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'INTRODUCTION AND SUMMARY 

This report describes the mineral and water resources of Washin~­
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 informat~on in th~ ~l~s of the pnited States Geolog­
ical Survey and the Washmgton DIVIsIOn of Mmes 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-
-sen ted 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 resume 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 occ.urrence, 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. . . 

This report is a joint effort of the United States Geological Survey, 
the Washmgton 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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SECTION I 

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 Stat£', 
rainfall varies from more than 200 inches annually in the Olympic 
Mountains to less than 10 inehes in parts o.f eastern Washington. 
The lush forests of northern and western Washmgton contrast sharply 
with the harren, 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 \'olcanoes 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 WiUapa 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 
million 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 mea. 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 Wcshington 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 
~one in Washington, and geological mapping by this organization 
~s still going on in many places in the State. The State of Wash­
mgton Division of Mines and Geology-and its predecessor, the 
Washington Geological Survey-has acti vely been engaged in studying 
the geology and mineral resources of the State since the early 1900's 
and has produced a w~alth 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. 

13 
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C('ologist.s from industry, searching for metallic !Lnd llolllllctallic 
Illi ncruis as well as petroleum and natural ~as, have likewise made 
llllllly contributions to our knowledge of the geology of the State. 
Figure 2 shows the areas in the State covered by published geological 
maps from aU sources. A number of other areas have been mnpped 
geologically. Figure 2, however, includes only published geological 
mapping and Joes not include a considerable amount of work that 
has not yet been published. 

Although there are a few critical areas where geological information 
is almost completely lacking, figure 2 indicates that the greater part 
of the State has been mapped geologically. However, published maps, 
ull what by modern standards would be considered Ull adequate scale, 
are a vailable only for the much smaller stippled areas of figure 2. 
Clearly, much remains to be done before it can be considered that the 
geology of the State is adequately known-or even as adequately 
known as that of its neighboring States. 

Topographic maps are essential for many purposes such as recrea­
tional, indust.rial, 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 whi0h 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 mos.t parts of the State 
1S well advanced-far ahead of the geologlC mappmg. . 

The following discllssion of the geology of Washington is divided 
into four sections: northeastern Washirtgton; the Oolumbia 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. 

NORTHEASTERN WASHINGTON 

(By R. G. Yat.es, U.S. Geological Survey, Menlo Park, Calif.) 

l\' ortheastern Washington, as defined here, includes Pend Oreille., 
Stevens, Ferry, eastern Okanogan, and northern Spokane Counties. 
It comprises less 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 
i.n ;;haracter, it contrasts sharply with the smooth undulations of the 
Columbia Plateau to the south; but much less sharply with the higher 
and more rugged Oascade Mountains, which lie to the west. Like­
wise, its geology merges with the geology of the Cascade::;, but con­
trasts strongly with tbf1t of the Columbia Plateau. 

Tbis area. which lies east of th~ OkallOgan River and north of the 
west-flowi!lg stretch of the Columbia alld\ts tributary , i;he Spokane, 

• tt i · ... · fi'iI"BAIi 
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in places riseR 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 Kettle, 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 yalleys. They appear to be crowded together, with li ttle 
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 nrea reacbes the Pacific Ocean vilt til e 
Columbilt River, but some tributaries follow Joather devious courses to 
reltch the master stream. The Okanogan and Sanpoil Rivers behl1\"e as 
normal, orderly streams and flo\\' directly south to join the Colum bill ill 
t.he shortest possible distance. Bu t no t so \vith the Pend Oreille and 
Kettle Rivers. The Pend Ol'eille s \\'ings nort.h\\'ilrd in it wide arc to 
join ·the Columbia in British Columbia; the Kettle also selects a 
very circuitous route; as if it were mnking f,,'Teat--·but futile-efforts 
to avoid a junction with the Columbia. Such irregularities reflect, 
in part, changes in the drainuge pu t tern brought !thou t hy the great 
ice sheets that advanced sOlltll\\,!lrd d1lling the Pleistocene epoch. 
The ice moved clown the river valleys in great lobes thnt grew Ilnd 
coalesced t.o form a thick sheet, that con~r ed nJmost the entire area. 
As the climate warmed, the ice retreated l1orthllllrd, and lakes formed 
in t.he valleys of the Columbia and Pend Oreillc Rivers and their 
tributaries. The melt wllters of t.he swollen rivers, milky with 
suspended clay and fine silt, slI·ept. southward t he sand and ~ntvel 
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 hOl'izontal­
layered silt, clay, and sand on the lo\\'er slope~ of tbe valleys preserve 
the outlines of these ancient lnkes. Nellr the TIlt.el'IlIlt.ioll!l1 Boundary, 
t.ermce features indicate that the In,sL high level of the lake in this 
valley " 'as at an elevation of about 2,000 feet. The l\'ull1erous steplike 
terraces along the valley walls of the Columbia Riv er represent sue­
cessive lower levels of the lake or lnkelike river that succeeded the 
lake. The higher slopes and even the peaks near the Uanadian border 
likewise ,,'ere covered with the \nlstes of the glaciers; even tod!!y, 
deposits of gravel and sand, from u. fe\\' to several hllndred feet t.hiek , 
and stray exotic boulders cover more than half the area of the 'mOIlIJ­

tain slopes . . This extensi\"e covel' of iee-transported material great Iy 
handicaps the interpretation of the bedrock geolo~'y, us \\'ell itS 

increflsing the difficulty of the d isconry ' of mineral d ejJosits. 
Enough bedrock does ext.end through this mantle to dem cnstrate 

clearly that the sedimentary rocks in the eastern Okanogan Highlands 
record a different geologic history from those ill the western Hip:h­
lands. l The difference is not. only in the age of t.be rocks, but in the 
conditions under which they accumulated . The oldest rocks in the 
State with well-established ages are en,st of the Columbia River. 
Most of these can be demonstrated to lie below the rocks that contain 

1 This division of two different gro:Jps of rocks, one in tlte eastern 01l'1 tho other in tho wostOrll Okano~an 
High lands, is cnly a broad genpralizutioH. Tile llou11'lfU'y uetween the two groups on ly approximates 
the course of the Co lumbia River . ~'ro111 the month of thl Spokane Hivcr t.(, Evans it is " few miles rust 
of the river; from Evans to Northport it is west. of the river: and fr0111 Northport to the International 
Boundary it Is again east of the river. 
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(Wcs1'llnglan Di v i s io n of Mines ond Geology. 1961). mod i fied by 
laf!!r pub l i sh ed ond unp u blished mopping. 

Ora ft!!d by H. M. Cowl i ng Morch 1965 

SEDIMENTARY ROCKS 
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OuOlernory eolian and la custrine depo sits In 

easlern Wo shin(llon~ terrace deposits west of 
the Coscodes. In cludes some older alluv i um 

in Clark County. 

~6'b~ ~~06' 

Tertiary continental and marine deposits. 

La 
Cretaceous ond Paleocene continental deposits . In cent ral Olympic 

Mountains inc ludes some monne sedimentary rocks, some 
younger Tertiary rocks, and poss ibly some older rocks . 

Poleolo ic sed imentary rocks . 
Incl udes some Carbon ifer ous and Permion volconlc rocks 

Precambrian sed imentary rocks Inctudes trtne 
volconiC5 and qneissic rocks east of M t. Spa~one. 

VOLC AN IC R OCKS 

Recent volca ni c rocks; va lconic ejec t a fr om Mt. Soker, 
MI. Sf. Hele ns, Mt. Adam s, an d Glac ier Peak . 

~~ :,,::,,":,"f 
Mioce ne vol ca ni C rocks and Interbedd ed sed im ents, 
pr inci pal1y basalts o f Columbia Ri ver Gr oup. Include s 

some Miocene ond Pliocene andesi le and rhyol i te in 
centra l WaShing ton , and some f lows of Pliocene and 
Pleistocene age, moslly In sou theas ter n Washi ngton. 

Pre- Mi a cene vol ca nic ro c ks. 

$"' 0 11 Tert i ory i nt r u sive I 
,h: :>aS IC compOSl l lo n . M 

Ter t i a ry gran i t ic r o cks 
Golden Hor n , and Sn 

the Tofoosh ol1d 

NU O: OIC and eo r !y Tert 
C~I" t t l e. Kon i ksu, Simllt 

Q.,d m ony sma ! ler plu 
'nl ru s i ~e rock.s in Ok ane 

FIGURE 4.-Geologic map of Washington , 
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Tert lory Qr cn1 11C rocks . Includes 'he Chilliwack, 
Golde" Horn, and Sno qualm i e batholiths, and 

tl' e Totaosh and other smo lt plutons. 

MeSOlO lc and early Tertiary gran itic rocks Includes 'he 
Colv i lle , Koni l< su , S,milkameen, and Mt. Stuart batholiths 

and many sm aller pluton s. Also includes al kal i ne 
.n1fus lve rocks in Okanogan and Stevens Count ies . 

of Washi ngton. 

Tertiory ond pre-Tert iary mofic ond ultramafic Intrusive rocks 

Pre-Devonian granitic rocks Restricted to 
Casca de Mountains and Son Jua n Is lands 

Me ta morph ic roc ks, mostly pre-JurassIc 

bur includes some rocks of probable loter oge 
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OLYMPIC MOUNTAINS PUGET LOWLAND I 
Weatern Northern Central Ea.tern edseJ 

Queeta Beds V .. hon Drift Va.hon Drift V.abon Drift 
.... of Gloyer (1940) 
a ., 
.. a I 

~ I . Eyan. Creek 
;:: ~ 0 I Kuoap Fm. Drift 
- II ~ I ! -.: ~?----?----t--------------t-------------

::g ! I I ' d'f Saillon Springs Wingate Hill 
i '" : A p,ne fl t Drift Drift 

r--?----? 
______ : PuyallUp r... upper 

I Lily part 

I 77h-
1 ., : ! Stuck Drift Creek ~ 
__ u I ~ 
~ ~ 2 : Fm. 
>- ...... : Alderton Fm. lower 

-;: S Q I part .. -
'"' '" 

Taholah Flo. Older drift(?) Orting Drift Logan Hill Fm. 
of Gloyer (1940) 

FIGURE ll.--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 LowllLnd (Vashon 
Drift, fig. 11). Simultaneously, glaciofluvial deposits accumulated 
locally west of the Olympic ~{ollntains (Queets B eds of Glover, 1940, 
fig. 11) . 

1-Iarine sed iments 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 
iILthe higher mountains carried much sil t und 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 
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. 
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MINERAL RESOURCES 

The Mineral Industry of Washington 

(By A. E. Weissenborn, U.S. Geological Survey, Spukane, Wash.) 

Tn 1963 Washington's mineral production was $71.4 million, placing 
it 35th among the States with respect to the value of its mineral output. 
The 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 thc productIOn of talc and soapstone, and si..'Cth in the production of 
umnium. It ranked sixth among the States in the production of lead, 
twelfth 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 
12th ranking producer of both lead and zinc. 

Washington's production of minerals compares favorably with that 
of her sister states of Idaho and Alaska, both probably in popular esti­
mn,tion better known as mining states. In 1963 Idaho's mineral 
production was $82.8 million, or 0.42 percent of the United States 
proquction; Alaska's was $67.8 million, or 0.35 percent of domestic 
production (D'Amico, 1964) . 

Only a relatively small percentage of the State's labor force is em­
ployed in mining. According to the Washington State Department 
of Employment Security, in 1963 approximately 224,000 were en­
gaged in manufacturing, 76,500 in farming, 1,500 in commercial 
fishing, 11,100 in logging, and 1,900 in mining and quarrying. Manu­
facturing, which ill 1963 had an annual payroll of $1.5 billion and 
produced $2.9 billion worth of goods, greatly overshadows mining, 
\\'hich in the same year had an annual payroll of $12.8 million and 
produced metals and nonmetallic minerals valued at $71.4 million. 
CI~S~1 re('eived for farm products in 1963 amounted to nearly $600 
11 lIlllO 11 , about eight times the value of the raw minerals produced in 
the ::)tate. These fi gures, however, do not indicate the real im­
portance of the mineral industry to the economy of Washington, for 
alth.()~gh only 1,900 persons were employed in mines and quarries, an 
ndclJtlOnal 26,600 wit.h an annual payroll of about $200 million were 
ernp}oyed in processing the minerals, including smelting, refining, and 
CllstIng of metals; manufacture of stone, clay, and glass products; 
ftr~le llm refi:r;ing, and the industrial chemical.industry, includin~ th.e 

tllll nrd atomIC plant. Some of these processmg plants treat prmCl­
Plilly .r/l \\' materials that have been brought into the .State, but ne~rlr S dl uw on local sources for at least some of thClr raw materIals . 
. ~Ille depend heavily on these local sources and could not operate 
Without tbem; others use local materials exclusively. The State's 
~~so"("ccs of metallic and nonmetallic minerals contribute vital support 

llU 1l11jlur"luut segment of its economy. 
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Coal and gold were the first mincmls to be produced cornmerci!111y 
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 alona- 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 Washirigton 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 oflode 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 a 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 W asbington. Discovery of tbe 
importan t Republic district soon followed. Additional discoveries 
were made wben tbe southern balf 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 of 
them would be brought into production. 
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l ,' i ~ 1 11"(' 12 shows the growth of Washingtoll's mineral production 
"ill ( '(' I ~)()O, when reliable records of producLioll first became available. 
'I'll(' I"wor curve gives the reported value in dollars. Because the 
IIlIll L: of the dollar has flucLuated widely, a more accurate measure 
(If (he magnitude of production is shown in the upper curve where 
(Iw \'ulucs are expressed in "constant dollars." In this curve the 
\"lilli e of t.he dollar from 1957 to 1959, based on the wholesale price 
illdex, is taken as 100. The adjusted curve shows a steady increase 
ill 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 
prouuces continues, the next few years should see production reach a 
II ew 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, san9. and 
gra\'el, 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 commodit,ies produced, but the total value of all these metals 
combined does not equal the value of the coal (fig. 13). 

Coal production reach eo a peak about 1918. Since then it has 
declined dmstically owing chiefly to the increased use of oil as a 
fuei, to the availability of cheap hydroelect.ric power throughout the 
Pacific Northwest, and to competition from Utah and Wyoming 
coal. Can ,' ersi01l of the railroads to diesel or electric power was a 
nearly fatal blow. The decline of coal as a fa.ctor in the mineral 
economy of the State is illustrated graphically in figure 13, which 
SIIO,,·S that., whereas coal has accounted for nearly 25 percent of the 
nllue of all minerals produced in Washington since the beginning of 
records, in 1\}G3 it accounted for less than 2 percent of the mineral 
prod llclion . The efficiency of steam generating plan ts has increased 
1l.1!lrk~dly in recent years, and the Blore favorable hydroelectric power 
SItes In. the Northwest are rapidly being preempted. In. addit~on, 
~'c :i eR rch may develop new uses for coal. Although no ImmedIate 
11l1pro"ement can be anticipated, 'Vashington's substantial resources 
of cllal should in the coming years once again become an importar:t 
';Cgll1 Cll t of t he State's mineral industry 

Ylto production of metallic minerals ha~ shown a healthy growth in 
"I)[t~ of low prices for lead and zinc which have been in effect from the r" dy 1950's until recently, and despite the fact that some ore bodies 
. II\\·C been mined out and are now abandoned. Among the outstand­
Ili!-r events of the last 10 years or so have been the mechanization­
;l:l~ ("Oll <;equent increase in pr.oduct~on-of . the Meta~e distri~t, 

II df'w·lopmcnt of the Gold Kmg mme at 'Wenatchee mto a maJor 
~yld,. l. nd ~ilver p~'oducer, impo~tant developments ~1 the. Republic 
S s(; [( (, H nd the dIscovery of a lughly profitable llmnlUm mme on the 

-S[)(I \.It Il e III dian Reservation. The successful operation of the Van 
• Olle rninc and, more recently, the bringing in of the Calhoun mine 

~~''''*~ 
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FIGURE 12.-Mineral production of Washington, 1900-63. 
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hft \·0 shown that minin~ in Stevells County need not be confined to 
the high-grade ore bodie~ from which most of the past, production 
has come. These developments also show that even tllough 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 
a 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 pot.ential petroleum areas. Only further 
test drilling can det.ermine whether oil and gas in commercial q llanti-
ties occur in Washington. 

Metallic Mineral Resources 

ANTIMONY 

(By D. R . MacLaren, U.S. Geological Survey Spokane, Wash.) 

Antimony is a silvery white, ~oft, brittle metal chemically similar 
to arsenic and bismuth. It possesses three somewhat peculiar 
properties that st.rongly influence its llses; it expands on solidifying 
from a melt, it relatively strongly repells a magnetic field (a property 
called diamagnetism) and its electric 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 ",ith lead and 
tin for solder and machine bearings, and with copper and 7.inc for brass 
and brass products. Besides its use as an alloy, tl,ntimony is used in 
pharmaceuticals, laboratory chemicals, ceramics, and plast.ics. 

There are many minerals that contain antimony, but the only 
important ore minerals Iu·e stibnite, Sb2S:I , Ilnd to a lesser extent tetra­
hedrite (CuI2Sb4S13), which is primarily an ore mineral of copper. 
Sometimes silver replaces part of the copper in tetrahedrite, which 
may then become an important ore milleral of sih·er. Whether it is it 
copper or silver ore mineral, the antimony is usually only It detriment 
to its value. A notable exception i:s the tetraheclJ·ite sil vel' ore of the 

.~ 

,. 

,,~ 
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";lltl ,..!li lll' mille ill Idaho, from which the antimony is I'ecovererl by fin 
;>11" .' rldrt i(' process. 

The United States has been mostly dependent on foreign sources of 
alititll(IIlY. In the past, Mell.ico, China, and B~livia were th~ principal 
rCln'i!.!;J1 sources (Purdy, 1951, p. 15), but durmg 1951 Chma cea~ed 
t.:xpn'rtill<Y antimony to the United States. In 1963, the principal 
illiport:s ~)f antimony were 4,337 short tons from Mexico, 4,010 short 
toll"; from the Republic of South Africa, and 988 short tons from 
H(\ I i~·ilt (Moulds, 1964, p. 241). 

i'\ raTly two-thir~s ?f the Il:ntim.ony produced domestically is o~­
IHill rd from reclaImmg antimoOlal scrap. Most of the rest IS 
:l lllillllllly or antimonial lead obtained at primary smelters as a by­
pnlJllct of treating imported antimonial ores. In 1963, only 64.5 
tOil:; of antimony was produced from domestic mines, nearly all of 
\\·hich was recovered from the treatment of the tetrahedrite ore by 
the Sunshine Mining Company at Kellogg, Idaho. 

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
duced during World War I (Huntting, 1956). The last recorded 
production from the State was from the Bales property in 1952 
(Huntting, 1956). 

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. Huntting 
(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 
(N o. 13), Bales (No. 10) , and Lucky Knock (No.9) mines in Okanogan 
County were primarily producers of stibnit.e. Grand Central (No. 18) 
find 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 
of antimony contain tetrahedrite rather than stibnite, and their ores 
or potential ores are principally valuable for silver, gold, copper, or 
lead . Only those properties from which production of antimony hus 
ueen . reported and several of the reported occurrences containing 
,;LIblllle are shown on figure 14. 

Slibnite forms at relatively low temperature and pressure and is 
t h~refore usually deposited at or near the surface, ,,-jth no apparent 
affInIly for any particular rock type. In Washington, it is found in 
r Ol;k,; of yarious t.ypes and ages, as a description of a few of its occur­
rences \\ ~in illustrate. 

At ~he Antimony Queen mine (fig. 14, No. 13) the rocks are irregu­
Inrly Hlterbedded argillite and graywacke of Triassic or Jurassic(?) 
age . Stihnite ore shoots, up to 2 feet wide and 40 feet long, occur in 
Ijllnrlz \"(, ins and breccia zones in the araillite. From 1907 throuo-h 
II) '" '" I iJ ~ 1. lhe mine has produced more than 1,100 t.ons of ore (Hun tting, 

: 6). Purdy (1951, p. 109) indicates that 1,000 tons of stibnite ore 
IIIlJ ,;c\"(,\ ml hundred tons of antimony oxide, prepared at a small 
plullL 1~I'Hr the mine, were shipped in 1916 and 33 tons of stibnite ore 
\\ as ,;llIpped in 1941. 

.At. the Lueky Knock mine (fig. 14, No.9) irregular pockets of 
~:IIIl.I.tr. ill~er!llitlelltly replace meta.morpho~ed. limestone. o~ the 

Inl ( II 1st ~enes of Daly (1912) of late PaleozoIC age. ThIS IS the 
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barren. Tllc ky ltni tc crystnls are as milch us 2 inches long in peg­
IlU.l.t1tlc Wiles, but, the average length is proba.bly less th:tn half an 
inch (Wa5h . 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 occw:rences 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 r.eported 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 SE~ sec. 
2, T. 4 N., R. 5 E., 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 deposit.s in Washing­
ton that might be considered a potential resource. While they are 
fairly extensive, their relative low grade and the illlpurity-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 difficulL and expensive, and their distance 
from major users would necessit.ate. relatin:lly high transportation costs. 

MAGNESITE 

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

Magnesium carbonate (MgC03) occurs in relatively pure form in 
nature as the mineral magnesite. Its theoretical composition is 47.8 
percent MgO and 52.9 percent CO2 , but iron can substit ute 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 serpentinit.e or dunite, Crystalline magnesite, with 
vitreous luster and perfect cleavage on individual mineral lP'ains, 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; Comst.ock, 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 gra vity 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. Colors ure generally white, light sbades 
of off-white, gray, red, or brown, b1lt magnesite has been found with a 
wide range of colors. 

Magnesite is used chiefly as a source of magnesium oxide, or mag­
nesia. (MgO). Magnesite and, to a ,Iesser extent, brucite (Mg(OHh) 
formerly were nearly 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 U'le 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 
magnesia displays ·absorptive capacity or .activity (Wicken, 1960, 
p. 534) .-

Caustic calcined 'magnesite is used ·in the manufacture of oxy­
chloride cements, rayon,fertilizer, insulation, rubber, .and a variety 
of chemical 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 of the annual consumption of magnesium 
oxide is in the form of dead-burned magnesite mostly for refractory 
use {Comstock, 1960, p. 487). Most of the magnesite mined in 
Washington is used to make dead-burned magnesite, principally to 
make refractory brick used as liners in steel-making furnacE..; and 
kilns. 

World production of crude magnesite in 1963 was 9,050,000 short 
tons. The three largest producers were the U,S.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 
in the las t 10 years, and as technology improves and treatment cost 
are lowered, production from brines can be expected to continue to 
grow and become increasingly competitive with crude magnesite ore. 

Magnesite production in;was.hington 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 
:-'finerals Yearbook reports that in 1962, output of magnesite from 
tLe Red Marble quarry supplied the largest part of the $3,938,000 of 
nonmetallic minerals produced in Stevens County. Since World 
War II, Washington, Nevada, and California have produced most of 
tlte crude magnesite mined in the United States, and for the past 
several years, Washington has been the largest producer. 
, l\Jagnesite was first recognized in Stevens Cou.nty, Washington, ~y 

Shedd in 1902 in the course of a survey of bUIldIng stone quarrIes 

.. 
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(Shedd, 1903 , p. 91) . Attention w!~S IlI"o cnll cd to t.he occurrence by 
Darton (1909, p. 23) and again by Shedd (191:) , p. 126). The Finch 
and Allen-Mos;; quarries, the former worked fir,,!' for limesto ne, were 
the first to produce magnesite. Because of the dem~.lld for magnesite 
during World War I, the Northwest Magnesite Co. and the American 
Mineral Production Co. were organized to quarry the deposits. The 
latter company through a subsidiary built a railroa,d from Valley to the 
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
trol of the larger and more important deposits of the area (Whitwell 
and Patty, 1921, pp. 16-23). 

The Stevens County magnesite is found as massive lenses in the 
Precambrian Stensgar Dolomite. Distribution within the Stensgar 
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 
that they are the result of hydrothermal replacement of the dolomite 
by magnesium-rich solutions which may possibly have originated in 
nearby granitic intrusives and have obtained their magnesium from 
leaching of dolomite beds at depth (Campbell and Loofbourow, 1962, 
p.38). 

About 15 occurrences of magnesite have been found in the belt of 
outcrops 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 OIl the southwest. The Stensgar 
Dolomite has a maximum thickness of 730 feet on the northeast but 
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 overlam by the Huckle­
berry Formation, also of Precambrian age. This in turn is overlain 
by the Addy Quartzite of Cambrian ftge. Underlying units i.n de­
scending order are the McHale Slate, the units of dolomite, slate, B,nd 
q'uartzite of the Edna Dolomite, and the Togo Formation. The 
Precambrian format~ons have been compressed into many small folds 
and some large ones, and these have been cut hy several longitudinal 
or strike faults. The effect has been to repeat the Stensgar Dolomite 
three times in the norLh central part of the belt and to fault it out in 
several places along the strike m 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), 
Davis (No. 11), and Midnight (No.8) deposits (fig. 46), which are 
undeveloped and probably relatively small. The Red Marble Hegment, 
about 3 miles long, includes the Red ~1tJ.rble deposit (No. 13) and the 
small, early-worked Crosby deposit (No. 10) on the north. The east­
ernmost segment of the Stensgar Dolomite begins half a mile east of 
the Red Marble quarry and continues for 4 miles. It includes the 
Double Eagle and Keystone deposits (Nos. 7 and 9), the former on the 
axis of a northward-plunging anticline and the latter on the west 
limb of a syncline. These folds and the folded fault plane that brought 
up the Red :MarbJe segment presumably accollnt for the repetition of 
the small isoliLLed occurrence of the Stensgaf at the N ogue deposit 
(No.6) . 
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Between the Red Marble (No. 13) and t.he Turk (Nos. 19 and 20), 

the last important deposit on the ~o\Jt .hwest, 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 siliceolls 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 

SiOz 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 a vertical dimension 

of 160 feet. It averaged 3.0 percent CaO and 3.9 percent Si02 • 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 W orId 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 (Ko. 7) has been extensi\'ely 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 th e Red Marble deposit. As has been mentioned , before magnesite 

was recognized here this qua,ry was worked for building stone. 

The width of outcrop before the more recent operations was 1,100 

feet bet ween 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. ~1 uch 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 in to the hillside, 

where the face shows magnesite and magnesitic dolomite. The 

west deoosit is an opening 70 by 50 feet with a 20-foot fuce at the back, 

which shows massive magnesite for half the width . 

T he Cf0sby daposit (No. 10) crops out in an area 400 feet by 125 

feet. D e\'elopmen t consists of several tren ches opened in pink to red 

finely crystnlline magnesite that analysed 4:L6 percent MgO. 

.\ I 

'r • 
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The Red Marble deposit (No. l:n hilS a total length of about 4,000 

feet and a width of 450 feet. It crops out at au 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 sout.h . 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 1 

I 
Igni. AhO" Exper- Caleu-

No. tion SiO, F e,O, CaO !mental lated 
loss MgO MgO 

-------------- - --

Woodbury deposit; NE~ sec. 1, T. 31 N ., R. 

w~~~afe';~~~;8';emg;; oi 4-Briiiiy-ses~~== = 47.9 2. 6 1.9 3.6 41. 4 43.9 

2 46.6 1.9 1.7 24. 2 24. 8 25. 4 

3 Red Marble quarry; SE~ sec. 24, NE~ sec. 
25,1'. 31 N ., R . 38 E. . average 019 ana yses_ SO. 1 2.8 .9 . 5 44. 5 45.8 

4 Red Marble quarry, magnesitie dolomite .. __ 45.3 . 9 .8 20. 9 24. 7 

5 Red Marble quarry, dolomite . . ___ __ ____ ____ 45.1 3.9 . 9 29.3 22. 0 20. 8 

6 Stensgar Dolomite; NE~ sec. 35, T. 31 N., 
R. 38 E .; average 01 6 analyses ____ .. ____ ___ 46. 0 4. 4 1.5 28.6 21. 3 

7 Stensgar Dolomite; magnesiUe dolomite ___ _ . 45. 4 3.3 1.4 25. 6 24. 4 

8 U. 8. Magnestte quarry; N~ cor. sec. 10, T . 
30 N ., R . 38 E . ; average 016 analyses _____ . 49. 4 3. 8 1.1 1.2 43.4 44.3 

9 U. 8. Magnesite quarry; average 01 13 analy-
ses ___ ____ _ . _________ . . . .. ___ . ______ _____ __ 40. 6 11 . 0 2. 2 16.2 26.9 27. 7 

10 Stensgar DolomIte; SE~ sec. 17, T. 30 N., I R. 38 E.; probably magnesitie __ __ . __ ____ __ 45. 9 2. 5 1.0 26. 2 23. 8 24.4 

11 Sten"gar Dolomite; sees. 19, 20, and 30, T . 
30 N., R. 38 E ; probably magnesiUc ___ __ .. 47.5 . 5 1.2 25. 7 24. 7 25. 1 

12 Stensgar Dolomite; probably magnesitic __ .. _ 47. 6 2. 0 1.1 14. 9 33.2 35.0 

t~ I = =:::~~~~:=~ = == = = =:: =:::: ==::: :::::: =::: =: ==:: 46. S 1.4 1.4 21. 9 25.3 28.8 
45.2 3.6 .4 21.9 20. 2 21. 7 

15 Turk deposit. NOIth end; SW~ sec. 36, T. 30 
N., R. 37 E .; average 01 4 at:alyses ___ ___ .. _ 44.3 6. 5 2. 1 1.4 45. 1 4S. S 

16 Turk depOSit, South end; NW~ sec. 1, T. 29 
N ., R. 37 E. , magnesite, average 01 2 

4S. 8 I analyses __ .. ___ .. . _ ... _ ...... .. . _. __ . __ .. __ 46. 4 4. 8 . 9 .7 47.1 

17 " Nickel led ge, " siliceous IIdoiomitic rock" __ 31.04 32.12 6. 37 1. SI 26. 73 

18 Magnesite . oollected by Stone, Red Marble 
quarry(?) 17 miles west 01 VaUey, Wasb_ .. a 49. SI 4.27 ' .78 1.07 45.02 

19 MagneSite, oollected by Stone, U.S . M ag· 
nesi te quarry(?) .. _ .. . ... .. _. _. ____ _____ __ _ , 47. S1 8. 83 ' .85 7. 39 38.41 

20 __ . .. do .. __ . ... _ .. . _ .. . ___ __ . __ _ . . . _ .. _____ ___ '46. 03 5.60 '. 88 6.88 40.90 

21 Magnesite, collected by Stone. Ailen quarry. 'SO.32 .46 , 1. 01 .31 46. 23 

22 Brucite(?), collected by Stone, AUen quarry_ a S. 23 1. 20 '2.36 .92 90.59 

23 Edna Dolomite, sec. 31, T . 31 N ., R . 39 E __ . 29. 9 31. 2 3. 7 14. 6 20. 6 

24 Firmenbae talc, S W ~ sec. 15, T . 30 N., R . 38 
E __ . __ . ____ ____ _ . ... .... ___ ___ . _____ ___ ___ 47.7 1.5 1.2 18.8 29. 4 30. 8 

25 Edna Dolomite, NW~NEl4 sec. 1, T . 29 
N., R . 37 E ____ __ ____ __ .. _ .. __ ___ ___ __ ___ _ 39.3 8. 1 1.6 17. 5 33.5 

26 .. __ .do ___ _______ ____ _ . ___ _ .. __ _____ __ . _____ __ 43.5 6.3 2.2 1.4 45. 1 46.6 

27 __ __ .do ___ _ . __ ___ __ _ .. __ . . __ _______ .. ____ . ___ _ 32.S 21. 1 2. 5 41. 7 . 6 22. 2 

I Source: Bennet t (1941, pp. 23-25) lor analyses Nos. 1 to 16 and 23 to 27 ; Wells (1937, p. 62) lor analyses 

Nos. 18 to 22; Smith (1904, p . 4) lor analyses No. 17. 
' FeO. 
'CO,. 
'Fe,O,. 

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 Stensgal' . 

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 occurs here, but much of it is intilllHtely intermixed with 
dolomite, and quartz veins cat across the rock in places. The deposit 
is at the northeast end of a 2-mile long faulted segment of the Stensgar 
Dolomite (Campbell and Loofbourow, 1962). 

The north balf 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 ext.ends to a depth of about 220 feet (Berlnett, 
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}~ 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 SWH sec. 15, T. 30 
N., R. 38 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 continllollsly for nearly half a century. The Finch deposit 
was the first to be explored and was worked later in conjunction with 
the Allen-~10ss. 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; tl!.ble 18, No. 16). Operations were started 
in 1944 at the Keystone deposit , which was connected with the Finch 
quarry by B tramline. Another tramline completed in 1954 extended 
from the Finch to tbe Red Marble quarry. 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, Snohomisb, Kittitas, 
and Chelan Counties (Gildersleeve, 1962, and fig. 46). None offer 
mucb promise. The deposits in Skagit, Snohomish , Kittitas, and 
Chelan Counties are large but low grade. They are the so-called 
"nickel ledges" and are intimate mixtures of silica and carbonate 
minerals, including 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 incb veinlets 
of hydromagnesite are found cutting serpentine (Valentine, 1949). 

The production of magnesite in Stevens Count.y probably will 
con tin ue for some years, but it would seem unlikely that operations 
would cont.inue beyond the resources Itt the Red ~·farble deposit. 
unless other deposits that do not crop out are found. Tbe 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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fp r the Pt~st 10 years. The prospcl'ts do no\' app(,l~r t .~ be very bri~ht 
for the dIscovery of ecollOlllie deposits of Illllguesite ll1 areas outSIde 
Stevens County. 

OLIVINE, SERPENTINE, AND ASBESTOS 

(By J. S. Vhay, U .S. Geological Survey, Spokane, Wash.) 

Olivine, serpentine, and asbestos are considered tbgether in this 
report because all three occur principally in ultramafic rocks. Excep­
tions to this are the olivine in basalt, the serpentine in silica ted 
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, FehSi04), and 
t he 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 11 bydrous silicate 
of magnesium (H4Mg3Si20 g ), which contains about 44 percent MgO. 
Both olivine and serpentine are used mainly as refractories. They 
hn ve also been used as sources of magnesium metnJ and salts, but at 
prf~sent , sea water and brines are used as the sources for the metal and 
snits of magnesium. The greatest use of olivine is as a molding sand 
by foundries and glass plants. This is because of olivine's refractoriness 
(fnrsterite, the pure magnesium t) pe of olivine, has a melting point 
of 3461 0 F.) , its strength at high temperatures, nnd its resistance to 
corrosion by most compounds except acid slags (Clark and McDowell, 
1960, pp. 704, 707). Refra ctory forsterite bricks are made by adding 
magnesia to olivine and bondillg them either chemically or by firing. 
Its use as a blast.iug sand has developed recently. For t.his use, as 
well as for use as foundry sand, oliyine has the advantage that it. 
does not cause silicosis, as silica sand may. J t has been used also 
fiS an ingredient in the manufacture of fertilizers. Additional uses 
of serpentine are as a base for some special paints, in insecticides, and, 
es pecially 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 olh-ine in Wasbington haye increased spectacularly in recent 
years; tbe follo'\\oing percentage increases of production took place: 
from 1957 to 1958, no percent; 1958 to 1959, 44 percent; 1959 to 
1960, 44 percent; 1960 to 1961, 50 percent; and 1961 to 1962, 34 
percent. Tbe present annual production in the State is approximately 
25,000 tons. N early all this production bas been from the T""in 
Sisters dunite mass, Skagit and Whatcom Counties; some has been 
from a mass on Cypress Island, Skagit County. The Twin Sisters 
r1unite mass is the largest known in the United States and is unusual, 
und valuable, in that tbe 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 ultrnmafic rocks, on the other hand , 
nre 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 Wasbington. 


