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INTRODUCTION

The mineral deposits of Washington constitute one
of its very important resources. Both metallic and non-
metallic minerals are well represented in the State and
“the mining of each of these has come to be a very im-
portant industry, employing a large number of men and
much capital.

The mineral industry in this State felt the effect of
the World War and on the whole was stimulated by it
and the value of the mineral output inereased until 1920,
when the output for Washington was $26,677,191. In 1921
there was a very marked decrease in the value of produec-
tion, but in 1922 an improvement in the industry began
which has continued through 1923.

Prior to 1916 but little attention had been given to the
production of various minerals from domestic sources.
This was due, partly at least, to the fact that it was
cheaper to import them than it was to produce them at
home. When imports were practically stopped as a re-
sult of the war, attention was given to the discovery and
development of home supplies. As a result of this there
was an increased production from many deposits already
known, as well as the discovery of new ones. In Wash-
ington this resulted in the development of the magnesite
deposits in Stevens County, the manganese deposits on
the Olympic Peninsula, the chromite deposits in different
parts of the State, as well as deposits of other minerals
of lesser importance.

One of the aims of the Division of Geology is to help
in the development of the mineral resources of the State.
This may be done by investigating and calling attention
to deposits of the various minerals found in the State.
Statistics of production, with the principal uses of the
various minerals are compiled and published for the use
of producers and people in general who are interested
in our mineral resources. Brief descriptions are given of
a few of the mineral deposits even though they may not
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be producers at the present, in the hope that it may help
in causing them to become producers.

In this report the statistics are given to the close of
1922. A discussion is also given of the condition of the
mineral industry to the close of 1923.

The Division of Geology has a cooperative agreement
with the United States Geological Survey by which the
mineral statistics for Washington are collected jointly
and considerable of the data given in this report has been
obtained in this way. During the summer of 1923 the
writer spent some time visiting the most important min-
ing districts in the State in order to study the condition
of the mining industry and the information obtained in
this way is also included in this report.
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MINERAL PRODUCTION OF WASHINGTON FROM 1915 TO 1922
INCLUSIVE
1915 1916
PRODUCTS
Quantity Value Quantity Value
Antimony ore....... short tons (a) (a) (a) (a)
£ short tons (a b; (a b) (a b) (a b)
barrels 1,378,107 | $1,790,499 | 1,575,010 | $2,447,770
R AP PSR (e)1,454,436 |............[(c)1,580,674
short tons (b)4,840 1,840 (b)i,
short tons | 2,429,095 | 5,276,200 | 3,088,588 | 6,907,
short tons 136,552 X (a b) (a b)
... .pounds 1,020,926 178,662 | 2,645,022 650,
................................ 18,006 ... iaia i 10,700
Gems and precious stones..........
fine ounees (FLOF) |..ovonemvivilvaiiniiiinosifosnniiainene
fine ounces (troy) 27,044 577,666
2,700 ,660
26,806 166,653
5 5,502
i (a) (a)
Manganiferous (a) (a)
Mineral paints, natural pigments
............. .short tons (a) (a) (d) (d)
Mineral wate zal]m]s sold 158,866 11,708 151,528 0,476
Potash (K20) (a) (a;
Quicksilver (a
Sand and gravel, 387,
Sand-lime brick . - { n,;
Silica (quartz)............... short. t.ons ......................... (a) (a
BIYOE . oo eninnes ..fine ounces (troy) 256,987 129,709 335,121 220,510
OO e W e D S e e | B s e Erae 1,758,817 |.cuivinnnnes 908,
Btrontlom .......cco.vsiaense Short tons |..coviiivarifovesivnnnaris (a) (a)
'I‘urtxsten ore (Gﬂ ner oant coneen-
trates) ..short tons (a) (a) 11 15,230
s N R ghort tons 30,368 BT 296,960
MISCOlIATIOONUE ......ivvnvvicisansnnnnnns |owssssnanns OO Lo coaiensains 1,046,792
Total value, eliminating duplieations |............ $11,455,715 |..oouevnennn $14,521,014

(a} Value included under “Miscellaneous™.
(b) Value not included in total value.
(¢) Exclusive of pottery, wvalue for which is Included under ‘‘Miscellaneous’.

(d) Canvass discontinued.
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MINERAL PRODUCTION OF WASHINGTON FROM 1915 TO 1922

INCLUSIVE—Continued
107 1m8
PRODUCTS
Quantity Value Quantity Value

Briquets, fuel................ short tons (ab) (ab) (a h; (a b)
Cement ....barrels 1,408,191 | $2,367,045 | 1,116,754 $2,114,730
Chromite ... long tons (a) (a) (a) (a)
Clay products. . 1,583,089 |...counare.s| (€)1,274,708
Olay, ..ghort tons 1 435
008l oeversiiraans ..short tons
Coke ...... vev....8hort tons
DB & < s iis s aiaiis s g pounds
Diatomaceous oarth.........short tons
Ferroalloys .......cccocavavnnn long tons
Fluorspar ...................8hort tons
Gems and precious stones.....

Id......cconnienn. . fine ounces (troy)

vesasacelOnE tONS |iiv.die BT P e (a) (a)

vaasias neiasyys«1ODE CODA 2,361 (a b) 15,780 (a b)
++....8hort tons 4,805 841,018 2,636 374,200
..short tons 23,328 156,553 22,118 224,104
....8hort tons 105,175 783,188 | 147,528 1,060,790
...... «o.. .Eallons sold 155,265 7,265 (a) a
Molybdenum ,........c..........pounds (a) (a) B e AT R
Natural gas.......... conne M OUIME Toeh |4 oiilai G (a) (a)
Platinum and allied metals........

.................... fine ounces (troy) (a) (a) 10 1,07
POLAsh (KoO)n .o reseveeersoeBHOTE BODS |oeevnernneralerenn (a) (a)
Sand and gravel.............short tons 895,120 199,565 008,102 882,141
Sand-lime brick .......cccovvieevrvenanses s s a i R (a)
SIIVer .......o........Ane ounces (troy) 282 220 232,682 810,003 310,003
BEO. oevsriiamssrn Pt g 1t R 454,604 | 0iiiainnnin 365,008
Strontiom ore............ ... short tons (a) (a) e A e
Tungsten ore (60 per cent concen-

e 10 IR A short tons 10 13,500 1 800
BANO v e nan e isnas aiies o BHOTE VOGS 598 121,048 19 3,587
Miscellaneous (d) ........covieivanies i | el R T S ,BOOT!JD 1,360,720

Total value, eliminating duplications |............| $18,576,062 |............ $20,999,601

(a) Value included under “Miscellaneous’.

(b) Value nof included in total value for State.

(e) Exclusive of pottery, value for which is included under ‘“Miscellaneous’.

(d) 1917: PFuel briquets, chromite, eoke, ferroalloys, gems and precious stones,
pig iron, molybdenum, platinum and allied metals, sand-lime brick, and strontium
ore; 1918: Fuel briquets, chromite, pottery, diatomaceous earth, ferroalloys, fluor-
gpar, gems and precious stones, iron ore, pig iron, mineral waters, natural gas,
potash, and sand-lime brick.
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MINERAL PRODUCTION OF WASHINGTON FROM 1915 TO 1922

INCLUSIVE—Continued
19 1920
PRODUCTS —
Quantity Value Quantity Value
tos .short tons L I e
Briquets, f .short tons ) (a b) (a b) (a b)
6. s ...barrels | 1,402,616 ,868,500 | 1,806,025 | $4,006,227
Clay produets. SR P Y 1,764,264 |...cnvnnnens 2,923,687
Clay, raw...... .short tons 20,518 (b)21,964 1,819 | (b)10,877
o R e ...short tons | 2,000,447 | 10,691,222 | 8,757,008 | 14,560,000
RO e v ...8hort tons A 646 ,160 59,805 | (b)627,451
(21100 e N P R pounas | 1,676,576 811,843 | 1,983,134 364,807
Diatomaeeous earth,.. .short tons o974 14,821 953 12,083
Ferroalloys ...................long tons (a b) (a b) (a b) (ab)
Gems and precious BLODES.........ceven |orsnsaiiars (5.1 Tl IRl
Gold 12,232 252, 5,847 120,860
2,750 (ag 2,500 (a)
(a b)Y CRoB):. . |esssssivesis|ssvanapen
1,073 113,746 2,804 462,980
19,584 N 31,083 224,042
106,206 742,442 221,986 1,664,868
(a) (a) (a) (a)
........... 8 888
(a) Y s asnssssilnssinsss i
1,231,814 » 1,976,969 1,016,926
BT T R (a) (a)
....troy ounces 259,384 290,510 199,678 217,649
....... sghort tons 261,810 423, Ti2,680 821,842
+esvese.8hort tons a) (B) ¢ |issesomsiennlconnninn e
JBHOTL ROBA [1isrrssnssn]sabssaanssnns 213 34,546
....................................... 408,007 |...vouunnnne 160
Total value, eliminating duplications |............ $18,267,988 [......o0unes §26,677,101

(a) Value included under “Miscellaneous”,
(b) Value not included in total value for State,
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MINERAL PRODUCTION OF WASHINGTON FROM 1915 TO 1922

INCLUSIVE—Continued
1921 1022
PRODUCTS b
Quantity Value Quantity Value
short tons (ab) (a b) (a b) (a b)
........ barrels 1,612,801 | $4,080,785 | 1,051,414 | $4,684,024
O T CE L e o id (€)1,406,T4L |uviveeiennan (e)1,982,750
short tons (b)5,158 6,136 (b)14,745
short tons | 2,428,722 78T, 2,581,165 | 10,279,000
short tons 27,260 | (b)194,510 31,674 | (b)285,881
(b, e e e pounds 251,544 82, 7,208 42,822
Dist.omaceous earth.. ..8hort tons (a) (a) (a) (a)
Perrotllo¥ys ......cenveevecnnes long tons ta b) (? l;) .........................
........................... a
..troy ouneces 6,216 128,456 9,004 186,965
are DORNR BOMI - | 525 U i [N T e ore o [ w e v o (el a Lo e 3 W e s
....short tons 72 6,460 91 75,966
..short tons 17,710 209,761 25,447 355,412
short tond |...........[cceenniinanss (a) (a)
gallons sold (a) (a) (a) (a)
WOV onnde:-| iR e 206
short tons 1,481,574 881,842 | 1,802,121 544,252
thousands (d) ;)
short tons (a) CRY - heenesensfeevalonl v
troy ounces 142,450 142,450 205, 206,
short tons 542,400 ,364 | (e)647,160 | (e)B87,175
short tons 22,468 70,
...................................... A1 2l OSSR 519,165
Total value, eliminating duplications {............ $17,606,878 |..ivuuvinns $19,725,300

(a) Value included under “Miscellaneou s™.
(b) Value not included in total value for State.
(e¢) Figures obtained through ecooperation with Bureau of the Census,

(d) No canvass made,

(e) Exclusive of sandstone, value of which is included under “Miscellaneous',
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- Metallic Minerals
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METALLIC MINERALS
MINING CONDITIONS IN WASHINGTON DURING 1923

Washington, while not a large producer of metals, is
credited with a total for gold, silver, copper, lead and
zine from 1860 to 1923, inclusive, of $42,102,767. Wash-
ington has been a producer of gold for many years and
the largest part of the total given above has come from
gold. Silver has never been produced in large amounts
and only within the last few years, comparatively, has
the output of lead and zine been of much value.

Most of the metalliferous ores mined in Washington
are of such a nature that they must be reduced by a
chemical process which means that the majority of the
nmines are dependent very largely on transportation com-
panies and custom smelters. Many of these mines are
in a medium or low grade ore and hence to be worked at
a profit they must be situated advantageously as regards
transportation and be able to get a comparatively low
rate for treatment. Unfortunately, some of the counties
in which the largest amount of mineral oceurs have only
a small railway mileage.

The ore bodies as a general thing are not bonanzas
nor are they mammoth bodies of low grade ore. The
ores are usually of a milling grade and the question of
concentration becomes a very important one. At present
the milling practices are not as modern as they should
be, but this condition is improving slowly. The treating
of these ores in the district where they are mined would
result in a great saving of money that is now paid out
for freight and would undoubtedly be the eause of in-
creased activity in the mining industry.

(Gfold. For the past five or six years the price of
materials and labor has been so high that very little at-
tention has been given to gold mining. Conditions have
improved somewhat, however, and the production of gold
in 1923 was about $125,000 more than in 1922. This in-



20 Bulletin No. 30, Division of Geology

crease in gold production was due almost entirely to in-
creased activity in the Republic district. This greater
output of gold was largely on account of the greater de-
mand for the ores from the Republic distriet to be used
as a flux by the smelters in British Columbia. While the
Republie district showed an increase, the other large gold
producer, the Boundary Red Mountain mine in What-
com County, showed a decline, development work being
the prineipal thing that was being done.

Silver. The amount of silver produced in 1923 showed
a slight increase over that for 1922. This was a result
very largely of the increased amount of siliceous ore
shipped from the Republie distriet. The shipments of
silver-copper ore were not large and as a result of this
the amount of silver produced in Washington was not as
great as usual.

One of the important developments in silver mining
was the opening up of the Old Dominion mine near Col-
ville in Stevens County. At one time this was a very im-
portant silver mine containing a high grade of silver ore.
No production has been made from this property for
many years until 1923, when development work opened
bodies of silver-lead ore below the 600 foot level.

Production was also reported from the Last Chance
and the Ruby mines in Okanogan County and from the
Quilp mine in Ferry County.

Copper. The output of copper in Washington in-
ereased from 317,203 pounds in 1922 to 854,000 pounds
in 1923, which is just about one-third of the amount pro-
duced in 1916, the year of the largest produection. The
larger part of the output came from the Sunset Copper
Company from near Index in Snohomish County and
from the United Silver Copper Company of Chewelah,
Stevens County. The latter company has been for years
the largest producer of copper, but in 1923 the Sunset
Copper Company produced a large part of the output.
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Lead. The lead industry in Washington in 1923
showed much greater activity than it had for several
vears past. The largest output of lead for any one year
was in 1917 when it reached 9,789,687 pounds, with a
value of $841,913. From that time on the production has
fluctuated more or less until 1921 when the smallest pro-
duction was made and the lowest price per pound re-
ceived. Beginning with 1922, conditions began to im-
prove and continued through 1923 so that the output for
that year was twice what it had been in 1922, and the
value almost three times as great. The Gladstone mine,
near Northport, Stevens County, was responsible for
most of the produetion. The ore is high-grade galena or
lead sulphide and a medium grade cerussite or carbonate.
The Electric Point mine which adjoins the Gladstone was
idle in 1923. Other mines producing lead were the Santa
Rita, Bonanza, and Young America, all in Stevens
County, and the Bead Lake in Pend Oreille County. As
a whole the lead industry in Washington was in a fairly
prosperous condition in 1923.

Zine. The output of zine in Washington for 1923 was
more than twice what it was for 1922 and almost twice
what it had been for any previous year. This increase
was a result of production of zine carbonate from the
Washington Black Rock mine, near Northport, Stevens
County.

The mining industry as a whole showed a marked im-
provement for 1923 over the conditions that had prevailed
for several years previous.

The following table gives the principal metal mines
in this State, location of property, and kind of ore pro-
dnced. This table was furnished by the U. S. Geological
Survey and is the list to which blanks are sent in collect-
ing statisties of the production of metals in Washington
for Mineral Resources of the United States, published
annually.
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METAL MINES NOW OR RECENTLY IN OPERATION
Some Are Doing Important Development Work

MINE Location County Principal Metals
Produced
Royal Development Co.... Copper-silver
Boston & New York......
Addison Copper ........... Copper-lead-silver
Last Chance t.............. Gold-silver
Enob Hill .......... Gold-silver
LR r o et R T e Gold-gilver
Old Rapubllc .| Gold-silver
Surprizse (now idle)..... Gold-silver
ADOK aniveniuiie Copper
Spoqualmie M. Co.........| Miller River........| KI
Mineral Creek B per..... Lake Kachess......| Kittitas.......| Copper
Swauk Mining & redging
Co. (now idle)...........| Libert¥.............| Kittitas.......| Gold
Golden GTOUD .............| Liberty.............| Kittitas....... | Gold
Black Jack Placer........ .| Liberty...... eevseee| Kittitas.......| Gold
Old Bigney Placer.........| Liberty............. Kittitas....... Gold
Weninger & Little Mny...l Liberty...... veeesas | Kittitas.......| Gold
Sunflower Placer ..........| Liberty.............| Kittitas.......| Gold
Peacock Silver ............ Ruby (Concomxlly) Okanogan. ..., Silver-lead
Apache ....eeiiainranes pelem,..........| Okanogan.... Silver
Double Header ............ Nespelem........... Okanogan. ... Silver
Panama ....... Nespelem. . .........| Okanogan....| Silver
Four Metals (now ldls) Nighthawk.........| Okanogan.... Silver-lead-copper
RUDY  +eueeevnennsnsanness Nighthawk.........| Okanogan.... Silver
'[‘rin!dnd SRLCSEBTSTRSIRE W T T T R Okanogan. ... Silverlead
Bella Ma¥ ..cvvesvirins ..ss| Metaline.... .| Pend Oreille. .| Lead-silver
Bead Lake ......... eeanass| NEwDort.... Pend Oreille. .| Lead-silver
Ries (now idle)..... veesssss! Newport.. Pend Oreille. .| Lead-silver
American Arsenie ....... ..| Reiter..... Snohomish. ..| Arsenie
Sunset ........ che ivaed «.| Index..... Snohomish, .., Copper
BONANZA ,isueevsnnenans ++..| Bossburg. Stevens,...... Silver
Young Ameriea ...........| Bossburg....... Stevens..... ... Silver-lead
Silver Summitt ...........| Chewelah..... | Stevens....... Silver-lead
United Silver-Copper ..... Chewelah.. . Stevers.......| Silver-copper
Old Dominion ........ Colville..... BT Stevens.......| Silver-lead
Eleetric Point (now i(tle) .| Stevens....... | Lead
f‘!ndatune oAk pe e e .| Stevens.......| Lead
Lead Tru .| Stevens.......| Lead
Washlngton Blai.k R.ock..| .| Stevens.......| Zinc-lead
Melrose ...... | .| Stevens....... Silver
Reardon Cop .| Stevens.......| Copper
Queen & %ul (now lele! " .| Stevens..... ..| Silver-lead
Aichan Bee ........ .| Stevens.......| Silver-lead
MO0 cusmzmvmesamsnnsesss u .| Stevens.......| Silver-lead
Cleveland  ........... Bprlngdule..... | Stevens.,..... | Silver-lead
Silver Mountain ..........| Daisy......... vveens| Stevens.... Silver-lead
Tempest .ovaenes e as| DNIBY v Stevens..
Admiral ....coeeees e g:-ﬁitlnz{ 21':9?0118--”
Pirst Thou B el iviessanisdes | BEOVERBL .. ie .
e Sumas. .... veanenees| Whateom. ... Gold-silver

Boundary Rod Mounta!n.
Mount Baker M. Co

Glacier..coorssannes

Whateom. ...|
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TOTAL METAL MINE PRODUCTION OF WASHINGTON

1860 to 1023, Inclusive Value Fine Pounds Total

The following table gives the total mine production of
gold, silver, copper, lead and zine for Washington from
1860 to 1912, inclusive. The early statistics are estimates
based on what is thought to be fairly accurate data. From
1881 to 1902, inclusive, the totals are largely from re-
ports of the Director of the Mint. From 1902 on, detailed
county information is available and the data are be-
lieved to be accurate.
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QUANTITY OF ORE SOLD OR TREATED IN WASHINGTON 1860-1912
Gold Silver Copper Lead Zine Total
(Value) |(Fine Ozs.)| (Pounds) | (Pounds) | (Pounds) Value
$£9, 000,000 125,500 $9,161,108
1,000,000 12,500 1,016,737
400,000 5,000 406,650
400,000 5,000 406,650
300,000 2,750 304,960
300,000 8,750 304,969
320,107 4,000 325,407
260,000 3,250 264,207
206,341 2,856 209,305
154,535 1,925 156,905
81,982 1,000 83,172
26,968 320 27,350
300,000 41,667 850,000
300,000 21,739 325,000
75,000 17,857 95,000
135,800 886 136,819
120,000 1,450 121,630
120,000 1,450 121,653
80,000 387 80,430
i 78,952 012 74,964
aiod 1 PSRl S 5 52,208 182,085
PHLER. st .| 147,548 123,752 270,062
.| 160,503 94,516 253,120
145,000 123,750 261,325
193,700 81,984 270,744
204,000 60,628 277,100
871,807 165,883 536,121
373,553 151,554 505,405
298,304 134,961 333,664
232,761 9,683 238,861
373,148 109,060 444,087
395,400 233,407 554,207
440,664 242,780 595,332
612,118 229,549 |............ 867, 898,068
720,388 250,661 76,410 | 1,082, 962,774
732,437 302,570 26,831 | 1,0m, 973,711
661,240 377,381 29,520 216, 901,828
874,471 721,450 40,426 242, 771,408
507,85 204,500 500,570 405, 761,001
314,463 157,508 350,047 | 1,760, 518,028
406,078 125,376 108, 700 [T T o DN 5286,
221,648 45,878 235,080 28,100 |..cc0euue...| 850,
250,074 55,350 297,812 820,085 |.......... ..| 398,635
242,234 88,823 212,080 | 1,150,429 |............| 378,816
262,051 79,488 255,134 268,700 |..... ceesee.| 448,968
788,145 205,345 86,918 | 1,322,287 |............ 968,240
847,677 243,781 318,207 848,584 20,500 | 1,056,017
eveivesaanaens| 680,064 413,588 | 1,086,010 L R ..| 1,120,214
Total........|$24,733,846 | 5,684,062 | 8,324,525 | 11,504,934 20,500 |$29.542,006

*Browne, J. R., Mineral Resources of the States and Territories West of the Rocky

Mountains, 1868 (with estimate of silver).

tEstimated by C. N. Gerry, U. 8. Geological Survey.

{Raymond, R. W., Statistics of Mines and Mining in the States and Territories
West of the Rocky Mountains, 1870-1876.

§Director of the Mint, Annual Recelpts 1876-1879.
YEmmons, 8. F., U, 8. Geological Survey, Mineral Resources, page 85, 1592,
**Director of the Mint, Annual Receipts 1891-1008,

For figures later than 1912 see tables in first of report.
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GOLD

Gold is an element, occurring in nature either in the
free state as native gold, or in combination with other
elements in the form of minerals. It is often associated
with copper, lead, and silver in greater or lesser amounts.

Ore minerals. Native, or metallic gold, where pure,
has a characteristic yellow color, but when silver is added
the color changes to a paler yellow. It has a metallie
luster and when pure a specific gravity of 19.37. Tt is
very malleable and duetile. Native gold oceurs in the
form of grains of various sizes and shapes in stream de-
posits and also disseminated through masses of quartz
in quartz veins. Native gold is the most important
source of gold.

Sylvanite is another ore of gold. This is a telluride
of gold and silver ((AuAg)Te.) containing 24.5 per cent
of gold and 13.4 per cent of silver. It has a brilliant
metallie luster and is silver-white, oceasionally steel gray,
in color. It has a specific gravity of about 8 and is a
soft but brittle substance. In some loealities, sylvanite
is of considerable importance as a source of gold.

Calaverite is a telluride of gold (AuTe,) in which
some of the gold is usually replaced by silver. It usually
contains about 40 to 44 per cent of gold. Calaverite is
opaque, silver-white or bronze-vellow in color, and has a
vellow-gray or greenish-gray streak. The surface is often
covered with a yellow tarnish. It is a soft but brittle
mineral and has a speeific gravity of about 9. Calaverite
is much like sylvanite, but contains less silver. In some
localities it is of comsiderable importance as an ore of
gold.

Uses of gold. The chief uses of gold are in coinage,
gold plating, jewelry manufacture, gold leaf for gilding,
and in the production of some pigments. The gold coing
of the United States contain 900 parts gold in every 1000.
The amount of gold used for coinage is about twice that
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consumed in the arts and industries. Due to the fact
that gold is a very soft metal, it is not used in its native
state, but is alloyed with other metals. The fineness of
gold is estimated by jewelers in carats, 24 carat gold be-
ing pure. Sixteen carat gold would be gold containing
16 parts gold and 8 parts of some metal that is less valu-
able. Copper is usually added as the cheaper metal. This
gives an alloy that is harder and hag a darker color than
gold.

Gold in Washington. Washington has been a fairly
large producer of gold since 1860 and has usually been
considered, when thought of as a mining state, as a pro-
ducer of gold. The production of gold to January 1, 1923,
amounted to $28,503,979. The production of gold in
Washington has varied considerably from year to year,
but from 1886 to the close of 1919 the value of the gold
has not been for any one year below $150,000. The
highest production for any one year was in 1911 when it
reached a value of $847,677. The following year, or 1912,
recorded a decline in gold production in Washington
which continued, in the main, until the close of 1920, the
value for that year being only $120,860. This was due
largely to the increased cost of labor and supplies, which
made it impossible in many cases to produce gold at a
profit. Conditions have changed slightly, however, and
since 1920 the gold production in Washington has in-
creased somewhat, having a value in 1922 of $186,965.

The annual value of the gold produced in the State
was greater than that of any other metal until 1916, when
copper took first place in value of metals produced. Since
that time the value of copper has gradually declined until
1921 when the value of the gold produced was again
greater than that of copper.

The most important counties, as producers of gold,
given in the order of value of output for 1922, are as fol-
lows : Whatecom, Ferry, Kittitas, Okanogan, and Stevens.

| -
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In 1922 Whatecom County produced $95,679, which is a
little more than one half of the entire production of the
State for that year, and almost three times the value of
the production of the County for 1921. Most of this pro-
duction came from the Boundary Red Mountain Mine,
south of Sardis, British Columbia. The ore occurs in a
quartz gangue through which is disseminated free gold,
pyrite, chalcopyrite, and pyrrhotite. The free gold is
usually finely divided and not visible to the naked eye.

Ferry County was the second largest producer of gold
in 1922, the output being $85,686, or practically $10,000
less than that of Whatcom County. This is a slight in-
crease over produetion for 1921. The Republic distriet
is by far the largest producer in the county, and the
Quilp, Knob Hill, and Surprise mines were the largest
producers in the district. The ore is of such a nature
that practically all of it is smelted, the larger part of it
going to the British Columbia smelters.

Kittitas County ranks next with a produection of only
$2,628 for 1922. This is a slight inerease in the value of
the gold produced in the County for 1921. The gold from
this county is from the Swauk distriet, where it occurs
in the form of placer deposits.

Stevens and Okanogan Counties are each small pro-
ducers of gold. In these counties, however, it is prinei-
pally a by-product of copper, silver, or lead mining.

GOLD PRODUCED IN WASHINGTON, BY KINDS OF ORE, IN FINE
OUNCES, 1913-1922

Dry or Per Cent | Per Cent

YEAR Placers| Siliceous | Copper| Lead | Shipped | Shipped | Total Value

Ore Ore | Ore Crude |As Cone.| Ounces
.| 200.47 | 33,323.21 | 158.48 .14 90 10 33,682,350 |3606,275
278.45 | 26,453.86 | 220.93 |....... 68 32 26,953.24 | 667,173
.| 846.86 | 18,277.72 | 308.60 | 2.28 90 10 18,934.90 | 391,419
.| 400.40 | 26,979.08 | 568.76 BT 73 2r 27,944 .06 | 577,656
.| 283.86 | 23,240.61 | 281.93 | 9.77 T 30 23,816.17 | 402,324
165.93 | 14,107.36 | 463.82 2 % 7 14,737.83 | 304,658
.| 60.82 | 12,016.93 | 1568.01 | 1.4 08 2 12,232.20 | 252,862
.| T1.20 | 5,549.82 | 223.650 | 1.99 9% 5 5,846.60 | 120,860
.| 148.66 | 6,016.38 | 24.91 | 26.56 9 31 6,215.51 | 128,486
.| 162.44 | B,830.8T7 | 38.40 | 12.72 46 54 9,044.43 | 186,965
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SILVER

Silver is a metal that occurs in nature either in the
free state as metallic silver, or in combinations with
other elements in the form of various minerals. It is
usually associated with gold, copper, and lead.

Ore minerals. Silver oceurs in a large number of
combinations and forms a constituent in quite a large
group of minerals. Some of the most important ores of
silver are metallic silver, silver-bearing galena, pyrargy-
rite, proustite, stephanite, and argentite.

Native or metallic silver when pure is a white metallic
mineral which easily tarnishes to a gray, black, or bluish
black color. It is a soft malleable and ductile metal,
a good conductor of heat and electricity. It has a specific
gravity of about 5.5 and occurs either as erystals, mas-
sive, or compact. Native silver furnishes an important
part of the silver of commerce. The silver-bearing lead
ore, galena, is also a very important source of silver.
This is the sulphide of lead and usually contains more or
less silver, the fine grained granular variety known as
steel galena usunally containing more than the coarsely
crystalline.

Pyrargyrite, a sulph-antimonide of silver (Ag,SbS,),
containing 59.9 per cent of silver, is another important
silver mineral. This mineral is reddish-black in color,
but deep red by transmitted light. It has a specific gravity
of about 5.8 and is a rather soft mineral with a metallic
adamantine luster. It is commonly found associated
with other minerals as proustite, cerargyrite, galena, and
sphalerite. Pyrargyrite contains 22.3 per cent antimony
and is known as dark ruby silver.

Proustite is a sulph-arsenide (Ag,AsS,) and is the
light-red ruby silver ore. It contains 65.4 per cent silver
and 15.2 per cent arsenie. It has a scarlet-vermillion
color and an adamantine luster. It has a specific gravity
of about 5.6 and is a comparatively soft mineral. It oc-
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curs associated with other silver ores and sulphides of
the metals as lead and zine. In some localities proustite
is an important ore of silver.

Stephanite, or brittle silver, is a sulph-antimonide of
silver (Ag;SbS,), having 68.5 per cent of silver and 15.2
per cent of antimony. It has a grayish-black or iron black
color and metallic luster. It has a specific gravity of
about 6.2 and about the same hardness as proustite. It
occurs most ecommonly in massive and fine-grained com-
pact forms and in disseminated grains. Stephanite oc-
curs associated with other silver ores and sulphides of
other metals as lead and zine.

Argentite, also known as silver glance, is a sulphide
of silver (Ag,S), containing 87.1 per cent of silver. Tt
has a blackish lead gray color, and dull metallic luster.
The specific gravity is about 7.2 and the hardness about
the same as that of the silver minerals deseribed above.
It usually occurs massive or in the form of arborescent
growths.

Uses of sidver. Silver alloyed with copper is used
largely for coinage purposes. In some cases, as in China,
Mexico, and several of the South American countries, it
constitutes the main part of the coinage, while in others
it forms only the small coins. The small coins of the
United States are nine-tenths silver and one-tenth copper,
the latter metal being added to give hardness. Silver is
used very extensively in table-ware, jewelry, chemical
apparatus, manufacture of certain compounds used in
photography, silver-plating, and in the manufacture of
various utensils used for domestic purposes. The metal
is comparatively soft and on account of this it is seldom
used in its pure state, but is usually alloyed with some
other metal to harden it.

Silver in Washington. Silver has been produced in
‘Washington in small amounts since a very early date.
While early statistics are not very reliable, this state is
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credited with a production of 125,500 ounces of silver
prior to 1866, and more or less for each year from that
time on to the present. The output of silver sinece 1891
has averaged about 200,000 ounces a year. In 1902, Wash-
ington produced 721,450 ounces of silver and the value of
the silver produced was greater than the value of the
gold for that year. This is the only year, with the ex-
ception of 1922, when the value of the annual production
of silver has been greater than that of gold. From 1896
to 1906, the production was fairly constant, ranging
from 125,376 ounces as a minimum, to as high as 721,450
ounces as the highest. Beginning with 1902 a decline in
the production of silver began, and in 1906 only 45,878
ounces were produced, with a value of only $30,738. An
inerease in production began then and continued until
1913, when it reached $200,068. Then there was a slight
decrease until 1916, when the production began to in-
crease again and continued until 1921, when it had a
value of $142,450. In 1922 the production increased
slightly, the value being $205,046.

The production of silver in Washington comes prin-
cipally from Stevens, Okanogan, and Ferry Counties in
the order named, Stevens County producing a little more
than one-half of the entire output of the State for 1922.
The silver is obtained either from the mining of silver
ores or from the mining of lead, copper, or gold ore con-
taining silver. In 1922 silver ore contained 37 per cent
of the silver, copper ore 33 per cent, gold ore about 15
per cent, and lead ore about 15 per cent. The ore is ship-
ped either in the crude state, as mined, or concentrated.
The United Silver Copper Mine, northeast of Chewelah,
was the largest producer of silver in 1922,
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SILVER PRODUCED IN WASHINGTON, BY KINDS OF ORE. IN FINE
OUNCES, 1913-1922

Dry or Copper Lead Total Total
YEAR Placers | B Ore Ore Ounces Value
Ore
60 186,606 140,214 4,260 831,230 | $200,068
83 168,400 a 90,574 5,706 264,861 146,468
b 150,688 b 95,766 0,544 255,837 129,700
104 154,546 ¢ 172,404 8,067 885,121 220,510
86 120,510 d 154,747 6,977 282,320 232,632
45 156,772 @ 149,858 3,418 310,003 310,008
18 104,980 £ 146,801 5,251 250,384 290,510
16 45,97 g 146,820 6,866 199,678 217,649
48 68,991 65,716 7,695 142,450 142,450
49 106,243 68,239 30,463 206,046 205,046

COPPER

Copper is an element with the properties of a metal
and distinguished from other metals by its peculiar red
color. Native copper has a specific gravity of about 8.8
to 8.9, is very ductile and malleable. Copper is one of
the very widely diffused metals and occurs in the native
state as well as in a great variety of combinations. Fresh
surfaces have a metallic luster, but old surfaces become
tarnished and dull, often being coated with alternation
products.

Ore minerals. The most important ore minerals of
copper are native copper, chaleopyrite, bornite, chalco-
cite, enargite, cuprite, malachite, and azurite.

Native copper oceurs in strings, sheets, arborescent
masses, and lumps in conglomerates, sandstones and
rocks of this character. It occurs abundantly in the Lake
Superior region of Wisconsin, and is a very important
ore of copper.

Chalcopyrite and bornite are forms of copper, iron
sulphide. Chalcopyrite, theoretically, has 55.5 per cent
copper; is reddish-brown in color, but often has a purple
tarnish. It has a metallic luster and grayish-black streak.
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Chaleocite is a sulphide of copper, having 79.8 per cent
metallic copper. In color, it is blackish to lead-gray and
often shows a black tarnish. Enargite is a sulph-arsenate
of copper with 48.3 per cent metallic copper. It is gray-
ish-black to black in color, with a black streak and metal-
lic luster.

Cuprite is the cuprous oxide and contains 88.8 per
cent metallic copper. It has a submetallic or admantine
luster, a red color, and brownish-red streak. Azurite and
malachite are basic carbonates of copper. Azurite is
azure-blue in color with a vitreous luster, and contains
55.3 per cent metallic copper. Malachite is bright green
in color, with a vitreous luster, and contains 57.7 per
cent metallie copper.

The carbonates are products of weathering and are
found mainly in the upper weathered portions of copper
deposits.

Uses of copper. The uses of copper are so large that
only some of the most important ones will be given here.
It is used extensively both as a metal and in the form of
alloys.

The most important use of copper as a metal is as a
conductor of electricity. Of the common metals only one,
silver, is a better electrical conductor than copper. On
account of this property it has been used extensively for
making telegraph, telephone, and trolley wires. It is also
used for electroplating by all large newspapers. Large
amounts are used in the making of various alloys, such
as brass, which is an alloy of copper and zine in various
proportions, the proportion of copper determining the
properties of the alloy. The commonest proportion is
about two of copper to one of zine. Bronze, bell-metal,
and gun-metal are alloys of copper, tin, and generally
zine. German silver is an alloy of copper, zine and nickel.
In addition to the above, there are many other alloys in
which copper is a constituent. Copper is also extensively
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used in the arts and trades for such purposes as roofing,
domestic utensils, plumbing, and copper-plate. Salts of
copper are used for pigments, especially to produce blue
and green. The sulphate of copper is used in calico
printing, in copper plating, and galvanic batteries.

Copper in Washington. The bulk of the copper pro-
duced in Washington in 1922 came from the Chewelah
distriet in Stevens County. Of a total production of
317,203 pounds, Stevens County is credited with 308,996
pounds, most of which came from the Chewelah district.
For a number of years the Index district in Snohomish
County produced considerable copper but no production
is reported from this distriet for 1922. The other counties
that produce copper in any amount are Kittitas and
Okanogan, and these together produced only 7,118
pounds in 1922.

Previous to 1900, Washington had produced but very
little copper, but from that time on the production has
gradually increased until 1916 when it amounted to 2,-
645,022 pounds, with a value of $650,675. This is the
largest produection, and the value is considerably more
than for any other year. This production was a result,
partly at any rate, of the war demand. The output, how-
ever, kept up pretty well, being around 2,000,000 pounds
until the close of 1920. The value nevertheless, decreased
very materially, going as low as $364,897 in 1920. In 1921
the production was only 251,544 pounds, which is the
smallest amount produced since 1910, when the amount
was 86,918 pounds, with a value of only $11,038. Since
1921 the production of copper has increased somewhat
in both amount and value; the production in 1922 being
317,203 pounds, or an increase over that of 1921 of 65,659
pounds, while the value was $42,822, or an increase of
$10,393 over that of 1921.
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COPPER PRODUCED IN WASHINGTON, BY KINDS OF ORE, IN DRY
POUNDS, 1913-1922

Per Cent | Per Cent
Dry or Preduced | Produced Total
YEAR Siliceous Copper Lead From From Pounds Value
Ore Ore Ore Crude Concen-
Ore trates
800,374 T4 8 o2 54,081 $147,883
TRt Lo sadiie; 72 28 778,728 103,571
1,007,475 |.veuenssns 57 43 1,020,926 178,662
2,584,230 871 (] 25 2,645,022 650,675
2,147,102 | (a)1,025 56 4 2,100,518 600,468
I,g.&ﬁ 303 42 58 1,922,406 474,854
1,669,060 | (b)5,063 18 82 1,676,576 311,843
1,975,604 | (£)5,457 12 83 1,983,134 364,807
246,017 2B | rvinannl| havananenion 251,544 32,449
812,m12 4 R 17,208 42,822

(a) Includes 490 pounds from lead zinc ore.
(b) Includes 4,025 pounds from copper lead ore,
(e) From copper lead ore.

LEAD

Lead as an element is classed as one of the useful
metals and is remarkable for its softness and heaviness.
It belongs to the class of white metals, but has a decided
bluish-gray tint. A freshly cut surface is lustrous, but
it soon tarnishes and becomes dull from a film of oxide
that forms. Lead is not common in the native state, but
is found in some few instances. The specific gravity of
lead is about 11.4. It is very malleable, can be rolled into
thin sheets, but cannot be drawn into fine wire.

Ore minerals of lead. The lead minerals are numerous
but only a few of these are important commercially as
sources of lead. The most important ore minerals of lead
are galena and cerussite. Anglesite and pyromorphite
are less important, but are of frequent occurrence.

Galena is the most important ore of lead. This is
the sulphide of lead (PbS) and containg 86.6 per cent
metallic lead. Color and streak are lead-gray, and the
luster, metallic. It has a specific gravity of about 7.5 and
is a comparatively soft mineral. It oceurs associated
with other lead minerals, and with pyrite, zine blend, and
siderite. It may be massive, erystalline, or coarse or fine
grained. The very fine granular variety is known as
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steel galena and very often contains silver. Cerussite and
anglesite are often found in the upper weathered por-
tions of galena deposits.

Cerussite is lead carbonate (PbCO;) and contains
77.5 per cent metallic lead. It is white, grayish, or
yellowish in color, with an adamantine, sometimes sub-
metallic luster. It has a specific gravity of about 6.5. It
occurs granular, massive, and compact, often in bunches
and open masses of slender prismatic cerystals. Thig is
an important ore mineral of lead and constitutes the
main part of the ore in the upper working or weathered
zone of many lead deposits.

Uses of lead. Lead is used extensively in the form
of sheets and pipes in the construction of buildings. It
is also used in the manufacture of weights, bullets, and
shot. For the latter purpose it is usually alloyed with
about 0.3 per cent of arsenie, which hardens it. Many
very useful alloys of lead are produced, among these be-
ing type metal, an alloy of lead and antimony ; solder, an
alloy of lead and tin, and many others that might be
mentioned. Fire plugs in automatic fire devices are low-
fusion alloys containing lead, bismuth, and tin. Organ
pipe metal is also an alloy of lead.

Some of the salts of lead are used extensively in the
trades and industries. White lead is hydrated carbonate
of lead and is extensively used as a pigment. Minium
(Pb;0,) is used as a red pigment and in glass making.
Litharge (PbO) is used in glass making, as a glaze for
pottery, and as a collecting agent in assaying. Sublimated
white lead is a mixture of lead sulphate, lead oxide, and
zine oxide. This is a high grade pigment and is used to
a considerable extent. Mixtures of ‘‘white lead’’ and
zine oxide are used as white pigments and lead chromates
are used for yellow and red pigments. Sugar of lead,
lead acetate, is used in medicine and in the arts.

Lead in Washington. Washington has not been a
large producer of lead in the past. The first production
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credited to this State is for the year 1898, when the
amount is given as 857,555 pounds. Since this time there
has been some production of lead each year, the amount
varying much from year to year. For the first ten year
period, from 1898 to 1907, inclusive, the largest produec-
tion for any one year was 1,760,309 pounds in 1904, and
the lowest 216,841 pounds in 1901. For the next ten year
period, 1908 to 1917 inclusive, the production was small
65,507 pounds in 1914, until 1916 when the production was
5,399,274 pounds valued at $372,550. The banner year
for lead in Washington was 1917, when the production
reached 9,789,687 pounds with a value of $841,913.

This very large increase in production was a result
largely of the discovery of the Eleetric Point Mine with
its large chimneys of lead ore. During this year, the
market for lead was especially good and this, along with
the large production, gave an unusually high value for
the output. From 1917 to the close of 1921 there was a
very marked decline in both the production and value of
the lead, so that the output for 1921 was only 143,553
pounds, with a value of only $6,460. In 1922 the mine
production of lead increased to practically ten times what
it was in 1921, and on account of better market condi-
tions, the valve was practically twelve times what it was
in the previous year. KEven with this increase in produc-
tion, however, the amount was only about one-seventh
and the value a little more than one-twelfth that for 1917.

The lead produced in Washington comes almost en-
tirely from Stevens, Okanogan, and Pend Oreille
Counties. The Gladstone Mine, near Northport, became
a regular producer during 1922. It adjoins the Electrie
Point Mine and the occurrence of the ores is practically
the same. The ore is cerussite or lead carbonate and
galena or lead sulphide. The Santa Rita Mine, west of
Springdale, was also a considerable producer of lead ore
during 1922.
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PRODUCTION OF LEAD IN WASHINGTON, 1913-1922

4.4 202,487 $8,000
3.9 66,507 2,556
4.7 296,215 13,875
6.9 5,309,274 372,560
B.6 9,789,687 841,013
7.1 5,271,816 374,209
5.3 2,146,157 118,746
8.0 5,787,247 462,980
4.5 143,56563 6,460
5.5 1,381,199 75,066

ZINC

Zine is one of the useful metals, harder and less mal-
leable and ductile than lead. Native zine is not positively
known to oceur in nature and if it does occur it is very
rarely. It is found in combination with other elements
and is widely disseminated. It has a brilliant metallic
luster which possesses a bluish tint and erystalline struc-
ture. Zine has a specific gravity of about 7.15 and is one
of the group of metals which displays both metallic and
non-metallic properties.

Ore minerals of Zinc. The principal ore minerals of
zine are sphalerite, Smithsonite, zincite, franklinite, cala-
mine, and willemite.

Sphalerite, or zine-blend, is a sulphide of zine (ZnS),
containing 65 per cent metallic zine. It is often impure,
containing iron, manganese, and cadmium. It varies much
in color being yellow, brown, black, and sometimes green
or red. It has a resinous to adamantine luster, a specific
gravity of about 4, and is a little harder than lead
sulphide with which it is often associated. Sphalerite
oceurs either massive, coarse to fine granular and com-
pact, or in some cases in the amorphous form. This is
one of the very important ore minerals of zine.

Smithsonite is the carbonate of zine (ZnCO,) and
has 52 per cent of metallic zine. The color is variable,
but is usunally white or gray, and the luster, when crystal-
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line, is vitreous to pearly. It has a specific gravity of
about 4.35. It usually occurs in a massive earthy con-
dition and is found associated with sphalerite, galena,
calamine, and calcite.

Zincite is the oxide of zine (Zn0O) and contains 80.24
per cent metallic zine. The color is deep red or orange-
yellow and the luster adamantine. It hag a specifie
gravity of about 5.6. It occurs foliated, granular, mas-
sive, or in coarse particles or grains. It is found as an
ore of zine associated with willemite and franklinite.

Franklinite consists of the oxides of zine, iron, and
manganese with usually about 20 per cent of zine oxide.
The color is black or brownish-black, and the streak dark
brown, while the luster is metallic. The specific gravity
is about 5.12. Onme of the principal localities where frank-
linite occurs is at Franklin Furnace in New Jersey where
it is found associated with zincite and willemite.

Calamine is a hydrous silicate of zine ((ZnOH),Si0,),
containing 15.54 per cent of metallic zine. In color it is
usually white, but is sometimes greenish and bluish. The
luster is vitreous to almost pearly. It has a specific
gravity of about 3.5 and occurs in various forms as
massive, granular, fibrous, and stalactitic. Smithsonite
is usually found associated with ealamine.

Willemite is a silicate of zine (Zn,SiO,) and con-
tains 58.5 per cent of metallic zinc. The color, when pure,
is white to greenish-yellow, but it may be apple-green or
flesh-red. The luster is vitreous to resinous. It has a
specific gravity of about 4 and occurs either massive or in
disseminated grains.

Uses of zine. Zinc is used very largely in the manu-
facture of galvanized iron, which consists of sheets of
iron covered with a layer of metallic zine. It is also used
extensively in the manufacture of certain alloys as brass,
bronze, and German silver. Zine is also used in the man-
ufacture of telegraph batteries as well as batteries for
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other purposes. Slabs of zine are also used for de-silver-
izing lead. Zine oxide is used in the manufacture of
rubber and the sulphate is used extensively in dyeing
and coloring yarns and fabrics. Zine chloride is used
somewhat as a preservative of wood that is to be placed
in the ground. Zine is also used extensively as a pigment,
either alone or mixed with other substances.

Zine in Washington. The first record of zine having
been produced on a commercial scale in this State is for
1911, when ores were marketed from which 20,590 pounds
of zine were recovered, with a value of $1,174.* This zine
came from the Oriole mine in Pend Oreille County. This
appears to have been the only zinc produced in this State
until 1915 when a production of 244,906 pounds was made
with a value of $30,368. This also all came from Pend
Oreille County. The following year (1916) the amount
of zina produced was 1,693,734 with a value of $226,960.
From 1916 a decline in the production of zine took place
and continued until 1919, when no zine was produced in
Washington. Beginning with 1920, production was re-
sumed again and gradually increased until in 1922 the
production had reached 1,228,229 pounds, having a value
of $70,009.

This increase in production has been due to a large
extent to the discovery early in 1920 of a deposit of zine
carbonate about six miles east of Northport. This deposit
occurs along the county road between Northport and
Leadpoint. This property is known as Washington
Black Rock Mine.

Zine is reported to occur in a number of places in
Washington, but so far the production has come from
Pend Oreille and Stevens Counties.

IMineral Resources of the United States, 1911. TU. 8. Geol. Survey
(1912), Part 1, pp. 784, T87.
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PRODUCTION OF ZINC IN WASHINGTON

YEAR Av. Price Total Value

ANTIMONY

Antimony is an element resembling a metal in ap-
pearance and physical properties but in its chemical re-
lations belonging to the class of non-metallic substances.
Antimony is usually found in lamellar, radial, and botry-
oidal masses. It exhibits brilliant cleavage surfaces with
tin white color. When exposed to atmospheric agencies
the color changes to dark gray. _

Ore minerals. Native antimony, on account of its
rarity, is of little commercial importance. The chief ore
mineral of antimony is stibnite (Sb,S;) which theore-
tically, contains 71.4 per cent of antimony and 28.6 per
cent of sulphur. Stibnite is found in quartz veins cutting
crystalline rocks and in metalliferous veins associated
with lead and zine ores. Stibnite fuses very easily, thin
splinters melting even in the flame of a candle.

Uses. Antimony as a metal unalloyed is of very little
commercial importance on account of its very restricted
use. It, however, alloys readily with most heavy metals
and forms an alloy that is harder than the pure metals.
Most alloys of antimony have the property of slight ex-
pansion on solidifying, which is a very valuable property
of metals to be used for certain purposes. Type metal is
an alloy of antimony, lead, and tin; babbitt, anti-frietion,
or bearing metal usually consists of antimony, tin, and
copper. Britannia metal, also known as ‘‘white metal,”’
is an alloy of antimony, tin, and copper, with some zine
and rarely small amounts of other metals. The principal
use of this metal is in making cheap domestic table-ware



48 Bulletin No. 30, Division of Geology

such as spoons and teapots. The metal was much more
extensively used at one time than it is now. Antimony
alloys are also used in making battery plates, toys, and
cable coverings, while small amounts of antimony are
used in certain brasses and aluminum alloys. A con-
siderable amount of antimony alloyed with; lead and
known as ‘‘hard lead”’ is used for various purposes.

White antimony oxide is used in making opaque white
enamel and other sanitary ware. For this purpose the
tetra-oxide (Sh,0,) is mostly used. Antimony oxides are
also used in the manufacture of glass and as paint pig-
ments. Antimony sulphides are used in vulcanizing and
coloring rubber, and in the manufacture of safety
matches, percussion caps, certain kinds of fireworks, ete.
Antimony and lead, in certain proportions, form what is
known as ‘‘Naples yellow’’ which is used as a pigment in
oil paints and in the glass and ceramic industry. Tartar
emetie, and antimony fluoride are employed as mordants
in dyeing.

Lead containing from 12 to 13 per cent antimony
is used in the manufacture of bullets, while antimony
sulphide is almost universally used as a constituent of
primers in shells and catridges. Antimony sulphide is
used as a powder in the charges of some shells. When
these shells explode a dense white smoke is produced
which helps in range finding.

New uses are being found for antimony and as a result
of this the demand may gradually increase. The use of
antimony compounds, especially the oxides in paints, is
rapidly increasing and this seems to be a very promis-
ing field and one that may eventually call for a large
amount of antimony.

Production. Antimony deposits oceur in many places
in the United States, and especially in the Western
States. The comparatively high cost of mining in this
country, however, does not permit of the mining of these
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ores, in competition with the Chinese and Mexican ores,
during peace times. At the outbreak of the war, the
price began to advance rapidly on account of the in-
creased demand for antimony in the manufacture of war
munitions and metallic antimony went from about 6 to 8
cents a pound to 44 cents a pound in March, 1916. These
high prices caused a considerable development of some
of the antimony deposits in the United States and in 1915
this country produced ore carrying about 2,100 short tons
of antimony. These high prices of antimony also stimu-
lated imports and this, along with the domestic produc-
tion, caused the price of antimony to decline until the
ordinary grades brought from 11 to 12 cents during the
latter part of 1916. This made it impossible for many
of the domestic mines to operate at a profit, and they
were closed down.

The anticipation of the entrance of the United States
into the war caused a recovery in prices of antimony, and
by April, 1917, the price of ordinary grades had reached
about 33 cents a pound. This increase in price again
stimulated imports until they were far in excess of the
demand and this had the effeet of lowering prices and
building up large reserve stocks, so that during the last
half of 1917 the price was fairly constant at about 14
cents. This price made it impossible for the domestic
antimony mines to be worked at a profit under the then
existing conditions, and they were closed down and prac-
tically no antimony ore has been produced in the United
States since 1918.

At the close of 1923 the price of white antimony oxide,
Chinese, guaranteed 99 per cent (Sbh.0,), in New York,
was 714 cents.

Deposits in Washington. Antimony is reported to
oceur in Ferry, King, Kittitas, Okanogan, Snohomish,
and Stevens Counties. The deposits are all comparatively
small and during normal times cannot compete with the
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ores from China. In some cases the ores carry consider-
able silver and the demand for silver has an important
bearing on the working of these ores, the antimony in
this case being obtained as a by-product.

In the Covada distriet of Ferry County stibnite fills
small veins in the silicified zone of the Longstreet Mine
closely associated with silver ore. It does not appear
to be silver bearing of itself, however, and is rare in
other parts of the district.! The R. E. Lee prospect is
located 114 miles northeast of Covada about a quarter of
a mile south of the Longstreet property. This property
contains a series of small veins carrying almost pure
antimony sulphide. Omne stringer, 3 inches wide, com-
pletely filled with stibnite or berthierite, is the widest;
others range from one-half an inch to an inch in width,
and are separated from one another by barren country
rock, the whole mineralized zone being about two feet
wide.?

In King County, antimony is reported as occurring
in the form of gray copper, and antimonial silver in the
Cleopatra Mine on Miller River. Antimony sulphide or
stibnite oceurs in the Great Republic Mine. In the past
some attempts have been made to treat the antimony
ores in this district, but they have all been financial
failures.

Antimony ores occur in a number of places in Okan-
ogan County, and from some of the deposits in this
county antimony has been produced on a commercial
basis. Several carloads of good grade antimony ore are
said to have been shipped from the Lucky Knock Mine

'Pardee, J. T. Geology and Mineral Deposits of the Colville Indian
Reservation, U. 8. Geol. Survey Bull. 677 (1918), p. 151,

“Bancroft, Howland. The Ore Deposits of Northeastern Washington,
U. S. Geol. Survey, Bull, 550 (1914), p. 196.
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situated near Tonasket. The ore is stibnite and is said
to occur as irregular replacement deposits in limestone.!
A plant was built on the property for treating this ore
but there has been no activity for several years. Stibnite
oceurs in the Antimony Queen Mine and the Dixie Queen
Mine near Methow and in the property of the Ruby Min-
ing Company in the Mt. Chopaca distriet.

In Stevens County some antimony occurs, but the
deposits have been but little developed and no antimony
of importance has been produced from this county. The
Wells-Fargo Mining Company owns property in the
northwest quarter of Sec. 36, T. 31 N., R. 38 E., on which
there is a white milky quartz vein that has a thickness of
from three to five feet and in which bunches of stibnite
occur along with subordinate amounts of pyrite. Some
development work has been done on this property and
the indications are said to be encouraging.

ARSENIC

Arsenic is an element which is usually classed among
the non-metals, though it has some of the characteristics
of a metal. Its appearance and luster are metallic, and it
forms with certain metals compounds which though
brittle correspond to true alloys. The addition of arsenie
to most metals makes a very brittle alloy. An alloy of
lead and arsenic, known as hard lead, is used for certain
purposes. Arsenic is a good conductor of heat and
electricity.

On freshly exposed surfaces arsenic is lead gray or
tin white, but it soon tarnishes to dark gray and almost
black when exposed to the atmosphere. In most of its
mineral combinations, arsenic acts as an acid forming
element. Kxeceptions to this are, of course, the sulphide
and the simple oxides.

Patty and Glover, The Mineral Resources of Washington, With Statis-
tics for 1919, Wash, Geol. Survey Bull, 21 (1921), p. 58.
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Ore minerals. Arsenic is occasionally found native,
but in this form it is of no commercial importance in the
production of arsenic. The principal minerals of arsenic
are arsenopyrite (FeAsS), orpiment (As,S,), and real-
gar (As,S,). Arsenic is, however, a constituent of a
large number of other minerals and in fact most of the
arsenic of commerce is a by-product from the smelting
of arsenical gold and copper ores.

Uses. Arsenic is used only in the form of its com-
pounds. The native metal occurs too sparingly to be of
commercial value. Arsenious oxide, the white arsenic of
commerce, is used in the manufacture of certain pig-
ments, and in making glass and enamels. The plate glass
factories use large quantities of white arsenic, the con-
sumption of a single company reaching as much as 50
or 60 tons a year. It is also used in making medicine. It
is alloyed with lead in the manufacture of shot, about 0.3
being added to harden the lead. Large amounts of sodium
arsenite are used in insecticides, as in sheep dips. Much
arsenic and arsenates of soda are used in making Paris
green, which has a very large use as an insecticide.
Sodium arsenate solution has also been used very ex-
tensively the past few vears by many of the railroad
companies for killing weeds on rights of way.

One of the very important uses of arsenic at the pres-
ent time is its use by the cotton growers as calcium
arsenate in combatting the boll weevil pest. The use of
calcium arsenate for this purpose began in 1919 and in
1922 about 8,000 tons was distributed, which was equiv-
alent to 4,600 tons of white arsenic. This, however, did
not supply the demand and by September the scarcity
was acute and prices rose rapidly from August, when
white arsenic sold for 814 cents a pound, until December
when it was selling for 1514 cents a pound.

Indications are that calcium arsenate may continue
as the cheapest and most effective poison for the control
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of the boll weevil in the infested cotton fields. Its use
may be expected to increase rapidly in the next few years,
and there may still be some question as to the quantity
readily available. There is very little doubt as to the
adequacy of the supply of arsenical ores within the
United States, but the important question is whether
these ores can be mined and treated profitably for their
arsenic content only, without increasing the price of
arsenie to such a point that the price of cotton will not
justify the use of the arsenie.

Freight charges are an important item in the distribu-
tion of arsenic, and cheap water transportation enables
the imported material to compete with the domestie,
especially in favorably located consuming centers. Thus
Canadian arsenic from the Cobalt distriet may find its
way into the central part of the United States, south of
the Great Lakes, while supplies may come from Mexico
by boat to ports on the Atlantic seaboard. Unfortunately
many of the American smelters at which arsenie is re-
covered and many of the mines from which the arsenic
produced in the United States comes, are in the western
part of the country far from the consuming centers, which
are in the eastern and southern part. This necessitates
a heavy transportation charge.

Deposits in Washington. Many of the ores mined in
Washington for the gold, silver, or copper that they con-
tain, have also a considerable amount of arsenie, and in
some cases the amount is sufficient to make it a source of
profit.

‘Washington has the distinetion of being the first state
in the Union to produce white arsenic on a commercial
scale. In 1901 the Puget Sound Reduction Company, at
Everett, Snohomish County, installed a plant for collect-
ing the fumes and refining arsenic. The ore treated by
this company was largely from the Monte Cristo distriet
in Snohomish County and carried a large amount of
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arsenic. The ore from this district carried relatively small
amounts of gold and silver and was mined and treated
for these. The principal ore in the Monte Cristo district
is arsenopyrite, which theoretically contains 46.0 per cent
of arsenic, 19.17 per cent sulphur, and 34.3 per cent
of iron. Much of the arsenopyrite, however, has been
changed by weathering to either realgar (AsS) contain-
ing 70.1 per cent of arsenic and 29.9 per cent of sulphur,
or to orpiment (As,S,) containing 61.0 per cent of arsenic
and 39.0 per cent of sulphur. The smelter at Everett has
long since been dismantled and the mines in the Monte
Cristo district have been producing but little ore for the
past ten years.

Arsenical ores are found in many places in the Cas-
cade Mountains in Washington. These ores oceur on both
the eastern and western sides of the range, especially in
the northern part of the State. The counties from which
arsenic has been reported are the following: Ferry, King,
Lewis, Okanogan, Skagit, and Snohomish. In most cases
the arsenic is an accessory mineral but in a few places
it occurs as realgar and forms the principal part of the
ore. This is especially true of a deposit at Mineral, in
Lewis County, and at one time a plant was in operation
there and white arsenic was being produced. During
1922 ore containing realgar was being concentrated at
Gold Bar in south central Snohomish County and the out-
put during the time of operation was more than a ton of
realgar a day. The ore occurs along a faulted and brec-
ciated zone in diorite.! The ores from the Miller River
district in King County carry arsenic and they have been
the source of a considerable part of the arsenic produced
from ores mined in this State. Realgar occurs near Clear
Lake in Skagit County, but so far as the writer is aware,

iMineral Resources of the United States, 1922, Part I, U. 8. Geological
Survey, p. 64,



Mineral Resources of Washington 55

arsenic has not been produced commerecially from this
locality.

A deposit of realgar (AsS) occurs near Reiter, Sno-
homish County, which hag been developed by the Amer-
ican Arsenic Company, which has its head office at Burl-
ington, Washington. The following desecription of the
property is from Bulletin No. 21, Washington Geologiecal
Survey:

“The mine is 2,000 feet above and four miles by trail from
Reiter, a station near Index on the Great Northern Railway. The
arsenic occurs principally as realgar with subordinate amounts of
orpiment and arsenalite. The ores fill a small fracture in the grano-
diorite country rock. The ore has been developed by a drift 150
feet in length, this development shows the vein to vary in width from
two to twelve inches, with five inches as an average. Practically
the entire filling is realgar of excellent grade. There are several
minor veinlets trending off at various angles from the drift, and
near-by there are exposed several small but continuous veinlets of
ore. The ore from the largest vein is of sufficient width and quality
that it can be sorted and shipped direct. A fifteen ton flotation mill
was completed on the property during July, 1920, to provide con-
centration facilities for the lower grade material.”

CHROMIUM

Chromium is a metal that in the ecompaet form is
whiter and more lustrous than iron, intensely hard, brit-
tle, and less fusible than platinum. It oxidizes slowly in
the air, but burns vividly in oxygen. It has a specific
gravity of 6.9. Hot hydrochlorie or sulphuric acid dis-
solves it, but strong nitric acid does not affect it.
Chromium is not found native in nature but always in
combinations with some other substance, the most com-
mon occurrence being as the mineral chromite.

Ore minerals. Chromite (FeCr,0,) is the principal
ore of chromium. It has the theoretical composition of
chromium oxide (Cr,0,) 68 per cent, and iron oxide
(FeO) 32 per cent, but it usnally contains small amounts
of aluminum oxide (Al,O,), calcium oxide (Ca0O), and
magnesium oxide (MgO). Its color is brownish-black
and its streak brown. It has a conchoidal or uneven
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fracture and no distinet cleavage. It is usually non-
magnetic, but some specimens show slight magnetism be-
cause of the admixture of the isomorphous magnetite
molecule. Its hardness is about 5.5. This is the principal
source of chromium.

Chromite occurs principally in olivine rocks and in
their alteration product, serpentine. The mineral is
found not only as erystals embedded in the rock mass,
but also as nodules in it and as veins traversing it. It
is probably a segregation from the magma producing
the rock. In a few places the mineral occurs in the form
of sand on beaches.

Uses of chromwm. The following summary of the
uses of chromium is taken from the Mineral Resources of
the United States, 1920.

“Chromium has many uses, but is most largely used as a con-
stituent of chrome steel, a steel made to resist great wear and violent
stresses, such as those imposed upon armour plate, automobile
springs, ball bearings, and jaws of rock crushers. The chromium is
introduced into the steel as ferrochrome, containing usually be-
tween 60 and 70 per cent of chromium.

“A corrosion-resisting chrome steel known as ‘stainless steel,’
though first made long ago, has recently received considerable at-
tention and may become of wide application. The properties of this
steel are described by T. H. G. Monypenny.* ‘As commonly made, it
contains from 11 to 14 per cent of chromium and not more than
0.45 per cent of carbon. It strongly resists rusting and all forms
of oxidation, even at high temperatures, and it is not corroded by
many agents that attack ordinary steel, nor is it affected by nitric
acid, though it is attacked by hydrochloric or sulphuric acid. Salt
water, fruit juice and ammonia have no effect on it, whence the
name ‘‘stainless.” Although invented by an American, ‘“‘stainless
steel” was first used in England for making cutting steel, but it may
be used for other purposes. During the World War it was used
extensively for making the valves of internal-combustion engines,
a use for which it is particularly suited, not only because it resists

1Sampson, Edward. “Chromite,” Mineral Resources of the United States,
1920, U. 8. Geol. Survey (1922), pp. 21-22,

*Monypenny, T. H. G., Stalnless steel: S8oc. Chem. Ind. Jour., Vol. 39, No.
22, pp. 390R-391R, 1920 ; abstract and editorial comment, Min. and Sci. Press,
Vol. 122, No. 14, Apr. 2, 1921,
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pitting but also because it retains its strength at high temperatures
to a marked degree.’

“Monypenny states that stainless steel is subject to as great
a variety of heat treatment as ordinary steel and that its physical
properties are equal to those of ordinary steel and in some respects
superior. The war delayed the development of stainless steel be-
cause of the lack of chromite, but its use should increase greatly,
and it may even be used in structural work.

‘‘Stellite is essentially an alloy of cobalt and chromium, to which
is usually added a small quantity of tungsten to increase its strength.
Its composition varies as follows:* Cobalt 50 to 60 per cent;
chromium 30 to 40 per cent; tungsten, 8 to 20 per cent. It
strongly resists corrosion and is of great hardness. Its hard-
ness persists at high temperatures, so that during the war it was
largely used in high speed lathe tools employed for turning shell and
ordnance. It is extensively used in the manufacture of surgical
and dental instruments.

“Chromite is used as a refractory material, principally in the
steel industry. In fact, one of the chief objections to chromite is
that it is so refractory that it will not sinter or form a bond, so
that it is subject to comsiderable mechanical wear. About 60 per
cent of the chromite used as a refractory is in the form of brick and
the remaining 40 per cent is in the form of lump and crushed ore.
It is used chiefly in the basic open-hearth process by which three-
quarters of the steel produced in the United States is made. Chrome
brick are used between the clay brick or silica brick foundation and
the magnesite floor and also as a neutral bond between the basic
lower and acid upper walls. The crushed ores are extensively used
in making repairs and to some extent for protecting the acid roof.
It has been estimated that about 115 pounds of chromite are con-
sumed for each ton of steel made. Small quantities of chromite
refractories are used in certain parts of furnaces for smelting cop-
per and nickel.

~ “The chemical industry consumes a large quantity of chromite
1 making chromates and bichromates of soda and potash and
chromic acid. Before the war, the tanning industry consumed about
two-thirds of the chromium chemicals, but during the war the pro-
portion was reduced to about one-half. In dyeing textiles chromium
salts are used as mordants. The cloth is saturated with the mor-
dant and then introduced into a bath of the coloring matter, where
a precipitate (lake) is formed on and in the fiber of the cloth.
Chromium compounds are also used as pigments.

“Barly in 1918 the War Industries Board, after a canvass of
the consumers, made an estimate of the quantities of chromite that
would be required in 1918 by the different domestic industries.
The total estimated requirement was 130,000 tons of 50 per cent ore,

"Wright, 8. B., Stellite: Canadian Min. Trans., Vol. 21, pp. 272-277, 1918,
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which, reduced to percentages by uses, amounted to the following
figures: For ferrochrome 52 per cent, for chemicals 31 per cent,
for refractories 17 per cent. These figures, however, are approxi-
mate and would not apply to a normal year, but they show the order
of magnitude of the requirements of the several industries.”

Metallic chromium has no direect use, the metal being
added to steel in the form of ferrochrome, an alloy of
chromium and iron containing 60 to 70 per cent metallie
chromium. Various steels are produced, such as chrome-
vanadium-steel, chrome-tungsten-steel, and chrome-
nickel-steel. These special steels containing chromium
are used in articles where hardness and toughness are
essential properties such as guns, armor plate, armor-
piercing projectiles, automobile parts, machine tools,
burglar-proof safes, cutlery, crusher-jaws, and stamp-
mills.

Chromite deposits in Washington. The World War
stimulated the search for and the development of already
known deposits of chromium in Washington. As a result
of this increased activity some new chromium deposits
were discovered and some of those that were already
known became producers so that for a few years Wash-
ington was a producer of chromium.

The best known body of chrome ore in this State is
on Cypress [sland, Skagit County. This island is one of
the San Juan group and can be best reached from Ana-
cortes. Another deposit from which some chromite has
been produced is near Mount Hawkins in Kittitas
County. During 1917 and 1918, these two localities are
said to have produced about 200 tons, most of which con-
tained between 45 and 50 per cent of chromic oxide. One
lot from Cypress Island that contained about 25.5 per
cent was concentrated in a plant in Seattle and yielded
coarse and fine concentrates that contained in round
numbers 44 and 50 per cent of chromic oxide. Samples
from the deposits near Mount Hawkins are said to carry
as much as 51 per cent chromic oxide. These high per-
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centages indicate that the ore from these deposits carries
but little ferric oxide or other substances capable of re-
placing chromic oxide and that these deposits may yield
material suitable for use in industrial chemistry as well
as ferro-chrome and chrome bricks.

Chromite deposits are reported from a number of
places in the northern Cascade Mountains, and the fact
that considerable amounts of chromite are found in the
sands along some of the streams tributary to the Skagit,
and Wenatchee Rivers would indicate that deposits of
chromite occur along these streams.

Several large deposits are known to oeceur in the
Sister Peaks distriet in T. 37 N., R. 6 E. in southwestern
Whatecom County. The formation in this distriet is
peridotite, carrying chromite as an accessory mineral,
distributed through the rock.! The ore is of good grade,
but is worthless at present on account of lack of transpor-
tation facilities. The properties in this distriet were
located by O. D. Post and R. L. Lambert of Sumas.

Chromite deposits are reported also as oceurring near
the town of Nighthawk on Chopaka Mountain.

The following deseription of the chromite deposits on
Cypress Island is taken from a report by J. T. Pardee.?

“HISTORY OF MINING”

“Chromite ore was mined on Cypress Island in 1917 by the
Bilrowe Alloys Company for use in its smelter in Tacoma. Prior
to this no production is reported. but a moderate amount of develop-
ment work had been done on several claims that had been located
15 or 20 years earlier. In 1918 development work was extended,
several new bodies were found, and a moderate amount of ore was
produced by the Cypress Chrome Company.

GEOLOGY
“So far as known the island is underlain entirely by serpentine.
Except a few patches of glacial drift, no other rock was seen in a
traverse from the east to the west shore or reported by persons

Patty, Ernest N. and Glover, Sheldon L., Min. Resources of Washington,
‘Wash. Geol. Survey, Bull. 21 (1921), pp. 61-62.

Pardee, J. T., Chromite Ores of Washington, U. 8. Geol. Burvey, Bull.
725 (1922), pp. 62-65.
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familiar with the other parts of the island. The outerops are numer-
ous and extensive and are colored deep brown on the roughened
weathered surface. The weathered layer is very thin, however, and
the fresh rock shows the smooth curved fractures and preaomi-
nating dark-green shades characteristic of serpentine generally.
The microscopic texture of several specimens examined suggests
that the serpentine was derived from olivine. The rock is traversed
by many persistent shear or joint planes of a general northerly di-
rection, and fault planes that extend eastward are exposed by some
of the workings.

ORE BODIES

“Distribution and occurrence. Chromite is scattered through the
serpentine in many places, in several of which it is sufficiently
abundant to form workable ore bodies. The largest body of this
description observed by the writer is on the Ready Cash claim, on
the steep west slope of the island, about 1,100 feet above sea level
and three-quarters of a mile from the shore. It was developed by
an open cut 10 feet wide, 15 feet long, and 6 feet deep, from which
about 25 tons of ore was mined. The serpentine is traversed by
persistent narrow veins or seams that trend N. 25° W. and are filled
with a rather soft light-green clay like material, apparently a decom-
position product of the rock itself. Locally the seams are accom-
panied by chromite, which forms irregular veinlets an inch or more
thick and bunches or pockets a foot or more in diameter. The sur-
rounding masses of serpentine also contain more or less chromite
in the form of scattered grains. On the south side of the cut, a
face 6 feet high and 6 feet wide was estimated to be about half
serpentine and half chromite. On the north a fault that strikes N.
75° E. and dips 60° 8. cuts off the ore. In 1918 the Cypress Chrome
Company developed this body further, extending its known limits
considerably and mining about fifty tons of ore.

“On the southwest side of the island, on one of several claims
belonging to the estate of George B. Smith and others, a short dis-
tance west of Mexican Bay, a small ore body is exposed by an open
cut and short drifts. These workings are made along a fault plane
that strikes N. 70° E., dips 80° N., and carries two or three feet
of crushed and mixed serpentine and chromite. Small bunches and
stringers of chromite are also scattered through the serpentine in
the hanging wall. At a level 70 feet below the open cut, an adit
is driven N. 65° W. for 60 feet, following prominent joint planes
that dip 45° SW. In this working small bunches and streaks of
chromite occur sparingly.

“At the lake near the center of the island, an adit level is driven
northward 120 feet into the serpentine without disclosing more
than a few grams of chromite, but several small streaks of chromite
are said to crop out on the hill above.
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‘““Podies made up of chromite grains thickly disseminated in
serpentine were discovered a short distance south of the lake by
the Cypress Chrome Company while building a road from Strawberry
Bay to the Ready Cash claim. A shipment from one of these bodies
was milled at the Faust Concentrating Company's plant in Seattle.
Other similar bodies are reported to occur short distances west and
south of the Ready Cash claim.

“Character and composition. Ore from the Ready Cash body con-
sists of rather coarse granular chromite intergrown with a small
amount of micaceous amethystine or rose red mineral identified as
the chrome chlorite kotschubeite. There is a little serpentine be-
tween the grains, and the aggregate is cut by veinlets of a rather
coarse platy light-green chrome-bearing variety of horn-blende.
Most of the other deposits consist of serpentine more or less thickly
peppered with fine grains of chromite. Ore shipped from the Ready
Cash claim by the Cypress Chrome Company averaged 47.5 per cent
of chromic oxide. Ore from the Last Chance claim, south of the
lake, that was milled in Seattle carried 25.5 per cent of chromic
oxide. The coarse and fine concentrate made from it contained
respectively 43.9 per cent and 49.6 per cent of chromic oxide.”

COBALT

Cobalt is an element having the properties of a metal.
It is steel-gray in color and has a specific gravity
variously given at from 8.52 to 8.95. It closely resembles
nickel, with which it is usually associated, the two metals
having practically the same specific gravities and atomic
weights. The two metals have also praectically the same
ductility and tenacity and both resemble iron in many
respects.

Ores of Cobalt. The important ore minerals of cobalt
are cobaltite and smaltite.

Cobaltite (CoAsS) is a silver-white or steel-gray
mineral occurring either in the erystalline or massive
form. Theoretically, it contains 19.3 per cent sulphur,
45.2 per cent arsenie, and 35.5 per cent cobalt. Usually
cobaltite contains some iron and nickel. It occurs in
large quantity at Cobalt, Ontario, where the ores are
silver containing nickel and cobalt.

Smaltite (CoAs,) is another important ore of cobalt.
The theoretical composition of smaltite is 71.88 per cent
arsenic, and 28.12 per cent of cobalt, but it usually con-
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tains some sulphur, nickel, and iron. The mineral is tin-
white to steel-gray, and opaque, and has a grayish black
streak. Smaltite is found associated with cobaltite and
like it is especially abundant in the ores of Cobalt,
Ontario.

Uses of Cobalt. The largest part of the cobalt used
in the United States goes into the various grades of
stellite and high speed steels. The Haynes Stellite Com-
pany of Kokimo, Indiana, is probably the world’s largest
user of cobalt. This company uses cobalt in making
either malleable or nonmalleable alloys. The malleable
alloys are composed almost entirely of chromium and
cobalt, these being used in different proportions to give
somewhat different results. These malleable alloys have
been used in the manufacture of various things such as
table-ware as spoons, knives, and forks; surgical instru-
ments, pocket knives, and dental instruments; evapora-
ting dishes, and lamp stands; and in certain forms of
jewelry.

The nonmalleable stellite contains tungsten or molyb-
denum or both, alloyed with cobalt, and is used in com-
petition with high speed steels. The produection of stellite
increased very materially in the last few years and the
industry has become of considerable importance.

Cobalt is also used in coloring glass, pottery, and in
insect poisons. As a coloring material in glass and pot-
tery it produces blue colors. It is also used to a certain
extent in the manufacture of various chemicals.

Cobalt in Washington. Cobalt in the form of smaltite
nodules are reported from the Pin Money claim in the
Belcher distriect in Ferry County. Analyses, however,
by R. C. Wells of the U. S. Geological Survey, failed to
show the presence of cobalt.!

iBancroft, Howland. The Ore Deposits of Northeastern Washington,
U. 8. Geol, Survey, Bull, 560 (1914), p. 178,
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Cobalt is also reported to occur in the Ontario and
Black Republican mines near Leavenworth in Chelan
County.

IRON

Iron is an element that until recently was thought to
occur in nature as metallic iron, only in meteors.
Recently, however, it has been found to occur in consid-
erable quantities in some of the basaltic lava of Green-
land. - Tron has a specific gravity of about 8 and when
practically pure is almost as white as silver and ex-
tremely tenaceous. Pure iron is rarely, if ever, produced.

Iron is put on the market in three different forms,
each of which has different properties. Cast iron is the
product of the blast furnace and contains much earbon.
The carbon is not, however, evenly distributed through-
out the mass. Cast iron is hard, comparatively brittle,
readily fusible, but cannot be forged or welded. Cast
iron as such finds but little direct use in the industries.

Wrought iron is a form of iron which contains a very
small amount of carbon, is comparatively soft, malleable,
ductile, and may be welded.

Steel is an alloy of iron and carbon in which the
carbon ranges from a fractional part of one per cent to
as high as three per cent. It may also contain small
amounts of silicon. Special forms of steel are made by
the addition of manganese, tungsten, nickel, chromium,
vanadium, molybdenum, either separately or two or more
together. Steel, like wrought iron, is malleable and may
be welded.

Minerals important as ores of iron. The minerals
important as ores of iron are hematite, magnetite, limo-
nite, and siderite.

Hematite is the sesquioxide of iron (Fe,0;) contain-
ing 70 per cent of metallic iron. The hard erystalline
forms are bright steel-gray to iron black, while the soft
forms are red or reddish-brown. The luster varies much
in the different varieties and may be metallie, sub-metal-
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lie, or dull. The specific gravity is about 5 for the solid
crystalline variety, while the soft earthy varieties are
about 4. Hematite oceurs in a number of varieties that
are given special names, as specular hematite, kidney ore,
ete.

Magnetite is the magnetic oxide of iron (Fe,0,) and
contains 72.4 per cent of metallic iron. The color is iron
black and the luster metallic to sub-metallic and dull. It
is a brittle mineral with a specific gravity of about 5.18.
It is strongly magnetic, small fragments being readily
attracted by a small magnet.

Limonite is a hydrous sesquioxide of iron (2Fe,0.3-
H,0) 59.8 per cent of metallic iron. When pure its color
is various shades of brown and when impure it may be
yellow or yellowish-brown. The luster is usually dull and
earthy. It has a specific gravity of about 3.8 and oceurs
in bedded deposits with sedimentary rocks.

Siderite is a carbonate of iron (FeCO,) containing
about 48.3 per cent of metallic iron. It often contains as
impurities more or less calecium and magnesium. It has a
vitreous to pearly luster and a yellowish-gray to brown
color. The specific gravity of siderite is about 3.8. It
occurs in altered igneous rocks but is more common in
the sedimentary rocks.

Uses of iron. Pure iron is but little used. Cast iron
which is the product obtained from smelting ores in the
blast furnace contains much carbon. From the ecast iron,
steel is produced and the amount of carbon is reduced
but some still remains. Steel is used very largely by the
railways for rails, bridges, rolling-stock, as structural
material in buildings, bridges, in the manufacture of
machinery, tools, bolts, nails, ete.

Certain low grade iron ores are used as fluxes in the
smelting of various ores of other metals. Mineral paints
such as ochres, umbers, and sienas, are made from soft
impure iron ores.
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Salts of iron are used in the industries. Copperas,
hydrated iron sulphate is used as a mordant in dyeing,
in certain pigments, as a polishing powder, and in inks.
The iron alums are also used in the textile industry. The
acetates and nitrates are also used in the textile industry
as mordants and to modify color tones.

Iron in Washington. The iron resources of Washing-
ton have been the subject of studies and reports at
various times by various people and the results of a
number of these studies have been published and have
become public property. The iron ores of this State
occur mostly in King, Kittitas, Skagit, and Stevens
Counties. Iron ore occurs in other parts of the State but
probably only in small amounts. In each of these counties
the iron ore is mainly in a single district as follows: The
Snoqualmie Pass distriet in King County, the Cle Elum
distriet in Kittitas County, the Hamilton distriet in
Skagit County, and the Valley district in Stevens County.

Cle Elum district. This distriet is in the northwest-
ern part of Kittitas County on the eastern slope of the
Cascade Mountains. The Cle Elum River is the main
stream draining the area. The ores in this district are
mixtures of hematite and magnetite. Analyses show them
to contain from about 42 to 68 per cent metallic iron. In
appearance the ore in this district varies more or less and
is either massive, laminated, or oolitic. The massive ore
has a dull, greenish-black color and a brownish-black
streak, the laminated ore varies somewhat in appearance
but in the main is dark red with a deep red streak or
powder, while the oolitic ore has a greenish-black coler
and a brownish-black streak. The analyses of the ore
from this district show only a small amount of phosphor-
ous, sulphur, and in most cases no titanium. This, along
with a fairly high percentage of iron indicates a very
good quality of iron ore.

., I
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Snoqualmie Pass. This region includes the Summit
and Miller River mining districts. The summit mining
distriet is situated in the heart of the Cascade Mountains
in the east central part of King County and includes
what are known as the Guye and Denny iron properties.
The distriet is drained mainly by streams that empty
into the Snoqualmie River. The relief of the region is
very marked and is characterized by sharp divides, steep
mountain peaks, and deep canyons.

The Denny property is located on the west side of
Denny Mountain on the north fork of Denny Creek. The
ore is a dark colored heavy magnetite and when powdered
is almost black. The ore varies in texture from quite
porous to very fine grained masses. Chemical analyses
of this ore show a high percentage of iron, 55.48 to 71.17
per cent metallic iron, and only a small amount of
phosphorous and sulphur, except in cases where pyrite
occurs with the magnetite.

The Miller River distriet is in the northeastern part
of King County, a short distance west of the summit of
the Cascade Mountains. The distriet is drained prin-
cipally by the South Fork of the Skykomish River. Baring
is the station on the Great Northern Railway from which
the properties in the distriet are reached. There are
two main properties, the Anderson and the William
Smith, in this distriet.

The ore mineral in this distriet is magnetite similar
to that at Snoqualmie Pass. The analyses of the ore show
from 55 to as high as.67 per cent of metallic iron and from
0.0264 to 0.37 per cent of phosphorous. Some of the
analyses of the ore from the Anderson property show
some sulphur and titanium.

Hamilton district. This distriet is situated in the
central part of Skagit County on the south side of the
Skagit River. The iron ores occur along the Skagit River
from Hamilton to Marblemount, a distance of about
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twenty-five miles. The ore in this distriet is a mixture of
hematite and magnetite. The ore is dark colored, massive
in appearance, and has a reddish cast when powdered.
Chemical analyses of the ore from this district show that
it is not very high in metallic iron, ranging from about
30 to 46.6 per cent. The amount of silica, alumina, man-
ganese, and phosphorous are also high in most of the
samples analyzed. Some of the analyses also show the
presence of some sulphur. On the whole, the iron ore in
this distriet is not very high grade.

Valley district. This district is in the south eentral
part of Stevens County about 35 miles north and 15 miles
west of Spokane. The town of Valley is on the line of
the Great Northern Railway which extends up the Col-
ville Valley from Spokane to Marcus, then through Cur-
lew to Oroville. The iron properties in this district are
situated both to the east and west of the town of Valley.

The Kulzer property is about three miles east of
Valley and consists of four claims. A large amount of
time and money has been expended in development work
on this property and at times some iron ore is produced.
Some of it has been used as a flux in the smelter at
Tacoma and some of it has gone to the Northwest Mag-
nesite Company at Chewelah. The ores of this district
are mainly hematite and limonite. They are deep red to
almost black in color and when pulverized vary in color
from dark red to brown. In composition the ore from
this district varies more or less, carrying from about 50
to as high as 68 per cent of metalliciron. The phosphor-
ous and silica are both fairly high, the latter in some
cases being as much as 10.8 per cent.

The Hill property is about nine miles west of Valley
and consists of a single claim known as the Iron Jack.
Considerable development work has been done on this
property by tunnels and shafts and prospecting by dia-
mond drilling. The ore minerals are hematite, magne-
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tite, and martite. The hematite is deep red and the
magnetite black in color. The ore from this property is
high grade, a single analysis showing 68 per cent of
metallic iron with only a very small amount of phos-
phorous.

Other deposits in Stevens County. Iron deposits are
found in other places in Stevens County, some of the
more important of these being the following: Deer Trail
distriet, Clugston Creek district, Deep Lake districet, and
Orient district.

The following information in regard to these districts
is mainly from Bulletin 27 (Geological Series), Depart-
ment of Conservation and Development:!

Deer Trail. This distriet is in the southwestern part
of Stevens County, almost due west of Springdale. The
iron properties in this district have been developed by
means of shafts and tunnels. The principal ore mineral
is magnetite, which in the lower levels of the workings is
hard, compact, and stony and has associated with it more
or less chalcopyrite. A chemical analysis of a single
sample of the ore from this distriet shows it to contain
about 60 per cent of metallic iron with a small amount of
sulphur and phosphorous and a trace of titanium.

Clugston Creek. This distriet is in the northern part
of Stevens County about 12 miles almost due north of
Colville. The iron properties in this district were located
years ago and some development done, but up to the
present time they have not been shown to be of com-
mercial importance. The ore is limonite, which, accord-
ing to chemical analyses, contains about 50 to 56 per cent
of metallie iron.

Deep Lake. The Deep Lake distriet is in the north-
eastern part of Stevens County, about 10 miles southeast
from Northport. Two iron properties occur in this dis-

iShedd, Solon, Jenkins, Olaf P., Cooper, Herschel H., Iron Ores, Fuels
and Fluxes of Washington,
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trict and some development work has been done on them.
The principal iron mineral is brown limonite. A chemical
analysis of a single sample from this distriet shows about
60 per cent of metallic iron and only a small amount of
phosphorous and sulphur.

Myers Creek. The Myers Creek district is situated
in the northeastern part of Okanogan County, about
three miles northeast of Chesaw. Several properties
have been located in this district and some development
work has been done. The iron ore mineral in this distriet
is magnetite with which is associated more or less pyrite
and chalcopyrite. A chemical analysis of a sample of the
ore from the Neutral Aztec property in this distriet
showed it to contain 70.17 per cent of metallic iron, 0.21
per cent of sulphur, and a very small amount of phos-
phorous.

Some iron ore has been shipped from this distriet to
the Northwest Magnesite Company at Chewelah to be
mixed with magnesite in the production of refractory
material.

Other localities. There are some other places in
Washington where iron ores oceur in greater or lesser
amounts, and where some development work has been
done. Some of these are as follows: The Blewett dis-
trict in Chelan County, and Belcher distriet in Ferry
County, and on Sumas Mountain in Whatcom County.
In a number of places bodies of bog iron ore occur, but
these are of little commercial value.
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MANGANESE

Manganese is an element with the properties of a
metal. It has a remarkable affinity for, and in some
respects a close resemblence to iron, of which it is a very
frequent associate. It may be eliminated from its ores
by chemical processes, the product being grayish-white
in color, resembling cast-iron, but varying considerably
in hardness and luster according to the nature of the
methods by which it was obtained. It is very hard and
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brittle, has a specific gravity of about 8, and oxidizes
rapidly on exposure to the air.

Ore minerals. Manganese occurs in nature in many
different forms, the only ones that occur in sufficient
quantities to make them important commercially are the
oxides, carbonates, and silicates. Of the above, the oxides
are much the most important ore of manganese.

There are many oxides of manganese, but only four
or five of them are important as ores of manganese.
These are psilomelane, pyrolusite, braunite, manganite,
and wad.

Psilomelane is a mineral having a black or brownish-
black color and a shining black streak. It occurs in glob-
ular, botryoidal, stalictitic, and massive forms exhibit-
ing, in many instances, an obscure fibrous structure. The
chemical composition of psilomelane is not definite, but
Dana' gives (H,MnO;) as being a possible formula for it.
A part of the manganese is often replaced by barium or
potassium. The amount of the various substances oc-
curring in psilomelane is variable, the metallic man-
ganese being from about 45 to 60 per cent, the barite
from 0 to 17 per cent, the potassa from 0 to 5 per cent,
and the water from 3 to 6 per cent.

Pyrolusite is another oxide of manganese (MnO.),
containing theoretically 63.2 per cent of manganese and
36.8 per cent of oxygen. It has a metallic luster and a
black or bluish-black streak. The color is iron-black,
dark steel-gray, and sometimes bluish. It usually oceurs
associated with psilomelane.

Braunite is a heavy, black or brownish-black mineral,
very hard, and oceurring in both the massive and erys-
talline form. It has a dark brown streak and submetallic
luster. It has a specific gravity of 4.8, and a hardness of
6 to 6.5. In chemical composition braunite is an anhy-
drous oxide containing some silica (3Mn,O,-MnSiO,).

1Dana, E. 8. Text-book of Mineralogy (Third Edition) (1922) p. 436.
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When pure, braunite contains 69 per cent of metallic
manganese but it never occurs in nature absolutely pure.
In some localities, braunite is found associated with
psilomelane.

Manganite (Mn,0,.H,0) is a heavy, black mineral,
softer than braunite, but harder than pyrolusite. It has
a brown or black streak. Its specific gravity is 4.3 to 4.4
and its hardness is from 4 to 4.5. In chemical composi-
tion manganite is a hydrous sesquioxide of manganese
containing 62.5 per cent of metallic manganese, 27.3 per
cent of oxygen, and 10.2 per cent of water. Manganite is
found associated with psilomelane in various places in
the United States.

‘Wad is an impure mixture of various oxides of man-
ganese, or with manganese carbonates and silicates as an
alteration product of these. It often occurs in the oxi-
dized portion of veins having the carbonates and silicates
of manganese as gangue minerals.

Rhodochrosite (MnCO,) contains 47.56 per cent me-
tallic manganese. Its characteristic color when freshly
broken is pink or light rose-red. This color, however,
fades on exposure to the air and becomes white or buff,
and in some cases even darker, as a result of partial
oxidation of the mineral. It is easily scratched with a
knife, having a hardness of from 3.5 to 4.5. Rhodochro-
site has a specific gravity of 3.45 to 3.6, and is soluble in
warm hydrochlorie acid. Its prinecipal occurrence is in
association with ores of silver, lead, copper, and zine.

Rhodonite (MnSiO,) when pure contains 41.9 per cent
metallic manganese, or 54.1 per cent of protoxide of
manganese, and 45.9 per cent of silica. Its characteristic
color is flesh-red or pink. Sometimes, however, when
impure, it is yellow, brown, or even green. It is very
often blackened on the outside by oxidation. It has a
colorless streak, a vitreous luster, a specific gravity of
3.4 to 3.7, and is transparent to opaque. It has a hard-
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ness of 5.5 to 6.5. On exposure to weathering agencies,
rhodonite becomes oxidized and changed to one or more
of the oxides already described. In some cases this
alteration has penetrated the mass down to the water
level of the locality, but more often the change is more
superficial and the oxidation extends down into the de-
posit along joint planes and cracks only.

Rhodonite is sometimes found in considerable quanti-
ties, but is not used as a source of manganese on account
of the high percentage of silica contained in it. It is
sometimes used, however, in the glazing of pottery, and
to give a violet tint to glass.

Uses of manganese. The uses of manganese in the
arts is of great antiquity, having been known as long ago
at least as the time of the ancient Egyptians.! One of
its first uses appears to have been in glass-making, the
analyses of some Egyptian and Roman glasses showing
two per cent and over of manganese protoxide. The
principal commercial use of manganese until the latter
part of the eighteenth century was to either decolorize
glass, or to color glass and pottery.

Manganese is used at the present time for a great
variety of purposes in the arts, but by far the largest
amount of the manganese produced is used in the manu-
facture of the alloys of iron and manganese, known as
spiegeleisen and ferromanganese, and these in turn, are
used in the manufacture of steel.

The various uses to which manganese is put may be
conveniently divided into three principal classes as fol-
lows: Alloys, such as spiegeleisen, ferromanganese,
manganese-bronze, cupro-manganese, manganese brass,
manganese amalgam, and manganese-aluminum alloys;
used as an oxidizer in the manufacture of chlorine, the
manufacture of bromine, as a decolorizer of glass, as a

Penrose, R. A. F,, Jr.,, Manganese, Its uses, ores, and deposits, Ann.
Rept. Geol. Survey of Arkansas, for 1830, vol. 1, p. 8.
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dryer in paints and varnishes, and as a disinfectant ; used
as a coloring material in calico-printing and dyeing,
coloring glass, pottery and brick, and in paints.

In alloys. In alloys manganese is used in its metallic
state, combined with other metals. Ferromanganese and
spiegeleisen are alloys of manganese and iron containing
some carbon and usually some silicon. Spiegeleisen in-
cludes all alloys of iron and manganese in which there is
not to exceed 20 per cent of manganese, while ferro-
manganese contains from 20 to as much, in some cases,
as 90 per cent of manganese. The carbon in high grade
ferromanganese may be as much as 7 per cent.

Spiegeleisen is used in the manufacture of steel when
only small amounts of manganese are required. In case
larger quantities are required, ferromanganese is usually
employed so as not to introduce a high percentage of
carbon.

The following discussion of the physical properties
of manganese steel is taken from Bulletin 427, United
States Geological Survey, by Edmund D. Harder, Man-
ganese Deposits of the United States, pp. 2562-254 :

‘“Manganese steel in its most serviceable form, contains about
13 to 14 per cent manganese. This alloy possesses a combination
of hardness, tenacity and ductility which makes it valuable for many
purposes. Its use, however, has been limited somewhat by its ex-
treme hardness, on account of which it is almost impossible to work
it with machine tools. The material, therefore, has to be cast in
very nearly the form in which it is intended to be used.

‘““Manganese is not so liable to honeycomb as ordinary steel, and
the addition of silicon is unnecessary. It is very fluid and can be
run into thin sections, but cools more rapidly than ordinary steel
and has a greater contraction. It is manufactured by any ot the
steel-making processes; the basis (the material before the ferro-
manganese is added) is preferably decarbonized iron or mild steel.
The ferromanganese is added in a molten state, or very highly
heated. It is important that carbon be kept as low as possible, in
which it should not exceed about 1 per cent, as the product would
be inferior. For this reason the ferromanganese used should con-
tain a high percentage of manganese—that is, 80 to 84 per cent.
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To obtain 14 per cent manganese steel, 1414 per cent of manganese
must be added, as one-half per cent is oxidized in reducing the iron
oxide.

‘“Ordinary steel, whether cast or forged, may contain as much
as 114 per cent manganese without showing any marked difference
in quality, provided the carbon percentage is low. But with higher
percentages there is a decrease in strength and duectility, which is
accentuated to a remarkable degree between 314 and 5 per cent.

“Cast manganese steel containing from 214 to 61¢ per cent
manganese is extremely brittle and can be chipped with a small
hammer and ground to a powder. When hot, however, it is ex-
tremely ductile and may be drawn down to any desired sizes. It
is worthy of note that the amount of carbon in this brittle material
is very small, little more than that in mild steel. The remarkable
weakness of the cast product is no doubt intensified by a peculiar
crystallization which resembles that of ‘scalded’ crucible steel. The
brittleness is not so marked if the metal is poured at lower tem-
perature, but steel with 31 to 614 per cent manganese in whatever
shape and under whatever condition it is cast, is always deficient in
strength compared with ordinary steel. With the increase of man-
ganese beyond about 61% per cent a remarkable change occurs, the
exact point being somewhat influenced by the casting temperature
and other considerations. By this change the brittleness gradually
disappears and toughness and duectility return. The alloy also loses
its magnetism, and at 13 per cent is practically non-magnetic. At
about 14 per cent the maximum of strength is obtained; the cause
of the succeeding decrease is complicated by the higher carbon con-
tent. It is possible that if the carbon content could be kept low, steel
containing 25 or 30 per cent of manganese might have considerable
strength.”

From the above discussion, it is evident that the effect
produced on steel by the addition of manganese depends
largely on the percentage of manganese added and the
amount of carbon present. The addition of 5 or 6 per
cent of manganese to steel has the effect of making the
product very hard, the cast material with this amount of
manganese being so very hard that it is not possible to
machine it on a practical scale. As more manganese is
added the hardness decreases until it contains about 10
per cent, when the alloy has its softest condition. As the
manganese increases from 10 up, the hardness increases
until the steel contains 22 per cent of manganese, when
another hard stage is reached. This material is not so
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hard, however, as that containing only 5 per cent of
manganese.

Manganese steel is used for many purposes on ac-
count of its great hardness and wearing qualities. Its
use for certain purposes, however, has been somewhat
restricted on account of the difficulty of machining it and
getting into finished shape. This property of extreme
hardness has in many cases proved an economy, as
articles made of manganese steel must be produced so as
to avoid these expensive processes, except where grind-
ing or special devices can be employed.

Manganese steel is used for dredger pins and bush-
ings, bucket teeth for steam shovels, for parts of erushing
and grinding machinery, such as erusher plates and shoes
in mills and for crushing ores and rocks; for agricultural
work manganese steel has given good results when
used in plow-shares, fingers, plow-points, spades, shovels,
rakes, hoes, and forks; elevator link, ore chutes, and
screens; for wheels, tires, and axles on railway and
street cars; for cog-wheels; and for burglar-proof safes.
The above are by no means all the purposes for which
manganese steel is used, but they are some of the im-
portant ones.

Manganese forms alloys with copper, tin, zine, alumi-
num, lead, and other metals, the most important of these
being the alloy with copper to form cupromanganese.
This is used in making manganese bronze, manganese
brass, and German silver. Manganese bronze varies
much in appearance and properties, on account of the
variation in the proportions of the various metals enter-
ing into its composition. It always contains copper and
manganese and may contain aluminum, zine, lead, and in
some cases iron.

Manganese brass is an alloy of copper, manganese,
and zine, with sometimes nickel or silver. Manganese
German silver is an alloy of copper, zine, and ferroman-
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ganese with sometimes small amounts of nickel, alumi-
num, and silicon.

As an omidizer. Manganese peroxide (MnO,) is the
only oxide of manganese that can be used for oxidizing
purposes and the reason this ean be so used is on account
of the fact that one of the oxygen atoms is loosely com-
bined and may be liberated by heat or with acids. For
oxidizing purposes the manganese is of no use except
as a carrier of oxygen. The fact, however, that it com-
bines readily with a large amount of oxygen and that
under certain conditions it will give up readily a part of
this oxygen does make it very valuable for certain pur-
poses.

On account of the above property, the peroxide of
manganese, both the native minerals and the manufac-
tured product, are used extensively in the manufacture
of chlorine and bromine.

Manganates and permanganates are extensively used
as disinfectants and oxidizers on account of the readiness
with which they give up oxygen. In the manufacture
of glass, peroxide of manganese is mixed with the glass
during its manufacture to decolorize the glass. Peroxide
of manganese is also used to a certain extent as a dryer
in paints and varnishes. The oxide is immersed in the oil
for a time, then removed, exposed to the air for a certain
time, when it is ready to be used again. The effect is to
cause the oil to dry much more quickly.

Manganese as a coloring material. In calico-printing
and dyeing, compounds of manganese can be used either
as coloring materials or as mordants. The color known
as ‘“manganese brown’’ can be obtained by the use of the
chloride, sulphate, or acetate of manganese. This color
is used in dyeing cotton. This color is permanent and
not affected by light, soap, or dilute acids. This may be
used as the color of the cloth or figures of different colors
can be printed on the ‘‘manganese brown’’ ground, the
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colors being so composed as to remove the brown im-
mediately under them, thus giving figures of any desired
color on the brown background. Manganese may also
be used as a mordant in ‘‘fixing’’ different colors.

Manganese is used in coloring glass, pottery, and
bricks. A small amount of manganese free from iron
will give a pink or violet color to glass, while various
colors such as yellow, red, and brown, may be produced
with combinations of manganese and iron.

In glazing pottery, black and various shades of brown
may be produced by manganese or manganese and iron
together. Black door knobs may be produced by adding
an excess of manganese. Some of the low grade oxides
of manganese are used for giving a chocolate color to
bricks. Manganese is also used to give the spots to fancy
speckled bricks, in which case the manganese in the form
of grains is mixed with the clay.

Manganese is used to some extent as a paint and may
give dark-chocolate to reddish-brown colors. Manganese
in a manufactured form may be used for other colors,
and especially green.

Manganese deposits in Washington. Manganese oc-
curs in a number of places in Washington, but very little
has been mined. When general attention was first turned
toward the western sources of manganese in 1915 and
1916, some of the already known deposits of manganese
in Washington were worked and some manganese pro-
duced and new deposits were located. Some of the de-
posits in the Olympic mountains had been developed more
or less in a search for other minerals and from some of
the deposits ore was shipped that carried a considerable
amount of native copper.

Manganese deposits are known at the present time to
oceur in Grays Harbor, Jefferson, Mason, Okanogan, and
Skagit Counties. The most extensive of these deposits
are the ones in the Olympic Mountains in Jefferson and
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Mason Counties. The manganese deposits of Washing-
ton were examined in 1917 and 1918 by J. T. Pardee and
much of the data given here is from his report.

Olympic Mountains. Manganiferous deposits occur
in the Olympic Mountains in a belt 2 or 3 miles wide and
extend from a point south of Quinault Lake to the basin
of the Dungeness River, a distance of about 50 miles.
Some of the earliest discovered deposits in this region
are those occurring along the north and south forks of
the Skykomish River and on Copper Creek, a tributary
of the Dungeness River. Other deposits that are said
to be very similar to those in the Olympic Mountains are
said to oceur on Fidalgo Island and on the mainland east
of Samish Bay. These deposits are about 60 to 75 miles
northeast of those in the Olympic Mountains.

The Olympic Mountains consist of a mass of very
steep, narrow, serrate ridges from 3,000 to 6,000 feet in
height, with some of the more prominent peaks reaching
an altitude of more than 7,000 feet. The streams have
cut deep, narrow, steep sided valleys along which they
flow. In the manganiferous belt the local relief ranges
from 2,000 to 4,000 feet. On account of the very rugged
character, the thick forest growth, and the lack of roads
and trails, this region has not been very thoroughly
prospected.

The area is one over which there is a large amount of
precipitation, much of which in the winter is in the form
of snow. This accumulates in the high altitudes to such
great depth that in places much of it remains throughout
the summer in the form of drifts and small glaciers.

Throughout the manganiferous belt the rocks consist
of greenstone, sandstone, argillite, and limestone. The
greenstone forms thick beds that crop out as prominent
knobs and cliffs. In some places it is massive or amyg-

Pardee, J. T., Deposits of Manganese Ore in Montana, Utah, Oregon, and
Washington, Bull. 725, U. 8. Geol. Survey (1921), pp. 229-243,
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daloidal, and is undoubtedly an altered basie intrusive
igneous rock such as basalt. The sandstone shows no
plainly marked bedding, but is broken by fracture or
shear planes into large masses, the angular forms of
which are characteristic in the outerops. The sandstone
is made up of rather sharp clastic grains of quartz, more
or less decomposed grains of feldspar, and flakes of mica.
The argillites are fine grained, lead gray in color, and
exhibit a very distinct slaty cleavage. The limestone is
a very fine-grained dense rock, having a dense deep
maroon or chocolate color. It breaks with a splintery or
conchoidal fracture, is traversed by irregular veins of
white calcite, and the weathered surface coated with a
soft brownish-red powder, composed chiefly of iron oxide
with some manganese and alumina.

Manganiferous deposits. The deposits of manganese
are found either in the limestones, or closely associated
with them. They are tabular and lenselike bodies com-
monly from 5 to 20 or 30 feet in thickness and from 50
to several hundred feet in their other dimensions. In
general, the ore bodies do not rise above or sink below the
adjacent surface, but may be distinguished from the
country rock, where not covered with vegetation, by their
darker color. In most cases the ore bodies are separated
from the country rock by shear or fault planes, but in
some instances they grade gradually into the surround-
ing rock. The lodes, as a general thing, consist of two
distinet parts, one of which is made up of very fine grains
of quartz and hematite mixed together in varying pro-
portions. This material is bright red in color. The other
part of the lode, which in most cases is the larger part,
consists of a dense, fine-grained material that is largely
bementite, a silicate of manganese. In some cases the
lodes carry small amounts of rhodonite, the common
silicate of manganese while in some instances neotocite
is found. This is another silicate of manganese closely
related to bementite.
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Composition. E. S. Larson, Jr., and George Steiger,
of the United States Geological Survey, made a study of
the physical and chemical properties of bementite. The
results of this study were published in the Washington
Acad. Sci. Jour., Vol. 11, pp. 25-32, 1921. The following
table shows the composition of a representative sample
of partly weathered bementite rock from the Black and
‘White mine, and of the bementite and neotocite that were
separated from it by heavy solutions:

ANALYSES OF BEMENTITE ROCK, BEMENTITE, AND NEOTOCITE
FROM BLACK AND WHITE MINE!

(George Steiger, Analyst)

Bemen- Bemen- Neoto

tite Rock tite cite
(0 TSIl ) i T R S e S B i 23.68 89.92 81.15
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Manganese monoxide (MnO) 46.57 41.48 87.0
Manganese dioxide (MnOs).. 2l st R ] i e 2.08
Magnesia (Mg0)............. 1.31 4.46 2,82
Lime (Ca0)....c..o0uvs 1.56 40 2.86
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v g T e L 1 e e e L | 7.90, 14
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Origin. In their present form the bementite deposits
are thought to be the products of regional metamorphism.
The alteration of the ecountry rock is fairly uniform and
wide spread. No intrusive rocks are exposed in the
manganiferous belt, nor is there anything to suggest that
the deposits are related to intrusive masses such as are
generally supposed to have been the source of the metalli-
ferous lodes in the surrounding regions.

Tripple Trip Mine. The Tripple Trip Mine is about
a quarter of a mile up Boulder Creek, a tributary of the
North Fork of the Skykomish River, which enters from
the south about 4 miles above the upper end of Lake

Larsen & Steiger, Analyses of bementite and neotocite from Black and
White mine Olympic Peninsula, Washington. . 8. Geological Survey Bull.
725, p. 236.
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Cushman. The ore bodies on this property have been
worked by means of open cuts and two adit levels, one a
few feet above the other. The richest ore in this prop-
erty is a dense, hard, fine-grained black rock that is a
mixture of bementite and manganese oxides. This forms
a streak at least 1 foot wide in places, and more than 20
feet long.

The adit levels mentioned above have been driven to
explore a body of bementite rock that ranges in width
from 1 to 4 feet and has a length of at least 50 feet. At the
surface the lode is exposed by an open cut from which
some ore has been shipped. The bementite rock is
weathered more or less, this weathered zone extending
only a short distance below the surface. The analyses of
six samples said to represent the lode where it is pene-
trated by the adits show from 6 to 25 per cent of man-
ganese, 8 to 21 per cent of iron, 11 to 37 per cent of silica,
and 4 to 36 per cent of lime.

The Apex Mine. This property is about one half mile
farther up Boulder Creek from the Tripple Trip, and is
about 1,500 greater altitude. The lode outerops in the
bed of Boulder Creek and rises as small cliffs on either
side. The occurrence of the ore is similar to that in the
Tripple Trip. The ore body in this property is made up
mainly of two distinet layers, one of which is largely
bementite rock, while the other is mostly red jaspery
quartz. The bementite layer is at least 10 feet wide and
is composed mainly of bementite containing streaks of
very dense, fine-grained dark green to black oxides of
manganese. The jaspery layer ranges from 10 to 20 feet
in width and consists of very fine grained quartz in which
are specks and flakes of specularite and bright red hema-
tite. The ore from this property contains about 30 to 35
per cent metallic manganese, 8 to 10 per cent metallic
iron, 3 to 5 per cent of lime, and about 20 per cent of
silica. By carefully sorting the material from this prop-
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erty, an ore of better grade could undoubtedly be pro-
duced.

Black and White. The Black and White Mine is on
the divide east of the North Fork of the Skykomish River
and about 6 miles north of the Tripple Trip mine. Con-
siderable development work has been done on this prop-
erty and a small amount of low-grade copper ore has been
shipped to the Bilrowe Alloys Co., at Tacoma. The de-
posit in the Black and White Mine is composed mainly of
bementite rock with only a small amount of the jaspery
material found in some of the other manganese prop-
erties in the Olympiec Mountains. The ore from this prop-
erty contains specks and flakes of native copper, which
appear to have replaced the bementite. The copper in
places is in sufficient quantity to form a low grade copper
ore. The weathered copper-bearing rock show strongly
contrasting colors of black and red, the black being due
to the oxide of manganese while the red is due to the oxide
of copper.

An average sample of ore from this property across
8 feet of the lode at one end of the main cut was analyzed
by Benediet Salkovar in the laboratory of the United
States Geological Survey with the following results:
Metallic manganese 22.81 per cent, metallic iron 8.66 per
cent, lime 0.706 per cent, and silica 24.35 per cent. The
indications are that a large amount of low grade bemen-
tite occurs in this property.

Deposits near the Black and White. Other lodes are
reported to occur on the slope east of the North Fork of
the Skykomish River only a short distance from the
Black and White Mine. The oceurrence of the ore in all
of these lodes is said to be similar to that in the Black
and White Mine. Small amounts of ore have been pro-
duced from some of these properties, especially the Black
Hump claim.

Steel Creek group. On the slope east of the South
Fork of the Skykomish River are a number of claims that
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are known collectively as the Steel Creek group. These
claims are about 5 miles due west from the Tripple Trip
Mine. The outerops of the ore bodies on these claims are
similar to those of the bementite bodies along the North
Fork of the Skykomish River. On the Bosnia claim there
is an outerop of bementite rock similar in appearance to
the outerops on the Tripple Trip and Apex properties.
This ore body has a width of 8 to 10 feet, a length of at
least 200 feet, and a vertical extent of 100 feet. This ore
body is surrounded by red lime-stone. In some of the
deposits in this district the red jaspery quartz constitutes
a part of the lode. A number of outerops of manganese
are found in this distriet, which vary more or less in size
but are usunally about 10 to 15 feet wide and as much as
50 feet in length. The average of several analyses said
to represent the bementite bodies from this district shows
manganese 24 per cent, iron 10.5 per cent, and silica 30
per cent.

Tubal Cain. The property known as the Tubal Cain
Mine is on Copper Creek, which is a tributary of the
Dungeness River. This property is about 25 miles north-
northeast of those on the North Fork of the Skykomish
River. These deposits are best reached from the town
of Quilecene. The owners of this property consider it
valuable for the copper it contains, and in fact most of
the work that has been done on it has been on account
of the copper. This deposit is said to be similar to the
bementite bodies in the Skykomish basin. The lenses of
bementite occur in a red limestone and from almost a con-
tinuous lode at least 1,500 feet long. The bementite bodies
have an average width of about 6 feet and where ravines
cut across them, natural eross sections expose the lode to
a depth of at least 500 feet and show that the ore persists
to that depth, at any rate. The ore from this property
is said to average about 37 per cent of manganese, 5 per
cent of iron, 3.5 per cent of lime, and 35.5 per cent of
silica.
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Euxtent of deposits. From what is known of the man-
ganese deposits in the Olympic Mountains the conclusion
is justified that Washington contains quite extensive re-
sources of manganese ore and that with a good price for
manganese this State might become a producer. The
location of the ores in the Olympie Mountains, however,
is such that they are not easy of access. Many of the
ore bodies are at high altitudes and some distance from
transportation. This has been partly overcome by roads
and trails and should the demand for the ore become
great enough, more roads will be built. The very rugged
nature of the country makes road building very expen-
sive.

Fidalgo Island. Manganese deposits occur on Fidalgo
Island a few miles south of the town of Anacortes. The
occurrence of these deposits is similar to that of the de-
posits in the Olympic Mountains. The ore is bementite
and hard black oxide which is inclosed by greenstone in
which are specks of native copper. In some places the
bementite rock bodies are as much as 10 feet wide.

Samish Bay. Manganese is said to occur on the main-
land in the vicinity of Samish Bay. The ore is thought
to be of the bementite type.

Grays Harbor. Manganese deposits are reported from
a number of places in the vieinity of Grays Harbor and
from some of these some ore is said to have been shipped.
Little is known, however, with regard to the extent of
these deposits, or the character of the ore.

Okanogan County. Manganese deposits oceur in the
Okanogan Valley near Omak and about two and a half
miles west of the town of Nespelem. Professor O. P.
Jenkins examined these deposits in 1917 and the data
given here are largely from his report.

Jenkins, Olaf P. Two Manganese Deposits in Northern Washington,
Eng. & Min. Journal, Vol, 105, p. 1082, June 1918,
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The deposit in the Okanogan Valley is on the western
side of Pogue Flat about 4 miles northwesterly from the
town of Omak. The manganese mineral is of the dioxide
type and contains some iron oxide. It appears to be
associated with a poorly defined quartz vein in the
granite. This quartz lode stands almost vertical and out-
crops prominently for a distance of 100 feet or more. An
analysis of the higher grade hand-picked material gave
manganese 25.1 per cent, iron 4.82 per cent, silica 47.43
per cent, sulphur 0.05 per cent, and phosphorous 0.05 per
cent.

The manganese found near the town of Nespelem oc-
curs on what is known as the St. Paul claim, which is a
gold and silver property. The manganese in this prop-
erty is rhodochrosite, which in places has weathered to
the oxides of manganese. In places the manganese dioxide
is found associated with decomposed granite. Some de-
velopment work has been done on this property on ac-
count of the gold and silver the ore is said to carry.

MERCURY (QUICKSILVER)

Mercury is an element having the properties of a
metal but differing from most metals in that it is fluid
at ordinary temperatures. It is silver-white in color, has
a brilliant metallic luster, and becomes solid at about
—39° C. It is a heavy metal having a specific gravity at
0° C. of 13.6.

Ores of mercury. This metal oceurs as native mer-
cury in considerable quantities at times, but by far the
most important ore mineral of mercury is cinnabar. This
is the sulphide of mercury (HgS) and contains, theoreti-
cally, 13.8 per cent of sulphur and 86.2 per cent of metallic
mercury. Color usually cochineal-red but sometimes
brownish and occasionally black. It may occur either
crystalline, massive or earthy, or granular. It has a
specific gravity of about 8 to 8.2.
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Uses of mercury. Mercury amalgamates readily with
gold and silver and some other metals and on account of
this fact it is used extensively in the gold-mining industry
to extract gold from its ores. This is the most important
use of mereury. Mercury is also used in making ther-
mometers, barometers, and other scientific instruments.
This is also a very important use of mercury. An
amalgam of tin and mercury is used for silvering mirrors.
Certain salts of merecury, as calomel and corrosive subli-
mate are important medicinal preparations. Mercury is
also used as a pigment, especially in the form of the
sulphide, this constituting the essential part of the pig-
ment vermilion. Some other mercury salts are also used
in pigments of various colors.

Mercury in Washington. Mercury is reported to oc-
cur in a number of places in Washington and a small pro-
duction is said to have been made in the past from some
of the properties. None of the properties is producing
any mercury at present, however.

Discoveries of cinnabar are reported from near the
town of Orondo in Chelan County. Samples are said to
show crystalline cinnabar associated with quartz. One
lode is reported to be about 12 feet wide, about 1 foot of
which shows liberal distribution of cinnabar and the re-
mainder of which is low grade.!

Another deposit of mercury occurs in Chelan County
on Squaw Mountain, 3 miles from Wenatchee, near the
town of Leavenworth. But little work has been done on
any of these prospects and hence nothing very definite is
known in regard to them.

Prospecting and developing of mercury deposits have
been carried on in Kittitas County but little if any pro-
duction has resulted. Cinnabar has been reported by

Mineral Resources of the United States, U. 8. Geol. Survey, Part I
(1911), p. 916.
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Smith! from the head of Boulder Creek, in Kittitas
County, where it occurs along a joint plane in the altered
rock of the Peshastin formation. The ore is said to be
very rich but to occur in such thin bands that it may have
no commercial value.

The Washington Quicksilver Company was organized
to develope mercury deposits near the town of Roslyn but
information in regard to this property is not at hand.

Cinnabar occurs in Lewis County about two miles
from Morton. Considerable work has been done pros-
pecting and developing these deposits, a Johnson-McKay,
12 pipe, retort plant has been installed, and a small
amount of metallic mercury produced.? The ore is low
grade, the better grades averaging not more than 1.5 per
cent metallic mercury.

Mercury is also reported to oceur in a 6 foot ledge in
the property of the Red Star Mining Company in Cowlitz
County. Mercury is also said to oceur in the Eclipse Lode
of the Eclipse Consolidated Mining and Investment Com-
pany. This property is located in the Stilaguamish dis-
trict in Snohomish County. There is, however, very little
information available in regard to either of these de-
posits.

Deposits of mercury are reported from other parts
of Washington but nothing definite is known with refer-
ence to them.

MOLYBDENUM

Molybdenum is a metal having a silver-white color, but
harder than silver, and fusing only at very high tempera-
tures. Its specific gravity is 9.01. It is closely related to
chromium, tungsten, and uranium, and, like those metals,
forms trioxides which are acid-forming and yield very
characteristic salts. Metallic molybdenum oxidizes but

1Smith, George Otis, Snoqualmie Folio (No. 139) Geol. Atlas, U, 8,
Geol. Survey, 1906, p. 14,

*Mineral Resources of the U, 8., U. S. Geol. Survey, Part I (1915), p. 274.
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slowly at ordinary temperatures. It is remarkable for
the number of oxides and corresponding chlorides which
it forms. It is the least important economically of the
group to which it belongs.

Ore minerals. The most important ore of molyhdenum
is the sulphide (MoS,) which theoretically contains 40 per
cent sulphur and 60 per cent molybdenum. Molybdenite is
sometimes massive, but it usually ocecurs in scaly or platy
forms resembling those of graphite, with which mineral
it is often confused. It is a very soft mineral, having a
hardness of about 1, a specific gravity of about 4.7, while
graphite has a specific gravity of about 2.09 to 2.23 and
a hardness of from 1 to 2. Graphite floats lightly on
bromoform, while molybdenite sinks heavily in this liquid.
‘When these two minerals oceur mixed with one another,
as they sometimes do, they can be separated by putting
in bromoform. In color molybdenite is lead gray or
bluish-black, and has a submetallic luster. It has a greasy
feel and the lamina composing it are very flexible, but not
elastic.

Molybdenite is found associated with various kinds
of rocks and veins, but is associated most frequently with
granite rocks, especially with granite pegmatites. The
deposits are invariably more or less pockety.

Other minerals of lesser importance as sources of
molybdenum are wulfenite (PbMoO,) and molybdite
(Fe,0,.3M00,.71%4 H,0) which are secondary products
due to alteration of molybdenite. Wulfenite contains 39.3
MnO, or about 26 per cent metallic molybdenum. It
usually oecurs as lustrous resinous yellow, orange, or red
crystals in the oxidized parts of lead deposits. Molyb-
dite or molybdenum ochre is a bright yellow powdery
mineral of very little commercial value.

Uses of molybdenum. The principal use of molyb-
denum is in the manufacture of alloy steel, to which it
gives some very desirable properties. This is especially
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true when it is used in connection with certain other
metals as chromium, manganese, nickel, cobalt, and tung-
sten.

The following discussion of uses of molybdenum is
largely from the report of Frederick W. Horton.!

It appears the early experiments with the use of
molybdenum in steel were almost always unsa