,292 166,856
38,745 16,970 4h,103 43,673 198,135
45,164 20,288 41,502 41,490 202,922
47,703 20,443 29,346 10,670 208,820
45,776 21,606 29,263 31,678 188,803
55,714 17,443 45,419 34,317 205,892
53,203 15,357 50,975 32,947 199,625
37:809 5:812 13,373 29:184 ' 113:708
35,150 1,035 6 34,031 91,683
35,350 2,670 15,277 43,556 119,537
40,246 7,488 35,010 42,374 150,698
47,000 5,292 32,680 40,846 159,230
37,132 91 9,034 44,982 119,771
35,388 217 4,636 35,223 112,789
31,278 420 13,770 35,476 116,755
Lo ,647 453 22,900 37,239 132,914
48,109 571 12,938 36,179 123,216
51,530 270 29,600 32,000 138,850



TABLE IT

Relation of Zinc Production in
Southwest to Total U. S. Production

Short Ton "Recoverable" Zinc

S. West Total %
States U. S. Total - SW
1920 39,559 586,384 6.75
1921 1,364 256 ,TL6 .53 -
1922 17,851 472,032 3.86
1923 48,332 610,690 7.90
1924 53,526 . 637,977 8.39
1925 77,440, 710,847 10.86
1926 104,024 774,563 13.43
1927 119,566 718,541 16.63
1928 117,900 695,170 16.96
1929 125,085 724,478 17.27
1930 128,918 595,425 21.65
1931 91,775 410,318 22.37
1932 55,495 285,002 19.47
1933 68,347 384,280 17.79
1934 70,337 438,726 16.03
1935 73,508 517,903 14.19
1936 75,098 575,574 13.05
1937 95,437 626,362 15.24
1938 81,205 - 516,703 15.72,
1939 78,651 583,807 13.47
1940 106,450 665,068 16.01
1941 127,255 749,125 16.99
1942 152,938 768,025 19.91
1943 183,801 74l ,196. 24,70
1944 179,452 718,642 24,97
1945 171,381 614,358 27.90
1946 166,856 574,833 29.03
1947 198,135 637,608 31.07
1948 202,922 629,977 - 32.21
1949 208,820 593,203 35.20
1950 188,803 623,375 30.29
1951 205,892 681,189 30.23
1952 199,625 666,001 29.97
1953 113,708 547,430 20.77
1954 91,683 h73,471 19.36
1955 119,537 514,671 23.23
1956 150,698 542,340 27.79
1957 159,230 531,735 29.95
1958 119,771 412,005 29.07
1959 112,789 425,303 26.52
1960 ' - 116,755 435,427 26.81
1961 1 132,914 46k ,390 28.62
1962 o 132,848 505,491 26.28
1963 | 123,216 529,254 23.28
1964# | 138,850 571,000 21,19

*¥Estimate /

j
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1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930

1931

1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944

1945

1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
. 1960
| 1961

1 1962

| 1963
-1 1964

TABLE IIT
Zinc Production in Mexico
(From U.S.B.M.)

Metric

Tons

f)
1,257
6,342
18,181
51,795
105,367
137,724
161,747
174,050
124,106
120,307
57,000

- 89,339
125,000

136,000
150,250
154,625
172,000
134,000
109,000

154,966 -

189,278

-197,199

219,309
209,940
139,535
195,814
179,029
178,402
223,530
180,064

227,375

226,541
223,571
269,403
248,891
243,030
224,108

263,939

262,429
268,977
250,687
241,100

Not Available

Short
Tons

1,386

6,991
20,768
27,182
57,094
116,146
151,813
178,294
191,855
136,802
132,614
62,831
98,478
136,685
149,913
165,620
170,443
189,596
147,708
120,151
170,819
208, 541
217,372
241,744
231,417
153,809
215,845
197,344
196,652
246,397

- 198,485

250,638
249,715
246,441
296,961
274,351
267,891
247,033
290,938
289,274
296,492
276,330
265,763



E&M) Annuaﬁ Average Meta

TABLE IV .

LEAD

| Prices—1899 to ?964,

SILVER MERCURY ALUMI-

——=COPPER~—= ZINC TIN
(a) Domestic Foreign Common PW (b) NUM
Year Refinery Refinery N. Y. E, St. Louis (c)N. Y. (e)N.Y. () N. Y. Ingot
1899....... 16.67 ... 4.470 5.750 25.12 59.580 43.63 32.72
1900....... 16.19 . ...... 4.370 4.390 29.90 61.330 51.00 32.72
1901....... 16.11 -~ ..., 4,330 4.070 16.74 58.950 47.00 33.00
1902....... 11,026  ...... 4.069 4,840 26.79 52.160 48,03 33.00
1903....... 13.235 ..., 4,237 5.191 28.09 53.570 41,32 33.00
1904....... 12.823 e 4,309 4.931 27.99 57.221 41,00 35.00
1905....... 15.590  ...... 4,707 5.730 31.358 60.352 38.50 35.00
1906....... 19.278  ...... 5.657 6.048 39.819 66.791 40.90 35.75
19067....... 20.00¢4  ...... 5.325 5.812 38.166"° 65.237 41.50 - 45.00
1908....... 13.208 ...... 4.200 4,578 29.465 52.864 44 84 28.70
1909....... 12.982  ...... 4,273 5.352 29,725 51,502 46.30 22.00
1910....... 12738 ...... 4.446 5.370 34.123 53.486 47.06 22.25
1911, ... .. 12.376  ...... 4.420 5.608 42.281 53.304 46.54 30.07
1912....... 16.341 ... . 4.471 6.799 46.096 60.835 42.46 '22.01
1913....... 15.260 ...... 4.370 5.504 44.252 59,791 39.54 23.64
1914, .. ..., 13.602 ... . 3.862 5.061 34.301(d) 54.811 48.31 18.63
1915....... 17.275 PR 4,673 13.054 38.590 49.684 87.01 33.98
1916....... 27.202 e 6.858 12.634 43.480 65.661 125.49 60.71
1917....... 27.180 ..., . 8.787 8.813 61.802 81.417 106.30 51.59
1918. .. 24.628 - e . 7.413 7.890 88.750 96.772 123.47 33.53
1919, ...... 18.691 cee s 5.759 © 6.988 63.328 111,122 92.15 32.14
1920...... . 17.436 7.957 7.671 48.273  100.900 81.12 32.72
1921....... 12,502 ..... . 4.545 ©4.655 29.916 62.654 45.46 21.11
1922....... 13.382  ...... 5.734 5.716 32.554 67.528 58.95 18.68
1023, ...... 14.421 ... 7.267 6.607 42.664 64.873  66.50 25.41
1924....... 13,024 ...... 8.097 6.344 50.176 66.781 69.76 27.03
1925....... 14,042 ..., 9.020 7.622 57.893 69.065 83.13 27.19
1926....... 13.795 ... 8.417 7.337 65.285 62.107 91.90 26.99
1927....... 12.920 ...... 6.755 6.242 64.353 56.370 118.16 25.40 .
1928....... 14.570  ...... 6.305 6.027 50.427 58.176 123,51 24 300
1929....... 18.107  ...... 6.833 6.512 45.155 52.993 122.15 24 .300 -
1930....... 12.982 Ceeeen 5.517 4,556 31.694 38.154 115.01 23.787
1931....... 8.116 reans 4,243 3.640 24 .467 28.700 87.35 23.300
1932....... 5.555 D iaes 3.180 2.876 22.017 27.892 57.93 23.300
1033..... . 7.025 6.713 3.860 4.020 | 39.110 34.727 59.23 23.300
1934....... 8.428 7.21 3.866 4.158 | 52.101 47.973 73.87 23.300
1935....... 8.649 7.538 4.065 4,328 50.420 64.273 71.99 20.000
1936....... 9.474 9,230 4.710 4,901 46.441 45.087 79.92 20.000
1937....... 13.167 13.018 6.009 6.519 54.337 44,883 90.18 19 917
1938 P 10.000 9.695 4.739 4.610 42.301 43,225 75.47 30.000
1939....... 10.965 10.727 5.053 5.110 50.323 39.082 103.94 10.000
1940....... 11,296 10.770 5.179 6.335 49 .827 34,773 176.86 18.691
1941...... . 11.797 10,901 5.793 7.474 52.018 . 34.783 185.02 16.500
1942....... 11,775 11.684 6.481 8.250 52.000 38.333 196.35 15.000
1943....... 11,775 11.700 6.500 8.250 52.000 44.750 195.21 15,000
1044..,... 11,775 11.700 6.500 8.250 52.000 44,750 118.36 15,000
1945,,..... 11.775 11,700 6.500 8.250 52.000 51.928 134.89 15.000
1946....... 13.820 14,791 8.109 8.726 54,544 80.151 98.24 15.000
1947, .., 20.958 21,624 14.673 10.500 77.949 71.820 83.74 - 15.000
1048...... . 22.038 22.348 18.043 13.589 99.250 74.361 76.49 15.733
1949, .. 19.202 19.421 15.364 12,144 99,336 71.930 79.46 17.000
1950, . . 21,235 21.549 13.296 13.866 95.539 74.169 81.26 17.713
1951....... 24.200 26.258 17.500 18.000 127.077 89.368 . 210.13 19.000
1952... 24.200 . 31,746 16.467 16.215 120.473 84,041 199.097 19.410
1953....... 28.798 30.845 13.489 10.855 95.845 85.188 193.032 20.931
1954....... 29.694 29.889 14,054 10.681 91.838 85.250 264.386 21.784
1955, ...... 37.491 39.115 15.138 12.299 - 94.735 89.099 290.348 23.668
1956...... . 41.818 40.434 16.013 13.494 - 101.409 90.826 259.923 24.032 (g)
1957..... .o 29.576 27.157 14,658 11,399 96.261 90.820 246.978 25.416
1958.....4 25.764 24,123 12.109 10.309 95.127 89.044 229.057 24.790
1959. c...ue 31.182 28.892 12.211 11,448 102,053 91,202 227.484 24.738
1960........ 32.053 29.894 11,948 12.946 101.438 91.375 210.760 26.000
-1961...... . 29.921 27.919 10.871 11.542 113.311 92.449 197.605 25.458
1962........ 30.600 28.514 9.631 11.625 114.652 108.521 191.208 23.875
1963........ 30.600 28.413 11,137 11,997 116.652 127.912 189.451 22.623
1964........ 31.960 30.985 13.596 13.568 157.595 129.300 314,787 23.741

(a) Lake copper 1897-98: domestic market since 1932.
(b) New York delivery 1898-1902. (c) 99% in 1897 to 1920,
inclusive: Straits quality thereafter. (d) Average for 11
months, (e) New York market. . . . All quotations in cents

per 1b, except for silver, which. is in cents per troy oz, and
(f) mercury, which is in dollars per flask.,of 76 Ib. See
opposite page and reverse for weekly average prices for 1964.
(g) Unalloyed ingot beginning 1956.

E&M J—February 1965



TABLE V ‘ :
Passible Additional Sources of Zine in Next 10 Years
Ton Recoverable Zinec :

Source 1966 1967 1968 1969 1970 1971 1972 1973 '19'74 ‘ 1975

Mission 9,000 9,000 9,000 ©9,000 9,000 10,000 10,000 10,000 10,000 10,000
Continental R 5000 11,000 11,000 11,000 11,000 11,000 11,000 11,000 11,000
ASARCO--Res., —— e . 12,000 16,000 16,000 16,000 16,000 16,000 16,000
Ground Hog 15,000 15,000 15,000 15,000 15,000 15,000 15,000 ~ 15,000 15,000 15,000
Twin Buttes — —— — — 5,000 10,000 10,000 10,000 10,000 10,000
Pima e e e — 3,000 5,000 8,000 8,000 8,000 8,000
Iron King — — (15,000) . (15,000) (15,000) (15,000) (15,000) (15,000) (15,000) (15,000)

Total 24,000 29,000 20,000 32,000 44,000 52,000 55,000 55,000 55,000 55,000

e l \\\\
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AMERICAN SMELTING AND REFINING COMPANY MAY 1:0 i965

‘ EXPLORATION DEPARTMENT -
120 BROADWAY, NEW YORK 5, N Y. . |, )
ERR o MAY 1°
c‘P POLLOCK , s , B
' VICE PRESIDENT . . T PR _ Gl ‘ ]
Alr Mail ‘ ' L ,

S My, J H. Courtright .
‘Amerlcan Smelting & Refinlng Company
+ Box 5795
- Tucson,rArizona
; b e T k]

: Zlnc Statistical Stndy‘- Southwest.United States

;Dear’Mr;'Courtright-

ln accordance with our telephone conversation today, will you piease arrange
for Mr. Bowditch to make a statistical study of zinc concentrates production.Ir the
-Southwest, tributary to the Amarillo, Texas plant. This would include Arizona
f New Mexico, Colorado, Utah and Mexico., e

/' !

We wouid like to determine, If possibie, whether there may be a trend In
" production from the area since World War 1. In case a trend is indicated, RE
Mr. Bowditch could then project probable zinc" concentrates production to 1970 and
1975 on the basis of - these statistica] studies.

I ne

: Undoubtediy, factors other than the price of zinc enters into the pattern of =
production. For example, improved metallurgy in the perlod since World War | -has"
made many marginai or submarginal deposits of the Southwest, economic. Likewise.
the discovery of important deposits and new districts as well as depletion of
.- reserves in principal producing areas has influenteéd production trends. Possibly,

from the Southwest,

W

Forecasting probable zinc concentrates production from any area, obvnousiy,
"Is an. involved problem and Is particularly hazardous If price Is taken into Sl
account, . Although price is an important factor and if a trend can be observed. n
© the ratio of:mine production and price, the study might be quite helpful In fore-ﬁ
'castlng probabie future concentrate suppiy from the area, ,

In generai it is reasonabie to expect a deciine in production from vein type
mines in the Southwest where mass- production methods cannot be adopted.Since no.:
major replacement occurrences of the Tennessee or metalline type deposits are'“
known in the Southwest and with the Tri-State Mines exhausted, the outlook for ‘i
. increased production admittedly s not promising unless we can expect a substantial

% and sustained increase in the price of zinc. :

CC EMCLTittmann

Yoursfvery truly,

C. P. Pollock

Rereer el

Import duties and quotas have piayed an important role In the rate of mine production‘
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R S ALTERATION—MINERALIZATION ZONING IN PORPHYRY ORE DEPOSITS ' 381
: TADLE 1. Geologic Characteristics of 27 Major Porphyry Copper and Molybdenum Deposxts
' ABBR VIATJONS TABLE'l ‘
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DEPOSIT

m

PREORE

-HOST ROCK

(2)

IGNEOUS HOST ROCK

Name

(3

Agé
(m.y.)
(4)

Controlling
Structures

(5)

. Shgpai
©

Ajo

Arizona
Bogdad
Arlzona

“Bathiohem
British Columbsa

sesltsticnae ehassiniirenree
inghnm

Uwh

“ eetsentenerevinaranes
Bisbeo
) Anzono
Braden )
O’ule
Buhe
Montuna
Cananea
. Sonnro
“Costle Dome
Anzona
Chuqulcamota
Chlle
Chmax

o Colorodo
Copper Cmas

» Anzona .
El Sulvador

Ely

... Nevada
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Esperonza
Arizona
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» Anzona
Mineral Pork
. Ar ona
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Mn ssion—Pima
Arizona
Morenci
Arizona
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"Ray
Arizona |

Sufford
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Sunta Rita
New Mexico

“Siiver Bell

Ari zona
wer Lresrsssmansareaserees
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Peru

Triassic volcanics
Srzt> hmestone

TTTTYRTTVT TPPPTSTRTRS PYPS

. Palls,sh,ss,.

~ Pal Is, ss, sh

N Pal K Eocene

New MBXI o

Snn Manuel-Kqumazoo

vetseanarrstoancfronss

TOTPTRTTT PP PP ITS P

Typlcal Porphyry

Copper

p< gn; Meso(?) Qm;
K And fuff

p€ volcs, 'sch & G
“Fann
pC sch Pal (s,

shale, sandstone

KT And & seds

K And

*| Pl seds; Lar volcs

& intrusive rocks

pC ‘sch & p€ [
granite [:x':fph)'fry - |
metaseds & voles
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seeralefed

K And, thyolite

& volcamcs
K fragmemal &

.. walded tuff & gtzt

pC sch G qtzt &
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pC G Pal-Meso

ls, 55, sh
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K Qm, Qd Rhy, Q!
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pC quartz monzonite

Pai-Meso (K} seds -
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"Pal &K seds

'
‘
LTI RTY TR IR eIy

pC—larc K snds &

metasediments

LT R TP T TP PR PPYTIRTYI Y™ P

" bracciated Dac p

"Boulder Batholith

‘ eveaee earlyMesoseds R
... British Columbla

Schultze quartz

Morenci stock

"I Guesta mine -
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;‘San'ra Rita-stock
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' Qm stock '

Cornelia quartz
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R Bagdad stock
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ITTTIYRPTT LY

Eiﬁghem atoek

EYTITYF RYTPTTTy
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63

200

etveseonnine o
57
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sfock Q

...?.i...'..... e

LY TTTTR S (I YIYPYY

steep NW fault
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brsens 4100000000000 00 0000
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NISENES E s
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..................
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L
s NNW
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NNW i
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IGNEOUS HOST RO CK=~Continued ,
. X Size Mode of " "Stocke Sequence of Rock Types

(feat)
7)

" Emplacement

(8)

; Dike

o )

Intrusion

(0

Mineralized

73000 % 6000

5600 5060

5660 "25,006"

cluster

3500 % 1,060,000+

5600 15,000

large, elangate EW

72606 40007

“15,000 % 96,006

["8000 % 15,000

08 % 705
668 7606

510,000 NE

3000 % 10,000

passive

stbi;k

LT LT Ry PP PP PP  PT RV PITT YOI

-.h’l? 000 % 5000

serespsates,

ﬁOO? x 90007

. passive
probably passive

paﬁnlva> aeﬂvo

“stosk > dike.

Sf.OFk > .éi"‘;;.""""" -

seesiarearetisenerrnaNeoriesenessgaesiorsanarresnient

stock '

v

4000 4000

150,000 350,000

ETTITTRITTIT

5000NE x 6500 NW

£ 3000 x 3000

“B00NW  13,000NE"]"

soribrasnseenionsee

" passive > active

B P P T PRP TP PP PTTTYOPR Y

passive > active
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"
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R P T

saseiversens

“stock > dike

stock > dike -
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N pcsswe-—dommg
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1 pu:sive

R TR

RIS T ET YT PITT PRI PIN

stock > dikes, sills

stk STdike

TTTRTTYIIPTTN TITPH

: smck'>d.ke"
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'Qp + Q arsprrienre
all + “seds -
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ALTERATION-MINERALIZATION ZONING IN PORPHYRY ORE DEPOSITS
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OREBODY-Continued:
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HYPOGENE ALTERATION
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’ i ' HYPOGENE ALTERATION ~Continued
| Saquonce ' Zoning Soquonce Yortical Sequonce
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Q, ser, py; Q, d

T T TTT RSPy Y TP YRR TPPTLRY

Q, sor

Q, ser, hydromic

, K fold, ser

(Y asrenensin

K ¥eld, 0, bir

saseererradsenane

Q, sor, py, hydr:

seNadsranseratbestsedrantnarty

Py, W, soritm
sericitic

Q, sor, py, kaol

I YTXTTITTTT PR PR SIRTITTRTTTIN

Q, K fol

_‘ AL L L R T F R AR R TR T

Q, sor, kaol

Q, sei, py

L LT I TR T T T P T

Q, sor, clay(?);

Q, sor, py

T T T R I PP PRI Y TN YTV T

Q, K feld, bi &

I\UOl‘ 'll e I"l LX)
Q sor 1o kaol

16,000 x 16,00¢

TTTYRN AP PrIrd At A
Q, ser, py

DT T TS YTV DL PR T R T

) 501, Py

Q, sor, py, tac.

IR L I TN I P PT PR Y T )

Q, sor, tactite

O O LTI R TR R TR YR LA L)

s 500, PY

i prenansnIisIG

) 80810, PY
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OCCURRENCE OF SULFIDES

Peripheral
Altaration Zone -

Outer
Altaration Zone -

(37)

i Intermediate
. Alteration Zone

i (38)

i Inner :
Alieration Zone :

; (39)

: : . (36)

. Ajo veinlets

: Arizona

K Bagdad vns & massive
: Ari zona !

S athishom veins

Bingham

Arizona

SreveseenstarestratatORI Ly
Braden

Chile

veaeesaiiectsnarrsisisrranstreareriisenes

Butte

TYTPTFIVR

o
el Veeen
s Cananea

Sonora

L [vesaesediaae

Castle Dome
Arizona

Chuquicamata

: : Chile

R R T R T P I T XYY P TY L YL I IT)

imax

‘i,i C0|orado

.| E! Salvador
N Chile

| 2B P et osiraasirartbrnaatssnasetactisitren

Esperanza

. l 4 Minera! Park

k
British Columbia

R L L P UL PRI R R

British Columbia

ivatseseiit satsiennriinarsorsiticanionas

O R TP T T L R T T YT TTTT T

CerreribasIreratrtiratreren

Losrastrerasavivonsarnonrseesannencensnre

[T T et R TN

T T R Ty T PP P OT T Y PR PR P TIRTT Y

veins
eplacemenf

seerenaiiceisinaatsre

vns, vits,
mass. repl,

........-n-.-........unuu.nun-.

veins

rsecirssatsratsianatctsnnartsnarvecaran

vn, vit

Setressireeinatrenes

vein

reecsiarearsasstsareacrrensrpen

veins

veins

nererervesaittecisersatrerriraetonssiad

vas

& dikes

LR T P TP PY YR PP PR TYTITIYPETISTIIY
veins

R R PR PO T Y PR T T T YT LI Y

Prressessacsescsness

veins

sensnenseinedae --.-..----u--uuu.u

veins

! Arizona
: Mission=~Pima . vn & vit
N Arizona
N l Cfsasressniirsnne sreeree
. vns, is repl.
1 .
i Arizona - r
Questa veins '
. New Mexico
'l Ray veins
o Arizana
N II‘IIQI trrecissene teejine
s Sofford Yeins
T Arizona ~

Arizona

Santa Rita
" New Mexice
Silver B
Anzona

P T Ry O T YT E R IA T T Y

Toguepala
t Peru i
pasniecs

“Typieal Porphyry
Copper

L R Y Py YT R P TR T YT Y

SanManuel=Kalamazoo

CER0 i i tat s e ineeshisertrebaseenerrans

o080 400t g iioetsrereinnsaireatrrnirroniesy

B R T T PP PR YT TP Y TP YYTT TIPS

veins

P PR T PP PTY YT T PYTITTTTITTTITIINS

veins

R P R Y TR YT YT PYT YT PIY

vns & tactite

[rresssereaissrransernasseraireatrrencs

veins

eforsasivenes

sdsrsecireciieceiriennasen

..u.-.n-.....u-.n..-r...-unv(uulu.nu....

Mesaesessisesserseratserrsinrevirnr

diss > uvlts

1esveseestesssttscantnaiirtiarsornenranss

vits > diss

sessssserresrsreasitreainee

veinlets

TR P TS T TP PR PR PP PR T PRTPPPTTY

vns, vits, diss

T P PR P PP RPYTIT PPEY T T

dsesssitreatsireiriventenerenr

patches & vits

e

eeteensoairtisssisestritacsisnactinacaiss

vn, vit

seditacrcreirassnsiiansitseatcrroctracaanree

veinlets

veinlets

TremasEserissupertsneatererare

vns &.vits

P Y YT Y PYT PP PIT NS

[ETTPYPTTT TNy

veinlets

uvlts, vits ?

eesineasitarir ot atssneensbotertrioies

T T T PR T T T TYT T PPIYOTY

vns & vits-

L L T P T PY PP P PRI T PP RPYL

vns vhs

: vits vns, sthwk
1 3~-6"" spacing

.-...-.........-...--.....‘........‘....-.

wvlts > diss

fpaint

Caseisestseanetrtersisestniraettiracirbe

i.vns, vits, diss

.in shears, vns,

dikes

-nu.----.-.-...u--"uuuuuuuu.

vlts

T P Py T PP PP PIY TS TR ST TY P PII

cvas & vits

R T L T Y P PY TSP I PP

_vns & tactite

e

vns & vlts

evcsassacrrecsntssniiitiaarssarininee .-..‘uucu..1-.:-...1..4..1. 1esrasarareaning

coverraessseasoerresetorsscarsrsnstesasads

1

D T T T T T P T T I YR L P ISTRLIYY)

T R T T T Y PP PT YR PP YPYI Y

veinlats
: v

1 vits, diss

uu'-n-n-.n--n-.ubnuunnouu-nn-
‘,'
.

RIXITIE

. vhs & patches

...'.-............-..m...............»...

. va, vit

ereetirerniesrecrernirrentpessetnenntsrsad

v vlts, diss, mass, .

iss > vits

ivits > diss

!
D

uun.u..u-.-....----n..--nuuu-u

vits > diss

“r

diss > vits

eseeayerenarve
1

‘uvlts, vits ?

EdEresnbitesaireaaeradritatesoraertIner

i diss > vl_? !

TP P P DI ITPI T T
‘vlts ! i

;

Breqtsesse st st as b

vits > dlSSv :
;v!?s vns,s?kwk
3-6" spacin

secsrasierseesairaenrrinirscedrnarerropen

'

. '
coervertaraiorrraseasiarseseardecrrranine

vlts : :

-uyyu-n“.u-un'--nonub.aolrll-l-.-

vns, vits, diss

beesesinsarsenseronsstasasssanssnsseses
in shoars, vns, :
ikes !

vits > diss ‘

B PPy T PP PP P TI Y YPIT LI T

vins & vits

Sheatsseciarenssinadesenstbregrere

vits > diss

P east PN s rrose e sireattristipraaetrras

diss > viss
bx vug fillings

veinlets

evaseredls

esrerestiesaianans .......n-u.-..n..-q

diss > uvits ; s

e0aesracatriansrusecine -.-..u.o.-..---

diss > vhs !

i

s preeistetiiiarcrsatotrnnetrnettanigigy

veinlots : .

Y P P P R T T LI TR TY YT Y

diss » vits

ST T T T TT YT TP YOUP IO P PPV PINE N

vns, vits, diss

vits > patches
vit, vn, diss

eottgereattaonuriveenrrsrtesratindiares

s, diss

“diss > vits

vits > diss

lseatessiterenicrantistocasacananarerane

vits > diss

R P YR P Y P TP VYT P VRTNY

diss > vits

frosscirsetrrrecicisoniraretenssnersices].

iss, uvits

0t eeat N irnestirueetroedIRetrnes

diss » vit

T T PP T YT TP Y T TY YT TP

diss > vits

Proesneseatissrusersitsasarireitrnaeres

vhs > diss

astressive

vits, vns, stkw
3-6"" spacing

vit, diss &
: massive

T P P R PP T T T PTYITIIN

- vns, vits, diss

saevesersetiirioasrroans

vns & vits

seessaatraticrecannsatarisancrsanisraes

vits, diss, vns

R P PR P TS T YT YT T PP TIPS

in veins, vits, diss

I R Py P TP R TS Y PRY YT TY PPN

vits > diss

Wetasresanennaiiraracrsnarrracirrernegl

vits, pvlts, diss

eraescesranirrasaiinnsirns

vits > diss:

R T TR T TP A R TR I P T CI TSI IO

diss > vits
bx vug fillings
crses

wnlts > diss

L T T PP PP PR TP PR IR TTTY DRY PP I

.
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I T A OCCURRENCE OF SULFIDES~Continued . : |

1 : Innermost ‘ ) : ‘ b  SUPERGENE |

N L Alteration Zone - Breccia Pipes Crackle Zones SULFIDES L‘

1 , ; 3 . . . ‘ .
foows . (40) — (41) (42) : P (43)

diss > pvits | : not reported beyond ore limit : minor ce¢, ¢v

T S A (g P P PO P T T TS TP PRI (17 ST TTTTIT T TTTPTTTIR PYYO

- } oL diss > vlts present &;‘.minerqiizad . 5000 x 6000 ff - cc

TR T T Y I T

: L G vits >'diss . : presant mmera ize , ! none
' fod . |, orebod ‘ : L,

| ol dlss 3 vits n gal, sl zone extands beyend gal, si " ee, v o
. , i .

reerees errrearees

I caissttrresersen BT T T P Py P LYy ST P LY R RN Y R TP L TR I

E horsetail zone cc
h

BT A T T L L LR L L L R L T L LTI Iy Ly R Y P PP ST T LT T TP R R T

vlts> patches postore with min. frag.” ‘| present : cc>cy

O EE e Pe £ DA a P a N P a e i AN d g PN D IR RO ae b eaers ieossiteetssarsairietaseataretiises

. ' " R T S T PP T PT T PR PP T TP TITY T F PP TYPTRTTIIRYPUT SRR TITR IYTTIT LIS DRI ST RUI PR PRy
4 diss > vit none " | horsatail zone : cc, ev, dg.
vits, diss numerous & minaralized present [ 4 cc, v ' i :
b o SO SO OO TR NS ORI SOTUU O TP SOOI STURTOPPTTOTPPPETPIE SOPURPIPPIIPES. .....................l.....'.............-........,... -
! ;- ‘ present? - prasent . 4 cc,ev
; : . , .
: 3 T PP PO PO S PRSP SPST P NN PITPPT PSPPI PIPTTTTIS TITPTTTTS P IPPISRPRITIITINS crenpreasy .
-t 4 vits > diss large central pipo horsetail zone - ‘{ cc, ev -
. M . . :
. : B L R M I sear wsadresairen verany .
- irregular clots . " minor breccm, dikes present none '
Lo : presant b present - €¢, cv ’
P . : [
: i - R T g N 1T T T TS PP P T PTPYSTPPPLS PTTPSTTTI YIRS LI TS PTIP R TTIST IR IRINT ALY FE LT PP SO LL LIRS LTI I LU U
: i | diss, pvlts deep, centrol, mineralized! present cc> ey :
! c diss > vit ‘ prasent present cc, cv :
qod . diss > vit not reported - present © . . none .
Cd . . : : ’ .
i - diss> vit present . present | : cv, cc - o . o
' A ' . . H .

1aseurssientirenitoustrreaaisetrira

Sisueiresssirecirrestirrtiiessattreen uuunuu-u..'nunu-nuunun-.n--nnno-.-n-nun--m-uuu----u-uu---u--u-u.u-uunuu---n- vese

¥ o x .

E o vits > diss (7?) not reported ) present - ) cc ‘
@

1

o000 o Paes s e maaaa e atenes o aaneatsiondnthrotnapan heerttoct i enastenerriseits ot sastoteeetosasnerrnanlitoatrunaattoosineeeertaqrbRersPoeeleaaesssa e eidiooteritarierratienaiIIeIessutrIRItIeNIbeNtitenrtane

i vlts, vas, stockwork none : . present ce ‘ . .
oy e

) 3-6"" spacing .
. L vlt, diss & massive ore N=S dike; poorly developed cc, thin zone )
‘ 3 bovesss { L ronetsacnstroneisencatpasstastsnessronseraeaisronchosreersaeatncecisaretrsactsenspressaestsisestassacse !
i 3 . : : reccia zones, ln pit extensive . cc, cv
. e vesennarassrasraresnesrrenthenssestteresonrsreeloratsacassraretesattnerttsent nentauneiberetnonnttarntiibeetvnallartEYeeesNRat e e s RaaehTaeeseoe LN a LR se e A e i bR EEOae s IR SIIRat R Re B ae bR bess :
oo ! vns & vits present, important extensive none :
. K . B
: } : TP RPIOPRTPTR! FHSURUPTUPPOONRINOFIOP PRI SRR Cerestreads secaneierne
S vits, diss, vas present & mineralized present L ce, ey

leass P eEe i s aeaa T taooaeerateisnataresalneatbessrionnoebaretninadsirestsneutinuil e tqion etRuEesinarriBotIEoatetitarertactirettrINetronIRetitoodepriitrcivantry

oo vas, vits, diss present & mineralized present ‘ec, ev

s 00 ae s 0000 0hp0 s At Eesnrtaoessuantronnud boasasoseetshonnseseerrestoresesisaiPersaroneeerarttoetintoeeet] qrprronetss et oanataneairte et roNE iR eredreirRterohisetrertrrteesPedereterrruitiortiRisitenserserbitiras

L . U diss_> vits : not reported 4 5000 {1 diamoster - cc

9880 p s ettt s atstaea st antiadtadeetdteenataantte} v itsantonnedisecsstaesiivecsrassittarson

ceravaairierirens

. " o vits, pvits, diss : .one 500 x 2500 ft pipe, same arod.as intrusive
3 ) ) mineralized

eveveass canerae NResaerarere et trtareoteactnasrredrirnartartnestrslernnsiascusinuersenatinesirosterrtetoractronrttrachiveiteraseisenigs

P I I T T T Y YT YT LT P YA P I

Do . none NW ‘horsetail zone cc
Y

‘ 6000 0000 00 mareasroaaransannneasibondd s esadtruensveleshsesrrseesons i veaedtneedbaansteersaosiibrheliinlelteasitsaeiebeeitharaciiaceritaiinaterestironetine besrneasnatianas

L . breccia fillings & diss large mulnple & many present beyond breccia
: : small miner d

present ‘& mineralized present
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