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INTRODUCTION AND SUMMARY

This report describes the mineral and water resources of Washing-
ton. Its purpose is to bring together in summary form authentic
and up-to-date information on the State’s resources of minerals and
water. The report is based principally on published data on the geol-
ogy and mineral and water resources of Washington but has been

-supplemented by information in the files of the United States Geolog-

ical Survey and the Washington Division of Mines and Geology. It
contains, in addition, information derived from the personal observa-

- tions of many of the authors of individual sections of the report and,

consequently, includes considerable information not previously avail-
able in published form. It is hoped that the material herein pre-

sented will be useful to the professional as'well as to the nonprofessional

who is, for one reason or another, interested in the State’s resources.

In introductory chapters the geology of Washington is summa-
rized, and a brief résumé is given of the mineral industry and its
relative importance in the economy of the State. In succeeding chap-
ters all the mineral resources known to occur in the State in commer-
cial or near-commercial quantities are discussed. The use, manner
of occurrence, distribution, and outlook for each of these resources are
considered. Where available, production statistics are included.

A second part of the report deals with the State’s very important
resources of water. The quantity, quality, and distribution of surface
and ground water resources and their use for municipal water supply
are considered. In a separate chapter, developed and potential
resources of hydroelectric power are discussed. A final chapter is
concerned with water resource development exclusive of that dealing
with hydroelectric power and municipal water supply. v

This report is a joint effort of the United States Geological Survey,
the Washington Division of Mines and Geology, and the United States
Bureau of Reclamation, with important contributions from the
Bonneville Power Administration and the Washington State Depart-
ment of Highways. A. E. Weissenborn, United States Geological
Survey, served as editor, assembled the various sections of the report,
and coordinated the efforts of the many authors who contributed to
the report. Marshall T. Huntting, Supervisor of the State Division
of Mines and Geology, arranged for the participation of the various
authors from State agencies. L. B. Laird, United States Geological
Survey, coordinated the preparation of that part of the report con-
cerned with water resources, and Gilbert V. Schirk, United States
Bureau of Reclamation, was responsible for the preparation of the
chapter on water resources development.
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Secrion 1

GEOLOGY AND MINERAL RESOURCES

GEOLOGY
INTRODUCTION
(By A. E. Weissenborn, U.S. Geological Survey, Spokane, Wash.)

‘Washington is familiarly known as the Evergreen State, but it
might as aptly be termed the Land of Contrast. Within the State,
rainfall varies from more than 200 inches annually in the Olympic
Mountains to less than 10 inches in parts of eastern Washington.
The Jush forests of northern and western Washington contrast sharply
with the barren, forbidding scablands of central Washington and the
treeless wheat fields of the Palouse Hills; the towering, rugged Cas-
cades contrast with the coulees and flat, basalt-covered mesas of
central Washington and the level farmlands in the Puget Lowlands
north of Seattle; the snow-capped volcanoes that crown the Cascades
contrast with the magnificent beaches that stretch for miles along the
Pacific Coast.

Washington’s 68,192 square miles fall into seven distinct physio-
graphic divisions. These are the Okanogan Highlands, the Columbia
Basin, the Blue Mountains, the Cascade Mountains, the Puget
Lowlands, the Olympic Mountains, and the Willapa Hills (fig. 1).
Each of these areas differs from the others in climate, topography,
and the natural resources that are available within it. These differ-
ences profoundly influence the economic life of the more than 2.8
nillion people who live within the boundaries of the State. These
differences, in turn, are in very large part but a reflection of differences
in the geology of each area. Natural resources and geology walk
hand in hand. Therefore this volume, which discusses the mineral
and water resources of Washington, begins with a summary of the
geology of the State.

Our knowledge of the geology of Washington is derived from the
findings of many geologists working over a period of many years,
beginning back in the 1880’s when Washington was still frontier
country. Some of the early work of the U.S. Geological Survey was
done in Washington, and geological mapping by this organization
1s still going on in many places in the State. The State of Wash-
ington Division of Mines and Geology—and its predecessor, the
Washington Geological Survey—has actively been engaged in studying
the geology and mineral resources of the State since the early 1900’s
and has produced a wealth of knowledge. Work done under the
auspices of the University of Washington, Washington State Uni-
versity, and other universities has made important contributions to
the knowledge of the geology, particularly in the Cascade Mountains.
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Gieologists from industry, searching for metallic and nonmetallic
minerals as well as petroleum and natural gas, have likewise made
many contributions to our knowledge of the geology of the State.
Figure 2 shows the areas in the State covered by published geological

BC MILES

e -

! o 90U0Y winig maps {rom all sources. A number of other areas have been mapped
i ] ic Figur h includ 1 blish logical
- e geologically. Figure 2, however, includes only published geologica
-1 o o

mapping and does not include a considerable amount of work that
has not yet been published.

Although there are a few critical areas where geological information
4 ' is almost completely lacking, figure 2 indicates that the greater part
of the State has been mapped geologically. However, published maps,
on what by modern standards would be considered an adequate scale,
! are available only for the much smaller stippled areas of figure 2.
{ i (learly, much remains to be done before it can be considered that the
ry & ; geology of the State is adequately known—or even as adequately

I T known as that of its neighboring States.

Topographic maps are essential for many purposes such as recrea-
tional, industrial, and highway construction but are especially essen-
tial as bases on which to plot the geology and other data. Figure 3
shows the areas in the State which have been mapped topographically.
Some critical areas from the standpoint of mineral and water resources
still lack topographic maps, but because of intensive work during the
past few years topographic map coverage for most parts of the State
1s well advanced—far ahead of the geologic mapping.

The following discussion of the geology of Washington is divided
into four sections: northeastern Washington; the Columbia Basin,
including the Blue Mountains; the Cascade Mountains; and western
Washington. The geology of each of these sections is summarized
with the intent of providing a background for the remainder of the
report. As with other sections, bibliographic references are given for
the benefit of those readers who wish more detailed information than
can be included in these necessarily brief accounts. As an aid in
following the geological discussion, the reader is referred to figure 4, a
highly generalized map of the geology of Washington.
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Ficure 1.—Physiographic divisions of Washington
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NORTHEASTERN WASHINGTON
(By R. G. Yates, U.8. Geological Survey, Menlo Park, Calif.)
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Stevens, Ferry, eastern Okanogan, and northern Spokane Counties.
It comprises {ess than 15 percent of the State’s area, but from its
mines comes over 90 percent of the State’s metal production. It is,
therefore, not surprising that the geologic setting of this part of the
State is uniquely different from that of the remainder. Mountainous
in character, it contrasts sharply with the smooth undulations of the
Columbia Plateau to the south, but much less sharply with the higher
and more rugged Cascade Mountains, which lie to the west. Like-
wise, its geology merges with the geclogy of the Cascades, but con-
trasts strongly with that of the Columbia Plateau.

This area, which lies east of the Okanogan River and north of the
west-flowing siretch of the Columbia and its tributary, the Spokane,
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18 MINERAL AND WATER RESOURCES OF WASHINGTON

in places rises as much as 5,000 feet above the surface of the plateau.
The area is commonly known as the Okanogan Highlands (fig. 1).
In a general way, the Columbia River divides the Highlands into two
geographic parts: east of the river are the Selkirk, Chewelah, and
Huckleberry Mountains; west of the river are the Ketile, Sanpoil,
and other ranges. The mountains, however, lack any orderly arrange-
ment that would make it possible to separate them into a system of
ranges and valleys. They appear to be crowded together, with little
room for the narrow, south-trending valleys of the Columbia, Okano-
gan, Sanpoil, and Pend Oreille Rivers that drain northeastern
Washington.

All the drainage from the area reaches the Pacific Ocean via the
Columbia River, but some tributaries follow rather devious courses to
reach the master stream. The Okanogan and Sanpoil Rivers behave as
normal, orderly streams and flow directly south to join the Columbia in
the shortest possible distance. But not so with the Pend Oreille and
Kettle Rivers. The Pend Oreille swings northward in a wide are to
join the Columbia in British Columbia; the Kettle also selects a
very circuitous route; as if it were making great—but futile—efforts
to avoid a junction with the Columbia. Such irregularities reflect,
in part, changes in the drainage pattern brought about by the great
ice sheets that advanced southward during the Pleistocene epoch.
The ice moved down the river valleys in great lobes that grew and
coalesced to form a thick sheet that covered almost the entire area.
As the climate warmed, the ice retreated northward, and lakes formed
in the valleys of the Columbia and Pend Oreille Rivers and their
tributaries. The melt waters of the swollen rivers, milky with
suspended clay and fine silt, swept southward the sand and gravel
that had been left by the ice, to deposit it and the suspended clay
and silt in the slack waters of the lakes. Deposits of horizontal-
layered silt, clay, and sand on the lower slopes of the valleys preserve
the outlines of these ancient lakes. Near the International Boundary,
terrace features indicate that the last high level of the lake in this
valley was at an elevation of about 2,000 feet. ~ The numerous steplike
terraces along the valley walls of the Columbia River represent suc-
cessive lower levels of the lake or lakelike river that succeeded the
lake. The higher slopes and even the peaks near the Canadian border
likewise were covered with the wastes of the glaciers; even today,
deposits of gravel and sand, from a few to several hundred feet thick,
and stray exotic boulders cover more than half the area of the moun-
tain slopes. . This extensive cover of ice-transported material greatly
handicaps the interpretation of the bedrock geology, as well as
increasing the difficulty of the discovery of mineral deposits.

Enough bedrock does extend through this mantle to demcnstrate
clearly that the sedimentary rocks in the eastern Okanogan Highlands
record a different geologic history from those in the western High-
lands.! The difference is not only in the age of the rocks, but in the
conditions under which they accumulated. The oldest rocks in the
State with well-established ages are east of the Columbia River.
Most of these can be demonstrated to lie below the rocks that contain

1 This division of two different groups of rocks, one in the eastern and the other in the western Okanogan
Highlands, is cnly a broad generalization. The houndary between the two groups only approximates
the course of the Columbia River. From the mouth of the Spokane River to Evans it is a few miles east
of the river; from Evans to Northport it is west of the river; and from Northport to the International
Boundary it is again east of the river.

55-883 O - 66 (Face p. 18)
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Fiaure 4.—Geologic map of Washington.
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F1cure 11.—Pleistocene stratigraphy of western Washington.

In late Pleistocene time, ice lobes from the Canadian ice sheet
again extended southward beyond Olympia in the Puget Lowland and
westward through the Juan de Fuca Strait to the Pacific Ocean.
Streams flowing out of the mountains were dammed by these thick
lobes, lakes formed, and lacustrine sediments many hundreds of feet
thick accumulated before the climate again changed and the Ice Age
came to a close. As the ice lobes retreated, thick deposits of glacio-
fluvial outwash and till remained in their wake along the north coastal
area of the Olympic Mountains and in the Puget Lowland (Vashon
Drift, fig. 11). Simultaneously, glaciofluvial deposits accumulated
}iocally west of the Olympic Mountains (Queets Beds of Glover, 1940,

g. 11).

Marine sediments at Seattle provide evidence that, as Pleistocene
time ended and the Recent Epoch began, waters from the Pacific Ocean
flooded part of the Puget Lowland. The climate became somewhat
warmer than at present (Crandell, 1963, p. 9), streams with headwaters
in_the higher mountains carried much silt and sand to the adjacent
lowlands, and great mudflows swept masses of volcanic boulders and

ashy silt into the southern part of the Puget Lowland. Worldwide 2}

melting of the continental ice sheets, and resultant rise in sea level,
brought marine waters to their present position in the glacier-cut
troughs of Puget Sound.

MINERAL RESOURCES

The Mineral Industry of Washington
(By A. E. Weissenborn, U.S. Geological Survey, Spokane, Wash.)

In 1963 Washington’s mineral production was $71.4 milli i
it 35th among the States with respect to the value of its mine(l)'gi gtllztl;;llrlltg
I'he State produced about 32 different mineral products. It led the
United States in the production of olivine and was second in the pro-
duction of magnesite, third in the production of diatomite, and sixth
in the production of talc and soapstone, and sixth in the pro’duction of
uranium. It ranked sixth among the States in the production of lead
twellth in the production of zinc, and about sixth in the production’
of gold. In the Knob Hill mine at Republic and the Gold King mine
at Wenatchee, it has two of the leading lode gold mines in the United
States, and its Pend Oreille mine at Metaline in 1963 was the country’s
12‘5}& rahr}ku;g Qrodu((:ier of both lead and zinc.
ashington’s production of minerals compares favorably wi -
of her sister states of Idaho and Alaska, bothpprobably in p}(;;mll‘;l:' lelgf
mation better known as mining states. In 1963 Idaho’s mineral
giggﬁgggﬁ vxmls 515;82.8 mlll;%r;, or 01.42 percent of the United States
| ; Alaska’s was .8 milli i
e iy e illion, or 0.35 percent of domestic
lOnly a rel_at;vely small percentage of the State’s labor force is em-
pfoyed In mining.  According to the Washington State Department
(; Employment Security, in 1963 approximately 224,000 were en-
ﬁé}lgl'gd In manufacturing, 76,500 in farming, 1,500 in commercial
fb ng, 11,100 in logging, and 1,900 in mining and quarrying. Manu-
act&mng, which in 1963 had an annual payroll of $1.5 billion and
R}E}_ .ilc?d $2.9 billion worth of goods, greatly overshadows mining,
K 01(1 1 in the same year had an annual payroll of $12.8 million and
?“ufl uced metals and nonmetallic minerals valued at $71.4 million.
rixilblil;receﬁved for farm products in 1963 amounted to nearly $600
the ; rtl., about eight times the value of the raw minerals produced in
I)()itz;r ate. These figures, however, do not indicate the real im-
e 1§§ of the mineral industry to the economy of Washington, for
N ddit?(b 1orrl)ly 1,900 persons were employed in mines and quarries, an
S Vmg .26,600 with an annual payroll of about $200 million were
(‘ustinfve f1n processing the minerals, including smelting, refining, and
otrols 0 ‘metgls; manufacture of stone, clay, and glass products;
i‘ ullfr»i'l(liln refining, and th‘e industrial chemical industry, including the
Dl Y&tomlc.plant. Some of these processing plants treat princi-
all dens W materials that have been brought into the State, but nearly*
Some d\\ on local sources for at least some of their raw materials.
Wi lloutqt)lend heavily on these local sources and could not operate
Feso o lfem; others use local materials exclusively. The State’s
i 0 .metulhc and nonmetallic minerals contribute vital support
!iportant segment of its economy.
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48 MINERAL AND WATER RESOURCES OF WASHINGTON

Coal and gold were the first minerals to be produced commercially
in Washington. According to Glover (1954), coal was first discovered
in 1833 in what was to become Washington Territory and was pro-
duced commercially for local use as early as 1853. Numerous other
discoveries of coal soon followed, and by 1870 all the major coal fields
in the State had been found. With the coming of the railroads and
the rapid growth of the population, coal soon became the State’s
leading mineral product, a position it maintained for many years.

Gold also was discovered early in the history of Washington. In
1853 a party under Captain George B. McClellan searching for a
railroad route across the Cascades is reported to have found placer
gold in the Yakima Valley. Other placer gold localities were found in
the same year between the Cascades and the Columbia River (Hunt-
ting, 1955). By 1855 placer gold was being mined along the Columbia

and some of its tributaries in the vicinity of Fort Colville. ~Discovery
of placers on the Similkameen River in 1859 brought a rush of miners
to the area. Prospectors ranged through the country and others
were found. Huntting (1955, p. 33) estimates that $9 million in
placer gold was mined prior to 1866. The influx of miners to north-
eastern Washington was deeply resented by the Indian tribes and
was one of the causes of the Indian wars that followed. The end
result was the restriction of the Indian population to a few reserva-
tions and the opening of the State to settlement By 1900 most of
the gold placers in Washington that had been found had been largely
worked out.

The early history of lode mining has been described by Patty (1921).
Lode mining did not begin until the early 1870’s. The first known
lode discovery was made near Mount Chopaka in Okanogan County
in 1871 (Glover, 1954, p. 13). Locations were made on Silver Creek
in the Index district in 1874. The Blewett area also was active in
1874, and the first stamp mill in the State was installed here in 1878.
The first claims in the Monte Cristo district were located in 1889.
The district was an important producer in the early days of mining
in Washington, and a railroad was built into the district to serve the
mines—the only railroad in the State constructed solely for mining
purposes (Patty, 1921, p. 21).

The Lone Jack mine, the first important lode mine in the Mount
Baker district, was discovered in 1897, but the district’s placers were
worked much earlier and occasioned & brief but lively gold rush when
first discovered.

Lead-silver ore was found in Stevens County in 1893 near the
present site of Colville, and rich ore from the Old Dominion mine
was transported to Spokane by pack train. Impetus was given to
mining by the building of a railroad into Stevens County, and numer-
ous other discoveries of lode deposits were made in the Chewelah,
Deer Trail, Northport, and other districts. The opening to prospect-
ing of the north half of the Colville Indian Reservation in 1896 gave
another impetus to mining in eastern Washington. Discovery of the
important Republic district soon followed. Additional discoveries
were made when the southern half of the reservation was opened to
location in 1898. By 1900 most of the metal mining districts in the
State were known, although it would be many years before some o
them would be brought into production.
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[ieure 12 shows the growth of Washington’s mineral production

<inee 1900, when reliable records of production first became available.
The lower curve gives the reported value in dollars. Because the
valiie of the dollar has fluctuated widely, a more accurate measure

of the magnitude of production is shown in the upper curve where
the values are expressed in “constant dollars.” In this curve the
value of the dollar from 1957 to 1959, based on the wholesale price
index, is taken as 100. The adjusted curve shows a steady increase
in Washington’s mineral production interrupted by some periods of
low production, with the peak of production occurring at the start of
World War II. If the current demand for the minerals Washington
produces continues, the next few years should see production reach a
new peak.

In contrast to some of the other western States, Washington is pre-
dominantly a producer of nonmetallic minerals. Of the estimated
%1.8 billion worth of minerals mined or quarried from the State since
1866, 80.7 percent has come from nonmetallic minerals and only 19.3
percent was from metallic ores. This ratio still holds true; in 1963
81.6 percent of the value of the State’s mineral production came from
nonmetallic minerals and only 18.4 percent from metallic ores (fig. 13).
In terms of total production and value of the product, coal, sand and
gravel, and stone (including limestone for portland cement) are by far
the most important mineral commodities produced in the State.
Zinc, gold, lead, copper, uranium, and silver are the next most im-
portant commodities produced, but the total value of all these metals
corr‘mbmed does not equal the value of the coal (fig. 13).

Coal production reached a peak about 1918. Since then it has
declined drasticaily owing chiefly to the increased use of oil as a
fuel, to the availability of cheap hydroelectric power throughout the
Pacific Northwest, and to competition from Utah and Wyoming
coal. Conversion of the railroads to diesel or electric power was a
nearly fatal blow. The decline of coal as a factor in the mineral
economy of the State is illustrated graphically in figure 13, which
shows that, Whereus coal has accounted for nearly 25 percent of the
value of all minerals produced in Washington since the beginning of
records, in 1963 it accounted for less than 2 percent of the mineral
production. The efficiency of steam generating plants has increased
l‘l_lflr‘kgdly in recent years, and the more favorable hydroelectric power
sites 1n the Northwest are rapidly being preempted. In addition,
;I(;hemfgh”may develop new uses for coal. Although no immediate
(r‘l?r(:\ ement can be anticipated, Washington’s substantial resources
4 coal should in the coming years once again become an importart
h('glx‘xixent of the State’s mineral industry.

Spit.olf) fpll(‘)(ii-iu)cf@lor} t?f riwtéﬂlic minerals has shown a healthy growth in
o 1()’()’-‘1 1c&;]b ‘or ead and zinc which have been in effect from the
b 50’s until recently, and despite the fact that some ore bodies
ol e'en‘ mined out and are now abandoned. Among the outstand-
. v.e.ut‘s of the last 10 years or so have been the mechanization—
the d‘(f:}l;equent increase in production—of the Metaline district,
vold zni‘lof)'inrent of the Gold King mine at Wenatchee into a major
distried nr;(li \Lfr g;f)ducer, 1mpogEant developments in the Republic
Bfokarie & 1',18 iscovery of a highly profitable uranium mine on_the
Stona & 1dian Reservation. The successful operation of the Van

* mine and, more recently, the bringing in of the Calhoun mine
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have shown that mining in Stevens County need not be confined to
the high-grade ore bodies {rom which most of the past production
has come. These developments also show that even though most
areas in northeastern Washington and in many parts of the Cas-
cades have been thoroughly combed by prospectors during several
periods of prospecting, application of new techniques of exploration,
and mining and of new concepts of geology can discover new ore
bodies. With price levels that will encourage exploration, dis-
coveries should be made that will permit the continued growth of
Washington’s metal mining industry.

Nonmetallic mining has long been an important segment of Wash-
ington’s mineral industry. With the continued growth of the State
and its increasing industrialization, there will be an increased demand
for nonmetallic minerals. Production of sand and gravel, cement, and
other materials for the construction industry will increase. Produc-
tion of olivine has increased rapidly in the last few years and should
continue to grow. As the population increases, there will probably be
o demand for other products which the State does not now produce
or produces in small amounts.

Exploration in Washington for petroleum and natural gas has met
with indifferent success up to now, although gas fields in Benton and
Whatcom Counties and oil production in Grays Harbor and Jefferson
Counties have proven that sources of petroleum and natural gas are

present. Only about 100 wells have been located on sites selected as -

a result of sound geological investigations, and these provide inade-
quate coverage of the State’s potential petroleum areas. Only further

test drilling can determine whether oil and gas 1n commercial quanti-
ties occur in Washington.

Metallic Mineral Resources
ANTIMONY
(By D. R. MacLaren, U.S. Geological Survey Spokane, Wash.)

Antimony is a silvery white, soft, brittle metal chemically similar
to arsenic and bismuth. It possesses three somewhat peculiar
properties that strongly influence its uses; it expands on solidifying
from a melt, it relatively strongly repells a magnetic field (a property
called diamagnetism) and its ely:actric conductivity varies markedly
with changes in temperature. Antimony is most commonly used as an
alloy, principally with lead for type metal, storage battery plates,
sheeting and pipes used in the chemical industry, cable covering,
castings, and ammunition. Other common alloys ‘are with lead and
tin for solder and machine bearings, and with copper and zine for brass
and brass products. Besides its use as an alloy, antimony is used in
pharmaceuticals, laboratory chemicals, ceramics, and plastics.

There are many minerals that contain antimony, but the only
important ore minerals are stibnite, Sb,S;, and to a lesser extent tetra-
hedrite (Cu;zSbsS;s), which is primarily an ore mineral of copper.
Sometimes silver replaces part of the copper in tetrahedrite, which
may then become an important ore mineral of silver. Whether it is &
copper or silver ore mineral, the antimony is usually only a detriment
to its value. A notable exception is the tetrahedrite silver ore of the
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<unchine mine in Idaho, from which the antimony is recovered by an
oleetrolytic prl'obccss. "

The United States has been mostly dependent on foreign so
antimony. In the past, Mexico, China, zi)nd Bolivia were the plrsfl(iglgp(ili
forcign sources (Purdy, 1951, p. 15), but during 1951 China ceased
exporling antimony to the United States. In 1963, the principal
impm‘rts of ztxlllltlrﬁonylﬁr_ere El,g37 S}’?Oﬁ' tons from Mexico, 4,010 short
tons from the Republic of Sout rica, an s
Rolivin (Moulds, 1964, p. 241). R A S s e

Nearly two-thirds of the antimony produced domestically is ob-
tained from reclaiming antimonial scrap. Most of the rest is
antimony or antimonial lead obtained at primary smelters as a by-
product of treating imported antimonial ores. In 1963, only 645
tons of antimony was produced from domestic mines, nearly all of
which was recovered from the treatment of the tetrahedrite ore b
the Sunshine Mining- Company at Kellogg, Idaho. v

The total recorded production from Washington has been a little
more than 3,300 tons of antimony ore, of which 2,300 tons was pro-
ducgd Surmfg Woz}lld \éﬁl&r I (HuFtting, 1956). The last recorded
roduction from the State was from S i
E)Huntting, o the Bales property in 1952

The first discovery of antimony in Washington was made in 1892
at the Great Republic mine in King County. Since that year
numerous occurrences of antimony have been reported. Hunttiné
(1956) lists 275 mines and prospects where -antimony minerals occur
but antimony production has been recorded from only 9 mines. of
these, only the Antimony Bell (fig. 14, No. 14), Antimony Queen
(No. 13), Bales (No. 10), and Lucky Knock (No. 9) mines in Okanogan
County were primarily producers of stibnite. ~Grand Central (No. 18)
and Great Republic (No. 21) were primarily gold mines from which
stibnite was recovered. The other mines from which antimony
production has been reported and many of the reported occurrences
nfv antimony contain tetrahedrite rather than stibnite, and their ores
ilel é)ote(r;tml ores are principally valuable for silver, gold, copper, or
) .. | nly those properties from which production of antimony has
been reported and several of the reported occurrences containing
stibnite are shown on figure 14. i
t]}:;l}'m}te forms at relatively low temperature and pressure and is
b efore usually deposited at or near the surface, with no apparent
rml-ﬂlst‘:’;ff:gr{imy It)artlcular rock type. In Washington, it is found in
ren\ces ]\\‘ill lllol:lsbt ; gtl();.as and ages, as a description of a few of its occur-

At the Antimony Queen mine (fig. 14, No. 13) the rocks are irregu-
}:‘jiy lsfielrb_edded argillite and graywacke of Triassic or J urassicg(?)
qkm'rt'/‘ v)gm‘te ore shoots, up to 2 feet wide and 40 feet long, oceur in
foa ‘“\lunb_ and breccia zones in the argillite. From 1907 through
‘9565 1ch1ne has produced more than 1,100 tons of ore (Huntting,
and S-e\‘mfl}rdg' (ldg5l, p. 109) indicates that 1,000 tons of stibnite ore
plant nv{pdt[ undred tons of antimony oxide, prepared at a small
““i “}li[;p(‘d 1::,1111[151;(;, were shipped in 1916 and 33 tons of stibnite ore

y v = ; ;
'\tiHtlill(EHilf{l(‘l(:kytthn(l)Ck mlile (fig. 14, No. 9) irregular pockets of
Annrehisg Lermit ently replace metamorphosed limestone of the

st Series of Daly (1912) of late Paleozoic age. This is the
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barren. The Kyanite crystals are as much as 2 inches long in peg-
matitic zones, but_the average length is probably less than half an
inch (Wash. Div. Mines and Geology field notes).

An occurrence of “massive crystalline kyanite” has been reported
in NW}{ sec. 16, T. 27 N., R. 18 E., Chelan County. It is stated to
be in Mad River canyon (No. 13) on the east side of Maverick Peak
(Valentine, 1960). :

Skamania County.—Although the two Washington occurrences of
dumortierite are apparently small, their proximity to each other might
be indicative of a “province” worth further exploration. Both are
associated with small Tertiary granodiorite masses. The occurrence
mentioned at the head of the North Fork of the Washougal River
(No. 15) (Schaller, 1905, p. 102) is probably on what is now known as
the West Fork. In this deposit, dumortierite crystals are reported to
occur as radiating clusters up to 3 mm in diameter. Specimens contain
about 2 percent dumortierite and 35 percent andalusite, but the extent
and overall grade of the deposit is unknown.

The Saturday Rock dumortierite deposit (No. 14) is in the SEY sec.
2,T.4N., R.5E,, probably 5 or 6 miles north of the deposit mentioned
above. In the Saturday Rock occurrence, dumortierite has apparently
formed by hydrothermal alteration of disseminated tourmaline along
joints. The dumortierite is erratically exposed for about a hundred
yards along a road cut and may locally constitute up to an estimated
5 percent of the rock. _

The andalusite deposits of Stevens and Pend Oreille Counties are
probably the only known mullite-forming mineral deposits in Washing-
ton that might be considered a potential resource. While they are
fairly extensive, their relative low grade and the impurity-intergrown
character of the crystals would necessitate extensive beneficiation.
In addition, the limited thickness and steep dip of most deposits would
make large-scale mining difficult and expensive, and their distance
from major users would necessitate relatively high transportation costs.

MAGNESITE

(By W. A. G. Bennett, Washington Division of Mines and Geology, Olympia,
gash‘; P. L. Weis and A. E. Weissenborn, U.S. Geological Survey, Spokane,
ash.)

Magnesium carbonate (MgCOj) occurs in relatively pure form in
nature as the mineral magnesite. Its theoretical composition is 47.8
percent MgO and 52.9 percent CO,, but iron can substitute for mag-
nesium in any amount, and most natural magnesite mined contains a
small amount of iron.

Two varieties of magnesite are known. A cryptocrystalline type,
sometimes known as “bone magnesite,” has an earthy luster and con-
choidal fracture. It is formed by alteration of magnesium silicate
rocks such as serpentinite or dunite. Crystalline magnesite, with
vitreous luster and perfect cleavage on individual mineral grains, is
usually found associated with dolomite, although a few deposits are in
limestone. The deposits were formed by alteration of dolomite or
limestone, or were laid down as original sedimentary beds (Ladoo and
Myers, 1951, p. 298; Comstock, 1963, p. 27). Although the crypto-
crystalline deposits occur in more places, the crystalline variety gener-
ally forms the larger deposits. Both types have a specific gravity from
3.0 to about 3.1, depending on the percentage of iron, and both types
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have a hardness of 3.5 to 4.5. C'olors are generally white, ligcht shades
of off-white, gray, red, or brown, but magr%esite hgs been ,fm%nd ?wi{:(liles;
Wx(ﬁ range of colors.

lagnesite is used chiefly as a source of magnesium oxide, or mag-
nesia (MgO). Magnesite and, to a lesser extegnt, brucite (I\;Ig(OnI}Ia)j)
formerly were near y the only sources of the world’s magnesia but
since about 1937 they have shared. this distinction with dolomite and "
natural and artificial brines, including sea water. Properly speaking
the term “magnesite’” should be restricted to the mineral, but in the
trade magnesium ‘oxide, properly termed “magnesia,” is commonly
referred to as “magnesite.” Two major types of magnesia are
marketed. Dead-burned magnesite of commerce is the product
obtained by heating magnesite or other substances convertible to
magnesia to temperatures higher than 1,450° C. for a long enough
time to form weather-stable granules suitable for use in refractories.
Caustic calcined magnesite of commerce is the product obtained by
heating magnesite or other substances convertible to magnesia to
such a degree that less than 10 percent ignition loss remains and the
ma5g3n4e)s1a displays absorptive capacity or activity (Wicken, 1960,
p. -

Caustic calcined ‘magnesite is used in the manufacture of oxy-
chIorlde_cements, rayon, fertilizer, insulation, rubber,.and a variety
of chemlcal.compounds, that contain ‘magnesium. It is also one of
several possible sources of magnesium metal (Comstock, 1963, p. 4).
A little more than 10 percent o? the annual consumption of magﬁesium
oxide is in the form of dead-burned magnesite mostly for refractory
use (_Comstopk, 1960, p. 487). Most of the magnesite mined in
Washington is used to make dead-burned magnesite, principally to
lr?kae refractory brick used as liners in steel-making furnaces and

ilns.

World production of crude magnesite in 1963 was 9,050,000 short
tons. The three largest producers were the US.S.R., Austria, and
China, with 32 percent, 16 percent, and 11 percent of the world total
respectively. The United States produced about 528,000 short tons
of crude magnesite in 1963; all of it came from two States, Nevada
and Washington. Domestic production of refractory magnesia in
1963 was 713,000 short tons.” About 21 percent, or 149,730 tons
was made from ores; the rest was from well brines and sea water
(Williams and Stamper, 1964a, pp. 767-775). Production of magnesia
and other magnesium compounds from brines has increased rapidly
n the last 10 years, and as technology improves and treatment cost
are lowered, production from brines ¢an be expected to continue to
grow and become increasingly competitive with crude magnesite ore.

Magnesite production in ‘Washington began about 1916. By the end
of 1932, the total production, partly estimated, amounted to 1,362,629
tons valued at $9,421,970 (Glover, 1936a, p. 63). Subsequent pro-
duction figures cannot be disclosed, but the U.S. Bureau of Mines
Minerals Yearbook reports that in 1962, output of magnesite from
the Red Marble quarry supplied the largest part of the $3,938,000 of
nonmetallic minerals produced in Stevens County. Since World
War II, Washington, N evada, and California have produced most of
the crude magnesite mined in the United States, and for the past
several years, Washington has been the largest producer.

. Magnesite was first recognized in Stevens County, Washington, by
Shedd in 1902 in the course of a survey of building stone quarries
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(Shedd, 1903, p. 91). Attention was also ealled to the occurrence by
Darton (1909, p. 23) and again by Shedd (1913, p. 126). The Finch
and Allen-Moss quarries, the former worked first. for limestone, were
the first to produce magnesite. Because of the demsnd for magnesite
during World War I, the Northwest Magnesite Co. and the American -
Mineral Production Co. were organized to quairry the deposits. The g
latter company through a subsidiary built a railroad from Valley to the B
X Allen-Moss deposit. As World War I came to a close, the demand for
: magnesite declined, and the American Mineral Production Co.
eventually went out of business. The Northwest Magnesite Co. con-
tinued operations as conditions improved and eventually gained con- b
trol of the larger and more important deposits of the area (Whitwell ;
: and Patty, 1921, pp. 16-23). ‘ Y 3
4 The Stevens County magnesite is found as massive lenses in the LY
. Precambrian Stensgar Dolomite. Distribution within the Stensgar L S 5
5 Dolomite is variable both in place and amount. The deposits are
: entirely restricted to this formation. Although there has been some :
controversy about the origin of the deposits, most geologists believe Gy
that they are the result of hydrothermal replacement of the dolomite >
by magnesium-rich solutions which may possibly have originated in 2y
nearby granitic intrusives and have obtained their magnesium from ;
leaching of dolomite beds at depth (Campbell and Loofbourow, 1962, L
) p. 38). R =
# About 15 occurrences of magnesite have been found in the belt of . AN
- outerops of the Stensgar Dolomite in Stevens County (fig. 46). This
has a length of about 27 miles, extending from the Colville Valley on
the northeast to the Spokane Valley on t%e southwest. The Stensgar
3 Dolomite has a maximum thickness of 730 feet on the northeast but
b averages 300 to 400 feet. Only 5 percent is exposed in outcrops
(Campbell and Loofbourow, 1962, p. F-17).  Stratigraphically, it Lies
near the top of the Deer Trail Group, which is overlain by the Huckle-
il berry Formation, also of Precambrian age. This in turn is overlain
by the Addy Quartzite of Cambrian age. Underlying units in de-
scending order are the McHale Slate, the units of dolomite, slate, and
%’uartzite of the Edna Dolomite, and the Togo Formation. The
recambrian formations have been compressed into many small folds
& and some large ones, and these have been cut by several longitudinal
= or strike faults. The effect has been to repeat the Stensgar Dolomite
three times in the north central part of the belt and to fault it out in
several places along the strike in the southwestern half of the belt
(Campbell and Raup, 1962). The westernmost fault segment of the
Stensgar Dolomite, 4 miles long, contains the Black Bear (No. 12), IS¢
Davis (No. 11), and Midnight (No. 8) deposits (fig. 46), which are F/ Y- AL
undeveloped and probably relatively small. 'The Red Marble segment, ) . \
about 3 miles long, includes the Red Marble deposit (No. 13) and the d
small, early-worked Crosby deposit (No. 10) on the north. The east- (
ernmost segment of the Stensgar Dolomite begins hall a mile east of N
the Red Marble quarry and continues for 4 miles. Tt includes the 37
Double Eagle and Keystone deposits (Nos. 7 and 9), the former on the ’
axis of & northward-plunging aunticline and the latter on the west
limb of asyncline. These folds and the folded fault plane that brought
up the Red Marble segment presumably account for the repetition of
(tllie small isolated occurrence of the Stensgar at the Nogue deposit
NO. 6).

4. Mountain View

5. Phoenix

4. Stensgar outcrop
5. U.S.Magnesite

6. Firmenhac
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Between the Red Murble (No. 13) and the Turk (Nos. 19 and 20),
the last important deposit on the southwest, there are no known
magnesite occurrences except for the early-worked U.S. Magnesite
deposit (No. 15), although there are occurrences of magnesitic
dolomite. :

The Finch deposit (No. 1), now probably nearly worked out,
originally extended to the overlying slate on the west and ended
against siliceous dolomite on the east. The dimensions of the deposit
were about 700 feet east to west by about 500 feet north to south.
It contained blocks of dolomite or low-grade magnesite in places and
dipped moderately steeply to the west. The vertical dimension was
330 feet, or 70 feet below the level of operation (Hodge, 1938c).
Hodge reports that CaO averaged 2.3 percent across the ore body and
Si0, averaged 4.82 percent.

The northern part of the Allen-Moss deposit (No. 2) had a low dip
to the west. It was about 300 feet wide and had & vertical dimension
of 160 feet. It averaged 3.0 percent CaO and 3.9 percent SiOQ,. The
southern part had relatively thin high-grade layers alternating with
high CaO and siliceous layers. Its overall vertical dimension was
about 200 feet.

The Woodbury deposit (No. 3) was worked on a small scale during
the early part of World War I. Analyses taken across a 30-foot face
indicate low grade, mostly because the rather coarsely crystalline
magnesite lies along bedding planes as irregular replacements in the
dolomite.

The Phoenix deposit (No. 5) shows a small body of coarsely crys-
talline magnesite at the southwestern end of a Stensgar outcrop
about 1,000 feet long and 300 feet wide. The Nogue (No. 6) shows
only patches of magnesite.

The Keystone (No. 7) has been extensively worked, and the amount
of ore that remains is not known. Presumably, operations reached
a point where impure ore and waste caused the transfer of operations
to the Red Marble deposit. As has been mentioned, before magnesite
was recognized here this quarry was worked for building stone.
The width of outcrop before the more recent operations was 1,100
feet between the overlying lower slate member of the Buffalo Hump
Formation and mafic intrusive bodies on the southeast. The Stensgar
Dolomite here was replaced by magnesite, mostly in the upper part
next to the overlying Buffalo Hump Formation. Much of the rock
on the southeast is brucite. What is probably the largest hydro-
magnesite body in the United States (Eugene Callaghan, 1942,
personal communication) occurs in a shear zone mentioned by Shedd
(1903) that cuts across the magnesite.

The Double Eagle deposit (No. 9) includes two outcrops, of which
the larger is 1,500 feet east and 100 feet above the other. The area
between outcrops is not well exposed but probably is dolomite. The
old quarry, 60 feet wide, extends 100 feet north into the hillside,
where the face shows magnesite and magnesitic dolomite. The
west deposit is an opening 70 by 50 feet with a 20-foot face at the back,
which shows massive magnesite for half the width.

The Crosby deposit (No. 10) crops out in an area 40C feet by 125
feet. Development consists of several trenches opened in pink to red
finely crystalline magnesite that analysed 43.6 percent MgO.
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The Red Marble deposit (No. 13) has a total length of about 4,000
feet and a width of 450 feet. It crops out at an altitude of 3,500 feet
on the north, rises to 4,000 feet at the old quarry, then descends into
a shallow ravine on the south. Much of the deposit is coarsely to
finely crystalline, reddish to pinkish, and white magnesite. Banding
is indicated in places by color differences as well as grain size. Samples
taken before present .operations began (table 18, Nos. 2, 3, and 4)
average 45.6 percent magnesium oxide and range from 0 to 1.4 percent
calcium oxide. The depth of the ore body is not known.

The easternmost segment of the Stensgar Dolomite, half a mile east
of the Red Marble quarry, is a potential source of magnesite. Shedd
(1913, App. A, No. 66) reports that a sample from there contained
45.76 percent MgO.

TaBLE 18.— Analyses of carbonate rocks from Stevens County magnesite belt

Igni- Al;03, Exper- | Calcu-
No. tion Si0; | Fe;03 | CaO |imental| lated
loss MgO MgO
1 | Woodbury deposit; NE}{sec.1, T.31N., R.
o et o o AR 479 | 2.6 19 | 3.6 | 414 43.9
2 | Woodbury ggposit, average of 4 analyses_..__ 46.6 1.9 1.7 24.2 24.8 25.4
3 | Red Marble quarry; SE}4 sec. 24, NE}4 sec.
25, T.31 N., R. 38 E,, average of 9 analyses. 50.1 2.8 .9 .5 44.5 45.8
4| Red Marble quarry, magnesitic dolomite.___| 45.3 .9 .8 .| B I A 24.7
5 | Red Marble quarry, dolomite. ... 45.1 3.9 .9 20.3 22.0 20.8
6 | Stensgar Dolomite; NEY{ sec. 35, T. 31 N.,
R. 38 E.; average of 6 analyses_....__...... 46.0 4.4 1.5 28.6 |- 21.3
7 | Stensgar Dolomite; magnesitic dolomite..___| 45.4 3.3 1.4 L) i T S 24.4
8 | U.S. Magnesite quarry; N34 cor. sec. 10, T.
30 N., R. 38 E.; average of 6 ana{lﬁes._.l_“ 49.4 3.8 1.1 1.2 43.4 44,3
U. 8. Magnesite quarry; average of 13 analy-
y ses._.fl_]_._-..c{ .......... ‘.W,; ........... Y__ 40.6 11.0 2.2 15.2 26.9 27.7
10 | Stensgar Dolomite; SE}{ sec. 17, T. 30 N,
R.sgs E.; probably magnesitic.____..__.___. 45.9 2.5 1.0 26.2 23.8 24.4
11 | Stensgar Dolomite; secs. 19, 20, and 30, T.
30 N., R. 38 E; probably magnesitic 47,5 .5 1.2 25.7 24.7 25.1
12 | Stensgar Dolomite; probably magnesitic 2.0 1.1 14.9 33.2 35.0
13 foouea L e P = 1.4 1.4 21.9 25.3 28.8
14 | __-. B0 i vmmsneiens s sesm 5 3.6 .4 219 20.2 217
15 | Turk deposit, North end; SW14 sec. 36, T. 30
N., R. 37 E.; average of 4 analyses_.__.__.. 44.3 6.5 2.1 1.4 45.1 45.5
16 Tgk dEe{pogi_"t, Séouth end; 1_\iW% sec. 1, T.rzg
. B ., Iagnesite, average o
analyses___.__- e il 46.4 | 4.8 .9 7| 45.8 47.1
17 | “Nickel ledge,” s‘illaldceous “dolor;l{it(iic I{I(Imkt;.l" 31.04 | 32.12 6.37 LBL I 26.78 livscsaas
18 | Magnesite, collected by Stone, Re arble
qﬁgm(?) 17 miles wzst of Valley, Wash___| 349.51 4.27 2,78 1.07 | 45.02 |_..----
19 | Magnesite, collected by Stone, U.S Mag-
nesite qQUAITY(?) - cccoocomommmcmmmacmmmmme o 347.81 8.83 2,85
20 |szaa A0 o vimroi e mmim i i e S SR RS 3 46.03 5.60 2,88
21 | Magnesite, collected by Stone, Allen quarry-| 3 50.32 .46 | 21.01
22 | Brucite(?), collected by Stone, Allen quarry. 35.23 1.20 | 42, §6
23 | Edna Dolomite, sec. 31, T.31 N., R.39 E._. 29.9 31.2 3.7
24 | Firmenhac talc, SW{ sec.15, T.30 N., R.38
47.7 1.5 1.2
= 39.3 8.1 1.6
26 43.5 6.3 2.2
27 32.5 21.1 2.5

1 Source: Bennett (1941, pp. 23-25) for analyses Nos. 1 to 16 and 23 to 27; Wells (1937, p. 62) for analyses
Nos. 18 to 22; Smith (1904, p. 4) for analyses No. 17.

2 FeO.

3 COs.

4 Fes0s.

The U.S. Magnesite deposit (fig. 46, No. 15), worked during World
War I, includes an area 125 by 100 feet near the base of the Stensgar.
Yale and Stone (1921, p. 151) report 38.41 percent MgO in the upper
40 feet and 40.90 percent in the middle 18 feet of the quarry. Other
analyses are shown in table 18, Nos. 8 and 9. Some good grade
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magnesite vccurs here, but much of it is intimately intermixed with
dolomite, and quartz veins cut across the rock in places. The deposit
is at the northeast end ot a 2-mile long faulted segment of the Stensgar
Dolomite (Campbell and Loofbourow, 1962).

The north half of the Turk deposit (fig. 46, No. 19) consists of two
masses that were outlined by drilling in 1942. Each part is roughly
200 feet square and extends to a depth of about 220 feet (Bennett,
1941, pp. 21-23; 1943, 22 pages). The outcrop of the north part
lies between valley level and 100 feet above on the west, and the south
part lies between 100 and 200 feet above. On the basis of the drilling
and about 450 analyses of most of the cores from 19 drill holes, as
well as adit and surface samples, reserves of a little more than 2
million tons’ of magnesite have been calculated for the north part of
the Turk deposit.

Analyses made by the U.S. Bureau of Mines (Bennett, 1941, p. 23—
25) show magnesitic dolomite in the Stensgar Dolomite southwest of
the Red Marble deposit as follows: NW¥ sec. 36, NE}4 sec. 35, T. 31
N., R. 38 E. (fig. 46, No. 14; table 18, No. 7), and secs. 19, 20, and
30, T. 30 N., R. 38 E. (fig. 46, No. 18; table 18, Nos. 11-14). The
Edna Dolomite, which is unusually siliceous in secs. 30 and 31, T.
31 N, R. 39 E. (fig. 46, No. 22; table 18, No. 23), appears to be
magnesitic at the Firmenhac talc deposit in the SWi{ sec. 15, T. 30
N., R. 33 E. (fig. 46, No. 16; table 18, No. 24). In the vicinity of
the Turk magnesite deposit, the formation grades from limestone
through limey magnesite to high-grade magnesite (fig. 46, No. 21;
table 18, Nos. 25-27)

The operations of the Northwest Magnesite Co. have been carried
on almost continuously for nearly half a century. The Finch deposit
was the first to be explored and was worked later in conjunction with
the Allen-Moss. It seems probable that these deposits are essentially
worked out. Hodge (1938, p. 41) reported 387,000 tons reserves in
the Finch and 201,250 in the Allen-Moss quarries, and 100,000 tons
“of fair grade” in the south Turk deposit in the NW} sec. 1, T. 29 N,
R. 37 E. (fig. 46, No. 20; table 18, No. 16). Operations were started
in 1944 at the Keystone deposit, which was connected with the Finch
quarry by a tramline. Another tramline completed in 1954 extended
from the Finch to the Red Marble querry. Beneficiation of magnesite
by flotation was started in 1942 or 1943 and by sink-float process in
1945.

Other occurrences of magnesite are known in Washington, two in
Skagit County and one each in Ferry, Okanogan, Snohomish, Kittitas,
and Chelan Counties (Gildersleeve, 1962, and fig. 46). None offer
much promise. The deposits in Skagit, Snohomish, Kittitas, and
Chelan Counties are large but low grade. They are the so-called
“pickel ledges” and are intimate mixtures of silica and carbonate
minerals, inciuding magnesite (Smith, 1904, pp. 3-4; Hobbs and Pecora,
1941). The Okanogan deposit is a narrow vein of magnesite in
serpentine. At the Ferry County deposit, one-fourth inch veinlets
of hydromagnesite are found cutting serpentine (Valentine, 1949).

The production of magnesite in_ Stevens County probably will
continue for some years, but it would seem unlikely that operations
would continue beyond the resources at the Red Marble deposit
unless other deposits that do not crop out are found. The compe-
tition of magnesia produced from sea water and bitterns as well as
from other materials such as dolomite is strong and has been increasing
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for the past 10 years. The prospects do not appear to be very bricht
ff)r the discovery of economic deposits of magnesite In areas outside
Stevens County.

OLIVINE, SERPENTINE, AND ASBESTOS
(By J. 8. Vhay, U.S. Geological Survey, Spokane, Wash.)

Olivine, serpentine, and asbestos are considered together in this
report because all three occur principally in ultramafic rocks. Excep-
tions to this are the olivine in basalt, the serpentine in silicated
dolomite, and some types of amphibole asbestos. The first two are of
geologic interest only; the last constitutes only 5 percent of the
world’s supply of asbestos. In a few places—Arizona, for example—
minable chrysotile asbestos does occur in dolomite metamporhosed
by diabase sills.

Olivine consists of magnesium and iron silicate ((Mg, Fe),SiO,), and
the olivine in dunite is close to the magnesium end of the series. An
olivine from the Twin Sisters mass shows 50.1 percent MgO and 8.28
percent FeO (Ross and others, 1954). Serpentine is a hydrous silicate

of magnesium (H,Mg;Si;O,), which contains about 44 percent MgO.

Both olivine and serpentine are used mainly as refractories. They
have also been used as sources of magnesium metal and salts, but at
present, sea water and brines are used as the sources for the metal and
salts of magnesium. The greatest use of olivine is as a molding sand
by foundries and glass plants. This is because of olivine’s refractoriness
(forsterite. the pure magnesium type of olivine, has a melting point
of 3461° F.), its strength at high temperatures, and its resistance to
corrosion by most compounds except acid slags (Clark and McDowell,
1960, pp. 704, 707). Refractory forsterite bricks are made by adding
magnesia to olivine and bonding them either chemically or by firing.
Its use as a blasting sand has developed recently. For this use, as
well as for use as foundry sand, olivine has the advantage that it
does not cause silicosis, as silica sand may. It has been used also
as an ingredient in the manufacture of fertilizers. Additional uses
of serpentine are as a base for some special paints, in insecticides, and,
especially formerly, as a decorative stone—*‘verde antique.”

In recent years, Washington and North Carolina have produced
most of the olivine consumed in the United States. The mining and
use of olivine in Washington have increased spectacularly in recent
vears; the following percentage increases of production took place:
from 1957 to 1958, 110 percent; 1958 to 1959, 44 percent; 1959 to
1960, 44 percent; 1960 to 1961, 50 percent; and 1961 to 1962, 34
percent. The present annual production in the State is approximately
25,000 tons. Nearly all this production has been from the Twin
Sisters dunite mass, Skagit and Whatcom Counties; some has been
from a mass on Cypress Island, Skagit County. The Twin Sisters
dunite mass is the largest known in the United States and is unusual,
and valuable, in that the olivine in it is almost completely unaltered.
Only around its edges is the olivine serpentinized (Ragan, 1963).
This is true of most of the younger (middle Tertiary(?)) masses of
dunite in the State. The older ultramafic rocks, on the other hand,
are now mostly serpentine. Figure 47 shows the locations of the
larger masses of ultramafic rocks. They are also shown on figure 4,
the geologic map of Washington.



