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INTRODUCTION. 
FIELD WORK 

For the past several years there has been a demand for a 
r epo1·t that woulcl bring up to date the information on the 
metal mines of the State and consolidate that information 
under one cover. 

In view of the fact that there are several thousand small 
prospects scattered over a wide territory in the State, and that 
many of these have undergone practically no development 
during the past few years on account of war conditions and 
the heavy demand £or industrial labor, it was decided tbat this 
report should be confined to those properties that were show­
evidences of activity. ·with this plan in view the w1·iter enter­
ed the :fiel.d June 24, 1919, starting near the eastern horder 
of the State and working westward across the northern tier 
of cou11ties until September 7, 1919, when the work was in­
terrupted. 

Duriug the summer of 1920 six weeks were spent complet­
ing the field work in Pend Oreille, Stevens, Ferry and Oka­
nogan counties. 'rhe active properties in the Cascade Range 
were visited by a series of shol't. trip at odd i.utervals. 

SCOPE OF THE REJPORT AND SOURCES OF INFORMATJON 

In the following report there is presented such information 
as the writer has been able to collect concerning the active 
mining propcrtiei:; of the State. 'l'he description of the various 
properties should not be considered in the light of an exhaus­
tive report. 'J'he field work was carried on without m,sistants 
and the large number of' mines to be visited, scatter ed over an 
extensive area, prohibited an exhaustive study 0£ the individual 
deposits. On the other hand, these deposits were studied in 
sufficient detail to permit a reliable description of their eco­
nomic f ea tu res. In a. pub] ic report it would be manifestly un­
fair to (hscuss the properties a:-; freely and candidly as is cus­
tomary in private reports. 

'l'he writer feels that 1he greatest tangible benefits to the 
prospector and small operator, from work such as this, comes 
from personal contact with these men in the field where their 
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problems can be talked over informally and as far as possible 
solutions suggested. In this way it is not necessary that they 
shall wait until the report is p11bl is1rncl to learn ,vhat the inves­
tigator saw at the property a.ncl wltether or not he felt inclined 
to encoill'age or cli ·courage fm:ther developmcut work. 'rhis 
is not an encroa~hment 011 the legitimate field of the mining 
engineer; on the contrary it more usually serves to cultivate 
an appreciation of tbe ajd of techrucal guidance. 

~xcept where otherwise. noted practicall,v all tbe info1·ma­
tion i the l'esult of per onal observation . The ore bodies as 
a rule weL·e not sampled and only snch assays are quoted as 
would serve to convey a general idea of the average grade of 
the clepo its. Many of the smaller operators do not yet appre­
ciate tJ1e value of systemati c sampling, and it is not unusual, 
in the case of a non-shipping property; to find that the grade 
of the deposit has not been definitely determined. 

At each property a £c·w type , amples of the ore anrl asso­
ciated country rock were coll ected and brought into the labo­
ratory for study. Exhaustive 1·ock descriptions were avojded 
as far as possible, not because the writer fa ilF; to appreciate tbe 
value of petrography as applied to ore deposits, but because 
involved petrographical descriptions are 11ot i-cadil)' 1.1.uder­
stoocl by the average reader of these r eports. Detailed de­
scriptions of the important formations of the various mining 
districts of the State have been -pre. ented in previous reports 
and to repeat them would be needless dUl)Dcation. 

The amount of space given to any one district or individ­
ual property is not a criterion of its r elative importance. The 
exigency 0£ cover.ing so extensive an at'ea in a limited time, 
caused in some instances uneqnal proportionment of field ,York, 
and the 1·elative compleAity of the problems encountered 
served roughly to mcasm·e the time given to tbc various dis­
tricts. 
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the Wenatchee-Chelan District, Cascade Range, b.,- BaiJey Wil­
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ton, D. 0 ., 1901. A r·eport covel'i11g an area of al>out 20 S<tuare 
miles of the Monte Cristo Mining District, which at one time 
was one of the most acti vc miuiug areas in the State. The 
R.eport is accompamed by an areal geologic map. 
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recollllais ance ai1d description of tlte ore deposits 0£ the 
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M lscellaneous 

'l'hc l\lining Advance into the Iula.nd Empire, by William 
J. 'l'rimble, Ph.D., a tliesis submitted for the degree of Doctor 
of PhlloHophy at the University of Wisconsin, 1914. A }ustori­
cal treatise ou the early history of mini11g in the Pacific North­
west. The prospector·ls i;;bowu as the, fot·et·un11e1· of civ ilization 
in this r egion. 'l'he subseqnent c<JOnomic development of the 
country is con elatcd ·w·itl1 early mining aclvances. 

Miniug in the Pacific No1-thwest, by L . K. Hodges, 1897. 
Issued in book form br the cattle P ost-Intelligencer as a non­
technical r eview of t he miue1·al resources of ,Vashington and 
Bl'itish C'olumbia.-cb:iefly of' hi. torical value. 

No1thwest lVIines Hancll,ook, Vol. 1, 1918, by Sidney Nor­
man. A directory of the mining companjes of vVashingtou, 
British Columbia, 1\Iontana. Idaho, and Oregon. Gives brief 
descriptions o:f mining properties and data on the organization 
0£ the various mining companfo . . 

North American Cordillera of t he Forty-ninth ParaUe], 
by R. A. Dal:,,, 1\'[emoil' No. 3 , Canadian Geological Survey, 
P arts I and TI. Ao excellent l'cport on the geolog.r and strnc­
ture of the moantains crosse<l by the interua tional bonntlary 
at the forty-ninth parallel.. F ield work dur i11g season of H)Ql 
to l!l06 inclusive, Othnva, 1912. 

HISTORY OF ME'l'AL 1\'fJNli'lG IN WASHLNGTON 

Between tl,c lines 0£ the h istor>' of metal milling cau be 
r ead the romance that attends the miJiing development o.f the 
W estern Countr.v. It was the quest .fot· gold that first brought 
the m'inet· and prospector into ·w ashington Territory, when 
the1·e came the rush to the placer gold .finds near Old li'ort Col-
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ville during 1855. This gold was found along the river ter­
races ot Columbia and Similkameen rivers and some of their 
smaller trihntaries. 

Jn a vcrr interesting hook,• "\Y-i llfom J. 'l'rimhlc. Ph. D .. 
1·ecou11ts the birth of the miujng industrr i11 ,,\tshington and 
the acljacent tcrrjtory, and h·aees the subsc<tnent deYelopment 
of the eountrr along Lines of social aspcc•ts, e<lucat ion, rcligiou, 
law, and govemmcut, f hat :followed i11 1 hC' wake of miui11g 
advance. Some of the following interesting in.formnlion is ab­
sh·aetccl from his report: 

"Fort Col ville. 011 the east bauk of the Cohuu hia R iYe1·, 
which for 30 years prl'vions to tht> <liscoverr of gold i11 Wash­
ington was the tltief inland post of the Uudscm Bay Company. 
snddenJ,,· became the CC'nter of earl.,· mining i11 the IJ1la11d Ern­
pi1·c. 'l'hC' ~old discoveries brought hard,v bamls of adventur­
ers .from the gold fiC'lcls or California 1rncl Oreg-on an,l from 
scttlemen ts along the coast of "·estern ,Vashi11gton a11tl Oregon. 

"One of tile g1·eatest factors i11 the mining adva1ic•e was the 
.friendship of tl1e Nez Pet'<'e [nrlians, who, alout' of the tribrs of 
the Inland Empire, were 11ot hosti le to miners nntl fat·mers. 
'l'rouble ·with the warlike ti·ibcs broke out in , 'eptembc1·, 1855, 
and continued until 1 56. Dnriug the progress of this war 
Gcnet·al Wool, commander of the Department of the Pacific, 
issued the following 01·<.lcrs: 

"'No emigrants or other whites, excep1 Hudson Ba.v (.'om­
pany 01· persons having ce<lccl rights from the 1 ncliaus, will be 
permitted lo settle or remain in the Indian countr_v, or on la11d 
uot <·ct1ed hy tren{)- conffrmecl b~- the ,'eaate and appl'oved hy 
the P1·esidcnt of the U11itccl t:itales. 

'' 'These orders are not, however, to nppl~- to the minen, 
engaged in c·olleetiug gold at the Colville mines • • •• 

"Prolmbl.v the cnstom of I he miners o.f unconi;cious h'es­
passing and their claim o[ implied recogt1ition to such rights 
•m the pal't of tlie United States may l1ave iufluell(:etl the mili­
tn.r~· anthol'itics to make the cxceptiou noted iu their favo1·. , . 

• • 

"'l'he 1\llnlng .Adrnnce Into lhe Tnland Em1>lre. A lhesls suhmllted ror 
the uegree oC Docto1• or I'hilosophy ul the Unlve1"Ril)' or Wisconsin, 1n1 I. 
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In the early seventies lode miniug began. Some of the 
first locations were made on Silver Creek in the Index District 
ancl i11 the Blewett District during 1874. Ruins of old arras­

tres fa hioned from solid rock remain today in the Illeweit Dis­
trict to tell the story of early concentration of the free mill­
ing gold from the oxidized SUl'face ore . These crude ar­
ra. tres were no doubt the first attempt at concentration of 
ores in the 1'erritor-r. ..A.bout 1878 the 1ir t stamp mill was 
erected at Blewett, and it continued to operate snccessfolly 
for . everal years. 

Dming the year 1 n3 four pro. pectors descending the 
slope of Old Dominion l\1ountain1 near what is now the town of 
Colville, which they had a cenclecl to find out their position in 
relation to the urronncling counh-y, discovered what il:l now 
tl1e Old Domiuioo l\fine. rplJe rich lead-silver ores were at first 
packed to pokaue on J1orses al a cost of $100.00 pe1· ton. li'ive 
yea t·s latet· prospector·, working northward up Colnmbia 
River into British Columbia, discovc1·ed tl1e Y01rng ..lmerica 
and Bonanza deposits near \rliat is uo,-v tbe town of Bossbnrg. 
Follo·wing this, more attention was given to the search for ores 
0£ lead, silver and COPI>er. Greater impetus ·was added b.'· the 
building oJ: the Spokane & Northern Railway into Stevem; 
Connt.,·, an<l the ore deposits of the ChewelaJ1, Deer 'l'rail, and 
other districts began to receive merited attention. 

'l'here was little activity in l!.,err,\· Cou!lty unti l the north ­
half of the Colville Incforn Reservation. was thrown open fo1· 
mineral entry in 1896, n·hen development o.f tbe gold ores oF 
tho well lmown Republic Di. trict q11ickly began. DlU'ing 18!>8 
the south-halt of the Reservation was thrown open £or mi11-
eral entr?; a rush of prospectors followed and in a short wh ile 
3,000 clai1ns were located and the Nespelem (Uoses) and Keller 
dist1·icts came i11t o e.xi t ence. 

Cn Okanogan Couut-y the place1·s along Similkamce11 
River were first worked iu 1 59. 'l'he .fi.rst quartz lode was 
located i11 1871 near Concorndly. 'l'be area latel' reverted to 
the Lu<lians and was not reopened for entry until 1886. The 
Ruhy siJver camp, 4 .miles south of Couco1mlly, was actively 

worked begullliug in 1 9, and at. one time it is estimated that 
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there were 1,000 miners in the camp. The sudden and com­
plete drop or the silver market iu J893 closed down all opera­
tions and only recently is the district beginning to show evi­
dence 0£ revival. 

The first claim was staked in the Monte Cristo District 
during Ju ly, 1889, and ilm·ing 189:3 a railroad was constructed 
into the district at heavy expense and in the face of many com­
plex engineering clifficnlties, and it is the only raikoad so far 
in the State which has been constructed solely for mining 
purposes. 

The discovery of placer gold along Buby Creek in the 
Mount Baker District caused an invasion of miners on a scale 
approaching a stampede. The excitement, however, soon sub­
sided and it was not until 1897 that the first important lode 
discovery was made. This was the Lone Jack, and today this 
mine and tlie Boundary Reel :\fountain stan,l out as tllC two 
most important mines in the district. 

METAL PRODUCTION 

Washington, during recent years, 1·auks appt·oximately 
twelfth among the, '!ates in the pl'oduction of gold, silver, cop­
per, lead, aucl zinc. 'rhe yearly production of these metals 
based on an average for the last five years is one and o.ue-half 
million dollars. Over this period gold makes up approximately 
27 per cent or the production, silvel' 16 per cen t, copper 30 per 
cent, lead 22 per cent, and zinc 5 per cent. 

'l'hc total metal production made by the Stale from 1860 
to 1918 iuclusive, is fixed at $37,954,087. , ' i.uce 1903 lhc State 
and C'o1mt.r tot,a ls are accura1 e. but previous to that time the 
totals are largely !hose of the )Iint and lack detailed informa­
tion regarding districts or counties. 'rhe still earlier figures 
arc bas<'d largely on estimates that are considered reasonably 
accurate. 

The following tables were compiled from statistics pre­
pared jointly by the U. S. Geological Survey and the Washing­
ton Geological Survey: 
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1003 

1004 

COUN1'Y 

Adams ............. ... .. , ....... .•. .. 
Chelan ........... .. .... ............. . 
Ferr; ... ............................ . 
King ........... •............ . ... . .. .. 
Kittitas ..... .. . . •..... : •.. .......... • 
Okanogan .............. . ........... . 
Pierce ...... ............. .. .......... . 
Skagit. ............... .............. . 
Snohomish ... .............. ........ . 

t!!.vens ....... ........•. .......•...•. 
Whntwm .......... ..... ....... •.. ... 
Other counties ................ . ..... . 

Totals ......• .. ............•.. 

GOLD 

F·ooo 
S0,090 

2i5,3tr7 
l ,5S-I 
4,434 

$0,()0!) 

············ i0,661 
2,502 

36,2 
130 

i507, •5 

SlLVElt COT'PF.R LE.\D 

(value) (pounds) (pounds) 

............. .. . .... . ... 1 ..... ...... . 

.... . .......... . .... . ... 1 ••• •••• ••••• 

$83,,16-1 '15,471 ....••. .. •.. 
20 ....................... . 
i 

20,656 

Jlo 
20,876 
1).1,Sl'si 
12,000 

(l 

$201,76'11 

ll3,207 

............ 
29'2.S63 

10.03,3 

............ 

........... . 

500,570 

0,300 

8,400 
1,200 

389,512 

············ ............ 
405,412 

Chelan ....... .. .. ........ ............ ~21,1 '7 ............ ... ..................... . 
Ferry. .. ............................. 113.257 22,0S5 77 .M, ...........• 
King.................... ... . ... ...... 0,327 ................................ .. . . 
Kittita ......... .. ....... ... ..... ... . 2,~i5 ............ 929 . .......... . 
Okanogan...... . . ....... . ......... . . 1~.00II ll,152 ......... .............. . 
!;nohomlsb....................... . .. 2.;.3.;1 7,1~ 77, ;;o •••••••. .••• 
Stt vfn11........... ... .... .. .. .... .. . . 11,fiOO 40,000 lflJ,32(1 1,760,309 
Wbuleom.... .. .. .. .. . .. . .. .. .. .... . . 11~.000 14,371 .................... . .. . 
Other counties ...................................................................... . 

Totnls ................ .. ...... r,lJ.1,4-031 •S11 .~1 S00,0-li 1. 760,309 

1005 ,\sotiu .... .......................... . 1,02;; 
12,640 

100 
86.l)Sll 
Ji\.057 
2,31;! 

10,42/i 
]65,SS!? 

1006 

1007 

Ohelnn ... ... . ... . ........ .... .. .. ... . 
Olarkc .. ...................... . ..... , 
Ferry ............................... , 
l{lng ..... ... .. . .... ... ... .... .. .. . .. . 
Oknnognn .. . ............ . .......... . 
!'inohomlsh ......... . .. . ............ . . 
Stev~ns ............ .. ...... . , .•...... 
Whatcom ........ . ................ .. . 77 ,9S3 

Toto ls. ......... . ...... . ..... . ~I05,07S 

.\flums ................... ........... • ~ 
0holan.. . .. .. .. . .. .. . . .. . .. .. . .. . .. . . 200 
Oln rke. .. .. .... .... .. .. .. .. .. . . ..... . 100 
'Perry............................... . 70,742 
King..................... .. ... .... .. • 21.~28 
Olmnognn.......................... . S, 711.) 
SnOIIOllll~h................ •. .. .. • . • • 2. ,18 
Stevenic. .. .. . .. . .. .. . . .. .. . . . .. . . .. . 77 ,s:r, 
Whotcom..... ..................... . . 3-~, 100 
Other countl"• .... .............................. . 

Total~ ................. ....... $221.64S 

Chcln.n ............ ....... .. ....... . . . 
'Ferry .. .. ....... .. ....... .. ........ . . 
King ................... .. ........... . 
Kittltns .............. . ........ ... , . . . 
Okanogan ........... . ... .. .... ..... . 
Soohomlsb ............ ....... ...... . 
St•vens .. ........ . ... . .............. . 
Whntcom ..................... .... . ,. 

~i) 700 
'J:0~2 
10.34ij 

,(j60 
11,39~ 
1;;,r,o.i 

1111,r,, 
28, 1:,9 

Tolnl~.. ............ •. . .. . . . . . $259,o.17 

$370 ....................... . 

21,107 
524 

6,,157 
lS.flq'f 
15,~12 
13.300 

i;s,;21 

$17,7:10 
614 

4,894 
3.1116 
4 .20!1 

:l12 
12 

'$30, 7:lS 

~-33 
0,452 

$;;$ 
00 

2.s~. 
12,707 
ll .2i:tl 

161 

2,00S ........... . 
........ "" 200 

1)] ,~ti2 ........... . 
)5.440 00-1.8'13 

lOS, 700 

52 ......... .. . 

24,3(13 .... . ...... . 
13-~.~)2 ........... . 

72,313 0!!6,100 

235,530 026,100 

131,731 , ........... • 

............ ············ 
20.200 .......... . . 
74,~ ........... . 
6.i.O 1-1 820,035 

207,St2 620,035 
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COUN'l'Y 
GOLD 

(v pluc) 

190S <'helnn .............................. . 0 ll,OOn 
3.tlJ.1 

17,838 
12,twii 
a,!)71 
i ,!IOS 

t!lOII 

1010 

1011 

Cla llum ............................. . 
l'~rry ............................... . 
Klug ............................... . . 
Klttll u~ ............................. . 
Ok1rno,:11n .......................... . 
Rnohornlsh ......................... . 
Rt°'\'flllS .• .••.....••••..•............ , 
W llP LCOlll ...................... . ... . • 
W llit, nuu ..................... .. ... . 
Other counti~s .... ... ............... . 

77» 
1.s.1. 'IIG 

G,O IE 
:«l!l 

21 

•ro tol8.. ... • • .. .• • ... ....... • ""!42.:?;H 

('h>'l111• .............................. . 
('lullum .. . .......................... . 
} 'prry ............................... . 
King ..... ........................... . 
KHUloF .............. .. ............. . 
Okuoogon ......................... . . 
Snohornlsh ......................... . 
St"\•~nH .. . .......................... . 
W hUl!:0111 ..... . ..................... . 

f&,232 
39 

2 10.~:i; 
10,501 
s.,2n 
S.!H17 

UI 
121, JO• 

G~!I 

Total~....................... . ~:«12.!l.,1 

Aso tin ... . .......................... . 
Clwlao ........ ...................... . 
l •'Hr)' ...................... . ........ . 
King ................................ . 
Klltltru: ............................. . 
Olrnnogun .... . ..................... . 
Pion•, .... , ......................... . 
i.'l<o,iit. ............................. . 
Suollomfsb ......................... . 
1:lte,•(•ns ............................. . 
w 1,r,teom ..... . ..................... . 
Other tountfos ................ ...... . 

•HR 
O.;,t,7 

Til.'-(1~ 
1!l,J2Q 

3,f..-.'O 
13.0."-'S 

,_,; 
:111.1~2 

!!'l 
0 

•rotu fP.. ..... .. .. ............. "iS-.,115 

Ch~lun ................... ~ .......... . 
F•rry ............................... . 
King . .. .......................... . .. . 
Kittitas ............................ . 
1,..,,.ts .......................... ..... . 
OkllOOl(UII .......................... . 
P•11c1 Ort•llfo ........................ . 
Skngil. ............................. . 
S11oli(111il~l1. ............... .. .. .. ... . 
~t11\TenH ••• , •• , •.•• ,, • •...• , .••••. ,, , • 
Wl1111eo111 ........................... . 
Whltuinn . . .. .. ..................... . 

~21,SlO 
7iA.!i21J 
11.215 
:?..~n 

··· ········· l8S 
21,074 

h9 
21).~ 

'rota,~.............. ........ . . ~,r; .on 

C'h•lnn .............................. . 
( ' lullutn ............................. . 
l"Prr)' ......... . ..................... . 
Ring ................................ . 
KlllilO"-............................. . 
Okunog,111 ............. . .. .. ........ . 
Rnohomi~h ......................... . 
:it .. V41tt..: •• ••••••.•••••••.••••••••••••. 
Wbui~OIU .......... . ................ . 

~.1:lQ 
2.;o 

(;(};1,611~ 
7. 711 
2,111 
8,302 

ili 
2;1.El'.!·l 

2.lf.11 

•rota ls .... :.................. . ~4'H,!l64 

SILVER COPPER LEAD 

(vuluc) 

~J 
~, l!IO 

018 ... 
18,ilt" 

2'> 
2S,247 
~ 

$17,070 

(pounds) (ponnds) 

1.14-1 
1,M9 

:;7 ,000 
3 .76.i 

2-IS,•132 

• 

S,500 

············ 1.M0,929 

............. ........ ............. .. 
i7 ,!r~I tl1K, ....... .. .. . 

3',; ....... . ............ .. . . 
JO ....................... . 

J.UNJ 20, IO;; 23 
12 4.IJH .. ........ . . 

11,1117 2..o0.110 21'8,077 
3 ....................... . 

~N 
lC~J.0\12 

l ,6!JS 
30 

l. i(~2 

2 
17 

i, 17:? 

IJ 

~:;i 
!l'l.m 

l,S:..t 
21) 

:!1.5~•:! 
1 

1G 

,1211,204 ~. 
tll!,IN· 

l.70~ 

11,iGO 
I 

1rn,r.u 
JG 

01 

24 
1 . i70 

111 

]01 
153,112 

;7,9(1., 

128 

248 

40 
~o 

1,821,1,71 

11.0S\! 

s:l(l,602 

.. .. .................... 
060 ........... . 

I ,fJOi .Uifl 127 .:lSJ 

~...51,3'.lO 1,081.010 127 ,$1 
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1013 

COUNTY 

Chnlao ..................... . ...... . . . 
Ferry ................ . .............. . 
Ring .............. . ................. . 
Kittitas ..... ... .................... . . 
Okanogan ..................... ..... . 
.'nohomish ...................... .. . . 
Ste1·ens ... .............. . .. ........ . . 
Whntcom ........................... . 

001.D 

(value) 

~,S90 
Otij,009 

4,!j(lS 
3,677 
2,837 
2,622 

23,4/ 0 
5,492 

STLVER COPPER LEAD 

(value) (pounds) (pounds) 

}lH 
9S.208 
1,835 

3i 
9,918 

406 
59,403 

57 

55,5H ...... .... .. 

S97 ,467 

l,~ 

200,84 

Totnls.. .. .. ... . .... .. .. ..... . ~600.275 $200,068 95·1,0Sl 202,487 

1914 Chelan. ................ . ............ . ~1 .575 15 11);1 .......... .. 
Clallam................... ..... ..... . lJO ................................... . 
P!rry... ...... . ............ . .... ..... 513,276 9(l.iil3 I 150,142 I 5,603 
Kittitas .............................. ~.387 39 ....................... . 
Okanogan.. ....... ................ . . 2. 724 4 .+IB rn,os1 22,891 
Skom11nia................... .. .. .. . . ... ......... ... .... ..... 142 .... ....... . 
Snohomish... ........ .............. . ; ,21t 761 W3 1,817 
Stev~u$. .. ............... ... .... .. . . 1 t.Sft.l 50.5 ' 602,996 S6, 100 
Whuteom..... . . ....... . ..... . . . • . . . . 1;;.~:; 100 .... ................ . . . . 

Whitman... ............... ......... . ~.;.:;
7
,:: 

1 

.. ~~~~:~~" j "·;~~:;~ .. ,
1 

.... ~~:~;·· 
•rotnls ....................... . 
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Fig. 1. Graph showing production of Gold, Silver, Copper and Lead, in Washington, 1903 to 1919. 
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1916 

1917 

1918 
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Recover-
GOLD SILVER COPPEB LEAD o.ble 

COUN'l'Y ZlNO 
(value) (value) (pounds) (pounds) (pounds) 

~i~~:~:.:::::::::::::::: ::::: 4~~ ·····$# ......... ii1·· :::::::::::: :::::::::::: 
Olollam................. . . . . . G..'5 ••••• . •••••••••• . ••••••••••.•••.•••••••••••••• 
l'erry... . ............... . . .. . 3ol ,Oi3 52,463 317,300 162 •... ........ 
KIUitnB................. . •. . . 3,(1<.)() 34 •.................... . ....•..••...•• 
Oknnogun.. ..... ..... .. . ..... 10,281 21,219 43,100 23,138 ..•......... 
Peo,1 Oreille............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244,900 
Piere.~ .. ..... . .... ,... . .. . .. . . . . . . . . . . . . 12 1,422 .......................• 
Snohomish...... . . . . . . . . ... . 3,+62 300 +l ,220 ......•....•..•...•..... 
Str,'ens.. .... .. . . . . .. . . . . .... 4,003 5;;,043 617,059 2TI,915 ...........• 
Whntcom.... ........ . .. . ... • 12,620 25 ..............................•..... 

'l'otals ......•....•...• $301.410 $120,700 1,0'20,020 295,215 244,906 

Asotin ................................ . 
Chclnn................ . . • . . . . ~S,GS2 
Cln ll am.. .. ....•...... . .. ... . 372 
Perry ........................ 399,376 
King......................... l,:l-14 
Kittitas............... . . . ... . 4,832 
Okanogun....... . . . . . • . . .. . . ll',1192 
Pend Orellle ...................... .... . 
Pierce................... . .. . . 41 
Skamania ........................... .. 
Snohomish. . . . . . . . . . . . . . . . . . 1,SH 
Stevens.. . . . . . . . . . . . . . . . . . . . . S,!>72 
Whatcom.............. . . . .. . 183,200 

~28 
us ]Jl 

....................... ........... ............ 
90,007 828,26-1 3,640 ... ...• ...•. 

372 .•..•...••....•....•..........•••..• 
60 

12,368 
56 

U I 
79 

l .170 
1H,S95 

::::~:1~~:f ·}tf' :::::~~:: 
J0.381 . •·•·•·•·•·· ..•.•...•..• 
1,28() . ...... .. .. . . . ....... . . . 

295,4$6 ..•...........•... .. .•.. 
1,478.357 5.3ii6,'.!'.!!I 83'2,412 

2113 ... ................................ . 

Totnls ................ ,577,u&:i $2"20,510 2,645.022 5,390,274 1.003,734 

Chelan.................. . ... . ~0--'3 
Clallam................ . . ... . 62~ 
Ferry................... . ... . 332,071 
Ring................... . . ... . 5,742 
Kittitns................. . ... . 4 ,>4 
Okanogan.............. .. ... (J,~03 
Pend Oreill~... .. . . . . . . . . . .. . 170 
Pierc2 . . .•..... . ............... . .. , ..... 
Skagit....................... 12 
Snohomish. . . . . . . . . . . . . . . . . . ms 
Stevens................. . ... . 3,757 
Wahkiakum............ . .... SQ 
Who lcom...... . . . . . . . . . . . . . . 137 ,S82 
Yakima............. . ... .... . 34 

<-0,S22 
2,230 

8() 
12,0J I 

1,270 
39 

419 
9-IS 

132.6i5 

2.000 
28 

273,624 
4,1\70 
4 ,()()2 

~,524 

3,084 

l,3!15 

2,l:l55 
130,:m 1,176, 7J5 

... ... .. ................. ..... ...... 
1$0,9-18 ....................... . 
662, 7JO 9,6ii5,513 18,852 

1,486 

Totals ................ }492,:m 1$232.632 l.234,27S o,7SV,6S7 1,195,567 

Ol1elan.................. . .. . . . . . . . . . . . . $161 ................................... . 
Clallam............ . ......... \>2.'l!l .... . .. .................................. . ...• 
Ferri•................... . ... . 276,002 101,:liS 127 ,Sl3 ........•............•.. 
King.................... . .... 4,072 2,3H ......................... ...... .... . 
Kittltns.......... .. . . . . . . ... . 2.(J:l6 3S .......................... . 
Oknnogon...... ........ ..... 1,ss.; 32,110 1G9.S!l9 7Sli ••.• :::::::: 
Pend Orellle....... . . . . . . .. . . . . . . . . . . . . 81).f H9 103,878 38,873 
Snohomish............. . ... . 1,272 5,000 ~52,0-13 ... . ................... . 
Ste,•ens.... . . .... .. .. . . . . .... s,198 1611,000 l.170,46S 5,077,152 ....•....... 
Whntcom.. .... ... ... .. . . .... 0,020 89 .... .. .............. . . 
Lewis.......... ...................... .......... . . 2.014 .. : .. ... : ... ::::::: ::::: 

Totnls .• . . •..•........ !:J(H ,G03 i310,093 1,922.+0G 5,271,sto 38,878 
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T O'rAL VALUES OF THE PRODUCTION oi,~ GOLD. SILVER, 
COPPER, L EAD. AND ZTNC, l3Y COlJNTI,ES F OR THE 

PERIOD 1903 TO 1919, INCLUSTVE. 

COUNTY 1913 19H 1015 1916 1917 1918 1919 

Asotin............. . .. .. .. .. .. .. .. .. .. .. . .. .. .... . ~55 .. .. .. .. ..................... . 
Benton... .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . 167 ............ ...... ......... ... ... ...... . 
Chelan....... ... ... . $8.704 $1,0M 4,342 8,79S $691 il51 $13'7 
Olallam......... ... . . . . . . . . . . . 111 688 374 628 241 ...... . .. . 
Ferry..... . ........ . 751,826 625,173 450,985 694,37 4 7,708 409,012 al9,703 
King.. ......... .... . o.~03. .... ..... . .. .. .. .. . 1,110 9,301 G,P. 3,134 
Kittitas.... ... ... . . . 2,714 4,426 4,024 4,882 6,020 2,67:1 000 
L~wis... .. .. .. ... •. . ... .. .. . . . . .. . . .... . . .. .. .. ... . .. .. . . .. . . .. . .. . .. . M>i 52.0 
Okanogan......... . 12,993 10,182 40,131 00,13.S 41,460 75,171 37,917 
Pend Oreille......... .... . . .... ....... .. . 30,368 118,0H 132,81.0 17,730 497 
Pierce. ............. . . .. . . .. . . . . . . . . .. . . . 261 2,709 1 . .. .. .. . . . 609 
Skagit. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431 . . . . . .. . . . . ...... . . . 
Skamania.. . . .. .. . . . . . . . . . . . . 22 • • • • • • • • • • 804 •• .• •• ••• •• ••.••• . ••.• •• ••• ... 
Snohomish.......... 8,02S 8,061 10,~0 75,703 50,865 117,924 111,730 
Stevens..... ..... . .. 260,018 W.002 IS0,5?G 008,G/lG 1,418,40! 828,46/l 651,015 
Wnbldol,1Jm........ .. . ... . ... . ... ... .. . . .. ... .... .... .. ... . I'll ... ........ ... .. .. , . 
Whatcom..... ..... . 5.5~9 15,739 12.a~:i 133.403 l/l!l,442 10,020 ......... . 
Wl\itmnn. .. . . •. .. . • . . . . .. . . . . 357 .. . .. . ...... . . .. .. ..... . ........ . . . . ...... . ... .. . . 
Yakima....... . .... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . --11)8 ••••••••••••••••••••• 

Totals ......... ~l,053,lali $SO'.>, 767 $744,033,$2,0,18,350
1
$2,289,285 $1,467,421 i1 ,126,252 

Grand total 

TOTAL M~E PRODUCTlON OJl' WASHINGTON 

GOLD sn,v1m COPPER 
(fl.ne 

ounces) (pounds) 

Recoverable 
LEAD ZJNO TOTAL 

VALUE 
(pounds) ( POWJds) 

1860 to 1918. . . . • $27,753,350 7,368,533 12,845,206 32,528,919 3,193,670 $87 ,954,057 

1908 1918 

Fig. 3. Circular graph showing comparative m·oduction of major metals 
ln W ashington, 1908 and 1918. 
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GEOGRAPUY 
TOPOGRAPHY 

'l'he State 0£ Washi11gto11 presents a pleasiug val'iety of 

topographic featiu·es which can best be interpreted by dividing 
the area into eight topographic divisions: Selkirk .1\IoUJ1ta ins, 
Okanogan Highlands, Columbia Plateau, Blue l\Iormtains, Cas­
cade Range, Olympic l\tountain Range, Puget Hound Basin, and 
the Willapa Bills. The position o.f these ·will be best under­
stood by referring to the relief map of the State, plate 1. 

The Selkirk ~fountains cover the greater portion of Pend 
Oreille aiid 'tevens cotmties in the uortheast comer of the 
State. They are in reality the western front of the Rocky 
Mountains, and consist of a series of no1·tll-south trending 
1·anges which cross the international boi.mdary aud t l'encl south­
ward 100 miles until the? lose their prominence and tfo;appear 
beneath the C'olumbia Plateau. A broad glac·ial tt'ench 110w 

occupied hy P end Oreille Rivel', imbcliv-itlcs the Selkirks i11to 
the Pend Oreille Range on the cast and the Calispcll Range on 
the west. In Stevens County a second large trench, known as 
the ColviUe Yalley,' forms a second division, the mountains on 
the western sicle of the valley being k:uO\\'U as Huckleberry 
Range. The clevatio11s of these varions ranges , •ary b ·om 
3,500 to 5,000 feet, with occasional peaks hoastiug of au eleva­
tion of 6,000 to 7,000 feet above sea level. 'l1Jrn floors of tl1e 
glacial trenches vary in elevation from 1,500 to 2,000 feet above 
sea level. 

A. composite el1a iu of north-sonth trending ranges which 
occupy Ferry County and the eastern half of Okanogan County 
are designated as the Okanogan Highlands. Tl1ey mc1·ge into 
the Selkirk l\Iountains on the east and the Ca. caae Range ou 
the west, without au;v conspicuous line of domarkation. The 
eastern limits may arbitraril5· be placed as Kettle arnl 
Columbia River valleys, and the ,-.,.est, the l\Iethow , ~alle~·, 
thus givi11g a breadth o.f 90 miles. Fl'om the inter11atioJ1al 
boundary, southward a distauce o.£ 75 mile~, where the molm· 
tains disappear be11eath the Columbia Basalt Plateau, the 
r idges maintain a moderately gentle and regular relief. Dmu1g 
the Quaternary glacial pel'iod Lhe.r were over-ridden by Lhe 
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ice sheets, \rith the consequent damming and altering of rivers, 
tile formation of glacial lakes, and the cutting of inter-moun­
tain valleys, whi le the upland surface usually presents a mod-

erately undulating topography interspersccl ,rith mountain 
park . The greater po1tion of Washing ton's metalliferous ore 
p1•oduction comes from the Selki1•k ~fountains aud the Okan­
ogan Highlauds. 

To the travelei· who bas crossed the tate, the level monot­
ony of the Cohlmbia Plateau is not reaclily forgotten. It lies 
east 0£ the Cascade Range and south of the Okanogan High­
lands. Thi vast platean is constructecl of a great series of 
basaltic lava flows, known in places to have a thickness of 
4,000 feet. River erosion has furrowed deep cha1mels across 
the area ancl great stresses apparently originating from the 
uplift of the Cascade Range has in places warped the flows 
into anticlinal ridges. 

The Blue l\lou11tains occur in. the southeastern corner 
0£ the State and trend southward into Oregon and eastward 
into 1daho, where they form important ranges. They re1we­
sent an uplift 0£ the s<>uthcrn cxten .. ion of the Columbia 
Platc,w. In Idaho and Oregon the Blue l\fo1rntains eontain 
valuable ore deposits but in the Wnshi11gto11 area such ck­
posits are ahscnt. 

The Cascade l\fouutains form the major mountain range of 
Washington. lt is a part of a great mountain chain that extends 
from Alaska to l\1exico. '\Vhere it crosses the i11temational 
boundary, its width is approximal'ely 120 miles, but .farther 
sout.hwat·d it narrows and near the Oregon boundary is approx­
imately 70 miles in width. The range, particularly the 
northern segment, is noted for its alpi11e grandeur. It is gash­
ed to the core with deeri-cut glacial valleys from which the 
steep valley walls lead upwa.rd to culminate in precipitous 
crag-like divides at. elevations of 5.000 to 8,000 :feet above the 
valley levels. Where tlte gradient of the slopes and altitude 
permit, there a1·e heavy stands 0£ timber to enhance the beauty 
of the range. Wl1en viewed :from the highe1· peaks, the general 
sm·face of the Cascades quickly suggests a deeply dissected, 
slightly unduJating plain. The summits of the ridges consti-
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8ummll of lhe Cascacle Range, showing chara<'lerlstlc lo1>Qgi·1\J>h)·. 
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tute the remuants of a former peneplaiu, the smface 0£ whfoll 
average: 6,000 feet above sea level. lmpo eel upon this deeply 
dissected plateau are £ive high YOlcanic cones, which, named 
in order of their location from north to outh, are Mt. Baker, 
Glacier Peak, )It. Rainier, in. Adams, aud :Mt. St. Helens. 
There are a number of good miuiug properties in the Cascade 
Range, but in point of mineral production, it rank a poor 
second to the mouutaius represented by tlie • cll{irks and the 
Okanogan Highlands. 

'!'Ile Puget Sound Basin lies between tl1e Olympic and 
Cascade mountains.• It is limited on the north by the an 
Juan Archipelago and on the outh by the low divide between 
Chehalis River and Puget Sound. Tl1 e larger part of this basin 
is ~ undulating gravel-surfaced plain, having an average ele­
vation of approximately 500 :feet. This plain is dissected by 
deep and pal'tially submerged valleys elongated h1 a north and 
south direction. Tbe eastern side of the basin r ises gradually 
and merges into the we tern foothills o.f the Cascades, wl1 ile 
the western border terminates abruptly against the Olympic 
1\fountains. 'l'he sonth.ern continuation of this province is to 
be fonncl in the lower Cowlitz Valley. 

The Olympic Mountains occupy t he nortlnvestern portion 
of the State aud include th.at section cast 0£ Hood Canal and 
no1·th of the valley of Chehalis River. ln their rugged 
monntain grandeur they excel even the C'ascades. Their sharp 
ridges, rising 4,000 to 7,000 feet above deeply incised valleys, 
pl'esent a jagged· sh-y line, above which towers serrate peaks 
such as :Mt. Olympus, Mt. Angeles, r.lt. Eleanor, 1\It. Constance, 
The Brothers, and Mt. Church, with elevations varying from 
7,500 to 8,250 £eet above sea level. Yolcanic peaks are absent 
from the range. The main divide of the Olympics trends 
nom Hood Canal in the area between Duckabusb and Skoko­
mish rivers nol'thwestel'ly to Cape Flatter y. 'L'he eastern slope 
0£ the mountains descends abruptly to Hood Canal, while the 
southern side gradually merges into the low-lying hills of 
southwesteru Washington. On the uorth and west t he Olym-

•weaver, C. E., The Tertlar~· Formations or Western \Vashlngton. 
Wash. Geo!. Survey, Bull. 13, 1>. 57, 1916. 
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pies are bordered by a 1ow coastal plain averaging 600 feet in 
elevation and deeply covered with deposits 0£ glacial chili, 
river sands and gravel. The Olympics form a rugged moun­
tain fastness which is the least known mineral province in the 
State. Large deposits 0£ manganese ore occur there and de­
posits of other metals have been sparingly prospected. 

The Willa pa Hills 0£ southwestern Washington lie between 
Columbia River on the south and the Chehalis Valley on the 
north. They extend from the Puget Sound Basin-Lower Cow­
litz Valley depression westerly to the ocean, and are composed 
of low-lying heavily timbered hills attaining a maximum eleva­
tion of 3,000 feet, while the average elevation fa approximately 
500 feet. The bed rock of these hills is composed 0£ Tertiary 
sandstones and shales. The province has no metalliferous de­
posits of importance. Mining activity l1as been confined to 
very limited placer operations. 

DRAJNAGEl. 

The drainage of the entire area of the State east of the 
divide of the Cascade Range is ultimately into Columbia Rive1· 
and thence direct to the Pacific Ocean. Columbia River 
also acts as the major drainage conduit £or southwestern Wash­
ington. The drainage from the western slopes of tl1e Cas­
cades, the Olympics and the remainder of western Wash­
ingto11 is either into Puget Sound or directly into the ocean. 

CLI1'1ATEJ 
The climate of Washington is the resultant of the influ­

ences exerted by the latitude, nearness to the sea, prevailing 
wind direction, and variation in altitude or topography. 'rhese 
conditions fortunately give to the State no g1·eat extremes of 
either heat or cold. A study of the rainfall map, :fig. 4, re­
veals the striking difference in rainfall received by the area 
east and west of the Cascade Range. Western Washington, 
situated as it is, between a great ocean and a high barrier 
mountain range, receives a heavy ,;vinter rainfall, an interme­
diate spring and autumn rainfall and a low sum.mer rainfall. 
The portion of the State east 0£ the Cascade Range receives a 
moderate rainfall during the winter months with only infre­
quent showers during the remainder of the year. 



Fig. 4. R.-ilnfa.11 chart to .show amount o! pi·ecipitatlon, by montl1s, at certain Weather Bureau Stations. 
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TRANSPORTATION 

The mining districts are generally well served by railroad 
transportation. From the three transcontinental lines that 
cross the center of the State from east to west, a m1mber of 
branch lines are tm·ned northward as feeders. 

Pend Oreille County is served by the Idaho & Northern 
branch of the Chicago, Milwaukee & St. Paul Railway, which 
extends from Spokane northward to :Metaline Falls. 

Stevens County and northern Ferry and Okanogan coun­
ties are reached over a branch line of the Great Northern Rail­
way. At 1\farcus the 1·oad branches, 011e branch going to Nel­
son, B. C., via the Northport District, and the other branch ex­
tends to Oroville via Curlew. At Curlew a stub line e.>.."tends 
southward to Republic. 

Okanogan County is best served by t11e Wenatchee-Oro­
ville branch of the Great Northern, ,vhich is built up the Oka­
nogan Valley to Oroville. Tho Princeton, B. 0 ., branch line 
connects Oroville with Britislt Columbia points and provides 
transportation to the Nighthawk District. 

The main lines of the Great Jorthern and Chicago, Mil­
waukee & St. Paul railways provide t}1e nearest railway trans­
portation for the mining districts of the Cascades. The mining 
camps located some distance from the railroads can usually 
be reached by automobile. 

POWER 
According to estimates compiled by tbe United States 

Geological Smvey in 1908 and r eviewed by tJ1e Department of 
Agric11ltui·e in 1916, the water power resoru·ces of the State of 
Washington amount to 125 l1orsepower per square mile, or a 
total of over eight and one-haU: million horsepower. Tbis gives 
W ashiugton first place in water power resources in the United 
States. Oregon ranks second with 68.4 horsepower per square 
mile, and I daho third with 60.4 horsepower per square mile. 
The present water power development of the State totals 408,-
987 horsepower,-only a small fraction of available resom·ces. 

Since the various mines are located in the mountainous 
ru:eas in the northern part of the State, thefr power problems 
for the most part are reasonably simple. Several of the com-
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panies are so situated that they ca.n take advantage of local 
power resources and thus furnish the mine and mill with water 

power at a low cost. The Sunset Copper Mine at Index and 
the Boundary Reel Mountain l\1Iine of the i\f t. Baker District 
form typical example of such an installation. 'l'he majority of 
the mining districts are served with electric power generated 
by nearby power plants. In the Oroville-Nighthawk District, 
the Okanogan Valley Power and Light Company is increasing 
the capacity 0£ jts plant to 21500 horsepower and expects to 
sell power on mining contracts at $50.00 per hor epower 
year. The Metaline Mining District is well supplied with pow­
er from the large installation of the Inland Portland Cement 
Company. 

In Stevens County the magnesite and metal mining indus­
tries are supplied with power from the Meyers Falls plant of 
the Stevens County Power and Light Company, and .from the 
Long Lake plant of the Washington Water Power Company, 
who completed a forty-:mile pole line into the Chewelah Dis­
trict during 1920. The Northport Smelter receives powel' from 
Bonnington Falls, British Columbia. In the Republic Dis­
trict 0£ Ferry County there is an efficient installation of semi­
Diesel engines using crude oil as fuel. 



GEOLOGY 
SUMMARY OF THE GEOLOGIC HISTORY OF THE STATE 

It. is beyond the scope of this r eport to attempt to pos­
tulate the many complex and val'iablc conditions that have 
transpired during geologic time to build and fashion the :for­
mations over the area covered by the Btate. A brief general­
ized summary, however , mar assist i,1 conveyiug a clearer un­
derstanding of the ore deposits ancl their associated formations. 

The total absence of fossils in the older sedimentarr forma­
tions prevents the clefin:ite fixing of their age and the investi­
gator is forced to draw conclusions from correlations with re­
lated formations in Bl'itfah Columbia, ldaho, and Oregon. 

GEOLOGIC TillfEl SCALE 
Eras Periods 

Quaternary } { Recent 
or . . . . . . . . . . Pleistocene or 

Psycbozoic Glacial ' 

T~:iary } ...... . . . · I ii{~~::: 
Cenozoic Ohgocene 

Eocene 

l 
Cretaceous 

Mesozoic. ....... . ... Comancl1ean 
Jurassic 
Triassic · I ~:;:~~erous 

Paleozoic. . . . . . . . . . . . Devon1an 
Silurian 
Ordivician 

L Cambrian 

l 
Keweena wan 

Pre·Cambrlan.......... Huronian 
Laurentian 
Keewatin 

PRE-CA .. >'.03RlAN. 

But scant record remains to reveal the conditions that ex­
isted over the area during the Pre-Cambrian era. '.rhe Orient 
gneiss which is well exposed along Kettle River between Orient 
and Laurier in Stevens and Ferry counties, is definitely older 
than the Steven,-s metamorphic series and is believed to be of 
Pre-Cambrian age. It is possible that the quartzite and closely 
associated formations which form tbe basal members of the 
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Stevens series in northeastern W ashmgton, and are also expos­
ed in the Cascade Range, are Pre-Cambrian m age. 

PALEOZOIC. 

Durmg the Paleozoic era the present mountain Tanges of 
the 9tate did not exist, and the northe1•n_ half of Washington, 
and apparently the entire area occupied by the State, was cov­
ered by a large embayment from the ocean. 'rlris embayment 

• covered also a large portion of the western United State and 
Canada. It existed with variant shore lines over a vast period 
of time. Streams draining into the sea from land areas farther 
eastward brought in sands and mt1ds which formed sand­
stone and shale and were later metamorphosed to belts of 
quartzite, argillite, schist, etc. Calcimn and magnesimn carbo­
nates were carried in solution by the waters, then .finally de­
posited as l1mestone and dolomil:e. fo 9levens ancl Peud Oreil le 
counties, it is estimated by W eaver,t' that these sea imentary 
becls obtained a maximum thickness of 42,000 feet,-an amaz­
ing figme when we stop to appreciate the unbe-lievable length 
of time necessai·y for such an extensive sedimc11tation. 'rhese 
beds of quartzite, limestone, dolomite, argillite and schist have 
extensive exposures to<'lay in northeastern Washington and to 
a lesser extent in the Olympic and Cascade rauges of western 
'Washington. 'rhey have been complexly folded and faulted, 
then deeply seulptnred by erosion until the maximum thickness 
remaining seldom exceeds 3,000 to 5,000 feet. 'l1hese sedimen­
tary belts are o.rten found Lo be the host rocks £or ore deposits 
that were introduced during a later period, and an understand­
ing of their structure is vital to those who cl irect mining opera­
t ions. They ·will be discussed in more detail later in the 1:eport 
in COD.llection with the individual mines and mining clistricts. 

MESOZOIC. 

The con.fonnity of the various beds suggests that sedimen­
tation continued without interruption dm-ing Paleozoic time. 
The loss of tl1e uppei· strata by erosion,obviously interrupts the 
records. It is believed that sedimentation continued into the 
Mesozoic era. Du:ring the first half of the Mesozoic there came 

•weaver. C. E., The l\1lneral Resources of Stevens County. Wash. Ceo!. 
Survey, Bull. 20. 1920. 
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great mountain-building stresses which folded, contorted, and 
faulted the beds with great seve1·ity. 'l'bese structw·al defor ­
mations elevated them above sea level and vigorous erosion 
began to te}ll' away the beds and thus undo the work of the pre­
vious era. 

'l'he dominant feature of the late Mesozoic was immense 
invasions of molten igneous magmas from below. 'l'hese in­
trusions extended the full lengtl1 of western North America. 
'l'he enormous invasions engulfed and assimilated gr eat blocks 
of the older rocks yet, apparently, £aiJed to reach tile surface. 
The belts of sediments acted as an i.t1s11lating eo·ver under which 
the invading magma cooled slowly thr-ough a period of years 
to fina]ly crystallize as holocrystalline rocks snch as granite, 
granocliorite, cliorite, etc. Dnring the long period of cooling 
ample opportunity was afforded for segregation and adjust­
ents within the molten intrusion. As the onter crust cooled 
some of the basic segregations were thrown off as lamprophyre 
dikes and the acidic segregatiou as pegmatite and aplite 
dikes. Finally the ore-bearing gases and solutions which were 
collecting deeper in the magma were exJ1aled ancl ascended 
along fractures in th.e cooled grnuite Cl'USt and the overlying 
metamorphosed sediments. 'l'he vast majo1·ity 0£ the ore de­
posits of the northwest are the results of this great period of 
metallization. 

Tl.l)Il'rIARY. 

Erosion, sedimentation in local basins, and extensive vu1-
canism are tbe 011tsta11ding features of the Tc1'tiary. Early in 
the era a large part of wester11 Washington was depressed be­
low sea level and became au arm of the sea into which waters 
from fresh-water lakes in easteru Washington were being 
drained. The present Cascade Range had not yet come into 
being. 'l'ropical conclit:ions prevailed and dense jungles grew 
about tl1e bodjes of water. As the basin floor continued to sink, 
the accmnulatiou of decaying vegetable material was con­
verted into beds of coal, mans of which are being worked 
today. 

Dming the l\Iioccnc period of the Tertiary, the southern 
section of the State was the center of one of the largest out-
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pourings of lava in geologic history. Flow upon. flow was buj]t 
up until the great Columbia Basalt Plateau was completed with 
a foundation of basaltic lava attaining in places a present max­
imum thickness of 4,000 to 5,000 feet. l\fo1·e feeble eruptions 
during this period occurred in the northern half of Washing­
ton and capped sections of the older formations. 

Tlrn gold ores of the Republic District and the First 
Thought :Nline in the Orient District, as well as several deposits 
in the Cascades, are of Tertiary age. 

QUATERNARY. 

Early in the Quaternary epoch, tbe Cascade Mountains 
were steeply arched up into existence, and the Olympic Moun­
tains were elevated higher than during Tertiary time. This 
was followed by a period of vulcanism during which the vol­
canic cones of Mounts Baker, Rainier, St. Helens and Adams 
were built up. From these and less prominent vents came flows 
of younger andesite and basalt whfoh partially capped the Ter­
tiary formations and preserved them for the present age. 

Later followed the Glacial period, during which great ice 
flows gouged and carved tl1e rugged mountain mosaic of nor­
thern Washington. 'l'he major ice sheets formed in British 
Columbia and travelled southward to gouge out, during their 
irresistible advance, the great trenches now· known as Pend 
Oreille, Columbia, and Okanogan valleys in eastern Washing­
ton and the valley now occupied by Puget S01md in western 
Washington. Many large local glaciers formed on the high 
plateau country of northern Washington, and their advances 
shaped many of the present-day stream channels an.cl lake 
basins. In eastern Washington the great ice advance extended 
slightly south of the present locations of Columbia and 
Spokane rivers, before it was :finally halted by warm winds 
from the south. 'l'hcn, like a vanquished army, the glaciers 
began their north·ward 1·etreat, leaving in their wake great 
deposits of glacial debris which the present-day streams are 
still sorting over. In western Washington the glaciers which 
occupied Puget Sound Basin extended as far south as what 
is now the southern boundary of Thul'ston County. Parts of 
the basin are today covered to a depth of several hundred 
feet ,vith a mantle of drift material brought in by the ice 
sheets. 



OREJ DEPOSITS 
CLASSIFICATION OF THE ORE DEPOSITS OF THE STATE 

The purpose of this classification is to compare the various 
ore deposits of the State, divide them juto groups on the basis 
of age, fot·m, or genesis, and then outline the most dominant 
controlling featru·es of each group. 

'rhe classification is adapted as closely as local conditions 
permit, to that suggested by Lindgren.• This was :fortlier 
augmented by ideas ch'awn from Pt·ofessional Paper No. 111 of 
the United States Geological SlU'vey.t 

DEPOS1TS FOR!\IIDD BY i\mCHANICAL CONCENTRATION. 

Gold Placers 

The production of placer gold in the State has been rela­
tively unimportant. During the last seven years the placer 
production has averaged $5,000 annually. 'r his is maintained 
largely from the Swank District in northern Kittitas County 
from intermittent operations in the Blewett District, Chelan 
County, from Sultan Basin in Snohomish Connty, from beach 
sands in the vicinity of Ozette in Clallam County, and from 
benches along Columbia River and its tributaries in north­
eastern Washington. A gold dredge was put in operation 
near the town of Liberty in the wauk District, dru-ing Sep­
tember, 1920, and if this venture proves successful the placer 
production of Washing ton will become important. 

The aurifcrous gravels of the Swauk area arc Pleisto­
cene in age and the deposits aloug the stream channels var,v 
.from a few .feet to a maxim.um of 80 feet in thickness. Colors 
of fine gold can be secured by pa.turing the gravels at almost 
any point hut according to Smitht most of the gold occurs close 
to bee'! rock and in channels other than those occupied by the 
present streams. i\Iuch of the gold near bed rock is couse and 
some excellent nuggets have been found, the largest nugget 
1·eportecl having a value of $1,100. The larger nuggets are well 
ronnded but on the tributary streams wire and leaf gold is 

•Llodgren. "\Valdemor, Mineral Deposits: page 105, New York, McGraw­
BILI Dook Co., 1919. 

tThe Ore Deposit., or Utah: U. S. Geo!. Survey, Prof. Paper No. 111, 
B. S. Buller. G. F. Loughli11, V. C. Heikes and others, 1920. 

tSmlth, George 0 .. U. S. Geo!. Survey, ",llount Stuart Polio No. 106. 
Geologic Atlas o! the Unlted Slates, 1904. 
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found . 'l'he pay-streaks are el'ratically distdbuted and care­
ful testing should precede installation for e1..-ten.sive operations. 
The source of the golcl is from quartz veins in the immediate 

011 near vicinity of the placer ground. 
Those interested in placer operations along Columbia 

River in the northeastern part or the State should consult a 1•e­
port by Collier.• Quoting from this report: 

"Where observed the placer gold along the Columbia is 
confined to the lower benches and river bars, a condition which 
can reasonably be expected if the sediments 01 the upper ter­

races are lake deposits and those or the lowel' terraces have 

been worked over and concentrated by the river. Moreover, 
the later benches and tl1e modern river bars aFe progressively 
1·icher in gold, since t11e.r at·e the products of repeated concen­
tration of the various upper terraces which have fallen into 
the river and been washed away. 

"This gold is not uniformly distributed but in very small 
areas is concentrated enough to justify mining, especially 
wh ere rich deposits occm· in the bed of the Columbia, since the 
comparatively ehea.p process of dredging is here available. The 
bench lands, however, arc not adapted to any relatively inex­
pensive process of mining. H ydraulicking on a large scale is 
ruled out by the absence of bed t·ock and the scarcity of water 
at sufficient elevation; dredging, by the height of these de­
posits above the river and the impossibility of floating machin­
ery over them. Mol'eover, tb.e possible profits from mining the 
bench lands would undoubtedly be less than the value oi these 
lands for agricultuTe pm·poses. '' 

In recent years there have been a few attempts to work 
over some of the more promising bars along the Columbia 
during the low water period. The traveler thi·ough this area 
will note many old diggings worked over year s ago by Chinese. 
P articularly, are the olcl diggings evident in the -vicinity of 
Northport and Boundary. 

•co11ler, A .. J., Gold Bearing River Sands of Northeastern \V(lsbfngton: 
U. S. Geo!. Survey, Bun. 315, 1907. 
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DEPOSITS FOR¥:ED BY CHEJ~UCAL PROCESSES OF CONCENTRATIO~ 

JN BODillS OF SURFACE WATERS. 

Under this heading may be generally included the deposits 
of limonite, hematite, and such deposits of magnetite not due 
to magmatic segregation from igneous rocks. The limonite and 
hematite from the Kulzer property near Valley, Stevens Coun­
ty, the bedded magnetite deposits near Hamilton, in Skagit 
County, Elma, in Grays Harbor County, and the mixed hema­
tite and magnetite deposits of the Ole Elum District of Kitti­
tas County, £orm typical examples. These deposits are con­
sider ed to be of sedimentary origin and are generally found 
bedded with other Tertiary formations. 

The Ot'igin of the extensive deposits of manganese silicate 
occtU'l'ing in the Olympic Mountains may later be classed under 
this division. At present, these deposits have not been studied 
with sufficient detail to justify conclusions as to their origin. 
The lodes arc usually found directly associated with altered 
andesitic Java flows and with a reddish-brown, fine-textured 
limestone of J"urassic age. ·r11 e manganese occm·s in tbe form 
of a hydrous silicate bemcnt.ite, which has a pale brown color 
and by its physical appearance might be mistaken for impure 
quartzite, if it were not £or the higher specific gravity of the 
manganese. Near the snrface the bemcntite bears the black 
stain of the oxide of manganese. 

'l'he deposits of magnesium sulphate in northern Okanogan 
Connty and the deposits of sodium sulphate in central Okano­
gan County and near the town o.f Warden, in Grant County, 
are the r esult of chemical sa tnration and precipitation in small 
stagnant ponds and lakes, the matcri(\1 being intl·oduced from 
the surrounding l'Ocks. 'l'hc deposits are usually o.f local ex­
tent but certain ones are being profitably exploited. 

' DEPOSITS .FOR1\r.ED J3'i CHEMICAL CONCENTRA.TION OF MATERIAL 

ORIGINALLY DISSEMINATED lN THE ROCK 

Tl1e extensive magnesite (magnesium carbonate) deposits 
in Stevens CoUllty· may be best classed under this heading. 
'l'here is yet a co1Jsiderable difference of opinion pertaining to 
the origin of these deposits, but most o.f the hypotheses so far 
advanced would cause them to be classed un<ler this heading. 
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The writer believes that the mixed salts of magnesium and 

cafoium carbonates were originally deposited on the sea floor 
as such, but before dolomitization could be effected the more 
soluble calcium carbonate was leached from certain portions 
of the beds. When dolomitization was later completed, those 
beds which still retained the mixed salts of calcium and mag­
nesium carbonates, were converted into dolomite ( the double 
salt of calcium and magnesium carbonates.) The sections of the 
beds which had been subjected to leaching reactions, remained 
as magnesite. A report to be later issued by the Washington 
Geological Survey will give detailed descriptions of these 
d eposits. 

DEPOSITS FORM.ED BY CONCENTRATION OF SUBSTANCES INTRO­
DUCED BY IGNEOUS ACTIVITY. 

With but few exceptions the ore deposits within the State 
are closely allied with intrusive rocks and there cau be uo 
r easonable doubt but that their formation was due directly to 
igneous activity. Deposits of this type may lie conveniently 
divided into three groups-those enclosed in iintrusivc rocks, 
t hose in extrusive rocks, and those in metamorphosed sedi­
mentary rocks. 

DEPOSITS ENCLOSED I N I NTRUSI VE ROC K S. . 

Localiz ing Influences 

The majority 0£ the ore deposits in Okanogan County, 
in certain sections of Ferry County, in the Newport District 
of Pend Oreille County, and in the Cascade Range of western 
Washing ton, are found to be enclosed in granitoid rocks. 
When examining these various deposits it is surprisingly evi­
dent that almost without exception they occur near the mar­
gins of the granitic rocks. The interior areas of the batholiths 
exhibit but weak mineralization at the best. In the Newport, 
Nespelem, Conconully, Oroville-Nighthawk, Index, and other 
c:listricts, as well as near Danville, in northern Ferry County, 
t here are veins near the roof of tl1e batholith adjacent to its 
contact with the older intruded rocks. Near the Nespelum 
deposits the roof rocks have been completely removed by 
erosion, but, judging from the Siu-rounding horizons tJ,e pres-
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ent granite outcropp:iug on Mineral Rill represents the upper 
limits 0£ the batholith near this particular locality. 

As the Jaws governing tbe formation of veiDs and other 
types of metalliferous deposits are better understood, it seems 
safe to predict that the occurrence of ore deposits near the 
margins of the intrusive 1·ocks wilJ be more readily appreciated. 
It is pertinent, then, to inquire into the factors which localize 
the occm-rence of ore deposits. 

It is logical, that, following the invasion. of a batholithic 
mass, the margins of the magma in contact with the older rocks 

Ve1·n ~ 

Fig. 5. Ideal section to show relation of veins to stocks and roof pendants. 

would be the fust to crystallize. Crustal tensions developed 
by shrinkage and recurrent heavings originating deeper in the 
partia!Jy cooled magma would develop fissures in the granitic 
rocks, and even across the contact into the intruded formatfons. 
Snch fissures would offer excellent conduits £or. mineralized 
solutions and gases which might be exhaled from deep-seated 
reservoirs in the cooling interior of the magma. 

Functions of Stocks and Roof Pendants. 

I£ the protective roof rocks overlying a batbolith could be 
suddenly stripped off, the underlying gi·anites would be found, 
not with flat relief, but with an uneven, undulating surface, 
and witll cupolas or dome-like projections above the general 
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level; this irregular relief originating from a series 0£ complex 
conditions which caused the distribution of the intrusive forces 
unequally over the marginal sul'faces of tbe mass. The idea is. 
not new i the phenomenon has been recognized and described 
by numerous observers. These so-called cupolas are admirably 
exposed in Stevens and Okanogan counties, where erosion has 
stripped off part 0£ i.he old roo£ rocks and bared small sections 
of the underlying batholith. An excellent example is the Che­
welah District, where the ore deposits occur principall~, in the 
overlying argillites, but as a halo around the periphery of a 
granitic cupola, or stock. 

During the cooling and crystallization of the magma these 
stocks had direct connection with deep-seated sources and as 
crystallization slowly proceeded the soluble and light, mobile 

constituents, such as metals, water, sulphm·, silica and other 
materials, were expelled and moved upwards through the 
magma to points of lower pressure. '1.1his migration would con­
centrate the ore-bearing constituents in the hi gher points of 
the magma, wh.icb would naturally be the sto·cks or cupolas. 
When the outer margins of the stocks were sufficiently solidi­
fied, :fractures formed in which the mobile co11Stituents con­
centrated and passed out into the cooler portions of the mass or 
into the enclosing host rocks. The actual conditions of such a 
process were, of course, exceedingly more complex than those 
outlined. If, however, these interpretations are approximately 
correct we may then understand how the vein material could 
be drawn from a great magma to be finally concentrated into 
economic ore deposits. 

In Professional Paper No. lll of the U. S. Geological Sur ­
vey,. an excellent summary 0£ tlie current knowledge of the 
relations of stocks to ore deposits is given. Q·uoting from this 
report: 

"It is possible that the concentration of metals near the 
apex of a stock is influenced by the r elation of the magma at 
the time of the fotrnsion to the surface or the zone of fracture. 
I£ a magma containing gases held in solution under press1.u·e 

' •The o ,·e Deposlt.s of Utah: U. S. Geol. Sui-vey. P. P. 111. B. s. Butler, 
G. F. Loughlin, V. C. Heikes and others, 1920, p. 201. 
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is forcecl through the overlying rock until it connects with the 
surface or with the zone of fracture we may imagme a condi-

• tion similar to that prodtlcecl by 1·emoving the cork from a 
bottle 0£ champagne, when the dissolved gases move toward 
the region of lower pressure. In this manner there might be 
relatively rapid movement of previot1sly dissolved gases into 
a restricted area from a large volume of magma. i'he expan­
siou of gases under decreased pressure and chemical reactions 
would effect temperattu-e changes that may be factors in pre­
cipitating metallic and other substances. If the magma did not 
reach the surface the influence of difference in pressure would 
not be effective or would be less effective. • • • " 

Wl1en plunging contacts, rather than those approaching 
the horizontal, appear between the granite and the host rocks, 
pendants or blocks of the older roof rocks a1·e suspended down 
into the granite batl1olith 2,000 feet or more, and often of such 
horizontal exte11t as to measUl'e two or thl'ee miles in cliameter1 

all bounda1·ies of the pendant except' the upper being surround­
ed by the intrusive rocks. In no1·thern Okanogan County one 
or these pendants was observed to be continuously connected 
with tbe roof rocks. of the area, which proves that it is not a 
detached block immersed in the batholith, but a roof pendant 
projecting downward into the mass, and representing a lower 
portion of the roof 1·ocks. 'fhis phenomenon oi roof pendants as 
occurring in the Okanogan Highlands was first interpreted by 
Daly.• 

.A.long the marginal contact of such a pendant favorable 
conditions could exist £or the development of fissm·es which 
might later become channels for mineralized J1ydrothermal 
solutions and gases. Complementary to the pendant there 
would ordinarily exist the margin of a granitic stock. The 
function o.f the stock or cupola would be to collect and con­
centrate the ore-bearing solutions and gases from the remain­
der of the batholith. The function of the pendant would be to 
encourage t11e development of fissures by chilling the margins 
of the bat.holith. The writer wishes to advance this hypothesis 

•Daly, R. A., Geology of North America Cordillera: Canadian Geol. Sur­
vey, Memoir No. 38, p. 429, 1912. 
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as a possible influencing £actor on certain ore bodies of the 
State. 

The mechanics of fissure development is none too well 
understood, and there is a tendency to pass it by ,vith a vague 
sentence or two about regional compressive or tensional strains. 
There is little doubt that these regional forces offer the best 
fitting explanations for many districts, but in certain localities, 
at least, the £actors .governing the development 0£ fissnres can 
be traced to local causes. Particularly, in the Oroville-Night­
hawk area there are found several large marginal veins which 
satisfactorily bear out this conclusion. The veins in certain 

instances trend across the contact and into the pendant rocks 
a distance of several hundred feet and then gradually feather 
out. They gain their ma.-:imum width (up to 20 feet) on the 
granite side of the contact, several hundred feet from the mar­
gin. As these veins are traced £a.rther away from the contact 
and into the granite a distance of 1,000 to 2,000 feet, they are 
found to grow gradually more narrow until one of tl1em was 
but one :£9ot wide at a point half a mile from where the contact 
was crossed. All of the ore shoots so far developed have been 
found with in a few hundred feet of the ~argiu. In certain 
other instances the veins roughly parallel the plane of contact. 

Quartz-Silver-Lead-Copper Veins 

Veins of this character have a well-mal·ked occurrence, 
principally in northern Okanogan County and in the Newport 
DistJ:ict of southern Pend Oreille County. The Arlington, Last 
Chance, Kaaba, Four Metals, Bead Lake, and R,eis veins are 
typical examples. 'rhey are well-defined, normal quartz veins 
which dip at angles varying from 45 to 85 degrees. They are 
of the marginal type, being situated at distances van,ing from 
50 to 1,000 feet from the contact of the granitic rocks with the 
intruded host rocks. The principal ore minerals are chalco­
pyrite, galena, and tetrahedi·ite, ,vhich are present in varying 
amounts and ratios. 'rbe sulphides are intimately iutergrown 
and show a strong tendency to occur as bands tlfrough the 
vein quartz, which occurrence suggests, first, the formation of 
the quartz vein practically barren of sulphides, then the shat­
tering of the quartz parallel to the walls and the injection of 
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tbe sulphides along these shatter J)lanes. This is fmtber con­
firmed by the brecciated structure 0£ the ore, sho,ving bunches 
0£ quartz entirely stu'!'oundecl by sulphides, thus indicating 
that the sulph.ides were deposited later than the quartz. 

The sulphides also exhibit a tendency to segregate into 
pay-shoots and the segments of the vein between sucl1 shoots 
is usually too low-grade to be classed as commercial ore. In cer­
tain of these deposits there is found a center filling of high­
grade sulphides, and the quartz on either side of the filling is 
but sparsely mineralized. 'rhe pay-shoots usually have stope 
lengths of several 111:wch'ed feet and are being mined through a 
vertical range of 500 to 800 feet without encountering :my signs 
of bottoming the ore. The wall-rock alteration is slight and 
unimportant, the most common feature being the ehloritie 
alteration of the femic minerals. 

In certain of the western mfoing districts veins of this 
general type have shown a tendency to develop vertical zoning 
of the sulphides. Thus, in the upper horizon of the veins, ga­
lena is the predominant snlphide ancl is associated with lesser 
amounts of chalcop~Tite, prrite, tetrahedrite, and sphaleritc. 
Such a horizon may have a vertical range varying from 200 to 
well over 1,000 feet, depending upon a niunber of local factors 
governing the precipitation of the various sulphides. Below 
this horizon the sphalerite assumes predominant proportions 
with minor amounts o.£ galena and tbe other sulphides pres­
ent. Below the sphalerite zone, pyrite, chaleopyrite and tetra­
hedrite remain and the proportions of quartz to sulphides 
usualJy increase rapidl~·. So far the Washington deposits 
have shown little tendency to conform with 1.he vertical zon­
ing phenomena. Mining operations have not yet been carried 
deep enough to fully decide the problem. Many of the deposits, 
however, have suffered glacial planing so that present-day out­
croppiugs represent 1·elativcly deep-seated portions 0£ the vein. 
'l'he veins tlescribed in the Ruby-Conconully District ma.r show 
an increasing zinc ratio as gi·eater depth is reached. Ore from 
the present lower levels assay as ltigh as seven per ceut zinc. 
Assay records 0£ the upper workings have not been preserved 
and i t is unwise to attempt. a prediction until some one of the 



• 

50 Bulletin No. 23, Washingto1t Geological Survey 

mines has been developed through a vertical range sufficient 
to indicate any advance changes in the type of sulphide deposi­
tion. As would naturally be ex-pected, such changes are not 

abrupt. 

Sliver Veins 

Certain of the deposits of the Nespelem Di trict in south­
ern Ferry County, the Sheridan Di trict northeast of Republic, 
the Covada District in Ferry Cmmty1 the Deer Trail District 
of Stevens County, and the Ruby ore-body in the Nighthawk 
District represent the chief occurrences of silver veins en­
closed in granitoid rocks. The mines described under the Ruby­
Conconully District are being worked principally £or theil: 

silver values, Rltbough lesser amounts 0£ lead and copper are 
also secured. 

The Nespelem deposits occupy narrow shear zones through 
the granite. Replacement and alteration of the wall rocks by 
the ore-bearing solutions are plainly evident. 'l'he granite wall 
rocks are alterecl to a soft, waxy mass with sericite and kaolin 
as the chief constituents. 'l'he width of the zo11e, rich enough 
to constitute ot·e, ranges from a few inches t o th1·e.e feet. The 
ore is localized into tabular snoots of i1-regula.r extent. 
Small streaks of ore nllll1fog several thousand o,mces of silver 
to the to11 are sometimes encountered. The chief metallic min· 
erals are sLephanite, argent-ite, pyrarg.YI·ite, galena, chalco­
pyrite, pyrite, and tetrahedrite. 1\ifinor values in lead and gold 
a1:e usually associated with the silver. 

'l'he deposits of the Sheridan Distl'ict have many proper­
ties in common with those of the Nespelem, the chief difference 
being that the euclosing rock is a fine-grained phonolite in­
stead of granite and that fluo1·ite is usually associated with 
some of the ores. 

In the Covada District there are a number of small silver 
veins that a1·e sporadically worked . 'l'hese aver age from one 
to three feet in width and are chiefly enclosecl iu granodiorite. 
The distauce from raili·oad transportation hampe1·s their devel­
opment. 

'l'he Ruby deposit, near Nighthawk, is a qua1·tz vein which 
fil ls a gouge-lined fault plane through grauodiorite. It has 
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been well explored and a new concentrator 1·ecently completed 
to treat the ores. 'rhe deposit possesses an excellent vertical 
and horizontal range but the rnineable ore is segregated into 
shoots. Tlie chief ore minerals are pyrargyrite, proustite, 
argentite, and with these are associated minor amo1mts of c11al­
copyritc, galena, and sp]ialerite. 'rhe average width of the de­
posit is three feet. 

Pegmatitic T ungsten Veins 

In southern Stevens County are a series of pegmatitic 
quartz veins which have been mined at various times for their 
associated tungsten minerals. The.rare usually found enclosed 
in the Loon Lake granite but are situated well up near the 
roof of the batholith. In one instance tbe vein has formed in 
the adjacent argillite. The veins usually cxJ1ibit mh1or amounts 
of toui·maline and fluorite while the ore mineral is cltie£ly 
wo.lframite associated with minor amounts o.£ scheelite, fcl'l'i­
tungstite, galenobismutite, pyrite, chalcopyrite, molybdenit~ 
and arsenopyritc. 'l'he tleposits are of deep-seated origin and 
formed under lligh temperature and pressure. 'l'hey represent 
the product~ of magmatic segregation from the granite batho­
litb during its final stages of crystallization. Typica] examples 
are the New Germania, Blue Grouse and Sand Cr eek deposits 
which have been described b.\- W caver.• 

Copper Veins 

In the Cascade Range tl1erc are a number of copper de­
posits which occur along brecciated shear zones through grano­
diorite. Such deposits usually have but one well-defined wall 
and the sulphides are laced through the shattered rock, pai·tly 
replacing it along the zone. Tl1is gives a lode-like deposit with 
chalcop,,rite aud boruite as the chief 01·e minerals. while quartz 
is not usually prominent a a gangne mineral. Shearing move­
ments along t11e fractm·e zoue, previons to metallization, placed 
the walls iuto such juxtaposition that the ore receptacles were 
lens-shaped and separated by constricted pincl1es. The slope 
length of the lenses is usually 100 to 300 feet and they also 
exhibit an excellent vertical extent. The Sunset, Bunker Hill, 

•·weaver, C. E .• :Mineral Resources of Stevens County: \Vash. Ceol. Sur­
vey, Bull. 20, 1920. 

• 
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Florence Rae, a11d Kromona form examples, although these 
deposits mentioned differ somewhat from each other. 

Disseminated Deposits of Copper 

Handy' desm•ibos several deposits 0£ this type which occur 
four miles north of Oroville. He states tllat the mineralization 
is widespread but not continuous. One of the largest continu­

ous areas ob erved was 100 to 300 feet in surface extent. The 
exposm·es have not been carefully p1·ospected or sampled and 
little is known of their possil)le potential value. Six diamond­
drill holes were put dowu to depths of 400 to 600 feet and show, 
at the greatest depths reached, conditions of mineralization 
essentially similar to that at the surface. The assays from the 
drill aoreg were not, however, available. 

The deposjt of the Mineral Creek Copper Company, near 
the head of Little Lake Kachcss, in the Cascades, is a dissemi­
nated deposit tlu·ough ·a b,,oad brecciated zone in the granite. 

Gold-Copper-Arsenic Veins 

There an a number of small but persjsteut veins in the 
Cascade Range which have as their pri.nciple ore .lllllterals, 
arsenopyrite, chalcopy1'ite, pyrite and galena.. 'l'he .Apex "Mine 
on Money Creek is the best developed property o.£ I Iris type. 
The ore body has been mined over a length of 600 feet and 
through a vertical range of 400 feet without exhausting the ore. 
The vein varies in width from six iuches to a maximum of £our 
feet. Gold has usually been tl1e chief metal sought but dnring 
the past year the arsenic contai11ed in the ore has become of 
commercial importance. The deposit of the Eagle Peak Copper 
Company near Long.lllll·e Springs, Mt. Rainier National Park, 
falls nuder this general heading, although copper is considered 
t he most important metal ,mth gold values secondary. 

Deposits Formed by Magmatic Segregation 

Deposits of this cbaractet· are formed under e:Ktreme con­
ditions of high temperature and presstU'e. They include oxides 
and sulphides of tl1e metals which segregated wit hin tl1e magma 
to form irregular lenses enclosed by their mother rock. ~Phese 

•Handy, F. llf., An lnvestlgatlon of the l\Ilneral Deposits of Northern 
Okanogan County, BuJI. 100, Sl..<tte College of W ashlnglon, PuJJman, 1913 . . 
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deposits represent material associated with the magma at the 
time of its intrusiou and dur ing the long period of cooling and 
crystallization ce1·taiu o.f the heavier oxides and sulphides col­
lected into irregular masses and were thus imprisoned in the 
magma when it finally solidified. . The complex conditions 
gover11jng magmatic segregation are well discussed ju t he 
various text books on ore deposits and space will not be taken 
in this report for a r·epetition of tl1e subject. matter. 

It is important to be able io recognize this type of deposit 
in order that. due allowance will be made .for its irregularities 
and limitations when directing exploration or mining opera­
t ions. 

The best examples in the State are the deposits of chromite 
which are found in the ultra-basic intrusive rocks, ot· their 
metamorphic equivalent, serpentine. The best known deposits 
occur on Cypl'ess Island of the San Jitan Group, in the Sister 
Peaks District, nine miles by air line east of Acme, in Whatcom 
County, in the CleElum District of Kittitas County, and on :Mt. 
Ohopaka in nor thern Okanogan County. These deposits occur 
as irregular, disco1mected lenses and it is seldom that a single 
lense holds more than a iew hundred tons of ore. During the 
period of domestic chrome production necessitated by the war, 
these deposits became of commercial importance. Under nor­
mal conditions they cannot compete with the cheaper foreign 
sources of supply. 

Ores of nickel, platinum, magnetite, ilmenite, etc., ar e 
k nown to occur in deposits of this general type. So .far, no 
deposits of these metals have been discovered in Washington. 

DEPOSIT S ENCLOSED IN EXTRUSIVE ROCKS 

Al though one-half the area o.f the State is mantled with 
flows of extrusive rocks, these flows, with certain isolated, 
but important1 ex.ce1)tions, are not known to contain commer­
cial ore bodies. 

'l'he notable exceptions are the gold-quartz veins of the 
Republic District in northern Ferry County and the Orient 
District in Stevens Cotmty. From the Republic District now 
comes the major gold production of the State. 
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Fissure Veins in Andesite and Quartz Latlte 

The gold veins of the Republic District are in no way 
related to the other deposits of the State ( certain deposits in 
the adjacent Orient District excepted) and they present pecu­
liarities which are dissimilar to any other known ore bodies in 
the United States. 'l'he veins repre. ent tile filling of open 
fissures near tbe urface by heated solutions given off from a 
magma, during the l\iiocene period of the Tertiary. The en­
closing rocks are andesite, quartz latite, and lake-bbecl deposits. 
The vein filling is quartz with subordinate calcite. The quartz 
is of three types-the first being vitreous qum'tz which often 
exhibits crystal faces with a tendency to develop outward 
in interlocking aggregates from the vein walls and are believed 
to be evidence 0£ acctunulative deposition in an open fissure. 
Ordinary milky quartz forms a large part. of the vein filling 
and js inter·baudcd with a dull, cllerty, dark-blue. porcelain­
like quartz which might l)etter be termed a jasperoid. The 
most distinct featnre of the veins is the marked contrast form­
ed by the wavy l>anding, roughly paraUel to the walls, the 
alternaLiug bands of dark jaspcroid and white quartz. The ore 
minerals occur as dark thread-like, crinkJy aJJd concentric 
bands wh.ich follow rougl1ly the banding pattern of the veins. 
These tlll'ead-like streaks are made up of tetrahcdrite, pyrite, 
and chalcopyrite and cany free gold very finely divided. Some 
of the gold is believed to be in the form of gold seleuide. 

The vein pattern is closely set, all the important veins 
being enclosed in an area of a few square miles. The average 
tenor of the ore as mined varies from $12.00 to $20.00 to tlie ton, 
although pockets 0£ r .ich ore are occasionally encountered. 
'l'he ratio of gold to silver varies from three to eight ounces 
of silver to each ounce of gold. 'l'he veins have au average 
width of two to eight feet ancl have been mined to a maximum 
depth of 800 feet be)ow the outcrop; several of the strongest 
veins can be expected to hold good values even below this 
depth. 'l'he district will be mo1'e fully described later in this 
report. 
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Brecciated Zones in Quartz Latite a'nd Associated Volcanics 

In the Orie:qt District o.f Stevens County, Weaver• de­
scribes a number o.f deposits enclosed in the Rosslancl volcanic 
series. Deposits o.f this type are best illustrated by the ore­
body of tbe First '.11hough_t Mine where rhyolite porphyry and 
dikes 0£ granodioritc have intruded the quartz latite. Along 
the contact are found fault planes and brecciated fracture 
zones which are minel'alized witl1 gold-bearing pyrite associat­
ed with a gangue of quartz and calcite. The First 'rhought 
Mine is the only deposit of this type in the district whic]1 has 
been e1,.."tensively developed. It is credited with a p1·odnction 
of $650,000, the ore as shipped averaging $15.00 to the ton. 
These deposits in the Orient District are of 1'ertiary age and 
a.re believed to be closely allied to the veins of the Republic 
Camp. 

DEPOSITS ENCLOSED IN METAMORPHIC SEDIMENTARY ROCKS 

Northern Pend Oreille County in the northea:stcrn corner 
of the State, Stevens County adjoining it on the west, and a 
part of Ferry County, are well covered wjth an extensive series 
of metamorphosed Paleozoic sediments tilted to a steep angle 
and overlying £or U1e most part, the inti·usive granitic rocks. 
The ore deposits here occur as irregular replacement hodies 
in the metamorphic series. With more extensive development 
some of the larger deposits may be found to extend down into 
the underlying granites. 

Closely associated with all these deposits are found igne . 
ous dikes which mostly approach lamprophyres and granite 
porphyTies in eharacter. In some cases, the ore is found in 
contact with these dikes, but more often, the dike is 10 to 150 
feet from the ore. Tl1is association has led to a confusion of 
ideas and in some cases 1·esulted in exploration work being 
improperly directed. These dike:; are .feelers from the under­
lying batholith which succeeded in forcing their way up 
t.hrough the overly:iJ1g and shattered sediments. 'l'he dikes 
naturally sougbt out the shattered zones .for Lheir entrance 
into the metamorphosed beds, and the intrusive forces of the 
dikes furtl1er shattered the brittle sediments. The total result 

-Wash. Oeol. Survey, Bull. 20, p. 256, 1920. 
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was that the shattered g.round adjacent to the dikes offered 
inviting conduits for the mobile constituents which were ex­
haled from the magma, a Uttle later than the dikes1 to form the 
ore bodie . In the United Silver-Copper Mine concrete evi­
dence is offered to prove that the dikes are earlier than the ore, 
for on the ~200-foot level a considerable portion of the vein 
is found filling a shrinkage crack in the dike. 

Influence of Invaded Formations on the Ore Deposition 

The shape, nnd often the extent and richness 0£ tl1e ore 

depo its, are eontrolled by the character of the formation into 
which the mineralized solutions were injected. 'I1he highly 
folded and tilted position of the sediment often plaaed them 
in a favorable position to receive the mi11;eral constituents 
through fractures opened along the bedding and schistosity 
planes of the formation. The zones of weakness in such for­
mations would natmally be along these planes. However, 
should the beds he so favorably oriented that tlie components 
of shattering forces were applied at certain angles to the 
planes, then the fractures ·would tend to cut the formations at 
angles to the bedding or schistosity planes. 'l'hese two types 
of deposits are common to the argillites ancl schistose rocks 
in Stevens County and are well represented by the Loon Lake, 
United Silver-Copper, and by smaller deposits such as the 
Frisco-Standard aud Bonanza. 

Brittle formations, when 1·nptm·ed, develop irregular, un­
dulating fractures. If such a fissure should be subjected to 
faulting along the plane of fracture, portions of the walls 
would be brought into such juxtaposition that pinches and 
swells wou]d be developecl. 'l'hese conditions are strikingly 
represented by the Reardon Copper deposit and to a lesser 
degree, in the United Silver-Oopper vein. A clean-cut tmder­
standing of such a phenomenon is of material aid in success­
fully directing exploration work. 

Planes of contact between two formations, such as argil­
lite and quartzite, are in some cases planes of rupture. The 
quartzite is not so favorable for ore deposition as the argillite 
and the latter yields more readily to metasomatic replacement 
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than does the refraetory quartzite; fUl'ther, the organic matter 
in the argillite often assumes the role of a precipitating agent 
for ore-carrying solutions. 

Veins in ArQilllte 

In the Stevens sedimentary series of northeastem Wash­
ington, ar·gillites of various characters make up a large par t 
of the sedimentary beds. These various formations grouped 
under the general term of argillites, vary widely in character 
so that tl,ey include calcareous argillite, slaty argillite, also 
the qua1tz-mica schist which forms the wall rocks at the 
United Silver-Copper l\line, and the graphitic schist at the 
Frisco-Standard and Bonanza mines. 

The highly tilted and fol<.led positio11 o.f these beds often 
placed them in a :favorable position to receive tlle ·vein-for'llling 
solutions and gases through fractures opened along the bed­
ding and schistosity planes of the formations. 

The chemical and physical composition of argillites makes 
them susceptible to metasomatic replacement. 'l1hc platy or 
schistose structute presents planes of weakness which, when 
penetrated by the searching actions of the ore-bearing agents, 
are partly replaced, the vein material being deposited as a 
substitute. Some of the argillites were originally deposited as 
carbouaceous shales and during the intensity of metamo1'Phism 
the carbonaceous matter was converted into free graphite. 
Th:is graphite is noticeably effective as a precipitating agent on 
ore solutions, as attested to by the Unitecl Treasurer, Frisco­
Standard and Bona112a deposits. 

Veins in Quartzite 

The beds of quartzite in northeastern Washington are not 
at all prominently identified with ore deposits. There are 
several isolated instances where the deposits are enclosed in 
quartzite but more nsually the vein-filling agents have sought 
out the adjacent beds of argillite or limestone, or even chosen 
granitic 1·ocks £o1· their seat of deposition. 'l'his can be parti­
ally explained by the fact that the refractory qtrnrtzite offers 
little inducement to ore deposition and is generally impregna­
ble to extensive replacement by ore solutions. Fttrther, the 
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brittle quartzite belts, when str essed, tend to develop long, 
narrow and tmpromising f r actures. This does not mean that 
the quartzite cannot contain commercial deposits for, in the 
nearby Coem cl 'Alene District, we find what is probably the 
same belt of quartzite, enclosing large rich deposits of ore. 

Replacement Deposits in Limestone 

Limestone, under favorable conditions, is readily suscepti­
ble to replacement by mineral-laden sollltions and gases. A belt 
of .li.rnestone which lias been stressed by folding and then in­
truded by ig11eous dikes will ordinarily develop irregular frac­
ture patterns which ore solutions may later use as a cond11it. 
The intersection of two or more fractures affords an inviting 
locus about which heated solutions may work to replace the 
limestone and deposit ore in irregular pots and cl1imneJS, 

The Northport District and the adjoining Metaline Dis­
trict in Pend Oreille County contain a nnmber of: ideal exam­
ples of such deposjts. The strncturc o.t this particular area 

has placed the limefitone belts in a favoralllB position for re­
ceiving the ore-bearing agents wbich emana led from the gran­
ite bathoMb underlying the limestone at no great depth. 
Limestone possesses both the chemical and physical proper­
ties to encourage ore replacement ancl deposition ,~hen cortect 
temperature and pressure conditions prevail. 

There is little evidence to guide in the search £or these 
chimney-like deposits of 01'e. and ·wb<?,n such a deposit is on,ce 
found Hs irregularity of outline prevents r eliable estimation of 
its extent. \Vheu oue chimne.v or pod of or e is .found it is 
probable that similar deposits are in the immediate viciuity. 
The best guide-posts to snch hodies are shear zone: trending 
through the limestone, and in some instances these £orm a 
thread-like connection between two deposits. The zones are 
not usually over an inch in width but they were the clnmnels 
which guided the invasion of tbe mineralization, and in ex­
ploration work they should be closely followed. In deposits 
such as the Electric P oint and Lead 'l'rust it is evident that the 
location 0£ the ore chimneys is largely controlled by a bl'eeciat­
ed area in the limestone closel.v adjacent to the shear zones. 
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The brecciation in certain instances appears to have been 
accomplished by the intersection of two shear zones; in other 
instauces, by the intrusion of igneous dikes adjacent to the 
line of shearing; while in certain other cases the causes are 
obscure. 

A thorough tmderstancling of the geologic stTucture of 
the involved formatiolls is also vital to the successful explo­
ration of deposits of tltis type. 

In 11ortheastern Washington it is generally true that the 
irregular replacement deposits in limesto11e are of two ty-pes: 

!.- Deposits of lead ore carrying var);ng amounts of 
silver. 

2.- Deposits of zinc ore carrying minor quantities of lead 
and silver. 

'l'he .first type is well portfayed by such deposits as the 
E lectric Point, Lead Trust and Gladstone. Their sizes vary 
.from small pods o.f 01·e to a chimney 60 feet in diameter, several 
hundred feet deep, and ·well filled with high-grade ore. The 
galena is both fine and coarse-grained and carries from one to 
ten ounces of silver. Pyrite is present as an accessory mineral. 
The cltimneys at'e formed from magnesium limestone whic:h has 
been severely brecciated. Ore solutions later ascending along 
shear zones entered these brecciated areas where they partly 
replaced the shattered limestone anc1 deposited galena. 

The Electric Point and Gladstone deposits are severely 
al tercel to iron-stained ceru.ssite, commonly called "sand­
carbonale." In both deposits this extreme alteration extends 
strongly prouonnc:ed to the deepest workings (in the Electric 
Point, 800 feet below the outcrop) . 'l'he phenomenon is more 
fully discussed uuder the indiviclnal descriptions of the de­
posits. 

Along Deep Creek, six miles southeast of Northport, 1here 
are several deposits of zinc ores replacing limestone. 'l'lle 
Northport 1\Iines Company deposit is but 700 feet from the 
contact of the granite and limestone. It consists of parellel, 
pencil-like stripes of sphale-rite r eplacing the limestone along 
the bedding planes and thus fot·ming a mineralized zone of 
medium-grade zinc ore. On the opposite valley wall is the 



60 BuUetin, No. 23, Washim,gton Geological Survey 

Gorien zinc deposit which consists o:f smithsonite (zinc car­
bonate) one to four :feet in thickness. The ore has replaced 

the limestone along a narrow fracture zone. Th,c deposit has 
been developed for a length of 70 feet along the strike and 
100 feet on the downward. project-ion. Sphalerite has 110t 

yet appeared in appreciable i:imounts. Farther up the hillside 
from this property a1•e the Last Chance and G1·eat Western 
which are m.ixetl bodies of lead and zinc minerals occurring 
as replacements along fracture zones through the limestone. 

In Urn Metaline District, Bancroft1 describes a number 
of frregular replacements of zinc ores in limestone. 

Contact Metamorphic Deposits 

·w1ien the extensive granitoid intrusions into belts of 

metnm011phosed ~edi1Mnts a1·e recalled, ii: i surprising that 
contact-metamorphic ore bodies are not so promiuent in the 
State as might be inferred. In numerous places where the 
contact relations were observed tl1e development of contact 
minerals such as garnet, epidote, tourmaline, vesuvianite, and 
-actinolite, have but seldom been on a scale to compare witl, 
the extensive contact zones a few miles north of the interna­
tional boundary. The cause £or Lhis is apparent, for in Stev­
ens 01' Pend O.t·eille conntfos, where one would naturally 
except the greatest development of contact minerals, lime­
stone is not the basal member of the Stevens series of sedi­
mentary belts, and in most cases it would have been necessary 
for the intrusive magma to absoTb belts of quartzite or ar­
gillite before it could reaeh the limestone. In places where 
the magma did succeed, the temperature of the intrusive 
mass was materially redaced and but feeble reactions resulted. 

Certain of the limestone-granite contacts in northeastern 
Washington are tbe indirect result of overtln'ust faulting 
which overturned the beds of the Stevens series and placed 
the limcstoue near the base where it could be partially attacked 
by the later granitic intrusion. 

The development of contact-metamorphic mh1erals is much 
more strongly pro.oounced where tl1e molten intrusive comes 

•Bancroft, Howland, The Ore Deposits ot Northeastern Washington: C. 
S. Geol. Survey, .Bul l. 550, 1914. 
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in contact with belts of limestone. When limestone is cal­
cined to make "quick lime" the following chemical change 
transpires: CaCOa=CaO+OO,. Limestone in contact with 
a molten intrusive would be broken down and absorbed in 
this manner. For a ton of limestone so attacked abont 440 
pounds of carbon dioxide gas would be liberated. Such 
proportionately large volumes of gases liberated along the 
contact zone would gasif.v the molten material, and along such 
a heavily charged marginal zone chemical l'eactions would 
proceed with great intensity, an<l. conditions would be favor­
able .for the development of contact minerals. It should be 
remembered that this is hut one phase of complex conditions 
that prevail during the formation of contact zones, and it is 
briefly touched on here so that the subject will receive more 
consideration by those engaged in developing this type of de­
posit. Contact zones are often found developed ·without ap­
preciable amounts of ore minerals present. In the case of a 
limestone contact, if there are ore mine1·als in the vicinity, 
they arc found often as contact clepos1ts. In the case, how­
ever, of a quartzite contact, which is of course refractory to 
r eplacement, conditions are not favorable for the develop­
ment of such deposits and the ore minerals will usually be 
transpo1ted to more favorable horizons for lleposition. Such 
conclusions must be interpreted in a common-sense manner 
for there are obviously many variations. 

The extensive Pl10enix and Rossland ore bodies located a 
few miles north of the international border, are of the con­
tact type and it is hoped that similar deposits will yet be 
found on the American side of the bom1dary. The zinc de­
posit of the Northport 1\fuing Compa11y is closely allied to a 
granite contact, as is also the Rebecca J\'riue iii the Nespelem 
District.• The various district reports mention several other 
ore deposits 0£ this type but none of these was active during 
1919 01' 1920. 

•Pardee/ J. T., Geology and Mineral Deposits of Colvllte Indian Reserva­
tion, Waslunglon: U. S. Oeol. Survey. Bull. 677, p. SO. 1918. 
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COMMERCIAL APPLICATION 

Introduction 

The investigator who enjoys the opportunity of examining 
a la1'ge number of ore deposits cattered over a related area 
should be able to off er correlations of a general natUl'e which 
would be of tangible aid to those less familiar ·with the prob­
lems to be encountered. Those engaged in mining activity can 
carry on their work more effectively if they are able to gain 
a per pective of the related problem . The ·writer has at­
tempted to present this report in such form that it will be 
intelligible to the average mining man. Involved technical 
phrasing has been avoided so far as is consistent, and there 
is little incluclecl which is considered to carry only an abstract 
scientifi.c interest. I t was thought best at this point, however, 
to sum up certain correlations which have a definite practical 
pcaring. 

It is highly desirable that those char ged with the di­
r ection of minfag enterprises should have some appreciation 
of general foattnes contr olling ore deposits. Chiefly, should 
they J1ave knowledge o.£ the sour ce of the metals and their 
modes of deposition along rock openings. Equipped with this 
information they are better able to compare various deposits 
-also, are tliey les, susceptible to fanciful conclusions ad­
vanced by ignorant or unscrupulous advisors. 

Prospecting 

I t is an old saying among minin g men, " That the ore is 
'vvhcre you find it." The study of ore deposits has advanced 
considerably dtu'ing the last score of years and with this 
aclvancemeut has come a better app1·eciation. that t he or e is 
not ther e pmely b.r chance, but that there exists quite definite 
laws to govern its deposition, and t he search for minerals 
today is guided largely by geologic associations. 

The question is often asked: " Wher e is the most favor­
able gr ound in a certain area for the discovery of new ore 
deposits f '' Tlte writer consider s that in most districts of the 
State the best ground f.or the <lisco very of new deposits is a 
zone from one to two miles wide along the margins of exposed 
granitic intrusives. The location of these granit ic exposures in 
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Stevens County can be secured by referring to the areal geolog­
ical map of that county prepared by Chas. E. Weaver.• It ·was 
brought out earlier in tl1 is report that a large percentage of 
the known commercial ore deposits ot this area are .found in 
the Stevens series of metamorphosed sediments, and reason­
ably near the margins of the intruded granite. Practically 
all these deposits are found near igneous dikes which are off­
shoots from the underlying granite batholith. In most cases 
these dikes were intruded shortly before tbe ore and their 
shattering effect 011 the brittle belts of metamorphosed sedi­
ments helped to open channels for ascending mineralized solu­
tions and gases. Further, these dikes would tend to sear ch 
ont shattered and weakened zones in order to gain easy pass­
age through the overlying r ocks; similarly, 1he veins would 
also :find these ·weakened zoues and the close association of 
the dikes and veins are the natmal outgrowth. When such 
dikes are fotmd, the ground for seve1·al hundred feet on eacl1 
side should be carefully looked over fot· croppings or mu1er­
alizerl float. The mere finning of a dike, however, should 
not be taken as sufficient indication to warrant ~my exl)endi­
ture of opening drifts or cuts un]e,,s there is au encourag­
ing evidence of mineralization. This general ization J1oukl 
not be misinterpreted for the writer does not wish to im­
ply that deposits will be fotmd only in these specified zones; 
instead, they are mentioned as the most favorable at·eas. 

In Ferry, Okanogan, Chelan, and ootmtios farther west 
the granite rocks arc bettor exposed, and in many dis­
tricts only remnai1t patcbec, o.f the older roof rocks 1·emain. 
A majority of the veins here occur near the margins of the 
batholitl1, and such localities whHher they be Jtear the roo-f 
of the intrusion or 11car a plunging contact, should be con­
sidered favorable for prospecting. 'l'hese veius are more 
often found in the granitie rocks, although there a1.·e many 
instances where they cut a.cr oss the contact and en I er the 
host rocks. 

•Mineral Resources oC Stevens County: Bull. 20. Wash. Geo!. Survey. 1020. 
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Faulting 

The general continuity of the ore deposits is surprising 
when we recall tbe motmtain-building movements that have 
at various intervals visited northern Washington. Serious 
faulting problems are not often encountered; particularly 
is this true in the deposits 0£ relatively deep-seated origin. 

The United Silver-Copper vein exhibits a series of th.ree 
step faults with a lateral throw of from four to six feet in each 
instance. There are many minor faults breaking the veins in 
the various districts but as a general rule the displacement is 
unimportant. A typical example is a number of small faults 

·with throws 0£ from £our to ten £eet cutting several veins in 
the Ruby-Conconully Di trict. There are many instances of both 
pre-milleral and post-mineral £aults acting along the plane of 
the veins, as evidenced by slickensicled wall rocks, streaks of 
gouge, and of vein quartz ground to a sugary consistency. As 
a summary it may be said that displacement of the veins 
t1u·ough faulting is usually small, and the operator finding 
his vein severed by a fault should not be too readily dis­
couragecl. 

The largest measlll'able displacements observed were the 
Morgan fault in the Loon Lake Copper Mine, which has a 
throw of 50 feet toward tlw north, and another at the Bead 
Lake Mine, ,vhieh appru:ently offsets the east segment of the 
vein 135 feet to the north. 

The most serious cases of fauJt ing found were those 
effecting the gold veins of the Republic District. These veins 
rank with the youngest ore deposits in tlie State, but in spite 
of their comparative youth they present a complex faulting 
problem, the solution of '\\·hieh is of decided economic im­
portance. The only chance, however, £or a successful attack 
of the problem must come from an intensive study and mapping 
of the vein system and faults . '!'he ground near the inter­
ruptions jg exceedingly soft and at the time of visit was found 
badly caved; this, of comse is a serious handicap to under- · 
ground study. 



The Metal Mines of Washi11gto11 65 

Development and Exploration 

Mining operators find it advantageous to familiru·ize 
themselves with the outstanding, controlling geologic fea­
tures of the particular type 0£ deposit in which they are in­
terested. With this idea in mind, a classification 0£ the 
various ore deposits throughout the State has been attempted. 
Under the various headings the most important geologic fea­
tures have been outlined. Those charged with development 
operations may fincl it of practical interest to refer to this 
classi:fica tion, also the descriptions of the individual mines 
mentioned as typical examples of some cettain class of de­
posit. 

'fhe development and exploration of ore bodies invariably 
give rise to perplexing problems. Each mine has problems 
peculiar to itself and such conditions are subject to far too 
many variations for detailed discussion in this report. .An 
investigator who visits the various mining camps of the State 
is forcibly impressed with tl1e doggecl determination and ad­
mfrablc optimism displayed by the small operators and the 
prospectors. 'l'oo often through lack of proper nnancial sup­
port they are forced to :fight a grim, uphill battle which would 
soon dishearten the ordinary man. Lack of mining training, 
experience, and business judgment, are also the factors which 
are dooming many 0£ these men to almost certain failure. 
It is a desire to assist 1·atber than crjticise that prompts the 
mention of certain of the most disastrous mistakes made by 
the inexperienced. '!'his is not a reflection on many other 
operators who are developing their properties in as thorough 
and capable a manner as tbefr :finances permit. 

There is a deep-rooted belief among many men directing 
mining exploration, that deposits grow progressively richer 
as greater depth is reached. Who has not heard the oft­
repeated statement to tl1e effect that all a certain property 
neecls is deeper workV Ore deposits in the great majo1·ity of 
cases do not grow richer in depth- in many instances the 
r everse is true, and a number of the best deposits yet dis-: 
covered have already been bottomed of their commercial ore. 
The science of ore deposits is primarily the accumulation of 
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observed common-sense laws which have been .handed <lown 
to the present generation and even now are being further de­
veloped. 'l'he history of mining does not snbstantiate the 
"richness with depth" beUef. This fallacy probauly recei'vecl 
its inspiration £rom di tricts uch as Butte, where the upper 

zones of many of the ore bodies l1ave been leached barren of 
values and these carried downward by percolating waters to en· 
rich lower J1orizons. In Washington, secondary enricllillent of 
this nature is unimportant, for during comparatively recent 
times, glaciation has· planed off the upper segments of most of 
the deposits and since then the factors of climate and time 
have not permitted exteru ive alteration. 

Anotber misleading feature in some instances is the £ail­
ure to appreciate that in most ore bodies, tl1e upper thou­
sand feet or so of the vein have already been removed by 
erosion, so that the present.day outcrops Tepresent relatively 
deep-seated portions of the vein. 

It is this "richness with depth" fallacy that too often 
encourages the prcmatm·e driving of long, costl~- tunnels to 
crosscnt and gain depth on deposits. WJ1en the topography 
will not permit development tlu·ough short cros cuts, it is 
usually better to fully determine the nature and tenor of tlte 
ore bodies by shaft development. I£ the ore is exposed then 
the expenditure for the crosscut will be warranted, and work 
can be pushed ahead on an efficient basis, rather, than on the 
basis of a blind hope that a few hundred £eet difference in 
depth will transform an unpromising prospect into a bonanza. 
It is admitted that such phenomena ru·e occasionally recorded 
on the pages of mining Jiistory, bµt their rarity reduces that 
type of miniJ1g explo1·ation to a blind gamble rather than a 
legitimate speculative investment. 

In Washington there are numerous crosscut tunnels, sev­
eral thousand feet in length and r epresenting investments of 
from $20,000 to $50,000, that have proved failures. In many in­
stances the surface showings emphatically testified against 
such a gamble. The failure of such project brings not only 
heavy losses to the investors, but it places a serious handi­
cap on meritorious sru·roundfog properties. 
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In other inBtancea it iB common to find tunnels l ,000 feet 
or more in length ,~hich arc arbitrarily located b,v eye rather 
than by survey. 'l'he final work, in.stead of being '' as true 
as a dje, · ' con ta ins jogs and curves whicl1 later have to be 
straightened out. With such work costi11g $15.00 or more a 
lineal foot, the survey need only shorten the tunnel a few 
feet to pay £o1· if!;elf many times over. Iu addition, such a 
smvey will dennitely fix the lengtlt 0£ the proposed work and 
thus tl1e perplexity 0£ exhausting available funds with the 
work but half completed can be largely eliminated. 'l'hese 
are elemental facts which should be well understood by those 
charged with the responsibility of developing ore bodies, but 
until they a1·e, constant reiteration may finally serve to drive 
them home. 

Financi ng 

Mfoing operations are being seriously retarded in Wasb­
ington by the lack of capital to carry forward decisive de­
velopment work. Jt is difficult to encom·age prospecting 
when more or less roeritorion properties are lying idle. Many 
of the prospectors arc disinclined to search £or 11c,v deposits 
in areas where the known prospects a1·e not fully exhausted, 
and where capital £or development cannot be attrnctcd. 

Tl1e pTOSpector, often laboring nnder the handicap of 
educational limitations plus his isolation, is in a poor posi­
tion to interest the right kind of capital. In presenting his 
property to a.n outside mining company he woulcl mo1·e often 
succeed in sectu"ing an examination, if, when describing the 
property, he would confine his description to a simple state 
ment of the fundamental facts. One assay from a systematic 
channel sample across the width o.f the vein will bear more 
weight than 10 assays of picked speciinens. 

A considerable number of the smaller properties of the 
State are held by local groups of men who possess but a 
limited capital for mining investments. '!'hey develop the prop­
er ty sporadically with tlJe surplus of their outside business 
earnings, and in some cases fresh capital is added by business 
associates entering the organization. Usually the values are 
too low to make the 01·e of shipping grade and probably sev-
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eral thousand feet of well-directed development work is re­
quired before expecting sufficient ore to be developed to ,,.-ar­
rant the erection of a concentrator. Add to these conditions 
the often present evil of unskilled mining management, and 
the sum total usually sbows au unprofitable venture. On the 
otber hand, however, there are local organizations man­

aged by men of more than ordinary ability, who are able to 
secure sufficient financial backing, and who succeed in turn­

ing a promising prospect into a paying producer. Under the 
present circumstances it is not fair to judge this type of de­
velopment too harshly for by far the greater portion of the 
metal production made by Washington comes £rom mines 
that were brought to the front in this manner. 

Many of the large mining companies adopt the policy 

of waiting until t1 pro1Jflrty rn deYelopod and then buying it 
outi·ight. Even then some of the large companies do not want 
to bother with a medium-sized milling ore body. It seems 
r easonable to predict that within the ne~i; few years more 
mining development companies will be organized to develop 
promising prospects or semi-developed properties. rrhe often­
quoted idea that all worth-while properties have been combed 
over is not true. 'l'here are not enough of the type of develop­
ment companies who have the courage to attempt the develop­
ment of deposits having only a prospective value. A well 
orgaruzed and properly financed development company with 
an experienced staff of engineers would be able to make ef­
fective returns; certainly, such an organjzatiou oife1·s the best 
means for future financing of the properties until they have 
become producers or the development carried to a point where 
negative results discourage further expenditures. I£ such 
an organization succeeded in bringing iu several producing 
properties, they coul.d well afford the development expended 
on several other negative ones. 

Mining Methods 

The mountainous topography of northern Washington 
often affords sites fo1· adits to tap the deposits from 200 to 500 
feet below tbe outcrops, and thus the mining and drainage 
problems £or the upper limits of the ore bodies are cousider-
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ably simplified. The adit of the United Silver-Copper 1\fine, 
which has a length of 4,220 feet an,d taps the vein 1,000 feet 
below the outcrop, is the longest in the State. 

Both inclined and vertical shafts are not uncommon. 
Excessive flows of water are seldom encountered and no heavy 
pump installation is necessary. The veins usually dip at angles 
greater than 40 degrees, the walls as a rule stand well and 
shrJ?kage stoping is the common practice. The United Silver­
Copper Company uses tl1e filled-stope method £or certain parts 
of its vein, waste for filling being borrowed from the walls. The 
ground in parts of the Electric Point Mine is heavy and square­
setting is resorted to. Timber for mining is secm·ed locally 
about the mines and this cost item is kept relatively low. 

All properties of any size have power installation £or 
machine drilling and hoisting. There are several excellent 
new installations of aerial tramways. Chief among these can 
be mentioned the Electric Point tramway two and one-half 
miles in length and the Copper World Extension two miles 
long and with a vertical elevation of 2,700 feet between ter ­
minals. 

Concentration Features 

Since the major portion of Washington's future metal 
production must come from concentrated ore, a syuopsis of 
the 01·e dressing progress in tlie State will be included here­
with. 

The early attempts at ore concentration were principally 
confined to the recovery of gold from its ores. These were 
treated in the old familiar stamp mills by amalgamation, cy­
anidation, gravity concentration, or combination processes. 
The descriptions of the more prominent older mills can be 
found in the Washington Geological Survey Annual Report, 
Vol. 1, part II, 1902, and in the various articles occm-ring in 
the files of the tec'hnical magazines. 

More recently, attention has been given to the concen­
tration of the lower-grade ores of copper, lea.cl, silver and 
zinc, and a number of mills have been erected with varying 
degrees of success. Many of the failures were brought about 
because sound business and engineering principles were de-
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parted from. 'roo often, careful mill tests have not been 
followed through as the first step in tbc design of the flow-
sheet. De ign are sometimes copied from otlior districts and 
after the mill is erected these are found to be only partially 

suited to the new ores. Each ore deposit carries it individual 
meta1hU'gical problems ::mcl the prerequi ite to ucce sful ore 

cll'essing is a carefully designed plant bused on tbo11ough pre. 
liminary mill tests performed by competent men. '!'he neces-

sity of actually blocking out sufficient ore to gnarantee· the 
erection of the mill and of preparing again t chaL1gcs in the 
character of the mineralization are now becoming quite well 
appreciated and a reiteration of the £actors calling for these 
f undamental common-sense method hould not be necessary. 

Gold.-'I'he ores of tJ1e Republic camp are not amenable 
to amalgamation bnt cyauidation l1as effected a reported* 
l'ecovery of 90 per cent. These offer a promisfog field .for 
metallurgical iuve~tig:ation and the problem is more fully dis­
cussed on page 167 of this report. 

The oxidized surface ores of the Blewett District were 
in tl1e early days crushed in arrastras and the gold l'ecoverecl 
by amalgamation. With depth, however, sulphides were en­
countered and cyanidation was necessary to effect an econom­
ical recovery. The presence of base metals made the cyanide 
consumption abnormally high. It is possible that flotation 
concentration might prove a valuable adjunct toward the so­
lution of the problem. 

The gold ores of the i\lt. Bakc1· District caTry their values 
as free gold and experience has proven that amalgamation 
effects an efficient recovery. 

Leacl,..Sflve1·.-0vcr O per cent of the lead ores from the 
Electric Point Mine, the pre. euL largest lead mine in the 
State, is in the form of lead carbonate, cerussite. A part of 
this is too low-grade to stand the heavy shipping costs and is 
now held at the mine. 'rhesc carbonates offer an unique 
metallurgical problem which might be solved iby the use of a 
volitization process, or possibly by leacl1ing the ore with salt 
brine or some other more favo1·able reagent. .All the other 

•Morse. C. E., The San Poll 1'!111 at Republic: Min. & Sclentllic Press, 
V ol. 109, Sept. 19, 19H, pp. 412-4-l!l. 
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lead producers of any size cany their lead va1ues chiefly as 
galena, associated with varying amounts o.f silver. At sev­
eral of tlrn mines the galena is coarse enough to be :first 
tr eated by jigs, followed by table concentration and flotation. 
The majority of the deposits, however, are best suited to table 
concentration followed by re-grinding and flotation. The 

straight silver ores such a, those of the Ne pelem District and 
thg Rubr Mino DQR11 Nightbnwk, omploy tho oombinntion of 
tables and flotation, but in certain problems it appears likely 
that all-flotation won.kl simpli.f~7 operations without decreasing 
the recovery. Each problem must, of eom·se, be worked out 
individually with percentage of recovery, ratio of concentra­
tion, and cost of milling as the major deciding factors. 

Copper.-TI1e two largest eoncentrati11g mills ir1 the State 
are those of tho United Silver-Copper and the Sunset Cop­
per companies. Both employ the same fundamental principles 
of concentration. The ore is crushed in hn·ge ball mills for 
table feed and the tabl e miclclJ ings and tails arc -sent to a 
smaller ball mill and reground £or flotation. The Loon Lake 
Copper Company l1as a well-designed al l-flotation mill, tmique 
in that the design calls £or neither screening nor elevating 
devices. 

General.-In gravity concentratiou o.f sulplude ores like 
those of copper. lead and silver, it was formerly tl1e case that 
the slime losses brought the percentage of recovery below 70 
per cent. Since the advent of successful flotation practice 
the slimes are sent to flotation, and on fresh sulphide ores a 

,mill recovery of less than 90 per cent is not considered stan-
dard practice. 

There are several small deposits of medium-grade ore, 
located some distance from the railroad, which in certain in­
stances can now be made to yield a profit. Take for example 
a small vein of ore averaging 15 ounces of silver to the ton, 
the property beiug 20 miles from a railroad . Let us assume 
that the deposit has been partly developed and some high­
grade ore sorted and shipped, several hund1·ed tons of the 
sorting reject from these shipments still remaining on the 
dump. With a little development work, iu certain of these 
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properties, enough milling ore can be developed to warrant 
the ereetion of a small temporary mill with which to clean 
up the ores during a period when the metal market is favorable. 
It should be remembered, however, that such a project re­
quires the most skilful management, for the margin of profit 
will not ordinarily permit the costly mistakes of the inexperi­
enced. 



DI!l90RIPTI0N 0]1 THR MINING DIBTRICTS A.NI) 
INDIVIDUAL ORE DEPOSITS 

PEND OREILLE COUNTY 
THE NEWPORT DISTRICT 

LOCATION AND GENERAL FEATURES 

In this report the Newport District includes the south­
ern section of Pend Oreille County. It is bounded on the 
west by Stevens Cotmty, on the south by Spokane County and 
the Idaho State Line forms the eastern margin. The north­
ern boundary is arbitrarily placed as the northern line of 
To'<v-nShip 33. 

The prosperous town of Newport, with a population of 
about 2,000, is the center of the district, the principal in­
dustries of ,vhich ru:e farming, dairying, lumbering ancl min­
ing. The area is served with excellent transportation facili­
ties, Newport bejng on the main line of the Great Northern 
Railway 66 miles north of Spokane. It can also be rea.c.hed over 
the Idaho & Washington Branch line, which runs from 
Spokane to Metaline in the northern part of the county. An 
excellent auto road connects the district w-ith Spokane. 

TOPOGRAPHY 

The district covers the area in the vicinity of the south­
ern end of the Pend Oreille 'french, a broad glacial valley 
in places measuring two miles or more across, and which in 
Washington divides the Selkirk Mountain System into two 
north-south trending mountain ranges known as the Calispell 
Range and the Pend Oreille Range. Calispell, the western 
range, extends foto Stevens County. Its average height is 
about 5,000 feet, its highest projection being lhat of Calispell 
Peak, which reaches 6,900 feet above sea level or 5,000 feet 
above the valley. The Pend Oreille Range on the east 
has an average elevation of 3,500 feet and its ridges follow 
roughly the Idaho State Boundary Line northward into British 
Columbia. The ranges are clothed with a heavy forest of fine 
timber and jeweled with se-veral scenic mountain lakes. The 
Pend Oreille River enters the State uear Newport ancl flows 
northward to join Columbia River near the internation boun­
dary. 
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GEOLOG>Y 

Northward from Spokane to Newport, gra.nite is the pre­
dominating formation. This granite is in places overlain by 
remnants of ba altic flow . Near the border between Spokane 
nnd Pend OreiUe aounties, tbe a.uto road for many miles is 
built on the nearly level surface of a mantle of glacial ch•ift 
material which was brought down dul'ing reecnt Quaternary 
time by glaciers traveling south ward from British Columbia. 
Their irresistible march gouged out the Pendl Oreille Trench 
and was not halted until it encountered the warm winds from 
the south, then during the ensuing retreat great loads of 
debris were ch·opped along the route. 

The granite is no doubt a part of the batbolith ex­
posed in Stevens County and named by Weaver, the Loon 
Lake granite. At the properties visited near Newport the in­
trusive exposures exhibit a more decided basic phase approach­
ing a diorite in composition. Just across the I daho Line and 
near the shores of Freeman Lake, four miles north of New­
port, an exposure 0£ practically _pure quartz t otalling sever al 
million tons, ·was visited. 'I1bis quartz is believed to be the 
product of magmatic segregation from the g1·anitic intrusion 
during its stages of solidification. It is quite generally be­
lieved that during the slow cooling_ of magmas, lrnviug cer­
tain ranges in composition, the basic minerals have a tendency 
to crystallize out -fu:st, leaving the more acidic minerals such 
as quartz to later crystarnze as a filling for spaces around the 
dark minerals. Thus there may come a time during the cool­
ing of certain magmas that their physical state can be com­
pared to a sponge filled with water, the crystallized basic min­
erals being the Jibros of the sponge ancl the acidic minerals 
the water filling the open cells. If nuring this period the 
magma was subjected to comp1·essive forces, it is easy lo pic­
ture conditions wherein t he qmwtz would be Jargely squeezed 
out or segregated into large siliceous bodies, thus robbing a 
certain section of the magma of its acidic minerals. This 
hypothesis is offered as a possible explaiiation for the more 
basic phase of the Newport intrusive in compa:r.·ison to th e 
Loon Lake granjte. The phases are believed to he· directly 
related and a part of the great batholithic intrusion under-
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lying northeastern Washington and I daho and extending north­
ward into British Columbia. 

The same belt of Paleozofo sediment exposed through 
Stevens Count:)· is also thought to ]lave extended eastward 
over the Newport area but here they have been uplifted and 
so effectively eroded that only one member of the series, quartz­
ite, was observed in the district. This was found well up on 
the flanks of the range directly in contact with the intrusive 
diorite as a remnant of the old roof. 

The properties showing activity are located ju a small 
area north of Newport. The district, however, has not been 
thoroughly prospected. The slopes of the ranges are heavily 
timbered and coated with hillside ·wash so that for the present 
the future of the district must remain an unknown quantity. 
Parts of the range along the Idaho Boundary are still hal'dly 
more than a wilderness which in clue time may be investigated 
by the prospector. 

The veins observed were as a rule strong and clean-cut 
quartz veins filling east to west fissures in the diorite. Sec­
tions of them are quite barren of values, the mineralization 
occurring in localized shoots. And it seems apparent that 
success in mining will come only from the development of 
these shoots. 

BEAD LAKE 

General P eatures.-The property of the Bead Lake Gold­
Copper Mining Compan{, totalling about 300 acres, is on the 
east side of Pend Oreille . River, six and one-half miles north 
of Newport, Washington, and within a mile of the Idaho 
Boundary. The mine workings are at an elevation of 2,800 
feet above sea level, or about 700 feet above the town of 
Newport. 

To reach the property from Newport, it is necessary to 
ferry across Pend Oreille River and then travel northward 
over the Bead Lake road. 'l'he first two miles of this journey 
leads up a rather steep grade until the bench lands are reached, 
500 feet above and overlooking the river. From this point 
above the river an excellent view can be obtained far to the 
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north along the former glacial trench now known as the Pend 
Oreille Valley. 

'rhe company has an attractive camp, which is favorably 
located as to sources of timber and water. Bead Lake, from 
which the mine received its name, answers all that could be 
desired of a beautiful mountain lake, with its large body of 
water reflecting the steep and heavily timbered slopes which 
ascend abruptly from its shores. 

Geology.- Tbe Pend Oreille Mountains in which the Bead 
Lake Mine is situated from a part of the Selkirk Range which 
trends northward into British Columbia. The belts of Paleozoic 

sediments so well exposed in Stevens County extend eastward 
into the Newport District. 'rhe underlying batholith is 
well exposed, and only well up on the range does the old roof 
of sediments remain. Quartzite was the only member of the 
series observed and it was found in contact with the diorite 
intrusion. The intrusive rock near the mine is of a basic char­
acter and from a megascopic examination would be classed 

c;_ ~,,,, 
Fig. 6. Plan view ot workings, Bead Lake Mine, Newport, District. 
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as a quartz diorite. A thin-section of the wall rocks exhibits 
a greenjsh ground-mass of serpentinized minerals with large 
inclusions 0£ quartz filling the interstices. Pyrite is noticeably 
developeii in tl1e wall rocks at some distance from the vein. 

Description of Vein and Deuelopnient Wm·k.-The Beadl 
Lake vein fills an east-west fissure cutting the diorite; it b.as 
a width varying from two to twelve feet, with an approximate 
average of six feet. 

The ore consists of mixed sulphides of lead, iron, copper, 
and zinc in a gangue composed of milky quartz, barite,· and 
calcite. Some of the ore shows a well-banded structure, 
the galena, chalcopyrite and pyrrhotite displaying distinct 
bands, some of which are one-fourth to three-fourths of an 
inch in width. 

In this type of vein the minable ore is found localized into 
pay-shoots and the vein matter intervening between the 
shoots is too low-grade for profitable mining. So far one pay­
shoot has been opened on the vein, and it i<o obviously highl;w 
important that the vein be prospected along the strike for the 
occurrence of other ore-shoots. 

'l'he vein dips 65° toward the north. In tbe east 
end of Nos. 1 and 2 workings, it has been cleanly severed by a 
fault. A quartz outcrop, which has been found on the surface 
about 130 feet north of the vein proper, is believed to be the 
east segment of the faulted vein. 'l'he absence 0£ confirmatory 
underg1·ound development and the failure of vein outct·ops 
through the deep hillside-wash leaves room £or doubt whether 
this is the faulted segment or a parallel vein. The problem is 
important for the fault cut through the best ore-shoot in the 
mine, and it is highly necessary that the east segment of the 
shoot be located. 

The prope1·ty is developed by four tun11els opened at 
intervals up the hillside, comprising in all about 2,000 feet of 
tunnel work. Tunnel No. 1, or the upper crosscut, is driven 
93 feet in a northeasterly direction, where it encounters a 
quartz vein having a width of from five to seven £eet, and car­
ries excellent mineralization of galena and chalcopyrite. 'rhis 
showing, which is the best, was drifted on for 65 £eet to the 
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east where it was cut off by the fault previously mentioned. 
For the first 25 feet from the portal the crosscut passes through 
quartzite and then enters a medium coarse-grained quartz 

diorite, which is intrusive into the quartzite. Tunnel No. 2 is 
87 feet vertically below No.1 and is driven 286 feet to the vein. 
A drift on the vein was driven 73 feet to the west and another 
40 feet to the east where it was cut off by the same fault as 
exposed in the upper workings. An incline raise, 100 feet 
in lengtl1, connects the two levels and exposes ore of milling 
grade. The lower levels, Nos. 3 and 4, have not encountered 

t~e vein. 'rhe dip of .the vein carries it further to the north, 
and into the hill, as greater depth is reached, so that i£ th1s 

vei.n continues to the we t it must lie several hundred feet to 
the north of the breast of No. 4 tmmel. No. 3 tunnel is driven 
723 feet in a northeasterly direction. In one place it trends 
du~ east for a distance of 200 feet following a narrow quartz 
vein bauen of values, so that it is more of a prospect tunnel 
than a true crosscut to the vein. Careful calculations may 
show that, i£ desired, it is still possible to pick up the vein by 
extending this tunnel toward the north. 

In order to explore what is probably the east segment of 
the faulted vein, a crosscut was started in a small ravine above 
the camp and driven north 45° west for a distance of 
450 feet. The vein in question is exposed by surface cuts and 
has a width of four to six feet. The failure, so far, of the cross­
cut to reach the vein is due to the fact that it is directed toward 
the vein at a 45-degree angle. By swinging the crosscut sharply 
to the northeast the vein should be cut a short ,distance from 
the present face of the crosscut. This work should be done, for 
it is highly important to fully locate the extent of the ore shoot 
that should exist in the east segment of the faulted , rein. 

Early in 1920 the company acquired title to the adjoining 
holding of the Conquest property. This adds 200 acres to the 
company land and provides them with a suitable mill site. It 
is probable that some well-directed development work on the 
Congnest-pr0-pe1!ty would expose additional milling ore. 

During the summer of 1920, the company began the erec­
tiqn of a 100-ton concentrator. Ore dressing machinery con-
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sisting of Blake jaw crusher, Hardinge ball mill, Dorr duplex 
classiner, Allen cone, Wilfley tables, Oliver filter, 150-horse­
power electric motor, and accessory equipment are already on 
the ground. An excellent local supply of timber encouraged 
the erection of a small portable saw mill and planer which is 
supplying lumber for the erection. of the concentrator and ad­
ditional camp buildings. '!'his arrangement effected a sub­
stantial saving on lumber costs. 

KOOTENA I -CO N QUEST 

This property has been idle for several years and was 
examined because of the extent of the development work 
coupled with the fact that no public information on devel­
opments is known to be in existence. It was owned by the 
Caverly estate of New York but has recently been pmchased 
by the Bead Lake Gold-Copper Company. 

The principal workings are located about 100 feet south 
of the Bead Lake camp and the Pl'Operty totals 160 acres of 
patented ground. It is well equipped for mining, with a 100-
horsepower boiler furnishing power to a small hoist and an 
engine which operates a 5-drill Ingersoll-Rand compressor. 
Other equipment consists of two pumps, two air drills, a weU­
equipped blacksmith shop and auxilliary equipment, all in 
good 1·epair. There a.re 10 tons of ot·e vrhich were sorted and 
sacked but apparentJy were not of snfficient grade to encour­
age shipment. The property is reported to have shipped sev­
eral carloads of ore, the returns of which are not available. 

The development work has been poorly directed and a 
large expenditure of capital accomplished by erratic tunnel 
exploration. The main tnnnel, which comprises about 2,000 
feet of wol'k, is driven into the hill in an easterly direction. 
The first 150 feet is in quartzite and it then passes into diorite 
for the remainder oi this distanee. Several hundred feet from 
the portal an aplite dike tbree to five feet in width was en­
countered and cb·ifted on for a length of 700 feet without 
exposing any ore . 

Vertically 150 feet above this 1evel an upper tunnel is 
cb·iven due cast a length of 300 feet on a small quartz vein 
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averaging f 1·om ten inches to fotu· feet in width which contains 
an ore shoot 100 feet in length. This shoot is well mineral­
ized with chalcopyrite, pyrite, marcasite, sphalerite and galena. 
Stopes have been opened on it from the level up to the surface. 
It is difficult to understand why this vein was not cut in the 

lower workings. Mine maps were not available but the dip of 
the vein suggests that it would lay to the north of the lower 
tunnel. Short crosscuts haYe been run both north and south 
from the lower tunnel but the north crosscut has not been 
driven far enough to prove the existence or non-existence of 
the vein in that direction. Further, prospecting on the oppo­
site side of the small ravine west from the tunnel portals might 
disclose the extension of the vein. 

At the bottom of the ravine a shaft was sunk to a reported 
depth of 140 feet and 300 feet of drifts run from the bottom 
of the shaft. It is s.tated that this wol'k encountered the vein 
and some ore was mined. This shaft was filled with water at 
the time of visit. 

METEOR Cl.AIM 

One-half mile northwest of the Bead Lake camp, H. 
:McCullough and Ed Alger have taken a lease on 40 acres 
of ]>atented land and are prospecting a 16-inch, well-defined 
quartz vein carrying mineralization in chalcopyrite, _pyrite, 
marcasite, and small amotmts of galena. 'rhe vein cuts the in­
trusive rocks, strikes north 25° east and dips 49° to the south­
east. It is opened by two short drifts inot the hillside at a 
difference in verti cal elevation of 75 feet. 

RIES 

This property, incorporated as the Ries Mining Company, 
consists of four claims and 40 acres of land held under State 
lease. These holdings are two miles north of Newport, on the 
west side of Pend Oreille Rivel'. The workings are on the 
bank of the river and about 100 yards from the righ-of-way 
of the Idaho, Washington & Northern Railway. 

Recent work has been confined to an open cut 35 feet long 
and 25 feet deep which exposes a quartz vein five feet wide. 
This vein fills a clean-cut :fissure in diorite. From the cut it out-
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crops at the water's edge and continues under the river with 
an east-west strike and stands nearly vertical but with a slight 
dip toward the north. There is a streak of light-colored gouge 
about one inch thick along both walls. Where opened by the 
cut, the vein exposes considerable mineralization in argen­
tiferous galena, chalcopyrite and pyrite. 'l'he best ore was 
observed in a two-foot pay streak near the north wall, but 
there was more or less mineralization over the foll width. The 
galena, as a rule, is crystallized into coarse cubical form. In 
the west end of the cut the vein narrows down to two feet in 
width. Fifty feet west of this point a shaft was sunk adjacent 
to the vein to a reported depth of 215 feet and crosscuts rnn 
to the -vein from the bottom of the shaft, and at a distance of 
80 feet from the collar. '11he shaft was filled with water at 
the time of visit. 

This vein no doubt extends further up the hillside to the 
west and it seems only logical that it should be prospected with 
shallow cuts, as the best ore will be found in localized shoots. 
Operating conditions are extremely favorable. The property 
is worked in a small way at odd intervals and the several ship­
ments made have yielded encom·aging smelter returns. 

MET ALlNE DISTRICT 
GENERAL FEATURES 

The many small prospects and the sporadic producing 
properties of the Metaline District were idle dru·ing 1919. One 
company, The Diamond R, built a small mill and during the 
first half of the year made several small shipments, but at the 
time of visit (July, 1919,) this property was temporarily 
closed. A hurried visit only was made to the district becan.se 
there had been little new development work since the time 
of Bancroft's• visit in 1910. 

LOCATION AND MEANS OF ACCESS 

The Metaline District occupies an area of 400 square miles 
in the extreme northeast corner of the State, or more definitely 
stated, it covers the entire section of the county north of Town­
ship 37. 

•Bancroft, Rowland. The Ore Deposits of N. E. Wash.: U. S. Geol. 
Survey, Bull. ssn. 1910. 
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The district can be conveniently reached from the south 
over the Idaho, Washington & Northern Railway from Spokane 
to Metaline Falls. This road was completed in 1910 and affords 
excellent railroad service to the county. 

The district is served by two small towns having a combin­
ed population of about 800 people. Metaline, the pioneer town 
0£ the area, is built on the west bank of Pend Oreille River. 

Across the river and one-half mile to the north is Metaline 
F alls, which was bnilt following the erection of the plant of 
the Inland Portland Cement Co., in 1909. Lumbering and the 
manufactme 0£ cement form the chief m.dustries of the dis­
trict. 

W ASEIING'l'ON GBOLOCICAL SURVEY Bol.LETlN No. 23 PLATE III 

~ t:"nyon on Pend Oreille River, :\letalfne District. 
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TOPOGRAPHY 

The Pend Oreille, one of the large rivers of the State, flows 
northwai·cl through the district to the international border, 
where it joins Columbia River and changes its direction of flow 
to the south . South of Metaline Falls this river is navigable 
for small Cl'aft, but to the north it enters constricted, steep­
walled canyons through which the waters dash at a mad swirl­
ing speed and form sources o.f hydro-electric power for fot11re 
uses. From both wa1ls of the river well-timbered, rugged 
mountain ranges attain altitudes of 6,000 to 7,000 feet above 
sea level, or 4,000 to 5,000 feet above the river. 

South of Metaline Falls the river valley broadens to a mile 
or more in width and jg flanked for a considerable length by 
terraces of silt which rise abruptly from the river to a height of 
200 to 300 feet and culminate in flat-top benches. From these 
benches timbered slopes lead with gentle contoUl' up to the 
crests of the north and south trending ranges. 

GEOLOGY 

Dolomi te and limestone, with their intermediate grada­
tions, were the predominating formations seen in the limited 
section of tbe district visited. In the vicinity of the mines on 
the west side of the river were found belts of magnesium lime­
stones, dolomite, a few narrow exposm·es of calcareous shales, 
and zones of siliceous dolomite grading into quartzite. rrhese 
are a part of the Palezoic sediments of the Stevens Series so 
well exposed in the Kortbport District, about six miles by air 
line to the west of Metaline. Like the secliments in the North­
port District, they are highly metatnorphosed, dip at varying 
angles and contain many minor folds. 

On the bank of Sullivan Creek, one mile east of 1\Ietaline 
Falls, the Lehigh Portland Cement Co. bas opened a large 
quarry in dark, calcareous shales. These are thinly bedded and 
have developed a slaty cleavage. They contain many minor 
folds but the general bedding tendency is horizontal with a 
slight dip to the northwest. A mile to the southeast the com­
pany is also operating a large quarry in lughly metamorphosed, 
dark-bluish limestone, which has a dip of 35° to the west and 
strikes north-south. 
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The Lehigh Portland Cement Co. has kindly furnished the 

following analysis of type samples : 

Sullivan Creek Shales 
1 2 3 4 

SI02 23.92 27.6 4 22.64 24.52 
R:O, 13.84 16.08 13.28 16,28 
CaCOa 62.89 47.10 56.02 46.64 
M:gCOa 7.63 6.93 6.60 11.14 

98.28 97.75 98.54 97.58 

Limestone 
1 2 3 4 

SiO! 1.32 5.80 4.40 6.52 

R,Oa 1.04 2.96 3.44 3.52 
CaCO, 96 .56 84.51 87.95 82.9 4 
MgCO. 1.87 5.9 9 4.12 7.74 

---
100.79 100.26 99.91 1 00.72 

ORE OCCURRENCE 

All ore deposits visitea in the Metaline District consisted 
of irregular replacement deposits of argentiferous galena, 
sphalerite, chalcopyrite, and pyrite in magnesium limestone. 
These deposits are found along narrow zones o.£ shearing, the 
shear planes acting as channels through which the mineralized 
solutions given off by an underlying granitic magma, worked 
upwards thr ough the overlying cap rocks and at certain favor­
able horizons reacted w:ith the magnesium limestones to eat 
away an irregular cavity into which the ore bludens were de­
posited. Irregular pods, lenses and chimneys are the forms 
generally taken by the deposits, with narrow, feeder1like 
stringers o.f ore leading into these masses from slip planes. 
The irregularity of the deposits and the lack of satisfacto1·y 
evidence to guide the operators to these i'>olated bodies has 
served to discourage minjng. 

The underlying granitic batholith is not known to be 
exposed in the near vicinity of the deposits visited. A few 
miles to the west, however, it outcrops boldly and there is no 
tioubt but that it extends under the Metaline a1·ea at no great 
depth. 
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DIAMOND R MINING COMPANY 

Bella May Claim 
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These workings, a pal't of the holdings of the Diamond R 
Company, are situated near the crest of a range of hills flank­
ing the precipitous range which forms a natU1·al north-south 
boundary between Pend Oreille and Stevens counties. They 
are about 700 feet above and one and one-half miles west of 
the town of Metaline. 

'rhis was the only property operating in the Metaline 
District dtll'ing the sum.mer of 1919, and at the time of vi.sit 
it was temporarily closed down. The total production £or the 
year has not been large. 

The ore is found as irregular bunches ancl seams of galena· 
replacing magnesium Limestone along zones of shearing and 
fractures, thus giving the deposit a stdking similarity to the 
Lead 'J\rust and other deposits in the Northport District, seven 
miles by air Une to tb e west. '£he magnesium limestone in 
the vicinity are badly broken by shearing actions. 'fhe major 
.fractures have a st1·ike of north 15° west and are well 
exposed in the small quarry opening 50 feet above the main 
adit portal. Tlie1·e are also other strong £ractmes at right 
angles to the major lines of movement. 

The production has been made by following irregular 
seams of galena filling these fractures, and in places they tend 
to enlarge into bunches and cbjmneys of ore of varying sizes. 
Some of tl1ese bunches will yield 1,;everal tons of clean ore, 
and the largest chimney, which is now practically mined out, 
appears to have been about 10 feet in diameter and 60 feet 
deep. One of the walls of this chimney bears pronounced 
striations showing heavy vertical movements. These shearing 
movements opened up channels for tbe ore bearing solutions 
from below. In several of the surface openings the galena 
has been altered to cerussite and anglesite but this alteration 
is limited. 

The ground is developed by a short adit tuun.el from which 
sever al crosscuts have been run, a winze sunk 12 feet belo,v the 
adit level, and a raise opened to the surface. Most of thls 
work was done wl1ere small stringers or bunches of ore en­
couragect exploration. 
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A 25-ton mill was construeted during 1919. From the mine 
opening the ore is trammed lo a 10-ton head bin and then 
drawn from trus bin by a 24-inch belt-conveyor which djs­
eharges onto a grizzly set at one inch. The grizzly oversize is 

crushed in a 9x15 Blake jaw-crnsber and then the crushed 
material and the grizzly undersize is fed to a small set of rolls. 
After re-crushing, the feed is elevated to a trammel whfoh sizes 
the material for two ji'gs of the Harz type. The material 
ranging in size from 3 to 10 millimeters is sent to a coarse jig 
which makes a shipping concentrate, a final tailiJ1g product, 
and a middling pTOduct which is re-crushed by the rolls and 
returned to the mill circuit. The finer material from the trom­
mel goes to a second jig1 which makes a shipping concentrate 
and a tailing produet whieh is re-treated on a Willley table. 
The grade of mill feed varies widely, while the concentrates 
average 60 to 72 per cent lead, two to nine ounces of silver, and 
one to fotu· per cent zinc. Mr. C. L. Wickstrom, manager of 
the property, reports that shipments of sorted ore made during 
1919 assayed as high as 78.6 per cent lead. 

Electric power for the mine and mill is furnished by the 
Lehigh Portland Cement Company, :from their I\1etaline Falls 
plant. '.l'he mill machinery is operated by a 35-horsepower 
motor, while a 20-horsepower motor £m'llishes power to a two­
drill air compressor for the mine. 

D iamond R Claim 

The Diamond R workings are OJl the claim of the same 
name and are two miles northwest of the Bella May workings, 
or can be reached over an old wagon road :from Metaline, a 
distance of two miles toward the west. The workings are at 
an elevation of approximately 1,000 feet above the town. · 

The property has been worked at varjous times for the 
past ten years, and a few scattering shipments have been made. 
A carload of ore was shipped clmiug 1918 and since that time 
the property has been idle. 

The geology and type of deposH is quite similar to the 
Bella May property. The work consists of about 200 feet of 
tunnel following small irregular streaks of high-grade 



The Metal Mines of Washington 87 

galena which partly replaces the magnesium limestone along 
planes of shearing. In places these streaks swell into pockets 
and yield ten tons or more of high-grade ore. All the known 
pockets have been mined out and several of the feeder-like 
streaks followed in search of other bodies. There is no regu­
larity to guide prospecting, except that the major fracture 
should be followed and ground adjacent to fracture intersec­
tions should be thoroughly tested. 

Oriole 

The Oriole property, now i11eo1·porated as the Metaline 
Oriole l\:lining Co., consists of six claims on the north slope of 
Linton Mountain, one and one-}1alf miles west o.J', and about 
700 feet above, the town of Metaline. 

Tl1e camp is on a small flat. To the north and west of this, 
steep cliffs lead up to the east front of Calispell Range, with 
its crest line some 3,000 feet above the workings. .An excellent 
stand of timber sunounds the camp a11d a bountiful supply of 
water is available from a large mountain spring from which 
Linton Creek heads. 

Grayish-colored dolomites are tl1e predominating rocks 
in the vicinity of tl10 mine; these immense beds contain occa­
sional belts of ealcerous shales, while, in some places, the dolo­
mite is so highly silicified that it approaches quartzite in com­
position and appearance. 

The property is opened by two adit tunn~ls totalling 1,300 
feet 0£ work. The upper tunnel is 100 feet above camp, while 
the portal of the lower or main adit is 78 feet lower and about 
250 foet northeast of the portal of the upper aclit. The two 
levels are connected with a ninclincd 1·aise .from the main 
adit an jneJined winze has been sunk foT a length of 100 feet. 
From the bottom of this winze a 60-foot drift has been carried 
to the west. 'l'his winze was filled with water at the time of 
visit. 

'l'he work has been directed toward U1c exploration of 
sporadic mineralization occurring along a naiTow shear zone 
in the silicified dolomite. 'l'his zone cuts thrnugh the forma­
tion in an east-to-west direction and dips at a steep angle 
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toward the north. The gouge filling the zone averages only a 
few inches in width, but in the lower level near the raise con­
nection between the two levels, two replacement lenses were 

observed carrying excellent values in argentiferous galena, 

sphalerite, chalcopyrite and pyrite, enclosed in a quartz 
gangue. These lenses average two or three feet in thickness and 
do not appear to be of large extent. The lenses usually exhibit 

a well-defined and striated foot-wall and their largest dimen­

sion is along the dip of the shear-plane. The production has 

apparently been made from two small stopes opened on these 
lenses. The property was ·visited in the absence of the own­

ers and it may be possible that the raise between levels was 

opened on similar lenses. Where open for examination several 
small patches of ore were found on the walls of this raise, 
and its irregular shape in places suggested the removal of 
ore. In the lower ad.it several pronounced slips were observed 
cutting at right angles across the tunnel. Smelter returns 
on a carload of picked ore gave 42.1 ounces of silver, 21.9% 
zinc, 15.3% lead and 1.12% copper. 

A small mill was built 011 the property eady in 1918, but 
failure to install efficient crushing machinery hampered 
operations. The property has been idle since 1918, but Mr. 
Fred N. Davis in a personal communication stated that he ex­
pected to resume work dru·ing the latter part of 1919. 



STEVENS COUNTY 
NORTHPORT DISTRICT 

GENERAL FEATORES 

'£he Northport Mining District has been brought into par­
ticular prominence during the past few years by the discov­
ery of the extensive ore bodies in the Electric Point Mine. 
The district includes the northeastern portions or Stevens 
County, being bounded on the north by the international 
boundary, on the west by the Orient and Fifteen l\Iile Creek 
districts, on the east by Pencl Oreille County and the southern 
boundary line bas been arbitrarily placed as the south line of 
Township 39 East. 'rhe Young America and Bonanza proper ­
ties, near Bossbnrg, should, on account of their similar geologic 
associations, be placed in the Northport District. 

The district is served by tl1e Nelson Branch of the Great 
Northern Railway. Wagon roads, ordinarily suitable for auto 
trucks, link all the productive properties ,vith the railroad. 

Northport, with a population of 700 to 1,000, is the prin­
cipal town of the district. The lead smeltery 0£ the Northport 
Smelting & Refining Company, owned by the Day interests of 
the Coeur d 'Alenes, is located here and the ore from their 
Coeur d'Alene mines is shipped to Northport for treatment. 
Some custom smelting is also undertaken. The plant employs 
about 200 men. Its three lead blast furnaces have a combined 
capacity of 900 tons of charge, each. 24 hours. The smelter is 
also equipped with an excellent sampling mill. seven straight­
line sintering machines, a Cottrell electrical fume-precipitating 
plant, and a refining unit was also being added du.ring the fall 
of 1919. 

TOPOGRAPHY 

Columbia River has been the most active agent in influ­
encing the present topography of the dish·ict. At the inter­
national border it is joined by the Pend Oreille aud thus rein­
forced, it .flows iu a southwesterly course th.rough a broad, 
glacial valley. From the low mountain ranges which flank the 
river on the east and west the drainage shapes the hills until 
it finds an outlet to add its share to the mighty river. The to­
pography of the district is marked by fairly even-topped ridges 
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View of Northport Smelter and the town or Northport. 
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of ordinary ruggedness, trending north to south. 1'he town of 
Northport is located on Columbia River at an elevation 0£ 
1,330 feet, while the surrounding mountains seldom exceed an 
elevation of 5,000 feet. The hillsides are usually covered with 
a thick mantle of glacial debris, which, supplemented by the 
dense growth of brush and tim her, makes prospecting very 
difficult and uo doubt masks the outcrops of many m1k11own 
ore deposits. 

GEOLOGY 

Entering tl1e Northport District b.v railroad from tJie south 
the most lasting impression gained is that of the massive white 
bluffs of limestone flanking Columbia River from Bossburg 
to No1·thport . .Along the banks of the river gravel terraces have 
been built up. These terraces, some yea1·s ago, were washed 
for their gold and from the extent of the workings the search 
must have met with encomagement. Southeast of Northport 
a large stock of granite outcrops over an area of a.bout 100 
square miles. To the north, toward the international boun­
dary, belts of argillite, quartziLe and limestone predominate, 
with several small stocks of intrusive dio1·ite outcropping 
through the sediments. These vast heels of sediments, now 
highly metamorphosed, are believed to be of Palezoic age. In 
tbei.r present position they take the form of an old roo£ cover­
ing the w1derlying granitic batholith, of Mesozoic age, which 
has been intrndcii into the sec1iments. Erosion has in places 
stripped off sections of the roof and exposed the underlying 
granitic mass. Numerous lamprophy1·e and other igneous 
dikes, which are off-shoots from the granite during its period 
0£ cooling, cut the belts of metamorphosed sediments, often 
developing in them planes of shattering and shearing. 

'rhe ore deposits are found in the vicinity of these igneous 
dikes, and a1·e no doubt the result of the emanations o.f hot 
mineral-bearing solutions and gases wbic:h collected while the 
granitic intrt1sion was cooling and, under heavy presslll'e, 
searched out fractures and shear zones alread? opened in the 
overlying rocks. At certain favorable horizons irregular re­
placement of tl1e country rocks along these channels was 
effected and the sulphide minerals and siliceous gangue de-
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posited in the cavities. In the limestone these solutions evi­
dently followed upward along nearly vertical joints or slip 
planes; the intersection of two of such slip planes would form 
a :favorable locus about which irregular chimneys of ore would 
replace the limestone to form a possible deposit of ore. 

The sediments were folded before the intrusion of granite 
and these belts of ru:gillites with p1·onounced bedding or schis­

tosity planes, in many cases stood with these pla11es dipping at 

steep angles. Powerful fo11ces exe1•ted on such formations of 

igneous intrusion would tend to cause shearing actions and the 
stresses would naturally £ind relief along the bedding planes 

or schistosity, thus opening small avenues to receive possible 
ore-bearing solutions from below. 

Tl1e predominating 01·e minerals are galena and tetrahe­
drite. The galena carries varying amounts o.f silver, depend­
ing upon the particular deposit. At the Electric P oint Mine 
this galena has been largely converted in cerussite so this 
mineral mus~ be given a prominent place among the or e min­
erals of the district. In the vicinity of tl1e Northport and New 
England properties sphalerite is the principal mineral observed. 
Considering the district a!'i a unit, the value of the lead p1·0-

dueed easily exceeds all other metals, with silver next in im­
portance. Certain of the zinc deposits bear promise of future 
production. 

It is interesting to note tlJat iu tbe vicinity of the Last 
Chance and Northport properties, there are grouped a number 
of zinc deposits as replacements in magnesium limestone. As 
a general rul e, these carry but scant lead values (the Last 
Chance deposit is a partial exception) . ix: miles northeast, 
the same belt of limestone is intruded by a number of lead de­
posits such as the Electric Point, Lead '!'rust, etc. 'rhis g1·oup 
in turn carries practically no zinc minerals. TJJe two groups 
are unquestionably derived from tl1e same granitic in trusion, 
and the segregated deposition o.f zinc and lead suggests a 
differentiation of these two metals within the magma just 
prior to their injection into the overlying limstone. 
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ELECTRIC POINT 

Situation and, llistot·y.-'11le Electric Point Mine is one 
of the most phenomenal properties yet developed in the State. 
'l'h.e workings are located at the very crest of a prominent 
point which makes up the sumn·dt of Gladstone Mountain. It 
is from th.is so-called point that the mine received its name. 
According to the local story, the name originated from the 
fact that during electric storms the lightning kept seeking out 
this particular spot until a great many of the trees in the 
vicinity of the mine were scarred and torn. T•1e elevation 
of the mine is about 4,800 feet, four nriles east and of 2,800 feet 
above the town of Leadpoint. It is 24 miles by wagon road 
from the mjne to Northport and 14 miles to New Boundary 
Station on the Nelson Branch of the G1·eat Northern Railway. 
'l'he mine is connected with Leadpoint by an aerial tramway 
two miles in length i also by a wagon r oad which, clnring the 
early history of the mine, served as the only means of trans­
po1·tation. 

The property was discovered during July, 1914, by Chris 
J ohnson and J. E. Yoder, wl10, when prospecting over Glad­
stone Mountain, fonnd a large float boulder of solid galena 
imbedded in the ,rnsh on the very crest or the "point." A. few 
shallow pits soon disclosed the first chimney of ore made up of 
cerussite, mLxed with limonite and carrying occasional nodules 
of galena. Roy Young became interested in the discovery and 
secured finaucial backing for the property until it was in a 
state to pay its own ,vay. He became President and General 
Manager o:f the new company and u11cler his successful guid­
ance, the property began to yield dividends almost from the 
fu·st. 

Procliiclion.- Pt·oduction began durin·g 1916 and good­
sized shlpments have been maintained each year thereafter, 
with 1917 as the banner year. The grade of the carbonate ore 
as shipped is reported to average 20 per cent lead, while the 
shipments of clean galena averaged 70 per cent lead. During 
the period of 1916-19, inclusive, dividends totalling $301,625 
were paid. 
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Camp of Lhe Electric Point Mine, during earlier stages of ope1·atlon. 
The view gives an excellent idea of the surrounding country. 
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Economic Geology 

Description of the 01'e Borlil's.-'l'bere are many sur­
prising new feattu·es about tlie Electric Point ore bodies which 
would make them of inte1·est even to the most calloused ob­
server. 'l'ILe production ha~ come from five egg-shaped large 
replacement chimneys in maguesium-limestouc. Foal' of these 
chimneys arc contained W"ith.i..n the limits of two acres. The 
ontcror,s of three 0£ these bodies were covered b~- only two to 
ten feet of wash, while the fou_rth was a blincl chimuoy ,vith its 
apex 50 feet belo,v tl1e . urface. 'l'bese cliimneys stand nearly 
vertical; their approximate average cross-sectional dimensions 
are 30 feet to 50 feet and they ·var~- in depth £rom 100 feet to 
probably more than 600 feet. 

Chimney No. 1 averages about 30x':i:O feet in cross-section 
and extends to a rlepth of 340 .feet. 

No. 2 was roughly circular iJl c1·oss-scetiou, with the diame­
ter about 25 feet, and its rlownwanl extent about 100 feet. 

No. 3 averages 50 to 60 feet in c1·oss-section. For the 
first 200 feet ill depth, thel'e was good ore and from tl1at level 
downward tbe chimney appears to be .filled mostly ,,'ith limo­
nite a:nd iron-stained clay, of too low a grade to be called ore. 

No. 4 ,ns the blind chimney with its upper limits 80 
feet from the sm·.face. It appears to branch on the 300-foot 
level; one leg is practically barren from the 400-foot level on 
down, being :fillecl with limonitie clay. 'l'he other branch has 
been aeveloped to the 800-foot level, where the ore is appar­
ently good grade. Tlie general dip o.f this remarkable chimney 
is about 80° toward the southeast, but below the 600-foot level 
the dip changes to 80° toward the northeast. 

The chimney :fillings are essentially }jmonitic clay, cerus­
site, called "sand carbonate" by the miners, nodules of galena 
and remnants of badly altered lamprophyre dikes. 'fhe galena 
is found as isolated nodules and boulders scattered tlu·ough 
the carbonate. In some instances masses of solid galena 
weighing from 1,000 to 2,000 pounds are found. The ore mined 
has averaged about one ton of galena for each six tons of 
cerussite, and tbe remarkable feature of the deposit is that this 
same ratio appears to hold true from Uie surface down to the 

• 
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• present deepest level. Further, the same pronounced limonite 
and clayey selvage is as prominently developed on the 800 
level as it is nearer the surface. 

Early in 1920 a filth and very profitable chimney was 

opened near the line separating the property from the Glad­
stone 1\fine. When developed to a depth 0£ 125 £eet the ore-shoot 
terminated, but the limonite and other chimney filling con­
tinued. Prospect drifts from the bottom of this shaft exposed 
an adjacent chimney 200 feet in diameter but devoid of 
profitable values. .A. short d.ri£t t:o the northwest from the 
bottom of the shaft unexpectedly disclosed a second adjacent 
chimney carrywg great boulders of galena loosely imbedded 
in heavily iron-stained carbonate sand. The ore body has a 
vertical range of 185 feet and measures 15 x 22 feet in diame­
t er. It is roughly eliptical in cross-sectional outline. At the 
time o.f examination boulders 0£ galena, some weighing as 
much as two tons each, were being mined from t ltis chimney. 
One wall of the chimney exposes a pronounced slip plane. 
The limestone has been r eplaced in such a manner that shelves 
or benches of limestone project out into the ch.imney, ancl 
r esting upon these projections are often found rich masses of 
galena. As the lower limits of the ore body are approached, 
it can be observed tapering do-..\'n and finally -..vedges out. 

Ooti1itry Rook.-'rhe ore cbim11eys are enclosed in a belt of 
magnesium limestone, often grading into dolomite, wl1ich was 
mapped by Weaver• as I.he Republican Creek Limestone. The 
complexity 0£ the structm·e of the sedimentary beds in this 
area can be in a measure surmised by observing the erratic 
variance in position of the limestone beds as exposed along the 
wagon road leading up the mountain to the mine. The average 
strike of tl1e beds .in the vicinity of the mine is north 45° 
west, and the dip varies from 10° to 30° southwest. Near 
the Lead 'l'rust Mine, about half way up Gladstone Moun­
tain, the contact between the limestone and underlying argil­
lite was observed. 

A thin-section was made from one of the less altered por-

•weaver, C. E .. Mineral Resources of Stevens County: Wash. Geo!. 
Survey, Bull. 20. 1920. 
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tions o.f one of the dikes associated with the ore bodies. Under 
the microscope it shows that the original rock carried about 
40 per cent plagioclase feldspar, now severely altered to seri­
cite. Biotite is prominent in the form of lath-shaped crystals, 
and a few small scattered crystals of angite and hornblende 
were observed. 'rhe dike is classed as a niica-lamprophyre. 

Jfl'.neralogy.-1\1bile the greater 1:>art of tl1e cerussjte min­
ed is the ordinary "sand carbonate" of a brownish color , 
strongly resembling commonplace iron-stainecl sand and clay, 
yet, some very beautiful lead mineral cqstals have been found. 
Chief among these are crystals of cerussite aggregated in 
clusters of prismatic masses having a pleasing silky lustre. 
Other varieties present milk-white masses of fibrously inter ­
laced crystals. 

A1lglcsite was observed as a bl11ish porcelain-like crust 
in concentric layeri, enclosing noduJes of galena. In several 
of the samples anglesite was in tmn altering into cerussite. 
Anglesitc was also observed altering direct from galena to 
t.ranspareut prismatic crystals having a highly adamantine 
lustre. Tbe galena varies in texture from the coarse cubic 
crystals to the fine-grained tex.tm·e o.f "steel" galena. The 
galena and cerussite do not carry ove1· one ounce 0£ silver for 
each 10 per cent of lead. 

Filling a slip plane in the 1imestone on the 600-foot level, 
was found a lal'gc shoot of the so-called "mountain leather." 
'!'his sheet is ahont one-eigth of an inch thick ancl about two 
feet square and is made 11p of white interlaced mineral fibers. 
It can be•twisted into an.v shape and is very tough under the 
kni£e blade. Tbe material does not ignite under the intense 
heat of a bunsen burner and is flame-resistant . 

Co11<tifio11s L <'arling 11p to DepQsiticm. of the 0>'e.-The 
Wl'iter believes that the Electric Point ore bodies were origin­
ally massive, inegn laT Teplaccment chimneys of galena in 
limestone. 'l'he location of these chimneys appear to be con­
trolled by well-marked shear zones trave1·sing the limestone. 
Two major zones o.f this nature we1"e observed in the mine; 
these strike north 35° east and north 55° east, respectively, 
and dip at 80° angles toward the northwest. At favor-
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Lead ore from the ll:leclrlc Point ~line showing lhree-stage lransllion oC 
galena. altering to cerusslte. (1) galena, (2) angteslte (lead sulphate), 
(3) cerusslte (leao.1 carlJonate) . 

able points alon gtl1c zone, particulru:ly nea1· the inter­
section o.f two shear zone. , tbe limestone has been badly brec­
ciated. 'rhese brecciated areas generally ass1Uued the form of 
the present ore chimnc:vs. Evidence £or thi:. statement was 
secured from the 500 and 600-foot levels, wl1cre prospect drifts 
to the downward projection o.f a chimuc.v that bacl been pro­
ductive on the uppet' levels, encountered an j11teusely brecci­
ated zone of limestone iu chimney form but devoid of ore. 

Extensive expos1.U'es of granite one and one-half miles 
southeast of the mine indicate that the deposit is 1.mderlaid at 
no great depth. by granite. It is .from this undedyiug batho­
lith that the mobile mineral constituents were derived. It is 
natural that these should work upward along the sheal' zones 
until they searched out the brecciated limestone areas and 
finding in them an easier avenue of escape coutinued upward 
until precipitated. The deposition was affected by a partial 
replacement of tl1c brecciated limestone by the galena carrying 

· some pyrite. A.fter deposition had been completed, and pre­
. vious to tl1e alteration of the deposits to their present condi­

tion, the chimneys of ·ore were somewhat similar in character 
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to the deposits now being ,vorkecl in the adjacent Lead Trust 
mine. 

Function of the Igneous Dikes.-Another interesting fea­
t ure of the ore chimneys is their association with lamprophyre 
dikes. In looking over the sm·face before entering the mine, 
two of tliese dikes were found outcropping through the lime­
stone. One of them was traced over t11e surface and fonnd on 
the wal ls of an old glory-hole of chimney No. 1. Fragments 
of decomposed dike rock were found in the ore. chimneys in 
the mine. On the 400-foot level an 18-inch igneou~ dike dip­
ping 55° southeast is associated with a streak of limo­
nitic clay which fills a slip plane in the bmcstone. On the 500-
foot level, what is believed to ue the same d ike was found strik­
ing south 40° west an.cl dipping 80° nortnwest. A similar 
exposlll'e was found on one of the lower levels. At 
least two lamprophyre dikes cut the ore bodies in the mine. 
In a great mau.r places these dikes are badl)- decomposed and 
have suffered alteration kind.reel to the ore bodies. 1 t is quite 
probable that the alteration of the dikes has yielded a large 
part of the iron-stain pr esent ju the 01·0 chimneys. 

Tlie dikes wel'e dra'\\' 11 off from the imderlying granite 
during its period of cooling. They were inh·uded into the 
limestone just previous to the introduction of the ore. Dikes 
are like veins in tbe respect that the~· will choose thei.r path of 
intrusion through shattei:ed formations ,Yhen possible. The 
presence of the dikes in the ore chimneys was definitely ob­
served and no doubt the force of thei1· intmsion assisted fur­
ther toward the brecciation of the limestone. 

Alterations of the ore bocly.-'l'be thorough and even al­
teration of tl1e ore cl1imneys from the surface down 800 feet 
to tbe deepest workings presents a problem lhat is worthy 
of considerable thought. It is the general belief of those 
who have examined the deposit that the alteration is due to 
dowL1warcl percolating surface waters. In view of the evi­
dence observed the ,niter cannot restrain from questioning 
this gene;ral opinion. Ile desires to caJl atteutiou to the 
evidence that would indicate that the extreme alteration was 
effected by hot ascending acid waters from below, which 
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not only attacked the chimney fillings but also severely de­

composed many of the igneous dikes in the vicinity of the 
mine. It jg impossjble to definitely state the nature of the 
waters that accomplished such striking alterations. The first 
to suggest themselves would natmally be acid sulphates 
waters exhaled by the underlring batholith. There are, 

however, many other possibilities, but such a que tion is too 
theoretical for discussion in this report. 

The evidence which appears to oppose the downward 
oxidation theory is as follows : 

1. The thorough and even re ult of oxidation and car­
bonation from the surface down to the deepest workings 800 

feet below the sur£ace appears to be the result of some ac­
tion more J)osjtive and deep reaching than is true of sur­
face oxidized zoues in northern Washington. 

2. Tl1e lower levels of the mine show only a slight drip­
ping of water, ancl iu places are dry enough to be slightly 
dusty. If alteration proceeded :from the surface down\\'ard, 
it was under conditions totally distinct from those existing 
at the present time. 

3. 'l'he topograph)' of the country is of sharp relief 
which pe1·mits a rapid 1·un-off of surface waters. Dm·ing 
recent geologic t ime the area was deeply planed off by glacial 
action and conditions J1ave been unfavorable since that time 
for deep rooted oxidation. 

4. '.l'J1e Lead Trust l\'line, about a mile d istant and prob­
ably 800 feet lower in elevation, exhibits a chimney of ga­
lena in limestone with only a slight cmstiflcation of cerus­
site near the surface. Along the E lectric Point road about 
the same elevation as the Lead 'l'rust property there has 
been prospecting done on a dike-like mass of limonitic ma­
terial similar to the E lectric Point. 1£ this were caused by 
surface oxidation it is difficult to understand how the galena 
at the near by Lead '.l'rnst property escaped a similar fate. 
Similarly, in otlter mines and prospects through the disti·ict, 
sulphides are present at the surface. 

5. Samples of the limonitic clay from the lower levels 
of the Electric Point exrublt splendid development of seri­
cite which is believed to be of pneumatolitic qevelopment. 
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6. Galena is soluble with extreme difficulty in the 
oxidized zone. (It is, however, attacked b)- dilute sulphuric 
acid solutions, pa.rticularlr il1 the preseuee of ferric sulphate.) 

Tl1is evidence, however, is not sufficient to fully refute 
the common theory o.f downward ox_idation. In :fact, there 
is considerable evidenc:e to support this theory. '11he writer 
noticed one factor in particular, which apparently lrnd not 
been previously con idered, that is the extreme depth 0£ the 
ground water table helow the surface or Gladstone Moun­
tain. No pumping is required from even the deepest mine 
workings. Such a deep-set water table would afford an op­
portunity for the deeper penelratiou of free oxygen. 

Develop-1nent.-'l'lwee 01·e bodies, with the exception of the 
Number 5 chimney, being contiguous to each other, are all 
worked .from a central inclined two-compartment shaft, sunk 
at an angle of 83 degrees to a depth of 800 feet. '1ations 
are cut and levels opened at 100-foot intervals down the 
shaft. The general plan is to chift from the station to ca.eh 
ehimne,v, then define the limits of each bocly by circular drifts 
encompassing it. Constantly on the look-out for blind chim­
neys, any streaks or iron-stained go11ge-fi ll cd shear zones 
are followed, for they have been found in several in tances 
to 1eacl into chimneys of ore and offer one of the .few pros­
pecting guides available. 

From the 300-foot level a 1,000-foot adit tunnel is opened 
through the limestone to cla~·light 011 the south slope of Glad­
stone Molmtain, where the air compressors are located. The 
upper extensions of the ore bodies ha\•e been won by glory 
holes to the surface 'l'he undergTolmd work comprises in 
all about 10,000 lineal feet. 

'l'hcre also exists on the property several chimneys filled 
with iron-stained, decomposed masses which are identical ·with 
the "pay" chimneys in physical appea1·ance, yet, they con­
tain only minor traces of ccrussite and an occasional 11odule 
of pure galena to encourage tl1e deeper exploration. One of 
these reddish-brown masses was heing explo1·ed at the time 
0£ visit, and the prospect shaft was doW11 150 feet in material 
which might be mistaken by the uninitiated for '' carbonate 
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sand.'' The c011diti011 of tl1is li.1ILited section of ground being 
able to yield such product under lnten e alteration, must 
truJ.,· have beeu remarkable, and the relations of the original 

minerals would form the ba i for an interesting hypothesis. 
A deposit of this type demauds constant pt·ospccting 

wo1·k in order to keep substantial re erve. ahead of mining 
operations. O. D. Belser, engineer in charge of the prop­
erty, is directing this woTk in a systematic ancl skilful manner. 

An area of several acres in the vicinity of the mine is 
dotted with prospect shafts. Trus extensive prospecting is 
costly and it might be found more feasible to explore the 
likely area by a system of regularly spaced drill bole . For 
such work churn-chilling woulcl be more effective than dia­
mond-drilling, and snch ex-ploration ,,ould instu·e the dis­
covery of any blu1d ore bodies. 

The ore is usually soft enough to be picked down by 
hand or it may l,e arilletl with a hand auger and lightly broken 
with powder. All bard rock drilling is clone by machine. 
The square set system is nsecl pr.incipally in the stopes. The 
gronncl, as naturally would be expected, is "beavy" and re­
quires strong timbering to hold. 'rhe £act that a plentiful 
supply of good tjmbe1· sm·rounds the mine. aids in keeping 
this feature of the mining cost low. 

The surface in the vicinity of the deposits is covered with 
several feet of l1ill-sicle wash and this has been ex.tensively 
trenched in search of other outcrops. 

The sru·face equipment consists of the customary office, 
assay and engineering buildings, boarding and bunkhouses, 
several cottages for the officials. 'l'he hoist is driven by a 
32-horsepower gasoline engine. 'l'hree air compressors ftu'-
nish unit air system for tl1e drills. A Ford automobil e engine 
is used to drive a small dynamo whicll furnishes lights £or 
the camp. Under normal conditions a crew of 60 to 100 men 
are employed. 

GLADSTONE 

General Features.-'fhe Gladstone Mine adjoins the Elec­
tric Point on the northwest ancl the principal Gladstone work-
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ings are but 200 yards £rom the main working shaft of the 
Electric Point. 

The holdings were located soon after the discovery of 
the Electric Point ore-bodies. After a year or more 0£ active 
development w-bich resulted in several 01·e shipments the 
property closed down. It was idle charing the greater part 
of 1918 and 1919 but reopened March, 1920, nuder tlie di­
rection of Dan Dodd and when visited dtu·ing August of the 
same year :five cars of lligh-grade lead ore and one <:ar of lead 
carbonates had been shipped to the smelter. 'l'be five cars 
r epresent clean galena ore which averaged 77 to 79.:3 per cent 
lead, and are believed to have been the purest lead ore yet 
marketed from the State. 

A crew of seven men is ordinarily employed. New camp 
quarters lrnve been constructed anc1 a gasoline hoist installed. 
Drilling is clone by hand. 

Economic Geology.- 'l'he geology observed at the Elec­
tric PoinL 1\line repeats itsel£ at this neighbol'ing property. 
Tbe ore chimneys so far developed arc not, ho,vever, com­
parable with those of the Electric Point either in size or rich­
ness. The cleposit has ;vicldccl several carload slijpments of 
high-gra<le lead ore, and foture exploration work stands an 
excelle11t mining chance of cleveloping 11ew- ol·e bodies. 

'fhe location of the irregular replacement chimneys in 
the magnesium limestone is cont1·0Iled by two major shear­
zones which are incident to each other at an angle of 
40°. The shear zones strike south 40° "~est and south 
80° west, stand nearly vertical and are marked sl1a1·p 
striated walls. It is inetresting to note that tl1e trend 
of tl1ese shear zones check quite closely with the major zones 
controliing the Electric Point ore bodies. Each productive 
ore chimney so far discovered is oriented adjacent to one or 
the other of these shear zones, and they form the most reliable 
guide .£or directing exploration work. These zones will be 
found to intersect at a point down the ltillside from Chimney 
No. 8, and the limestone 11ear tl1e inte1·seetiou warrants care­
ful exploration. I t is evident that the mineral constituents 
which emanated :from the underlying batholith ascended along 
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the narrow zones. At favorable horizons, where brecciated 

areas existed in the limestone adjacent to tbe channels, the 

mineralized agents entered these brecciated areas and partly 
replaced the limestone with galena and some pyrite. The 
nearest wall of certain of these chimneys is two or three 
f eet from the shear zone and is connected with it by a narrow 
cross fracture less than two inches in width. 

In Chimney No. 2, 102 feet below the surface a flat-dipping 
fault was observed. The fault plane is three feet wide and 
t he limestone for 18 inches. below this is badly shattered. This 
is below the zone of ore deposition at this particular point and 
bas apparently played no pal't in affecting the mineralization. 
I t i believed to be p1•e-mineral in age. 

In physical appearance the chimneys resemble the ad­
j acent Electric Point ore-bodies. Varying sized boulders and 
n odules o.f pme galena occur studded through a matrix of 
brown, iron-stained sand and clay. This latter material cal'­
ries lead carbonate, which in certain chimneys is found rich 
enough to stand shipment to the smelter. 

LEAD TRUST 

Thls mine is located directly under tlrn Electl'ic Point 
tra:mwa.y and abont three-fourths of a mile northwest of that 
property by air l iue and t wo and one-half miles l>y the E lec­
tric Point road from tile town of Leadpoint. 

The hold ings which consist of four and a fraction claims 
were located in 1900 by Ch.ai·les Scaman. A few scattering 
shipments of ]1 igh-grade lead ore have been made at irregular 
intervals. 'rhe property is now being developed by Fred 
Scaman, son of the 01·iginal locator. A crew of eight men 
was employed at the time of visit. 

Small log buildings serve as bnnk and boarding 
h ouses £or the crew. Air for the drills is fmnished by a Sul­
livan 8x10-inch compressor which is driven by a 20-J1orse­
power Nagle steam engine, wood beiug used as the fuel. 'l'he 
property is favored with a good supply of water and wood. 
A small steam saw has been rigged up to cut the wood for 
t he boiler. 

The work is d irected toward the development of au ir-
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regular replacement of magnesium. limestone by a large lens 
or a chimney of high-grade galena. The ore occurs wholly in 
the limestone but near the contact of l imestone and the Deep 
Lake argillite. The principal discovery consists of irregular 
lenses of galena showing some alteration to cerussite. 'l'hese 
were opened, and within a few feet of the surface developed 
into a good-sized lens of ore which has already yielded sev­
eral shipments of high-grade lead ore. The lens pitches down 
at a 60-degree angle toward the southeast. From the side 
bill a crosscut tunnel was driven south 20° east for 
a distance of 210 feet, where it encountered the lens about 
30 feet below the surface. From this level an incline winze 
was sunk on the lens to a depth of 30 feet. About 30 tons 
of high-grade galena were shipped from this winze and there 
are bunches of ore still frozen to the ,valls. Ore is also 
exposed in the bottom of the w:inze. 

The development of this chimney is controlled by a nar­
row shear zone which can be well observed uear the collar of 
the winze. '11his line of movement trends north 60° 
east and dips 50° south 30° east; lead ing from it are 
several minor fractures . By directing development 
work along this major zone, it is probable that additional 
ore can lie developed. A prospect drift from the upper level 
northeast through 15 feet 0£ barren limestone disclosed a new 
body 0£ ore occurring i11 a brecciated limestone belt adjacent 
to the major slip. The ore is galena, laced through with 
b1·oken limestone in a manner that was probably similar to 
the Electl'ic Point ore bodies previous to their alteration. 
This zone has been developed for a length of 60 feet; the 
profitable ore will average five feet in width. In this block 
about 1,000 tons of ore can be developed which will assay in 
the neighborhood of 10 to 15 per cent lead. 

A lower crosscut tunnel is being driven to gain a depth 
of 125 feet on the ore chimney. By August, 1920, this cross­
cut had been advanced 450 .feet and it should require Jess 
than 100 feet 0£ additional work to reach the downward pro­
jection of the chimney, providing, 0£ course, that it extends 
to that depth. Seventy feet back from the present face, a slip, 
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carrying a narrow streak of galena, cuts across the tunnel. 

The trend of the slip is north 65° east and it clips 45° to the 
l30ntheal5t, 1'his merits exploration work by prospect drifts 
from the tunnel level. 

About 100 feet from the ore lens in the upper tunnel a 
dark, rather coarse-grajned dike cuts across the tunnel. A 
specimen examined in thin section under the microscope shows 
phenocrysts of bleached biotite occurring in a :fine-grained 
ground mass of lath-shaped plagioclase and biotite crystals. 
'l'his ground mass is severely altered to green chlorite with 
occasional patches of serecite. 'The dike is a mica-la.mpro­
phyre. 

Prom the outcrop £or 150 £eet south, a narrow belt 0£ 
the limestone is flecked with small bunches of galena. This 
showing has been but sparingly prospected with shaUow sur­
face cuts. About 100 feet down the hill from the lower tun­
nel several small lenses of hlgh-grade galena l1ave been 
opened in the limestone, yielding from a half to one ton of 
ore each. These are isolated pots of ore replacing tl1e lime­
stone. The ore entered through small seams, some of which 
are still evident in the bottom of the pits. 

During August, 1920, an experimental run was being 
made by a 30-ton mill just completed. 'rhe ore is crushed in a 
Blake jaw-crusher and rolls and is passed through a three­
compartment Rarz jig which makes a concentrate, a tailing 
product which at present is sent direct to waste, and a hutch 
product which is treated on a Deister-Overstrom table. When 
the mine development warrants it, a ball mill and flotation cell 
will likely be added. Steam power jg used, wood being used 
as fuel. In its present state the mill wm probably effect a 
reco.very of about 65 per cent. The ore as mined carries 
buncbes of high-grade galena, and in view of the present mill 
losses the operators will :find it profitable to hand sort th:is 
from the mill feed. 

LEAD KING 

About one-quarter mile south and 300 feet above the 
Lead 'rrust l\fine is located the Lead King property. 'rhe 
holdings consist of two and a fraction claims owned by Roy 
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Young and associates, who spent several thousand dol-
lars in exploration work on the property during 1918 and J 919. 

'.l'he main adit tunnel is driven into the steep hillside a 
distance of 326 feet. The direction of the tunnel .for the first 
233 feet jg south 46° east and . it lhen changes to 
south 73° east £o1· tl1e remainder of the clistance. It 
was driven for the purpose 0£ exploring some promising sru·­
face showing of replacement of limestone by irregular small 
masses of galena. For the first 230 feet the arut cuts thinly 
bedded argillites then a large lamprophy1·e dike which merges 
into a 14-foot monzonite porphyry dike. After cutting through 
this second dike the tunnel next passes tlu·ough twenty feet 
of limestone where it intersects a small tight fracture var>ring 
from a few inches to two feet in width, striking north 
50° east a11d carrying considerable amounts of galena 
and cerussite. This small vein was drifted on for thirty .feet 
toward the northeast along a well-defined ,vall. The best 
ore here appears to be bending out of the tunnel toward the 
lamprophyre dike and should be explored farther. 

Not certain that they had yet encountered the lower ex­
tension of the sm·face croppings, the tunnel was extended 
ninety-thTee feet farther. This extension cut several small 
vertical slips filled with gouge and badly iron-stained material, 
all , of which stand practically parallel to the small vein. '!'he 
present £ace o.f the drift gives a clepth 0£ about 200 feet below 
the surface. 

NORTHPORT MINING COMPANY 

The holdings of this company adjoin the New England 
property on the northwest. The claims total about 280 acres 
extending from the Last Chance Mine on the east side of 
Deep Creek, across Deep Creek and up to the rim of the west 
valley wall. 

About 100 yards from the west bank of Deep Creek at an 
elevation of 1,900 feet the company has opened an excellent 
deposit of low-grade zinc ore. This deposit is in marbleized 
magnesium limestone 700 feet from the granite contact exposed 
on the New England claims. The ore is deposited as narrow, 
irregular, pencil-like bands of spbalerite r eplacing the mag-
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nesium limestone along its OYiginal bedding planes. These 
planes stand nearly vertical and trend north-south. In some 
places the sphalerite occurs as irregular bunches in the lime­
stone, these bunche. va rying from the size of a pinhead to an 
inch aero. s. 

The ore in the form of mineralized gases appears Lo ha,ye 
worked up into the limestone from the underlying granite. 
The force of the granitic intrusion shattered the lime tone 
along the bedding planes and when the granite began to 
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Quru·ry opening on zinc ore al the Oeposll of the Norlhporl l\llnlng Company. 

solidify the mineral-bearing gases were expelled and in turn 
they l"eplaced 1he limestone along these planes. 

Tbe deposit has been opened along the steep mountain­
side by two quarries and sevei-al open cuts. The main quru:ry 
begins at the New England side Line; the maxinnun width 
of the mineralized zone here appear·s to be 40 feet and the 
owners state that careful channel samples taken along the 
quarry face averaged 10 to 12 per cent ziuc. Fifty feet 
north we::;t of tbe main qual'.tT, anotber exposure has been 
opened ancl several hundred tons of medium-grade ore broken 
down. It is highly probable that this is a segment of the main 
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Vertical pencll-sLrlpe bnn<llng of sphalerlte through clolomlte, Northport 
:\llnit,g Company'i; ,le1101i;IL. 

deposit. which J1as been displaced by a tram,"\·erse fault. The 
mineralization at the souLheru end of this tlcposit terminates 
in a bold streak of crushed limestone, thus definiug the line 
of the fault. There is another series of openings abou~ 150 feet 
up the hillside which also expose a limited tonnage of ore. 

During 1917 three diamond drill l1oles were put down to 
further prospect the deposit. These holes were started in the 
limestone 100 feet back from the quarries and the boles pointed 
toward the deposit at an angle of 45 degrees. J\Ir. Gorien, 
treasurer of the company, states that one of the holes encoun­
tered the ore at 93 feet and passed through it at 116 feet. The 
other two holes did not encounter commercial ore. 

To reach some upper workings of the company, the writer 
follo,vecl the limestone-granite contact up the mountain side 
rather than the trail. Along this contact numerous sporadic 
deposits of sphalerite were found in the limestone. The de­
posits observed appeared to be small and irregular. On several 
of them, claims had been located and small amounts of devel­
opment work done, but nothing of commercial value developed. 

Near the crest of the mountain an open cut exposes a lens 
<>f high-grade sphalerite, partly altered to smithsonite, 20 feet 
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in height and varying from two to eight feet in width. Near 
this lens a tunnel was driven several hundred :feet th.rough 
limestone, evidently in an endeavo1· to intersect a continuation 

of the lens, but no ore was exposed. 

ExploNttion work at present should be confined to the 
lower deposit e2q>osed in the quarries near Deep Creek. A. con­
siderable tonnage of low-grade zjnc ore is already partially 

developed heTe, and a limited amount of carefully directed 

exploration work stands a promising chance ·of developing a 
sufficient tonnage to warrant the erection of a small mm. The 
ore should be easily susceptible to ordinary concentration prac­
tice. The property is favored with good transportation facili­
ties, as well as a plentiful timber and water supply, which 
makes for suitable mining aud milling conditions. 

NEW ENGLAND C LAIMS 

These lioldings consist of five claims located in sec. 23, 
T. 29 N., R. 40 E ., six miles southeast 0£ Northport, on the 
west side of Deep Creek, about one-half mile west of the 
Leadpoint road. The clauns are being worked in a limited 
way by Ben Stout and L . W. Cook. 

.At the base 0£ the mountafo, near the level of Deep Creek, 
an explo1·atory tunnel has been driven for a distance of 350 
feet along the contact of the intrusive Loon Lake granite ,vith 
the Republican Creek limestone. The contact has an average 
strike of north 30° west and stands at about a 30° 
angle with the limestone -forming the hanging-wall of the 
dri.ft and granite the foot-wall. There have been intense move­
ments along the plane of the contact and both the limestone and 
granite exhibit well-defined striated walls. Between these walls 
there exists varying amounts 0£ gouge matter. 'l'be limestone 
is badly iron-stained and also shows considerable dendritic 
stains 0£ manganese dioxide. In places the granite has been 
altered to a talcose serpentine. Only an occasional stringer of 
sphalerite was found fo1· the £il'st 150 feet in the drift. .An 
irregular mass of low-grade zinc ore, associated with small 
amounts of galena, was then encountered and as cut by the 
drift tltis mass appears to be about five feet thick, but its 
eA1:ent has not been determined. 1'he drift has been extended 
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about 200 feet beyond this point without exposing any commer­
cial ore. 

The, most interesting feature of this pr operty is a large 
massive body of low-grade sphalerite exposed by a quarry­
like opening in the limestone near the north west corner of the 
property. This ore body runs into tbe adjoining property of 
the Northport Mining Company, and since it is more fully de­
veloped there, it is described under that property. 

GORIEN ZINC 

An important find of zinc ore was made April 20, 1920, 
by Gust Maki, a farmer on Deep Creek, six miles east of North­
port. The deposh is but 100 feet up the hillside from the 
county road between Northport and Leadpoint; it is also but 
300 feet from the Maki farmhouse. 

'rhe property was taken under a lease and bond by 
John Gorien, of Minneapolis, and until August, 1920, six 
cars of ore averaging 40 per cent z.inc had been shipped to 
Mineral Springs, Wisconsin, for treatment. 

The ore is in the carbonate form, being the mineral smith­
sonite, often spoken of as "dry-bone" ore. It occurs filling a 
fracture which t rends parallel to the bedding planes of bluish­
grny dolomite. The deposit trends north 30° east and 
dips to the east at angles varying from 30 to 60 degrees. Some 
o.f the best ore is found at points where the dip flattens out. 
The deposit varies in width from one to four feet, with 30 inches 
as an average. 1t has been explored by a shaft to a depth of 
98 feet and good ore still shows in the bottom. At a depth of 
35 feet below the collar 0£ the shaft, dl'ilis have been run 30 
feet toward tl,e southwest and 40 feet toward the northeast. 
The chances of developing additional ore toward the northeast 
are not exhausted and a drift from the bottom of the shaft 
should be extended to the northeast until the fractu1·e zone 
closes down. In tl1e southwest drift a post-mineral fault cuts 
the fracture. 'l'he ore has followed into the plane of this fault 
for a length of three feet and thus developed a lens-like mass. 

The ore body is not a bedded deposit but is of supergene 
(secondary) origin. The fracture was originally occupied by 
a deposit of sphalerite (zinc blende) which is one of the most 
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mobile sulphides when attacked by oxygenated waters. The 

zinc solutions thus formed did not traYel far until they were 
arrested by the dolomite and precipitated as the carbonate, 
in which form it is quite insoluble. Fragments of sphalerite7 

replaced in part by smithsonite, were found in the deposit. 
Thel'c are many small Yugs which are found lined with well­
dev~loped botryoidal masses of smithsonite crystals. 

It is not to be expected that the deposit will develop ex­
tensively. It will, however, yield a good tonnage or profit­

able ore. The cost of mining averages about $4.00 per ton. 

It costs $2.00 per ton to deliver the ore by auto truck to the 
railroad at Northport, and the freight charge, including the 
recent advances, to the Wisconsin smelter is about $13.00 per 
ton. 

FRISCO STANDARD 

Sit1.Lation amd Histo1'Y,-Tbis deposit is in the extreme 
northeastern corner of the county, sec. 12, T. 40 N., R. 42 E., 
and is about one and one-half miles from the international 
border. From New Boundary Station on tl1e Nelson B1'anch 
of the Great Northern Railway the property is reached over a 
14:-mile wagon road ·which takes the traveler up into splendid 
pine-covered mountains, giving an opportunity for a panoram­
ic view southward over the Northport District and north 
into British Columbia . 

The deposit has been worked intermittently in a small way 
for many years and the limited production. made was hauled 
out with teams to the 1·ailroad. At the time of visit (June, 
1919), J . .Astloford and W . E. Hightower, of Northport, held 
a lease and bond and were cobbing and sorting some of the 
richer ore for shipment. 

Econmnio Geology and Development.-The mine is opened 
in argillite a short distance from an ex;posure 0£ diorite. Intense 
metamorphism has altered the argillite into graphitic schist 
with the free graphite so well developed that it smears the 
hands when handled. 'rhe formation trends north 27° 
'1vcst and dips 40° to 50° toward th enortbeast. The 
ore is found in a lenticular quartz vein replacing the 
graphitic chist along its bedding planes. Shearing stresses 
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found relief along the bedding or schistosity planes and thus 
opened a limited channel £o1· the vein solutions and gases. 
The replacement of the schist was not carried to completion 
along the channel so that there now exists layer-like inclu­
sions of the grapltitic schist in the quartz vein thus present­
ing a very sho·wy black and wrote contrast. 

As would naturally be expected in such a replacement 
vein, it pinches and swells with pronounced .frequency both on 
the strike and dip, thus causing the vein to vary in width from 
a few inches to six feet. The vein strikes south 65° east 
and dips to the southwest at angles varying from 20° to 
40°. A small creek cuts tl1e veiu a trig11t angles to its dip 
and has eroded a considerable section of the deposit. Tl1e prin­
cipal work has been done on the upper limjts on the east side 
of the creek. This section has been opened by four short 
drifts and a limited amount of stoping, which explores the ore 
body for 150 feet on its dip and 500 .feet on the strike. The 
average width varies between two and fofil' feet, the values 
averaging fairly well, although it is too low-grade to stand the 
heavy transportation ehru:ges without very careful cobbing 
and sorting. It would make good milling ore if it were not for 
the fact that the silver minerals have been partly altered into 
silver chloride and bromide. These silver salts would slime 
badly and resist ordinary concentration practice. 

The principal values are in silver and lead. Teh·ahedrite 
and galena are the predominating ore minerals. In tbe tetra­
hedrite the lead has largely replaced the copper. As previously 
mentioned, the upper workings show violet-blue stains of 
cerargyrite, (lead chloride), and the straw-yellow bromyrite 
(silver bromide), secondary minerals derived from the oxida­
tion products of tetrahedrite by infiltrating surface waters 
carrying chlorine and bromine. 

Across the small ravine, toward the west, the vein has been 
picked up on its dip and a dri£t run southeast for a length of 
350 feet. 'l'he first 300 feet of this drift was not encomaging, 
the ore being but sparsely scattered througl1 the quartz. For 
the last 50 feet the work has been in an excellent pay-sboot, the 
vein being five to six feet ,vide and quite well mineralized. 
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The values here are carried in the sulphides, tetrahedrite and 
galena, and no evidence of alteration was observed. 

Stoping has not been attempted on this side of the creek, 
but at the time of visit the drift was being extended to deter· 
mine the length of the pay-shoot. 

Taking the average dip of this vein and roughly project­
ing it across the ravine causes the imaginary extension to 
strike considerably above the vein opened there. This hints 
that the vein exposed on the west side of the creek may be an 
overlying vein and parallel to the one on the east side or else 
the present ravine represents a fault which has elevated the 
west portion of the vein, as suggested by Weaver.* 

Igneous activity is represented by a lamprophyre dike 
having the composition of a minette, which is exposed by the 
workings on both sides of the gulch. 

The smelter r eturns on several small sllipments of sorted 
ore irom the property are as follows : 
Shipment Gold Sliver Lead Copper 
Number (ounces) (ounces) (per cent) (per cent) 

1 ...................................... .01 72.S 9.6 2.7 
2 ........................................... .Tr 72.0 16.8 4.6 
3 ··········-···················--~--.. .00 49.2 7.0 3.2 

UNITED TREASURER 

About a mile and one-half before reaching the Frisco­
Standard property, a b1·anch road leads down the hillside 400 
yards to the United Treasurer deposit. '!'his consists 0£ th1·ee 
claims in sec. 11, 'l'. 40 N., R. 42 E. 

The geology is similar to that of the adjacent Frisco-Stan­
dard. The immediate country rock is the same belt of gra­
pJtitic schists, while not far distant the Red Top limestone 
formation is well exposed. The vein material replaces the 
formation a long its planes of scbistosity. 'l'he trend of the 
vein is northwest and its clip varies frregularly but maintains 
a low angle toward the northeast. Pinches and swells are ob­
served with recmTent frequency, causing the vein to vary in 
width from six inches to fom· :feet. 'l'he vein has been opened 
along the trend at intervals over a, length of 400 feet. 'l'he 

•weaver, Charles E .. The 'l\'tlneral Resources of Stevens Count>•: Wash. 
Geol. Survey, Bull. 20, 1920. 
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most striking featm·e about the deposit is that £or the most part 
it directly overlies a small igneous dike and at several places 
vein material on both the upper and lower sides of the dike 
was observed. It is not believed that the vein represents seg­
regations from tb.is small dike, but that it came in a little later 
and simply took advantage of the channel akeady opened 
through the metamorphic rocks. This is confirmed by a lower 
prospect tunnel Opened for 270 feet along the hanging-wall of 
a similar lamprophyre dike without finding any appreciable 
amount of ore. 

'l'Jie vein is explored by three short drills. No. 1 tunnel 
is in 80 ieet and at the portal the planes of the graphitic schist 
lie nearly horizontal. Forty feet .from the portal the drift 
encounters an 18-in.ch lamprophyre dike overlaid by a two-foot 
vein carrying ore of average grade. This showing has been. 
drifted on. for forty feet. 

Fifty .feet above No. 1 tunnel a prospect dt·ift has been 
opened along a small lamprophyre dike which strikes north 
20° east and lies almost horizontal for the first fifteen 
feet. It is overlain by a small vein from which some good ore 
has been mined. About 15 feet from the portal the vein and 
dike dip suddenly toward the northwest at a 25-degree angle. 
They have been followed down 10 feet ancl the small vein ex­
poses some excellent ore. It was stated that several tons wer e 
sorted and shipped and gave returns averaging about 50 ounces 
in silver. This exposure is worthy of £m'ther development. 

In No. 2 tunnel a small flat stope has been opened and sev­
eral hundred tons of ore mined. Fifty to 60 tons of this 01·e 

are said to have been sorted and shipped. This opening ex­
poses a vein varying in th ickness from six inches to 24 inches 
underlying an 18-inch lamprophyr·c dike, and a vein. averaging 
about 12 inches in thickness resting on the dike. 

Workings No. 4 consist of two parallel drifts driven on 
the vein about 30 feet apart. ~hey aggr egate about 800 feet of 
tunnel and are a needless duplication o.f work. Several tons 
of ore were shipped from these dt·ifts and considerable ore of 
probable milling grade was observed on the dump and in the 
workings. 
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The claims are owned by Newton Hartman and Wm. F. 

Kuhnert, who work them in a limited way each year. 

MELROSE 

This property, formerly known as the Paragon, is in sec. 
28, T. 40 N.1 R. 41 E., £om miles south of, and 1,500 feet above, 

the station of New Boundary on the Nelson Branch of the 
Great Northern Railway. It is one and one-half miles by 
wagon road from the railway. Tl1e first location was made 
about 1900 and since then 1,600 feet of tunnel work l1as been 
accompli hed. 0. ir. Matthews, who is in charge of the prop­
erty, reports that during the past few years only a small 
amount of new work has been attempted. He has shipped 75 
tons of sorted ore which rcttu'nccl a gross value in silver of 
$8,000. 

The deposit is explored from two levels opened .from the 
wall of a small tributa1·y gulch known as Bush Creek Canyon. 
The upper tunnel is 500 feet in length and exposes a quartz 
vein six £eel. in average ·width. 'l1he vein is enclcscd in the 
Boundary argillite, ,,•hich in the vicinity of the mine, can best 
be described as thinly-laminated grapllitic schist. 'rhe vein 
exhibits irregular bu11ches and small seams of tetl'aheclrite, 
galena, sphalerite and pyrite. This mineralization is generally 
too thinly scattere<l to permit profitable mining. From this 
level an inclined raise was driven 60 feet to the surface. '!'he 
raise encountered a three-foot vein of practically barren quartz. 
Near the breast of the tunnel a ·winze was sunk 84 feet below 
the level in order to explore a seam of tetrahedrite. A car of 
ore was shipped from this w inze. 

Three Jrnnclred feet dovrn the hillside a cross-cut tunnel 
is driven souht 50° west a distance o.f 950 feet, to ex­
plore the downward extension of the vein. A large lampro­
ph:n·e dike, conformable with the schistosity of the argillite, 
was cut at a point 300 feet :from the portal. Six hundred feet 
from the portal, the vein exposed in the upper level was sup­
posedly intersected. In this lower tunnel it consists of irreg­
ular stringers of quartz adjacent to an altered lamprophyre 
dike two feet in width. 'l'his showing was explored 80 feet 



The Metal Mines of Washington 117 

both north and south from the crosseut. 'l'he crosscut was con­
tinued 360 feet beyond tl1is point, and a tabular lense-shaped 
mass of quartz tJu·ee and one-half feet in thickness encoun­
te1·ed. Trus contains several small str eaks oi ore, and a stope 
has been opened for a length o.f 70 feet on the downward pro­
jection for 30 feet along the sb·ike o.£ the vein. 1'he ore mined 
was sorted and shipped. Some of the fines were successfully 
concentrated by a large hand-jig. The workings should be 
surveyed to determiue what relation, if any, this latter deposit 
bears to the vein exposed iu tl1e upper tunnel. 

BONANZA 

After an idleness covering a number 0£ years thls prop­
erty was re-opened in June, 1919, by Spokane interests and 
since that date development WOl'k has been J)rOgL·essing stead­
ily. The original location of tl1c deposit elates back to 1885, 
and a production totalling several thousand tons 0£ lead-silver 
ore has been made. The location o.f the mine is at an elevation 
of 2,200 feet in sec. 11, T. 37 N., R. 38 E., five miles by wagon 
road east of Bossburg. 

Associated Formalions.-Tbe rocks in the vicinity of the 
deposit are graphitic schists, chlorite schists, and ferruginous 
schists, all badJy contorted and showing the ravages of in­
tense shearing actions. These formations have a p1·evailing 
north-so1.1th strike and dip 40° to 50° west. .A. small out­
crop of g1·anite was observed one-quarter of a mile west of the 
mine and 50 feet up the hillsjde from the collar of the shaft 
a large, light-gray igneous dike outcrops boldly. This dike 
is particularly well exposecl on the 400-foot level of the min.e. 
A thin-section was examined under t.be microscope and the 
rock found to be composed of phenoerysts of quartz and p]agi­
oclase in a dark, fine-grained ground mass of labra.dorite feld­
spar. The quartz crystals show rounding due to resorbtion. 
Grains of the magnetite are spL·inklecl through lhe rock. '£he 
dike is classified as a plagioclase aplite and is no doubt related 
to the underlying granite from which the segregation of qnartz 
and feldspar were drawn off and injected into the overl.ving 
schists. One hundred feet northeast of the compressor house 
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another igneous dike was found and 20 feet above this, numer­
ous outcroppings of conglom~rate along the hillside. The con­
glomerate is made up of coarse and fine-grained igneous boul­

ders, well rounded and held together by calcareous cement. 
DescPiption. of the Deposit.-'l.'11e deposit is opened to a 

depth of 700 feet by an inclined shaft stmk at a 45° to 55° 
angle. Levels are developed at 100-foot intervals and all 
ore between the 500-foot level and tl1e surface has been mined. 
The ore occurs as irregtllar lenses replacing the formation 
along the planes of schistosity. The deposit confo1·ms to a 

shear zone which acted along the plane 0£ contact between the 

chlorite schist overlain by graphite schist. Previous to the 
introduction of the ore-bearing solutions these formations were 
badly contorted, and tbe replacing solutions have attempted 
to conform to the position of the formations. Post-mineral 
folding and faulting has further twisted and broken the ore 
body. 

The ore minerals are '' steel galena,'' pyrite, and minor 
amounts of sphalerite associated with a gangue of sidcrite and 
quartz. The ore as sorted and shipped averages about 20 per 
cent lead and 5 ounces of silver to the ton. 'l'he '' steel galena'' 
exhibits an unusually fine texture which is evidently the result 
of mechanical deformation of coarser crystals by vigorous, 
post-minera\ shearing movements. 

'l'he deposit has been explored along its strike for a maxi­
mum length of 1,000 feet. Both to the south and north o.f the 
shaft small bodies of ore have been found, some large enough 
to permit profitable min ing. The best ore observed in the mine 
occm·s in a shoot which starts 200 feet north of the shaft and 
develops a stope length of 100 feet. This shoot rakes toward 
the south. It is being explored by a prospect raise to connect 
the 600 ancl 500-£oot levels. Work on the 700-foot level has so 
far exposed the same shoot with a stope length of 50 feet, but 
on this level the ore occurs in large bulges six to eight feet 
thick. Beyond these lones the ore pinches out by the drift 
should he carried farther north in search of additional ore. 

'l'he property js equipped with three gas engines, a 50-
horsepower engine which runs the compressor, another of. 
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25-horsepower for operating the hoist, and a third of 12-hor se 
power which operates a dynamo for lighting. During the sum­
mer of 1920 a crew of 10 men was employed. 

YOUNG AMERI CA 

This property was one of the first to be located in this 
section, being discovered in the early eighties by prospectors 
working northward up Colmnbia River into British Colmnbia. 
It is credited with a considerable production of good-grade ore 
extracted at dillerent times by various leasors. Some of the 
better sh ipments are said to have averaged 20 per cent lead, 
50 ounces of silver, $3.00 in gold, 25 per cent zinc and 5 per 
cent iron. 'rhe property was re-opened late in 1918 under bond 
and lease by the Cuprite Mining Company with Frank Scanis­
lawski as general manager. Five men were employed in de­
velopment work at the time of visit. 

The property is about 400 yards northeast of and 400 feet 
above the town of Bossburg. The workings are along a nearly 
vertical bluff of limestone overlooking Columbia River. 

The ore has been taken from a series of flat-lying, parallel, 
lenticular bodies which formerly ontcropped on the face of 
the limestone cliff. These lenses strike norht 75° east and dip 
18° to 20° toward tl,e north. 'rhese lenticular bodies conform 
closely to the original bedding planes of tJrn formation along 
which mineralized solutions have replaced the limestone. 

Northport limestone, bluish-whjte in color and of fine­
grained te.xture, is ihe predominating formation in the vicinity 
of the mine. The limestone has suffered considerable distm·­
banee causing the development of slip planes aud joints. A 
mile to the east, granite outc1·01)s alld sevel'al lamprophyre 
dikes were observed cutting the sediments in the near vicinity 
of the mine. Bancroft• mentions an intrusive dike observed 
on the bill above and states that the dike tre11ds north 21 de­
grees west, dips approximately 60 degrees west, and is about 
four feet wide. 

The two important series of lenses are parallel, one being 
about 30 feet vertically below the other. The lower lens is 

•u. S. Oeol. Survey, Bulletin 550, p. 62. 
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developed by a stope opened in the face of the cliff which fol­
lows the ore back a maximum of 35 feet. This stope is about 
100 feet long and 10 feet bigh1 although the maximum thick­
ness of the zone of mineralization is not over six feet. The ore 

minerals are galena, sphalerite and pyrite enclosed inn gnngu~ 
of quartz and caleite. This stope has been depleted or commer­
cial ore. At the north and lower end of the stope the ore bodies 
pitched down suddonly at a steep angle; tbey were followed 

with a 40-foot incline shaft which is now caved. It is said that 
there was ore £or the first 20 feet in the shaft, then gravel 
carrying occasional boulders of ore was encountered and after 
sinking through 10 feet of the gravel the shaft was abandoned. 
If this statement is correct, it "'oulcl suggest that during the 
time when the valley was being eroded past this level, the lime­
stone cliff ,vas undercut slightly by water or ice and gravel 
deposited in the cavity. This would indicate that the lower 
extension of the deposit migh_t be recovered. It is possible 
.that this downward bend of tl,e 01·e means that the ore here 
came up along a nearly vertical joint until it reached a favor ­
able challilel along the bedding planes of the limestone, where 
it worked out in more of a lateral direction. 

The upper series of lenses are 30 feet vertically above 
those just described. They exhibit the same downward bend 
on the north end as found on the level below. The stope is 
30 feet wide, 10 feet high and 75 feet long. On the east wall 
there still remains a 30-inch vein of zinc-lead ore; above this 
are five feet of bluish-white limestone, then a second vein two 
feet in ,vidth. Tbis ore is high in both zinc and lead and this 
complex character gives it but little value in the present state. 
On the south end of the stope the ore has been cut by a four­
foot vein of calcite which dips to the west at a 70-degree angle. 
This calcite represents solutions later than the ore. On cut­
ting through the calcite the ore was again picked up. 

The present company has driven a drift near the foot of 
the cliff and 160 feet from the portal they have started a raise 
evidently in search of a lower extension of the ore . 

.A small 15-ton e-:q_)eriro.ental mill was erected on the prop­
erty early in 1919 with the expectation of treating the dumps 
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while an attempt was being made to develop new ore. The mill 
was idle at the time of visit on account of a shortage of water 
and the difficulty encountered in making a clean separation 
between the galena and sphalerite on the tables. 'l'his sep­
aration could be better effected by grinding the ore a little 
finer and giving t11e tables a classified or screen-sized feed. 
Thls, however, is harcliy practical with but two tables in use. 
The mill flow-sheet is as follows: The ore is fed into a Blake 
jaw-crusher, having a 14xl2-inch jaw and breaking to one 
inch. The ore is again broken in a small set of rolls ancl feel 
to a 30-inch ball mill grinding to pass about 30-mesh. An ordi­
nary free-settling box-classifier divides the feed between the 
Overstrom tables. 

CHEWELAH DISTRICT 
LOCATION A.l,'°'D GENER.AL FEATURES 

The Chewelah District, comprising an area of about 450 
square miles, is in the east-central part of Stevens Ootmty. The 
Colville Valley, in some places two miles or more across, tra­
verses the county with a general north-to-south coui·se from 
Myers Falls to the southern border. Colville River, whlch is 
only a small stream, out of all propo1tion to the impressive 
valley it occupies, meande1·s lazily northward to join the Colum­
bia. The valley is the dividing line between. the east and west 
sections of the county. Its form is that of a broad tTench divid­
ing two north-to-south trending ranges 0£ mountains. 'ro the 
west, the valley jg flanked by a low range of foot-l1ills which 
g1·adually merge into the main flank of the Huckleberry Range. 
On the east, a similar range of hills culminate in the Oalispell 
Range. Both have au average elevation of 4,000 feet, but boast 
of an occasional summit which rises to an elevation of 5,000 
to 6,000 feet. The level of the valley floor averages 1,700 
feet. '!'he flanks of the ranges are well timbered and the 
formations carry a mantle of glacial drift which seriously 
hampers systematic prospecting. '!'he town of Chewelah, on 
the Great Northern Railway, is the principal distributing cen­
ter of the district. 

The Stevens County magnesite deposits, the largest in 
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the Unitecl States, have been developed along Huckleberry 
Range btlt a short distance west of ·Chewelah, and this pros­
perous industry has injected uew life into the district. The 
large calcining plant of the orthwest :111agnesite Company is 
located about a mile south. of Chewelah. TJ1c United Silver­
Copper Mine was the onl.r producing metal mine in the Che-

welah District dming the ummer of 1919. There are everal 
potential mines in the area but these were ·not active at the 
time the district was visited. 

GEOLOGY 

The predominating formation over the area consi ts of 
belts several thousand feet in thickness made up of argillite, 
quartz-m:ica-sc!Jjst and qua1·tzite. These have been cut by 
granite intrusions and lamprophyre dikes. 

1\Iost of the mines credited with substantial production 
are located arotmd the border of a granitic cupola, which is 
intruded through the belts of metamorpl1oscd sediments. This 
granitic stock is connected to the underlying batholith and 
is essentially a part of the granite so well exposed a little 
farther west and uurtheast. 1£ the sediments which hem in 
this stock o.f granite could be sh·ippccl away, and tlrn granite 
bedrock exposed, the stock would probably appear as a clome­
sha1>ed peak 1·,ising above the immediate section of the batho­
lith. 'rhis stock outcrops abont four miles east of Cliewelah. 
Its present outlines take :::oughly the form of an elipse with 
its major axis three miles in length and the minor axis one mile. 
TJ1e ore deposits occru:, not in the grnuite itself, but in the meta­
morphosed sediments bordering the rim of the granite outcrop. 
The combined agencies of shearh1g and metasomatic replace­
ment opened cham1els along the bedding planes of the :forma­
tions which were filled with vein material. Basic dikes h,aviug 
the composition of lamprophyres were drawn off from the 
underlying batholith and injected into the overlying meta­
morphosed sediments. 1'he ore-bearing veins ,Yere also drawn 
off from the cooling magma. 1n tliis district the veins do 
not usually lie directly along the dikes but tend to pa1·allel 
them at distances varying from 10 to 150 .feet. 

There are a few scattered properties on the west side of 
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Colville Yalley. but all those visited were 0£ limited size and 
extent. 

... 
UNITED SILVER-COPPER MINE 

This ptoperty is the largest and most consistently pro­
ducing mine in the State. It was organized as the United Cop­
per Mining Company in 1906 with head offices at Spokane. 
The workings at that time were limited to a prospect shaft and 
meager development on the outcrop of the vein, bttt the devel­
opment work soon met with decitled encom·agcment and by 
1908 power 111acl1inery was installecl and the work bcgru1 ad­
vancfog steadily. During 1909 land was purchased for the 
site of a long adit crosscut to g11in depth on the vein. This adit 
was driven a length of 4,220 £eet to the vein, the wo1·k being 
completed in ]914_ at a cost of about $50,000. The first unit 
of the milling equipment was placed in opcratio1L clurfog 1913 
and since that date 1he production has gained steadily eMh 
year until the value of production for tl1e J)ast three years has 
averaged between $200,000 and $300.000 annually. During 
1919 the name 0£ the property was changccl to the United Sil­
ver-Coppet i\Iinfog Company. 

'l'he l10ldings comprise seven claims and five fractions 
located on the wcstcl'Jl ~lope of Eagle ::\r ountain, about five 
miles b.v wagon road northeast of Chewclal1. 

STATEMENT OF TONNAGE AND PER TON COSTS OF MINING 
AND MILLING FOR TEE YEARS 1912 TO 1918 INCLUSIVE 

T ons 'l'ons Mlnlng Per :\11lllng 
J Per Year :\llneu MIiled Costs Ton Costs 'l'on 

1912 ........... ~ ....... 13,395 7,680 $104,033.41 $7.76 $16,748.33 $2.18 
1913 ....................... 14,038 10,755 76,129.88 5.23 23.821.64 2.21 
1914 18,527 15,110 64,711.03 3.49 26.341.05 1.74 
1915 :::::~::::::::::: I 30,000 25,000 80,747.20 2.69 39,918.43 1.20 
1916 50,000 45,000 131,694.00 2.60 65.847.00 1.46 
1917 :~::::~~:::~:: I 60,000. 56,000 132,504.00 2.20 66,252.00 1.18 
1918 66,181 62,559 158,246.64 2.39 80,366.46 1.28 

Economic Geology.-G<'ologically, t11e mine is situated 
in the Stevens series o.f highly metamorphosed sediments 0£ 
Paleozoic age. 'l'he predonunating varieties a.re quartz-mica 
schist, locally known as "silver shale," argillites and quartz­
ite. The schist stands with its bedding 01· schistosity plaues 

.. 
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nearly vertical. A large stock o.f granite outcrops about a 
mile di tant and the schi t i cut along the bedding p1anes by 
several vertical lamprophyre dikes, adjuncts from the under­
lying granhe batbolith. 'l'he metamorphic rocks have suffer­
ed intense shearing and shattering and many smaU faults re­
sulted, but no Jarge 011es were observed in the vicinity of the 
vein. 'l'be various drifts south of the adit crosscut expose a 
series of three-step faults, each of which displaces the south 
segment of the vein four to si.x feet toward the west. 

Tbe vein follows a zone of shearing and partial replace­
ment along the bedding planes oC the schist, thus standing 
nearly vertical and striking north 20° east. Pinches and 
swells are promiucnt, causing the width of lhe vein to 
vary between 3 and 15 feet, · with si.x feet as an approxi­
mate average. By July, 1919, it had been explored over a 
horizontal range of 1,500 feet and to a vertical depth of 1,140 
feet below the outcrop. 

TJJe ore is chiefly ehalcopyrite. teLrahedrite (gray copper), 
and pyrite in a gangue o_f milk:,-quartz. Of considerable im­
portance to the property is a shoot of h:igh-grade tett·ahcdrite 
traversing a section o_f tbe vein. On account 0£ the high silver 
content of the tetraheclrite it is technically classed as freiberg­
ite. This shoot bas a strong ve1tical range from the upper 
workings downward, but is more strongly pronounced on the 
lower levels. The horizontal extent of the shoo1 in the vein 
varies from 100 to 200 feet and it rakes to tJ1e north at a high 
angle. rrhe width of t!Jis high-grade streak averages from 
2 to 12 inches and it assays from 75 to 300 ounces of silver 
to the ton. When the streak widens be~'ond 12 inches the val­
ues seem to rapidly (lecrease. In mining, lhis high-grade 
streak is sorted out from tl1e milling 01·e aml shippec1 crude. 
The line of demarcation between it and the rest of the vein 
material is quite sharp, a11d all the other mine evidence sug­
gests that the high-grade streak of tctrahedrite was brought 
into the vein by a second period of miue1·alization. A polished 
section of the high-grade was studied under the mforoscope 
which revealed an intimate and irregular interg1·owth of tetr a­
hedrite and ehalcopyrite. Quartz is frregularly intergrown 
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Drifting on the United Silver-Copper vein, 1,200-foot level. 
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with these sulphides and there were also £ound seve1·al well­
shaped crystals of some silver mineral, believed to be ste­
pheuite. 

Ucursis.-'f'be vein material is a product derived from the 
underlyfog granitic batbolith which segregated out from the 
magma and was injected along a channel opened by shearing 
forces acting along the bedding planes of the schists. The 
mineral agents in the form of !tot solutions and gases possessed 
also the power of mclasomatic replacement so that tb,, opening 
along th.e zone o.f shearing was materially enlarged. The wall 
rocks of the vein are shattered both along the bedding plaues 
and at right augles to these plaues. The scarchin,g action of 
the solntions cemented these fractmcs and ore of milJ iug grade 
is often found a foot 01· more back o:f the ap-parent walls. 

In the long adit tiumel, 115 feet lJefore r eaching the vein, 
a two-foot lamprophyre dike ,,,as intersected, which runs 
practically parallel with the vein . Twenty feet fu1·ther, the 
adit cuts a second lamprophyre dike Averaging 15 to 20 feet 
in thickness and also trending roughJy paralJel with the veiu . 
.A.bout 500 feet north of this poiJ1t the vein and large dike 
intersect. Near the intersection a large tongue of the vein is 
found filliug an appareuL slll:inkage crack in the dike. This 
hnportaut bil o.f evidence tends to confirm other iiclcl evidence 
which indicates the vein is a little yotmger thru1 the dike and 
again suggests that the dike played a part in fractnring the 
adjoining formations and thus assisted in opening up channels 
for tbe ore-bearing solutions. 'l'lLis question is of more than 
academic interest for an understanding oi the true relation­
ship bet,veen the dike and .vein is necessary for directing 
intelligent development work. 

Developmc,11t.-'l'he deposit was fom1erly worked tlll'ongh 
No. 1 crosscut to the vein about 300 feet below the outcrop. 
During 1909 the long adit tunnel was started from a point 
do,vn the mountain side at an elevation of 2,300 feet. This was 
driven due east 4,200 feet to a point where it inte1·seets the 
vein about 1,000 feet below the outcrop. Sevel'al huncb·ed 
feet of drifts were run north and south on the vein and raises 
and stopes opened to the upper levels. A two-compartment 
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shaft was sunk 240 feet. This shait was start,cd in the hanging 
wall of the yein but after pasiug the 1,100 foot level it cut 

through the vein and into the foot-wall. From tbe 1,200-foot 
level a prospect winze was sunk 148 feet to what is called the 
1

1
400-foot1 or lowest1 level. At this depth drifting had just 

begun (July, 1919) and had been carried 28 £eet to the north 
of the winze and 65 feet to the south. The high-grade streak 
is well-defined here, being about 12 inches wide. rrhe 1,200-
foot level is well developed and at the time of visit large stopes 

were being broken between the 1,200 and 1,100-foot Jevels. 
Shrinkage stoping has been largely used but has led to 

difficulties. '11he schist walls exhibit a strong side-thrust, often 
powel'ful enough to split the cap timbers. When the stopes 
a1·e dra1'•n this lateral thrust causes the wall rocks to slab-off 
in such quantities that the grade of mill feed is lowered. To 
avoid tbis, the fill system is now being largely employed, the 
broken ore being shoveled clown crib-chutes. These chutes 
are carried up through the stopes at intervals of about 30 feet. 
Waste is bonowed from the walls for stope filling. In other 
parts of the mine the walls stand better and shrinkage stoping 
is used. 

All the ore is hoisted to tl1e 1,000 level and handled to 
the mill throngh the long aclit tunnel. An automobile engine 
made over into a mine locomotive is givjug excellent service. 

Dming tbe summer of 1920 mining operations bad tempo­
r arily been tran,1,ferred to the uppe1·, or 400-foot, level 0£ the 
mine. 1'here are large blocks of or e between the 400-foot level 
and the surface that have not yet been mined. Stopes are now 
being opened and the ore will be dropped down chutes to the 
1,000-foot level and handled to the mill through the main adit. 

The vein on the 400-.foot level is opened by a crosscut, the 
portal of which is near the camp of the Copper King Mine. 
Fifty feet west of the vein the crosscut passes through a 20-
foot lamprop11yre dike and ten feet east a three-foot dike is cut. 
The large dike is the same exposed by the lower crosscut. 
On the 400-foot level the vein has been drifted on for a length 
of 1,000 feet. 'l'he back of this drift exposes first a shoot 300 
f eet iu length carrying ore that should prove of milling grade. 
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The ncl..i; 200 feet is ore of questionable milling grade. Near 
the hoist room a shoot 150 feet in length exists. This shoot 
carries some tetrahedrite and is the best ore observed on the 
level. Between the level ancl the SUl'face there exists 300 
feet of possible stoping ground. The copper sulphide minerals 
in portions of this upper zone, 110,vever, are in part altered to 
malachite and other secondary products not rea<lily amenable 
to ordinary concentration practice. Between tho 400 and 600-
foot levels there is a block of ore 350 foet in stope length that 
should provide good milling ore. South of the shaft most 
of the ore between the 400 and 600 levels is mined out. 
Prn.ctically all the ore is stoped between the 600 and 1,000 or 
adit level. 

D esc1·iptio1i of (J(l1tcenlrali11g .llilL.-'l'he mill is neat· the 
portal of the long adit tunnel. Its present maximum capacity 
is about 350 tons each 24 hours, but only 150 tons were being 
milled at the time or- visit on account of shortage o.f mine 
labor. The mill was built in 1913 with stamps as the finer­
crushing medium and all concentrates made on tables. Since 
that time the mill has undergone many alterations. Chjef 
among th.ese is the re1Jlacement of tho stamps by ball mills 
and the addition o.C a flotation unit for treating the table 
tails. 'l'he mill feed averages about 1.5 per cent copper and 
31h ounces o.f silver to the ton. A 1·ecovery of about 85 per 
cent is effected. 

From the mill bins the ore is fed to a Blake 18 by 20-inch 
jaw-crusher which reduces it to pass a two-inch ring. A Symons 
gyratory crusher is held in reserve for emergency use. The 
ore is next fed to a large ball mill 10 feet long ancl 9 feet 
in diameter. 'l'his large mill, using 4-inch steel balls and 
worlcing in closed circuit with a drag-belt classifier, has a 
maximum capacity of 300 tons each 24 boru·J>, when receiv­
ing a 2-inch ieed and crushing to pass 40 mesh. '!'here are 
two o.f these ball mills, one :for emeTgcncy use in order to 
avoid delays when one mill is down for repairs. These large 
mills have not p1:oven entirely satisfactory £or they must be 
run at fnll capacity, othe1·wise there is a strong tendency .for 
them to crack the head plates. Each ic; driven by a 200-
horsepower motor. 
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'l'he ove1·size from the drag clMsifier is returned to the 
mill for· further· gri11ding and the overflow is elevated to a 
classifier wb ich divides the pulp between . five Deister-Over­
strom tables. These tables make three products. The cou­

centratcs averages about 20 per cent copper and 80 ounces 0£ 
silver to the ton and go direct to the bins for dewatering and 
shipment. The middlings are returned to the ball mill £or re­
grinding and the tails go to the flotation unit. 

The -flotation unit is built near an old tailing dump, about 
100 yards from the mill proper. Thi dump contains sev­
eral thousand tons of tailings canring Low values in cop­
per and silver and js being rett·eatecl i11 the flotation unit 
when the mine tonnage decreases. A small ball mill wa!'; 
used for regrinding during 1919 but this was :finally dis­
car ded and all material going to this unit is sent direct to 
flot.atiou. 'l'he table tails from the tlpper mill are flumed to 
the flotation unit and discharged into the roughing cells. 

Some of the ore minerals, particularly the partL~~ weath­
ered material from the old dump, do not float readily and 
to secu1·e a bigh recovery the pulp is snccessively treated by 
seve1·al flotation machines. l\Teehanically agitated machines 
and Pachuca air-agitated macltines are u ed as roughers and 
the various concentrates are t·eclc~rned twice in Callow pneu­
matic cells. This recleaning is necessitated by the develop­
ment of sericitc ancl talcose material in the wall rocks; these 
secondary silicates are greasy and float readily. It is neces­
sary to t1·eat the froth forming on the concentratr settling 
tanks with a spray of cold water; this tends to sink the sul­
phides while collodial gangne material still floats and is 
carried off i1J the overflow. There are fotu· rectangular set­
tling tanks, each 15'xl2'x12'. The thickened pulp is drawn 
.from the bottom of these tanks and treated on a uine-foot 
Oliver filter . A steam coil i..11 the concentrate bin removes 
an additional four per cent moisture and thus Jow01·s the 
ruoisture conteut to about 14 per cent. 

Water for the mill is secured from the mine a11d from 
Chewelah Ci·eek by a t,vo-mile flume. 

Pou•er (111d Surj'acc Egnip1me11l.-1J'l1e U-yer · Falls plHnt 
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of the Steveni, County Power & Light Company furnishes 
power for both the mine and mill. It is received· as 3,LOOO 
volts and trans.formed at the mine to 2.200 volts. 'l'he total 
power consurnptiou is about /iOO horsepower. For the mine, 
175 horsepower is used and the balance is eomm111ed in the 
mill. 'l'he nearby Magnesite industry has increased the load 
on the Stevens Couut.v plant to sncl, an extent that the mine 
and mill have been foreecl on several occasions dnring the 
past two years to close down £or short intervals. 

A 15-drill capaeit y Chicago-Pneumatic, electric driven 
air comp1·cssor nunisbes air for the mine. This is supple­
mented by a three-drill Ingersoll-Rand machine for use on 
the "graveyard" shirt. 

The company is fulfilling a long felt 1·eqnirement by the 
erectiou of L\Yelve 11e·w four-room cottages for family use 
and a modern b·unk house for their unmarried employes. 

COPPER KING 

Locul io11. - 1'1,e Cop pet· Ki ug propel'ty js about one-half 
mile northeast and 550 feet above the camp of the Uuited 
Silver-Copper l\fine. 1'he holdings are but a few hundred 
feet north of the United Silver -Copper ground and on a con­
tinuatiou of the same ge:neral north-to-south vein system. 

Developrme11l.-'l'be Copper King Mining Company has 
developed its property by two sets 0£ workings. The older 
workings are on the upper 1 imits of the vein at an elevation 
of 3,040 .feet. The drift is opened on a vein and runs north 
~5 ° east fo1· the first 75 feet and then zigzags irre­
gularly for the next 350 feet hut tencls to approximate thP. 
same general cour se of the vein. A.bout 350 feet from the 
portal a crosscut is cldven 80 .feet to a more w est<>rly vein 
which is then c1riitec1 011 for several lmudred feet. From 
this level a raise has been opened to the surface and con­
siderable ore stoped; a shaft has also been sunk to 100 feet 
below 'the level. Anothet· crosscut was run to the west wb.foh 
picked i1p a third vein. In the development and mining of 
these three veins a bout 1,500 feet of tunnel work w<1s ac­
complished; two shallow sbafts were sunk on the vein a.nd 
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several raises opened to the Slll'face. Some stoping has been 
done and a production of severa1 thousand tons is reported 
from this level. 

The property was later opened by a crosscut tunnel which 
starts on the Amazon ground at an elevation 0£ 2,848 feet 
or 192 feet lower than the upper workings, ancl is dl'iveu 
north 79° east fol' a distance of 950 feet to the west 
side line of the Copper King property. From thls point it is 
192 feet to the main Copper King vein and the tunnel con­
tinues easterly 350 feet after cutting tho vein. 'l'his tunnel 
cros cut five nearly parallel vein , three in the Copper IGng 
ground and two in the Amazon. The Amazon property is 
owned hy other i11tcrests and will be difHmssed scparu.tel,\1. 

'l'he three veins in t.be Copper King ground are nnmberecl 
one, two ru-1d tlu·ee in ihc ordcl' in which they are cnt. Num­
be1· 1 vein has been explored only by a short drift to the south . 
The vein as exposed here is seven feet wide and contains 
scant mineralization of chalcopyrHe and pyrite. A sociated 
with it is a small Jamprophyre dike. 'I'he vein deserves fur­
tl1er exploratiou for iL may develop ore-shoots. '!'he prin­
cipal developmeut is an old raise which has left the vein and 
been driven u1 an erratic manner through barren ground. 

Number 2 veiu is about 150 feet farther east in the ttm­
nel. It stl·ikes north 30° east and like all the others 
stands nearly vertical. '£he exploration work consists of a 
drift on the vein 100 feet to the south and a stope has then 
been opened for a vertical height of 90 feet. Copper ore 
which appears to average between one and t,vo per cent is 
exposed in the back and £ace of tlie stope. The vein con­
sists of small btmches and specks of chalcopyi·ite and pyl'ite 
scattered through a quartz and siclerite gar1gue. The vein 
has an average width of six feet. Deeper exploration has 
not been attempted. 

Number 3 or the main Copper King vein is mnch more 
strong!_,.- defined on this level than in the upper workings. Short 
drifts have been opened on the vein to the north and south. 
In the north drift, the United Silver-Copper Company, who 
held a lease and bond on the property during 1918, opened 
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a large stope and mined 6,000 tons of ore averaging 1.5 per 
cent copper. This stope is about 100 feet long and the 
average ,ndth of the body 111 ined varies from 15 to 30 feet. 
This represents one of the large bulges which characterizes 
the veins. 

Economic Oeology.-'l'lle formations of argillites and 
quartz-mica schists so promioentlr exposed in tl1e United 
Silver-Copper property, extend into the Copper King and 
.Amazon gronna. Tl1 e Uuited vein was described as replac­
ing tl1e metamorphic rocks along zones of shearing wruch 
followed the l,ed<liug planes of tbe wall rock. The veins in 
tltis property carry l11 e same e. sential characteristic, snch as 
pinches and swells, a general north-to-south trend, a clip 
that .it is nearly vertical, etc. The Copper King ground, how­
ever, shows evidence 0£ more intense faulting. Weaver• 
mentions two sets o.f faults observed. one of which sh'ikes 
north 85° east with a steep angle of dip toward the north. and 
the other with a strike of north 45° west. 

Several small lamprophyre ilikes were observed parallel­
ing the veins. The large dike associated with the ore in the 
United property was not ob erved in tl1e limited examination 
made of the Copper King workings. A strong dike of this 
type slrnulcl extern'! into these workings and ii it has not yet 
been cut there exists the possibility that the northward ex­
tension o.f the United vein may lie to the east of the present 
Copper IGng workings and this possibility would warralJt 
the cost of diamond drilling the gro1.md to the east. As these 
various veins apprar plotted on a map this suggestion does 
not appear unreasonable, for the United vein wouJcl necessarily 
requfre but a slight bend to the east to tlll'ow it beyond the 
most exh·eme easterly workings in the Copper King ground. 

The Copper King veins as exposed in. the upper work­
ings, 192 feet above the main adit, vary in width from a few 
inches to eight feet. The ore zone at this level shows un­
mistakable signs of oxidation, such as considerable limonite, 
manganese oxide stains and some malachite. There are also 

•weaver, Chas. ID., Mineral Resources of Stevens County: ,vash. Geol. 
Survey, Bull. 20, 1920. 
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small bunches of unaltered chalcopyrite and pyrite scattered 
through sections 0£ the vein, and so a1)parcntly1 if there has 
been downward enrichment it lias not been complete and no 
large zones of secondary enrichment are believed to exist. 
Comparative])· recent glacial erosion over this area also miti­
gates 0,gainst a ione of extensive emfohment. 

Economic Considei·alions. - Although the development 
work on the Copper King property has been poo1·ly directed, 
it at least proves the existence of a large lo<le of low grade 
copper ore. It is highly probable tl1at 1vitltin tl1e next few 
years this property will again become productive. It is un­
fortunately true that the veins do not carry appreciable quan­
tities of tetrahed rite which "sweetens" the United vein with 
silver, but, judgil1g from the Uuitod vein there is a mining 
chance that shoots of silver ore may yet be encountered. If 
the loc1.e cousisteutly averages between one and two per eent 
copper with small amonnts of golcl and silver, it sbonlcl be 
capable of yielding profits tUlder skilful management. 

The logical method for economic, efficient aeve1opment 
of these deposits, if such could be a.nangecl, would be the con­
solidation of the United Silver-Copper, Copper King and 
Amazon pTopert.ies under one management, and t l1e erection 
or a large up-to-date mill for treating the ores from an three 
properties. ~'he .Amazon and Copper King veins could prob­
ably be best workerl by extending the J.000-foot level of the 
United in to the Copper King ground. I t of course would be 
necessary before undertaking any such ambitious, large scale 
production, to ftu·ther diamond chm and explo1·e the Amazon 
and Copper King ground. 

AMAZON 

This property, wruch is owuccl b .,, J. Oppenheimer of 
Chewelah, consists of several 1111incorporated claims joining 
the Copper King property on the west. By a working agree­
ment with the Copper King Company the lower adit tunnel 
of that company pa:;;ses through the Am azon property for a 
distance of 950 feet to reach the Co1Jper King ground. Vein 
No. 1 as cut in Ulis tunnel averages from three to five feet in 
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width and is well mineralized with chalcopyrite and some 
tetrahedrite. The vein has beeu developed by an 85-foot drift 
to the south and some s.topiug has been done from this drift. 
A lens of high-grade ore was mined and shipped from here 
which is said to have averaged about 40 ou11ccs of silver. 
This lens is at the intersection of a smaU east-to-west fissure 
with the main vej11 and this po. sib]y influenced the localized 
enrichment. Ore of apparently milling grade remaiJ1s in the 
face of the south drift. 

Vein No. 2 is about 100 feet east of, and parallel 
to, vein No. 1. It is surprisi11g that it bas been explored 
only by a 15-foot drift to the south. lo this south £ace the 
vein has widened to 12 feet. 'l'he vein material is mostly 
quartz carrying chaJcopyrite and pyrite in apparently suf­
:ficient quantities to be caUed ore of milling grade. Thjs vein 
is not far beneath the sm·face yet Ettie signs of secondary 
alterations were observed. Both veins are approximately 
parallel to those of the Copper King. 

KETTLE RIVER DISTRICT 

The Kettle River District is the name used to designate 
an area in western Stevens County, which lies west of the 
Huckleberry Range and east of the town of Daisy. From 
the railroad it is reached by a good automobile road from 
Addy, a distance of 25 miles. 'l'he area is also served by a 
highway extending up tlie valley of Columbia River. 

Mining operations began in the district 30 years ago, 
but no extensive p1·oduction J1as yet been made. During ) 919-
1920 three properties were 1mder development. Of these the 
Daisy Mine has now attained to a point where it has a good 
tonnage of milling ore partially blocked out. 

Colville quartzite, and the Mission and Chewelah argillites 
are the prevailing formations in the vicinity of the deposits. 
These metamorphosed sediments aTe intruded by dikes and a 
stock of granitoid rock, the phases of which vary from granite 
to diorite. The Daisy and Tempest mines occur just at the 
margin of a large stock. 'l'he Silvei· Qneen vein is closely 
allied to a large granodiorite dike. 



136 BiiUetin No. 23, Washington Geological Survey 

SILVER MOUNTA I N MINI NG COMP ANY 

'rhis property, which is better kno\Vll as the Daisy 1\fine, 

is located in sec. 7, T. 33 N., R. 38 E., in the west central 
part of the county about five miles east of the town of Daisy 
and on the western slope of the Huckleberry Mountains at 
an elention of 3,400 feet. '!'he property can be reached by 
the Great Northern Railway to Acldy, and thence by stage to 
Daisy by way 0£ Gifford. 

The ore is too low grade to consistently stand the cost 
of the 18-mile haul to the railroad, hence only a limited pro­
duction of several hundred tons has been made from the prop­
erty. Work is now in progress in an effort to develop suf­
ficient tonnage to warra1lt the erection of a small concentrat­
ing mill. At the time of visit a crew of five men was em­
ployed. 

Geology.-The mine is located at the border 0£ a granitic 
cupola and near its contact with metamorphosed belts of 
quartzites and argillites. As has previously been described 
under other sections 0£ the County, the quartzites and argil­
lites are large belts of metamorphosed sediments considered 
to be of Paleozoic age, while the intrusive cliorite is probably 
of Mesozoic age. The diorite cupola is simply a dome-like 
projec.tion from the graoitic batholith underlying Stevens 
County. The rock is more basic than many other exposw·es 
observed in other sectjons of the county. Examined in thin­
section 1mcler the microscope, the rock exhibits well-shaped 
crystals of hornblende in an altered ground-mass of plagioclas~ 
feldspar. The rock is classed as homblende cliorite. 

Descrip#on, of Properl'y.-T'wo veins have been Llevelopecl 
in a limited way. They are roughly parallel, of irregular out­
lines and strike about north ancl south. They have been best 
develo;>ed by the 'rerry Tunnel which is driven dne east as a 
crosscut £or a length 0£ 600 .feet. Banded quru:tzites predom­
inate for the fast 100 feet, then the crosscut enters diorite. 
The contact between the quartzite and diorite stands nearly 
vex·tical and strikes north 35° west. About 150 feet 
from the portal there is exposed a large aplite dike enclosed 
in the diorite. 'l'his exposure of quartz diorite is in the form 
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of an apophyses from the main stock. Its width in the 'rerry 
Tunnel is approximately 250 feet with quartzite bounding it 
on both the east and west. Three hundred feet from the portal 
a 20-inch mineralized quartz vein was encountered and short 
drifts were driven to the north and south to explore this 
lead. The largest amount of development has been toward 
the south and it shows the vein to pinch and swell .from 10 
inches to six feet in width. The strike of the vein is 52 degrees 
west and the dip 70° west. The quartz is well min-
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eralized with . phalcrite, chalcopy1·ite, marcasite, and pyrite; 
the chief valne of the ore is in silver. This vein lies along the 
plane of contact hetweeu the intrusive diorite and the ar­
gil li1 e. It stands nearly vertiral and both walls are intensely 

striated and exhibit from two to six inches of gouge as fur­
ther evidence of the intense movement. A maLI . tope bas 
been opeued above the south drift. .A 20-foot drift north of 
the nu1i11 tunnel shows the vein to carry the same pronounced 
erratic pinche. ancl swells. 

Ninety feet fal'ther east, the main tuunel intersect · a 
second irregular vein on which. drifts have been carried 300 
feet to the north and abont 100 feet to the south. 1n places, 
t his vein is six feet wide and t.hen it pinches dow11 and dis­
appeA1·s fr<>m the clriit 10 agaiu appear farther on. Several 
small stopes have been opened above the noTth drift and a 
J'aise driveu 265 feet to the surface. This raise was caved 
and the intermediate ground could not be studied. The 
same shoot near the surface ]1as been mi.i1ed by a hirge open 
cut and yielded several cars of shipping ol'e. Tbe values in 
the surface cut were apparently iu the carbonate and oxide 
form:-; and represented an curiched section 0£ the vein. 

'J'o forth er develop the property, a lower e1·osscnt known 
as the Seelye Tnimel \Y8S d1·iven to gain a vertical depth of 
J ~5 feet on the veins. 'l'ltis erosscnt is 1,000 £Mt in length; 
for the first 800 feet quartzite and argillite predominate, and 
beyond this is the inh·tti;ive cliol'ite. At a point approximat­
iug 00 feet from the portal tl1e vein was inter ected. A drift 

, to the north on this vein expose. pod$ of mineralized vein 
material up to a maximum width of seven feet. 'l'hese pinch 
down ancl swell again irregularly and the deposit is _further 
broken up by a number of small faults. 'l'Ji ese movements a1·e 
predomi11antly post-m iMral an<l in places . moothly polished 
fact's have been developed ou the ore. '£be wall!'; al'e well 
developed a11d exl1ibit smoothed surfaces. The vein ronghly 
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follows the contact between quartz_itc and the diorite, though 

in places both walls are in quartzite. The quartzite strikes 
north 30 degrees east and the trend of the vein is in the 
same di1·ection . 

.After following the vein for a short distance the drift 

was swung to the northeast to crosscut Number 2 vein. This 
work was being carried on at the time of visit. 

The Tempest group or claims are about one-half mile 
south of the Silver Mot1ntain Group. Between the workings 

Fig. 10. Map of Daisy 1\Jlne, showing location of clalms and principal 
workings. 

on th.ese two groups, several outcrops of two strong parallel 
veins were observed trending north 15° east. .A few 
surface cuts and shallow shafts have been opened, but these 
veins deserve more thorough prospecting in an effort to lo­
cate pay shoots. 

TEMPEST MINING &. MILLING COMPANY 

'rhe Tempest group is made up of six claims located 
near Horton's Ranch, about one-half mjJe south of the Daisy 
Mine, sec. 7, T. 39 N., R. 38 E., at an elevation of 2,920 feet. 
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The property was located by J . N. Horton in 1887 and 
is now incorporated as the 'l'empest Mining & Milling Com­
pany, with head offices at Spokane. 

The geology of t1he property does 11ot essentially differ 
from that of the adjoining Silver Mountain holdings. '£he 
development work has disclosed two veins lying near the 
contact of diorite and quartzite which are so well exposed 
in the adjoining mine. 

. Pol"'l1/ 

/ 

Fig. 11. Map o! workings of Tempest Mine, Kettle River Dislrlct. 

In all, about 2,500 feet of tunnel work has been driven 
to develop tlie property. Unfortunately, 2,000 feet of this is 
dead work for a large part of the tunneling has been devoted 
to following small mineralized quartz stringers lying along 
the plane of contact between quartzite and argillite on the 
east, and diorite on the west, instead of exploring a strong 
quartz vein which the workings crosscut. 

F1·om the hillside a crosscut tunnel was driven due east 
for a distance of 350 feet. One hundred feet from the portal 
a four-foot vein of white quartz carrying some values in 
sph.alerite, chalcopyrite and pyrite was intersected. This 
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vein strikes north 25° east and dip uearlJ vertical. 
A dTift was driven along the . ide of the vein for JOO feet to 
the north, where it pinches down. The drift then bends to 
the northeast, inter. ects the eontact between the quartzites 
and diorite aod follows ~po1:11dic quartz stringer. along the 
plane of contact £or a distance of 900 :feet. 'l'hcs;e quartz 
stdngel's might appear sufficiently conlinuous 1 o be called a 

small vein hacl the drift follO\red them i11steacl of along the 
plane of contact. 

'l'wo hundred feet from the portal1 the main c1·os:Cut 
intel'sects a 12-foot vein of white qnal'tz striking north 

Fig. 12. Claim map of Tempe8t :'\fine. Kellie Ri\'er Dl8lrlct. 

15° east and dipping 11earl.v ve1·tical. Tbe vein is im-
1wegnated ,rith limitc,l amo11nt. of spbalct·ite, chafcop,vrite, 
aud pyrite. 'l'he chief values of the ore are in gold and silvcl'. 
A drift was nm on tl1c vein 90 feet to the south and other 
drifts coutin ue 200 feet further tu daylight ou the soutI1 slope 
of the moirntai11. 'J'hr vci11 has 11ot be~n explol'cd to the north 
of the mai1t c·ross<·nt C}:<·eptiu~ in one plac:c whc1·e it has I.Jee11 
intersected by au exploratory crosscut. 

'l'he statement is mudc that severa l shipments of high-
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grade ore were made several years ago from a shallow shaft 
sunk on the surface croppings. This shaft jg now caved. 

While this OTe neat· the $urfa<·e probably carriecl some secon­
dary enrichment the shipme11ts su~gest the possibility of an 
ore shoot and the gro u nd iu the vicinity o.f the old shaft would 
then offer the most likely point for prospecting. The prop­
erty has two well-defined veins but success in mining opera­
tion must come from the location of one 01· more ore shoots 
in the veini,,. Since lhe veins outcrop more or Jess prominent­
ly, it would seem that surfat•c prospecting along the trend 
of the veius wonld be the best method of attack for a com­
pru1y po:-;sessing but limited capital. 

SILVE R Q U E EN 

A company C>rga11izcd as the Ark Mine. Compa.ny l1as, 
since 1905, been inte1·mittently developing a gronp of seven 
claims which are kno,vn as the Silver Queen property. 'l'he 
holdings arc i;;ituated i11 sec. 11, T. 35 N., R. 87 E., on Rickey 
Mountain, three and one-ha.Ji miles south of the town o.f 
Kettle Falls. 'l'he eamp is 350 above and one-half mile cast 
of Colttmbia River. 

At au elevation oi 250 feet above the camp there are two 
cl~sel.v adjacent inclined sbafti- . unk to explore a large quartz 
lode. The principal sJ1aft was stmk 011 the vein at a 45-degree 
angle to a depth of 125 feet. 'l'he lode as exl)osed varies .from 
a width of three feet to a maximnm of 20 feet witl1 au aver­
age of over 10 -feet. Mineralization in the form o.f tetrahe­
drite, chalcopyrite and pyrite is sparsely sprinkled through 
the lode; whel'e observerl these minerals were uot present in 
commercial quantities. The vein conforms to the bedding 
plaues of the 1\'lission al'gillite. in which it is cnclosc<l. The 
strike of the formation va1·ies from 1101·th 80° west to north 
35° W<'St and the dip averages 40° we. t. 

At the camp level a crosscut has been clriveu soqth 35 
degrees east for a djstance of 925 feet (August 20, 1920) and 
is intended to explore the vein at a depth o_f 250 feet below 
the upper workings. 'l1he argillit.e, th.rough ·which the cross­
Cllt is being driven, exhibits so mnch free gt·aplute tha.t it 
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might better be called a graphitic schist. The work has ex­

posed several small stringers of barren quartz. At a point 
125 feet back from the _present face, a raise from the level 
penetrated tbe vein at 55 feet and is reported to have passed 
through 20 feet of quartz. At the time the property was 
visited, the ladders had been removed from this raise and 

it could not be examined. The argillite at the £ace 0£ the 
crosscut dips at a 21-degree angle t<'ward the sonth and if 
the measurements in the 1·aise are correct, the crosscut should 
catch the vein 40 feet north of the present £ace. 

It is the writer's opinion that the surface showings did 
not yet warrant the driving of a 1,000-foot crosscut. How­
ever, since the work has been practically completed, it would 
be well after cutting the vein, to explore it with a drift to­
ward the east in search of a pay-shoot of profitable ore. Three 
hundred feet northwest of the crosscut portal a 50-foot dike of 
granite porphyry was observed cutting the argillite. The 
intersection of this dike with the vein would seem to ofrer the 
most favorable ground for prospecting. Foru· hundred feet 
southwest of the portal the lode outcrops to exhibit a width 
of 20 feet of barren quartz. On account of the hillside wash 
it cannot be traced any distancP. on the smface. 

A crew o! three men are orrlinarily employed. A 35-hot~e 
power boiler supplies steam to operate a two-machine air com­
pressor. 

DEER TRAIL DISTRICT 

LOCATION AND ACCESSIBILITY 

The area embracing the Deer T1·ail ( Cedar Canyon) Dis­
trict is located .in the southwestern corner of the County. 
Tho properties visited in this district were all within a short 
radius of the old town of Tnrk, but there are several other 
properties, now dormant, scattered along the slopes of the 
Huckleberry Range. 

Springdale on the Great Northern Raihvay, 47 miles 
north of Spokane, is the nearest shipping point. The center 
of the district may be reached from Springdale over 25 miles 
of ordinary wagon road, suitable during the summer months 
only for auto trucks. Transportation has been improved dur-
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ing the recent years by the construction of the Phoenix 
Lumber Company's logging railroad from Springdale to with­
in 10 miles 0£ the procfocing properties, and the major por­
tion of the shipments go out over this road. From the west, 
the district may be reached from Fruitland in the Columbia 
River valley, on the stage-line between Davenport and Myers 
Falls. 

TOPOGRAPHY 

The properties are located along a series of north-to-south 
trending ridges which make up the Huckleberry Range. 'l'he 
average elevation 0£ the ridges is about 3,800 to 4,000 feet 
or 1,500 to 2,000 -feet above the valley floor. The range ap­
proaches Colville Valley on the east, Columbia River on the 
west, and Spokane River on the south, with gently sloping 
flanks heavily forested with excellent timber and deeply in­
cised by turbulent mountain streams. 'l'he ma.jor portion of 
the drainage from the range flows westward into Columbia 
River. 

GEOLOGY 

Higltly metamorphosed and folded Paleozoic sediments, 
varying in thickness from a few hundred to several thousand 
feet, cover the major 11ortion of Huckleberry Range. These 
are composed of various gradations of argillites, quartzites, 
dolomite and limited exposures of limestone. Along the 
southern extremity of the range extensive outcroppings of 
the underlying granitic bathoJith are exposed. It is near 
the borders of these exposures that the most noteworthy 
deposits occm·. They are the result of filling and replacement 
along zones of shattering and shearing traversing the meh­
morphic rocks. These deposits usually follo-w the bedding or 
schistosity planes of the formations. These shear zones so 
opened offered avenues of escape for mineralized gases and 
solutions exha)ecl .from the unclerlymg magma during its later 
stages of cooling. 'l'he ore minerals are principally those of 
silver and copper, although there is also included within the 
area the Germania Tungsten l\Iine, which has been responsible 
for the larger portion of the State's production of tungsten. 
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CONDITION OF 1\IINING ACTIVJTY 

A few small, iicatte1'ing shipments comprise the produc­
tion during 1919 of a district which in former )Tears ha. been 
the scene of considerable mining activity. The be. t ore bodies 
have been mined and the future of the di trict mu.'t depend 
upon the development of new ore bodies 01· the economic work-
ing of lower grade ore.. 1rhe J1igh transportation costs £01·bid 
the shipment of any but high-grade ores. '!'here are several 
dormant properties i11 the district which may, with further 
development, di clo e sufficient tonn11ge1; to justify the erec­
tion of a small concentrating mill. The reject clump· made 
when orting out high-grade ore contain . everaJ thousand tons 
of probable milling ore. A ceutraJly located small custom 
mill, in the vicinity of the Deer Trail camp, shottld be able 
to draw ore from the mines and acljoiufog dumps if such a 
project were in tel I igentl,v managed . 

.A small smelter wa. built at Turk iu 1904 but its distant 
location from railroad transportation and C()a) supply fo1·e­
doomed it to immediate failure. 

REARDON COPPER 

This property. formel'ly lrnow11 as the High Grade Mine, 
has in recent years been the most steadily producing property 
in the Deer Trail District. It ·was first located in 1881 and 
a road was built i.uto the dir;trict by army officers stationed 
at old Port Spokane. Driring 1918 a crew of 20 to 25 men 
was employed and shipments went £onvard steadily. Early 
in 1919 the unsatisfactory copper market caused a shut-down 
and since that time only a limited amount of exploration work 
has been carried on by a crew of two men. 

It is located one mile by good wagon road southeast of 
the old town of 'l'urk in sec. 6, 'I'. 29 N., R. :38 E., a short dis­
tance west of the summit of Huckleberry Range at an elevation 
o.f 3,300 feet. The mine is about 25 miles west of Springdale 
by wiigon road and -12 miles north of Davenport. The ore 
.from tlrn mine is liaulcd up a steep switch-back road a dis­
tance of one mile to the Deer Trail road where it is load ed 
into anto tmcks and lrn.uled to the logging railroad of tbe 



Fig. 13. Cross-sectlonal aketchel' showing 11robahle method or forma1lon or 
the ore lenses at the High Grade :\llne. Deer Trail Dll'trlcl. 

1r1g. 13n. Original un,lutallng fmcture through arglllltes pre\'loui. 10 
fnultlng or mlnerullzatlon. 

Fig. 13h. nuti:-t•d len~es rormed hy faulting ulong plane of undulullng 
frnNu1 e. ·1 hese h •ns1·~ were ~ub~e<1uenlly filled with ore. 
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Phoenix Lumber Company, who in turn transport it to the 
railroad Rt Springdale. 

The mine is located in a belt of calcareous and silicified 
argillites about 800 yards northeast 0£ the margin of an ex­
tensive granitic exposure. rrhe extension 0£ this granitic 
batholith no doubt underlies the argillites at the mine. 

The production has come from two lenticmlar ore bodies 
which are connected by a narrow ribbon-like neck of ore. 
These lenses strike roughly north-south and the dip -varies 
from 20° to 45° to the ea t. The ore in the lenses average 
about six feet in thfokness, extend for probably 125 feet 
across the strike, and the combined lenses have been mined 
for a length of several hundred feet on the dip. The 
foot-wall is a calcareous argillite ancl the hanging-wall 
silicified argillite, approaching quartzite. 'l'he wall rocks 
show evidence of intense shearing action combined with shat­
tering and faulting. The ore minerals are principally chalco­
pyrite, malachite, pyrite and marcasite, carrying small values 
in gold and silver. 

The upper lens outcropped at the surface. In the early 
history of the mine some work was done on this outcrop and 
later a crosscut was driven in the hill several hundred feet 
in a northwesterly direction, which, after following several 
cross fractures carrying a few inches o.f ore, finally reached 
the ore body. The chalcopyrite of this lens is partially altered 
to bornite, malaclute and tenorite. The ore was stoped out 
to the surface and then by underhand stoping followed down 
20 feet below the level where it pinched down to a narrow 
ribbon. This ribbon was followed down an additional 15 
feet and fowicl to open into a second large lenticular body. 
To mine the lower lens a cross cnt tunnel was run at a depth 
of 110 feet vertically below the upper level. Again, small cross 
fractures, filled with an inch or two of vein material or gouge, 
enticed the d1·iving of the tmmel in a circuitous direction. 
'l'his crosscut encountered the lower tip of the lens and al­
lowed overhand stoping on the body. 

Practically all the commercial ore developed in the mine 
bas now been mined and at the time of visit the exploration 
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work was confined to a drift on the lower level foilo"'ing a 

aross sh1inge11 fillgd n~th barite. 1'hjs stringer trends out to­
ward the mountain side and there is little likelihood that it 
will disclose commercial ore. On the lower tip of the second 

lens there is a faint ribbon of ore exposed ~n the boHom of 
th.e adit which lines up well with the general dip of the lenses 
above. It is only reasonable that tllis should be .followed 
down with the hope that it will lead into a third or lower 
lens of ore. 'fhe underground evidence suggests that the meta­
morphosed £ormation:s have been severely shattered and that 
the irregular major .fractures trended in an undulating course 
through the ground later occupied by the ore bodies. Fol­
lowing the fractming, a fault displaced the formations along 
the irregular fracture zone and brought the fractured forma­
tions into jtL'<taposition (see figs. 13a and 13b) thus opening 
up large receptacles which were filled by ore bearing solutions 
working up along the fault. 

DEER TRAIL MINE 

This property is situated near the head of the south fork 
of Cedar Canyon at an average elevation of 3,600 feet, in 
secs. 1 and 12, T. 29 N., R. 37 E. From Springdale, the 
nearest shipping point, the mine is reaclrnd over 25 miles of 
ordinary wagon road, the last 10 miles of which present sev­
eral steep mountain grades. 

There has been no new development work on the prop­
erty since the report of Weaver•, and as the underground 
workings are now badly caved no examination was attempted. 

At tbe time of visit (July, 1919) the property was in­
volved in litigation. Fred Clark of Spokane was mining some 
of the old stope fillings and pillars and hauling out about 
12 tons a day for sb i-pment. This ore is said to average about 
20 ounces per ton in silver. It is haulecl 10 miles by auto 
truck to the Phoenix Logging Railroad and then handled by 
the log trains to the raili·oad at Sp1.·ingdale. 

•Weaver. Chas. E., Mlneral Resources or Stevens County: Wash. Geo!. 
Survey, Bull. 20. 
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GIANT SILVER MINING COMPANY 

This company was recently organized to operate under 
lease and bond the Reel Cloud group of claim I located two 
miles . outhea. t of Ttu'k and about one-l1al£ mile off lhe Deer 
Trail road. at an elevation o.£ 3,400 feet. 

The claim were lotated 20 .rears ngo and at varied inter­
vals since then C'Onsiclerable exploration work bar,; been ac­
compli hed on ·onie irregular showings near the crest of the 
mountain. 

Geologically, the µroperty i situated in a belt of quartzite 
and 11ea1• the margin of an extensive outcropping of granite. 
A. dike of granite 20 feet wide, an apophyses from the bath­
olith, invades and shatters tl1e quartzite in the workings and 
thus materia llr aided i11 opening np channels for miJlera lized 
solutions. 

Th~ mine1•alizecl lerlge matler ontcrops at the vcr.,· crest 
of !he hill . A shaft, now cavc>d, wa. u1·st snnk on the crop­

ph1g . Later, a crosscut was started ab0\1t lOQ foet do,rn 
the hiUsiclc and driven sontliwcst 100 feet lo the lcclge Fifty 
feet or ci 1·c:uitons drifting 0 11 the lrtlge proved i1 to be a badly 
broken up, il'!'cgulat· mass heavil .,· stai1tecl -with limonite and 
malaehitc, aud filling irregular shatter zo11cs iu quartzite . 
.L\.bo11t 100 feet farther down th<' hillside another crosscnt mis 
run south 70° west, 200 feet to intersect the ledge. A 
20-foc)t badly decomposed granite dike was cut 100 feet from 
the portal ancl the quartzite iu the vicinity is bacll)· shattered. 
Beyond the dike 100 fe<>i, itTegnJar fraC'lm·es are £fled with 
a quartz, calcite. and sideril c gangne, cal'l'ying <'Onsi<lerable 
chalcop.nite ancl p)Titc; lherc also are 1n·e. cnl some extreme­
ly small speck:. of a sulphide mineral hardly ,risible to the 
uodaided e~·e. probabl.,· a silver sul pbide. The mineralizca 
material as exposed hy the clcvrlopmenr lrn no apparent 
regularity of direct ion or s ize. 

Near the level of the camp a thil'cl crosseut is no\\· being 
driven south 54° \l'Cst to gain a clepth of 260 feet 
on the cle11osit. 'l'he ena tic nat 1ue and extent of I.he upper 
showing., militates against the possibility 0£ this lower tun­
nel exposi11g commercial ore. lt is now in J 60 £eel through 
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banded quartzite. The quartzite exhibits bec.lcliug planes 
which dip approximately 20° toward the northeast. 'rhe 
formations are broken with a series of uearlr vertical 
fractUL·es some of" which arc cemented with veiulets or cal­
cite two inches to fotu inches wide. 

A. crew of four men was employed at the time of visit. 
'l'wo well consh·nctecl cabins have been built for the camp and 
a four-drill capacity steam driven air-comp1·essor installed 
to speed up the exploration work. 

BONANZA COPPER 

On the Deer Trail 1·oad about 20 miles from ~p1·ingdale 
aud four miles before reaching the Deer Trail l\Iinc, a branch 
road tnrns off oue and oue-hali miles uorthward lo tbe Bo­
mu1za Copper c:laims. 'l'he p1·upe1·ty was discovered in 1907 
and has si.nce hee11 organized a the Bonanza Copper Company 
with head offices at Spokane. Because the ore is too .Jow­
grade to meet the long hanl of :20 miles to the railJ"oad at 
Springdale one <small sh ipment oul~-, has been uiadP. 

'l'J1e deposit is located i11 a belt of a rgirntes aud quartz­
mica sch.ists. These have a prevailing strike to the north 
and dip almost vertically wllere e:q)osecl iu the workings. 

Development works consist of aliout J.200 feet of ttumels . 
.An upper drift is opened on the vein for a length of 250 feet, 
and driven north 5° east at a depth of 75 feet below 
the outcrop. It expo:ses a small irregular vein averaging from 
a few inches to two feet in width of quartz Mn.ring c:halco­
pyrite partly altcrerl 1o bornite and malachite. One hundred 
and fifty feet vertically below the upper workings a cross­
cut tunnel was rlr:iven north 55° west for nearly 800 
feet where jt itltersceted the lead 225 feet below the outcrop. 
The vein is enclosed in quartz-mica schist which sta11ds nearly 
vertical and has been badly shattered and sheared. The ore 
fills a zone o.f shearing and replacement parallel to the bedding 
planes. It has a wici1 h o.f five feet a.nd iu the center of the 
zone there is a five-inch quartz vein carrring considerable 
chalcopyrite, and numerous $.UlaU veinlets parallel it on each 
~ide acting as a filling to cemeut the bedding planes of the 
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Fig. 14. Sketch or drift face Bonanza Copper Mine, shows chalcopyrlte re­
placing arglllite along the scblstoslty planes. 

formation along the zone of shearing. The sulphides carry 
considerable copper, but on account of the intimate inclosure 
0£ the veinlets within tbei schist it would have to be mined 
also and would serve to reduce the grade, probably past the 
point where it could be called ore. The strike of the miner ­
alized zone is south 10° west. From the lower levels drifts 
have been carried 130 feet to the south and 20 feet to the 

. north. 
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General Feat10-es.-During 1919 this property ranked as 
the second largest copper producer in Stevens County aud 
the third largest producer in the State. As the Kemp-Komar 
:M:ine, it was :fu-st worked in the early '90's by Patrick Clark 
0£ Butte. Dispute with the Great No1·thern Railway over 
the title £nally resulted in cessation of work and the prop­
erty r emained idle for many years. Io 1915 it was reol'ganized 
under the direction of George A. Crane and considerable high­
grade ore was stoped and shipped from behveen the 200-
foot level aud the surface. The shaft was deepened and lower 
levels developed. Witl:tin the past year there have been sev­
eral changes in the ownership and new officers elected. 
W. L. Zeigler was appointed manager and under his direction 
the mine has been put in shape for steady production, and a 
concentrating mill 0£ excellent design was completed during 
June, 1919. 

During the close of 1919 the company owning this mine 
was forced into receivership. This failure was probably 
caused by assuming too great an indebtedness; certainly it 
cannot be entirely attributed to the physical condition 0£ the 
mine and mill. 

The property is ill the N.1/2 of sec. 33, T. 31 N., 
R. 41 E., six miles by excellent wagon road north of Loon 
Lake, a station on the Spokane Falls & Northern Branch of 
the Great Norlhern Railway, 35 miles north 0£ Spokane. The 
mine openings are at au elevation of about 2,600 feet. 

Geology.-Tbe mine is in the Deer Lake argillite belt. 
Quartzite forms a prominent ridge a short distance west of 
the workings and extensive granite outcroppings are found 
two miles to the east. The argilljtes have bee.n severely 
crushed and sbeai·ed. Their general trend varies from north 
to north 35° west, and the dip averages about 60° to the 
west. 

The ore occurs in a strong quartz vein varying in width 
from four to 20 feet with an average width 0£ approxjmately 
six feet, and filling an east to west fissure or fracture zone 
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Fig. 15. Plan dew of workings ot Loon Lake Copper Mine. 

through the argillites. The dip averages 60° to U1e 
north. This vein is known to have considerable extent but 
minfog has been confined to working a pay-shoot which has 
.an approximate length of 200 feet along the strike of the 
vein; and wiU1 a steep t'ake to the west, its vertical extent 
passing beyond the 500-foot 1evel. 

An important underground feature js the Morgan fat1lt , 
which seems to follow the trend of the pa,v-shoot and faults 
the vein on all levels. There has been a relative d1splacement 
benveen the east and west eucls of the vein of 50 feet north. 
"rho fault and pay-shoot have the same downward trend 
and the best ore is found on east side of the fault. This 
J1as nattuall.v encouraged the belief that the ore is later 
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than the fanlt and nsed it as a chamiel. The mine t>vidence 
11s oh. e1·vC'd h.)· the writer opposes this hypothesis. Ln a stope 
above the aOO-foot level the fault was observed cutting off' 
the veiu and included pay-shoot as cleanly as though sliced 
with a knife. 1'lle vein nea1· the fault is shatte1·ed, showing 
that it suffered from the force of the faulting aud must there­
fore be earlier. No small feede1· vci11lrts were round filling­
the plane of the fault. It is difficult, on the other hand, to, 
explain the close association oe the pay-shoot and Iatut, 
w1less it is that the stresses causing tlie fault found this the 
zone of least resista nee. 

Secoudary enrichmeut is strongly evideut from the 200-
foot level to the smi'ace ancl no doubt acco,mts for the sldp­
ments of high-grndc ore which went out from the property 
dnring its earl.v history. 'rh(' ore minerals here are bornite, 
malachite, aztu·ite, cuprite, and a few crystals of atacamite 
were observed. A sample from the 200-foot level exhibits a 
thin coat ing of tetrahedl'iie partly painted over witlt mala­
chite stains. The grotrnd west o.f the fanlt is somewhat shat­
tered and th e altera tion has proceeded down to the 300-foot 
level. To 1 he east of tl1c fault little alteration was observed 
below the 200-foot level, except that the chalc(' pyrite bore 
an occasional tlti11 skin or borrute. Dark colored argilliteS­
fol'm the wall rocks of the deposit. In several places string­
ers of the cotmtry rock were found included in tl1e vein. 'l'be­
veiu material is milky quartz mixed 'v\'Wt some orthoclase 
feldspar. The feldspar is partly kaolinized aud the material 
is comparatively soft. The ore mine1·als in places show a 
tendency toward inegular handing through the vei11, or they 
may be inclo ed as irregular lmnches. 

On the hillsid e, 500 feet no1thwest of the mill, there is. 
:found a porous heavily iron-manganese stained outcrop of a 
vei11 striking lll)rth and south and dippinl? 80° to the 
west. 'l'his vein follows closely tbe plaues of the argiHites 
and is said to be traceable for some distance on the surface. 
The croppings observed were typically au iron gossa.n,. 
and the fact that it contains no copper stains probably ac­
counts for the limited prospecting it has received. 'rhe trend 
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is at right angles to the Loon Lake vein and the intersection 

of the two could be reached from one of the lower levels by 
drifting west from the shaft. 

Dcvelo]Ylnen,l. - ~'he mine i worked through a 60-degree 
inclined shaft sunk a. closely as possible on the dip of the 
vein to a depth of 500 feet. Practically all deYeloJ)ment is 
to the ea t of the shaft. Short 50-foot drift have been run 
to the west but these should be extended in search 0£ pay 
shoots west of the s11aft. On tho 200-foot level a drift has 
been driven on foe vein for a length of 500 feet to the east 

a.nd stopes opened through to the SUI'face. On the 300-foot 
level about 700 feet of drifting has been carried to the 

ea. t and stope opened on tho pay-shoot to connect u~th tho 
200-foot level. During the sumruer of 1919 mining was be­
ing carried on from both the 200 and 300-foo t levels. The 
500-foot level was caved at the time of visit, but it has sin.ce 
been reopened and it is understood that late :it1 the year of 
1D19 ore was being broken between the 500 and 300-foot levels. 
On t he 300-foot level about 300 .feet east of the shaft the 
workings were caved, thus preventii1g an examination of the 
eastward extension of the vein . 

On the surface tile one-ton skip d1unps jnto a t"·o-com­
parbnent double wedge bin having a combined capacity of 
200 tons. One compartment of the bin is £or ore and t he 
other r eceives the waste. The 50-horsepower Oth1m"va hoist 
receives its power from a 40-ho1·sepower coal-nred boiler. 
A 35-borsepower di tillate engine runs the motor which fur­
nishes power to the mine pumps and light £or camp use. A. 
small saw mill has been built whicl1 dra·ws its supply from 
the timber in the vicinity of the mine. 

Description of Co11.ce11fral1'11g I'lamt.-'l'he recently com­
pleted mill of the Loon Lake Company :is one of the few well­
designed mills in the State. The ore is readily susceptible to 
concentration and an all-flotation system has been designed, 
unique in that there are no screens or elevating devices in 
the plant. The mill has a maximum capacity of 100 to11s 
each 24 houi·s and is said to have been erected (exclusively of 



The Metal Mines of Washington 157 

WA.SRlNOTO~ GEOLOGICAL Suavi,.-y Bri.l.ETIN No. 23 PLA:n: XU 

power installation) at a total cost of between *20,000 and 
$25,000. This cost has bccu accomplished only by eliminating 
mill r efinements Ol' expensive types of equipment. 

'fhc mrn £eed averages about 2.0 per cent copper and a few 
ounces of silver. 'rhis is conccntTatcd to 25 per cent cop pet· ~tnd 
10 otmccs of silver to the ton, -while the tails carrr only oue­
tenth of one per cent copper. 

From the 100-ton skip hin the ore passes over a g1·izzly set 
to two inches which by-passes the fines. 'l'he oversize is fed 
to a 9"x15" belt conveyor which delivers to a 24-inch 'ymons 
disc-crusher where the matedal is broken to one-half inch. 
A 130-foot inclined 14-incb belt conveys the material to a 150-
ton storage bin at the head of tlio mill proper. 'l'he coarse 
crushing unit is housed in a separate building aud being over­
size it operates only one shift to supply the demands of the 
mill. 
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'l'he minus one-hal£-inch material is fed from the mill to 
two 4'x4' ball mill. grincling in closed circujt with 
dragbelt classifiers to pass about 100 mesh fol' flotation. Each 
mill handles its own oversize. Pine oil £or flotation is added 
at the head of the mill. 'l'he classifier overflow goes to a 
Zeigler :five-compartment flotation machine. 'l'his machine, 
which combines both mechanical and air agitation, was de­
signed by the manager of the compan.v, who states that the 
mechanical agitatol' consumes about seven hor. epower and 
that the air is introduced under ten pounds pressure. There 
are two flotation machines in the mill but during the summer 
of 1919 the mill had not yet wol'ked up to full capacity and 
one machine was capable of handling the feed. The tailings 
.from flotation go dfrect to the tailing dump, and the concen­
trates, ·without cleaning, are sent to a Dorr-type thickner, 
24 feet in diameter and seven feet deep. The thickened pulp 
is drawn off with a moistm·e content 0£ about 50 per cent. 
It then goes to a three-leaf, four-.foot American continuous 
£Iter ·which reduces the moistru:e content to about 15 per cent. 
These couceutl·ates drop to a storage platform and are then 
hauled by auto truck to the rnikoad £or sl1ipment to the smel­
ter. at 'l'raiJ, B. C. 

'rhe water is lifted from the creek just 1.ielow th e mill 
by a Gon.ld triplex pump to a tank reservoir on the top deck 
of the building. 

LOON LAKE · BLU E BI R D COPPER 

This group of clajms is 111 the N. E. ~ and the N. W . 
Y.i of sec. 34, T. 31 N .. R. 41 E .1 about one-fourth of a mile 
southeast of the Loon Lake Copper workings. 1'he vein un­
der development ha tbe same general strike and the dip of 
the Loon Lake Copper vein and is closely related to it. The 
holdings, which consist of £our claims, have been pt·ospected 
intermittently for many ~-ear!-i. Dtu'ing October, 1918, work 
was started by a company incorporated as the Loon Lake­
Blue Bird Mining Company, financed principally by Dnluth, 
Minn., capital, with H. H. Schelenberg of pokane as man­
ager. Work has been conti11uot1s since that time, a crew of 
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six men being emp1oyecl on cxplo1'ation work during J nly, 
1919. No productiou ]las yet been made. 

A well-defined quartz vein. fh•e to ten feet wide, strik­
ing roughly cast-west aml dipping 47° to 50° to the 
north is exposed for a length of several hundred feet on the 
property. On the east side of a small creek flowing through 
the camp this vein has been drifted on fot· 240 feet toward 
the cast. This drift exposed no pay-shoots, although the vein 
over practically the entire distance :;;hows scant mineralization 
of c.halcopyrite, pyrite and some malachite. Cal'eful channel 
samp.ling would be necessary to determine whether this is of 
high enough grade to be ca lled milling ore. About 500 feet 
west of this portal and near the west ellcl of the Blue Bi:rd 
claim, shaft No. 1 was sunk to a depth of 40 feet on the vein. 
This shaft is now caved. No. 2 shaft js 125 feet east of No. 1 
and has been sunk to a depth of 200 feet at an angle of 
60° . Forty feet from the collar a short Cl'Osscnt has been 
rim to the vein where it averages 10 feet in width and carries 
appreciable values iJ1 secondary copper minerals. At the sec­
ond 40-foot interval another crosscut was driven to the vein 
and is said to expose good values. '!'his crosscut was caved 
at time of visit. At the 200-foot level a crosscut was dl·iven 
no1·th 20° east for a length of 100 feet to the vein. 
Exploratory drifts were r1.m on the vein 170 feet to the east 
and 80 feet Lo tl1e west. On this level the vein averages six 
to ten feet in width but the mineralization appears to be too 
scanty to be called ore. The vein quartz is shattered a.ud iron 
stained and the 01·e minerals are altered at this depth. The 
vein is enclosed in thinly bedded, siUceous argillites and im­
pure quartzites, which have been badly shatte1·cd and contort­
ed ,vith many JlllllOr folds. From the vein small q1.iartz string­
ers fill fractures in the wall rocks at right angles to tbefr bed­
ding planes. .At tl1e time of examination a raise was being 
driven on the vein from the 200-foot level, in search of the 
downward coutimiation of the ore exposed iii the uppe1· ,vork­
ings. 

The proper(v is equipped with a comfortable <:amp and 
enjoys a good supply of water and timber. A two-drill 
compressor and 12-horsepower hoist a1·e opel'atecl by steam. 
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0-LO·LIM COPPER 

Several carload shipments of good-grade copper ore .have 
during the past two year 1 clirected attention toward this 
property which is on the Spokane Indian Reservation, in the 
S. E. lk T. 28 N., R 37 E., three and one-half 
miles nol'theast of Detillion Bridge across Spokane River. 
The mine is 27 miles by road from the town_ of Davenport on 
the. Great rorthern Railway. The property was discovered 
many years ago but it was not until 1917 that Mr. James 
Keith and associates of Spokane undertook it active develop­
ment. Since that time 10 cars of om havB beBn ghippN1 whiah 
averaged 7 to 10 per cent copper and one to two ounces of 
silver to the ton. 

Calcareo11s argillite is the. predominating 1·ock in the 
vicinity of the mine and quartzite is less conspicuously ex­
posed. One-quarter mile from the mine tbcrc are extensive 
exposures o.f the Loon Lake Granite, int:rusive into the al'gillite 
and quartzite. The metamorphosed sediments are but a basal 
remnant of the Stevens Series, so well exposed northward in 
the county. At all points about the mine they are underlain 
at no great depth by the grauite and it was from this granite 
tbat the ore was originally derived. 

The vein occm·s near the plane of contact between argil­
lite and quartzite. In places it is entirely enclo!'led in argillite 
and elsewhere argillite forms the foot-wall and quartzite the 
hanging-·wall of the deposit. The vein varies in wic1th from 
two to six feet with three feet as a general average. 1'he 
primary 01·ei minerals are cbalcopyrite and pyrite with wl1ich 
are mixed a gangue of fibrous tremolite and ribs of quartz. 
Alteration has ex.tended to the 100-foot level and in the stopes 
above the level, 1nalachite and the black copper oxide form 
prominent ore minerals. 

'rhe trend of the vein is no1·th 10° east and the 
dip is 79° towa1·d the east. 'rhe tremolite and quartz 
of the vei11 have resisted er·osion so effectively that an nnusuaJ 
ontcrop is formed and for a short distance near tl1e shaft the 
lode projects five feet above the level of tile SUI'l'ounding sur­
face. This proirunence, however, soon disappears and lOO 
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Oulcrop or 0-lo-llrn to1lf' n•·oJ(>Cllng :1ho,·e ten:I of surrounding surface. 

feet norU1 of the shaft open cuts are uccessa1·~, to expose the 
cont111uatiou of the deposit. 

A verticnl shaft 220 feet deep has been sunk near the 
vein. Ou the 100-foot level the vein has been explored fllong 
its strike for a length of 100 feet antl the apparent limits of 
the pay-shoot defined. Slopes opeued ahove this level yielded 
the shipmenti. of ore that were made. Ft·om the bottom of the 
shaft a crosscut was driven 16 feet to the vein where it at 
first encountered good ore. ·when the property was visited 
bnt a small amount or drifting had beeu accomplished on 
the 200-foot level, but this has Taised some question as to 
whether the clownwaTd pl'ojeetion of the vein bas yet been 
encollniered. To dispel any possibility of displacement of the 
lower segment of the clcposit by a horizontal fault, it would 
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seem advisable to raise from the 200-foot level until the pay 

shoot is definitely exposed. Au intermediate crosscut to the 
vein might shorten up the work. 

The property is equipped with a 25-horsepower distillate 
engine operating an 8"x21" Gardner compressor. The 
hoist is driven by a six-horsepower distillate engine. Acces­
sory mining equipment and a good camp have been provided 
and a crew of three to five men are ordinarily employed. 
Timber for mining purposes is at hand on the property, but 
during the summer months only a limited supply of water 
is available. 

GALENA HILL 

This property, formerly known as tbe Kettle River 
Mine, was organized during 1911 and incorporated as 
the Galena Hill Mining Company. A small concentrating mill 
was built and one car of concentrates shipped. The property 
was then idle for a number of years and the mill was sold to 
pay off outstanding indebtedness. Dlll'ing 1918 work was 
r esumed with a crew o.f five to ten men and has been canied 
on regularly since that time. 

'fhe workings, which consist of five and a fraction claims, 
are located on the east banlc of Kettle R,iver one-quarter mile 
north of Rockcut ancl ten miles north of Orient. 'l'he Republic 
and Oroville branch of the Great Northern Railway from Spo­
kane is on the opposite side of the river and offers excellent 
transportation facilities. A splendid stand of timber sm­
rounds the property and Kettle River furnishes a near supply 
of water so that mining can be carried on quite economically. 

A 60-horsepower wood-fu·ed boiler ftu·nishes power to 
operate the mine pumps, hoist and a two-drill comp1·essor. 
During August, 1920, a large oil engine and four-drill com­
pressor were installed to replace the Ughter e<11tipment. 

The vein ·was fust explored near the surface by a 60-
foot drift along the contact of an inh·usive diorite dike and 
schists. Limited mineraJization of galena, pyrite and sphal­
erite in a calcite, dolomite and quartz gaugue encom·aged 
deeper exploration and a two-compartment vertical shaft was 
sunk to a depth of 270 feet. The collar of this shaft is on a 



11w MotaZ Mines of Washingto1i 163 

small cliff which forms the east bank of the river. From the 
shaft two crosscuts nave been run to tl1e vein which was then 
drifted on £or length of several hundred feet. From the 270-
foot level an 80-foot incline winze was suuk on the vein. This 
was filled with wate1· at the time of visit thus confiDiag the 
examination to the workings above the winze. The drifts· aria 
crosscuts total about 1,000 feet of work. 

The formations exposed on the claims consist of granitic 
and dioritic gneiss, schist, quartzite and marbleized lime­
stone. 'l'hese are cut by large dikes having a composition of a 
diorite. A mile to the east of the shaft tbeTe is exposed a 
laTge mass of diorite and the dikes at the mine are evidently 
off-shoots from that intrnsive bocl.v. The Orient gneiss and 
schists are believed to be the oldest formations exposed in 

· Stevens County and are probabl.\- of Pre-Cambrian age. 
'rhe vein has a strike of north 75° west and on 

the upprr levels the dip averages 65° but with depth 
it is straightening up and ou. the 270-foot level the dip is 
75° to the southwest. It varies in width from sbc inches 
to six feet with three feet as an approximate average. The 
ore minerals arc galena, sphalcrite, pyrite aud chalcopyrite 
enclosed in a vein filling of calcite, dolomite, quartz and 
brecciated cotmtry rock. 'fhere are several inches of gouge 
matter on both walls. 'fhe vein is directly associated with a 
dioritic apophyses from. which the ore is likely derived. The 
wall rocks are badly altered and their primary mine1·als ob­
scured by secondary developments. On the 270-foot level, 
105 :feet east of the collar o.f the incline winze, a pay-shoot 
was encountered in the vein and drifted upon for 75 feet. 
This shoot is also e:ll.-posed in the levels above. Assay values 
are not known. 'fhe 01·e occurs mainly as small veinlets from 
one-sixteenth of an inch to foUl' inches in width running ir­
r egularly through the vein matter. One hundred feet east 
of the pay-shoot the drift encounters some small seams and 
sporadic btmches of ore and it is possible that another or·e­
shoot may be developed here, but sufficient work has not yet 
been done to determine this question. 
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F IRST THOUGH T 

'f he First Thought Mine has beell the only gold property 
or importance in Stevens Cow1ty. From 1904 to 1010 it main­

tained a steady production and is credited with an output of 
$650,000. 

The mine i at an elevation of 2,900 feet and is two and 
one-half miles by air line northeast of Orient, or tlu·ee and 
one-half miles by wagoH road. An aerial tl'am,Y:.ty 13,000 
feet in length links the mine and railroad. This tramway 
is now in poor condition. 

The property is expected to reopen when gold mining 
conditions are stabilized and for this reason it was thonght 
best to include a brief cle cription of the propert~r in this 
report. It has been icUc siJ1ce the report by Bancroft• 
io 1914, and by Weaver'( in 19171 hence no re-examination 
was attempted. 'rhe following data are ab tracted from the 
r'eports just mentioned. 

'l'be deposit has been formed in fractw·e zone in the 
latite lava and usuall y near iut m sive gran ite dikes. The main 
deposit lies iJ1 a zone of intense brecciaticm. The widtl1 of t l1e 

mineralized belt is 100 feet and it ha a known strike length 
of 700 feet. 'l'he brecciated zone is intersected by minor 
fault zones and tl1e richer 01·es al'C said to have been encoun­
tered near these intersections. The brecciated zone has been 
cemented with siliceot1s and calcareous solutions carrying 
pyrite and gold. 'l'he ore as shipped averaged $15.00 to tl1e 
ton. 

The miI1eralizatiou is of 'l'e1·tiar y age and is believed to 
be closely allied to the gold veins of the Republic District, 
30 miles by air line to the sonthwest. 

. The ore body fa developed by three ad it levels, and from 
the lower level a winze has been s11nk 130 feet. The best 
portions of the vein above the adit have been stopecl. The 
property is well equipped £or mining operations. 

•Bancroft, Howland. Ore Deposits or Nort.heaJ•tern , vaslllnglon: U. s. 
Geo!. Sur,•ey . Bull. 550. p. 72. 1914. 

fWeaver, C. E., l\'flneral Resources of Stevens County: Wash. Geol. Sur­
vey, Bull. 20. 1020. 



FERRY COUNTY 

REPUBLIC DISTRICT 

LOCA'l'lON .AND ACCESSfBILlTY 

The Republic District is iu tbe nortbwesteru part of 
Ferry County, 25 miles south of the intemational boundary. 
While the legal bounda1·ies 0£ the district embrnce practically 
400 square miles and include a part of the Sheridan District 
and the Belcher District, yet the mineralized area character­
istic o.f the Republic District l)roper, is included in an area 
of not over 20 square miles sunounding the town of Re­
public. The properties in the area ope1·ating during 1919 
arc all in the near vicinity of Eureka Gnlch, just north of 
the city limits of Republic and can be included in an area 
of one squat'e mil e. · 

Republic, the principal tov.'O of lhe distri1:t, is reached 
.from SpokaJ1e over the Spokane, Republic & Oroville Branch 
of the Great Northern Railway, a distance of 17H miles. This 
line branches at Curlew, 22 miles north of Republie; one branch 
continuing on to Repuhlic and the other trendiug westward 
to Oroville, where it connects with the Wenatcihee-Oroville 
Branch of the Great. Northern Railway, thus connecting the 
district with the Coast Cities. The Spokane & British Co­
lumbia Railway formerlJ· maintained a tri-weekly service be­
tween Republic and Danville, but during 1919 this road ceased 
opemtions. Railroad spurs from Republic extend up Eureka 
Gulch and practicall~· all the producing mines load directly 
from their mine btmkers into 1·aihoad cars. 

By automobile from Spokane the district can be Teached 
over a road which follows up Sanpoil River. It can also 
be approached from , 'tevens Cotmt.r via Laul'ier. 

POWER 

Lack of adequate and cheap 11ower facilities is one of the 
retarding features of the dish·ict. Electric power for miu.ing 
and milling is not 110,Y available. 'fhe nearest power plant is 
Bonnington Falls, British Columbia. The construction of a 
transmission line about 30 miles in length into Republic was 
st ar ted several yea.rs ago but the work was abandoned on ac­
count of financial difficulties. The Sim.ilkameen Power Com-
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Tow11 oc nepublic. view gives excellent idea of topography of 
su1Toundlng country. 

pany Jlear Oroville in Okanogan Cotmty is developing a large 
power plant and may later extend its lines into Republic. 
Steam, clistillate and crude-oil engines at present meet tl1e 
power rerJuiremeuts. Timber is plentiiul around Republic 
and wood .for steam powe1· can be secured at a. nominal cost. 
DistiUatc in tank-car lots costs 21 cents pel' gallon chu-ing 
1919, and crude-oil nine cents per gaJlon. The most efficient 
power iustallation is that at the mine of the Northport Smelt­
ing and Refining Compa11y. 'l'his plant includes a 180-horse 
power Bessemer crude-oil engine, with a simi lar t)7 pe 0-hor.·e 
power engine for reserve use. 

COSTR 

Dming 1919 the freight rates to tl1 e 'raeoma, Nortl1po1·t 
and Trail smelters were between $3.00 and $4.00 per ton. 
The treatmeut charges were between *3.50 and $4.00 per ton. 
Thus the freight and treatment charges ranged between $6.00 
and $8.00 per ton, depending -upon the smelter contracts and 
freight rates. In -view of the intermittent mining operations, 
the mjning costs are difficult to appro:x:ima.te. Under ordinary 
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eooditions tl1e mining costs probably average about $3.00 per 
ton and under certain local conditions it is undoubtedly cost­
ing some of the companies as bjgh as $6.00 per ton to mine 
their ores. 

:\t:ETITODS OF :'\IlNl.K"G 

'l'he mining methods 0£ the dish'ict are comparatively 
simple. Shrinkage sloping is practiced and since the veins 
have filled open :fisstu·es the walls stand well without timbers. 
Many of the old stopes, mined more than 20 ;vears ago, are 
still in good shape. 'rhe veins all stand at angles steeper than 
45 degrees and the Ol'e is cl!·awn from the stopes by gravity. 
'l'he topography in the vicinity of the deposits is not rugged; 
the highest points of tho veins arc never over 300 feet above 
Emeka Gulch and consequently mining by ad it turu1els is 
effective only on the upper limits of the deposits. The gen­
~ral practice was to sink ver tical or inclined winzes .from the 
adit tunnel, thus putting the hoist room underground. In the 
early history of the camp there was a variety of small com­
panies each working one or a very limitecl number o.f pro­
ductive claims. This practice resulted in a variety o.f small 
and i11dividual wol'kings. T11e tendency in later years has 
been toward consolidation aod the worku1g of a g1·oup o.f 
claims through a central shaft. 

METALLURGY 

'l'he Republic Dist:rfot will not retm·n as a substantial pro­
~:lucer until the metallurgical problems o.f dressing its ores 
have been economically solved. Five mines during 1919 were 
shipping limited toru1ages of crucle ore to the smelters, aver­
aging $10.00 to $15.00 per ton. All the properties mine large­
ly thr ough shafts sunk to var),-ing depths and as the work­
ings arc carried deeper the mining costs are rnotmting r apidly. 
Freight rates have advanced and treatment charges at the 
smelters have 1·emained favorable because at certain plants 
the siliceous ores are n eeded to flux the heavy sulphide ores 
from other districts. 

If a plant of several hundred tons capacity, and capable 
of treating $5.00 ore a.t a profit, could be designed it should 
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be capable o.f drawing a large tonnage of $5.00 to $8.00 ore 
from the numerous mines of the district. Sucl1 a mill should 

probably be Btarted tlS ti 100-ton unit and then as the operat­

ing problems were solved additional units could be built as 

required. 
When studying the history of the mills of the district it 

is found that the;v ultimately failed. In certain instances the 
failuTe was due to metallurgical difficulties and in others 

they were clue to the vioJatiou of certain economic and busi­
ness laws. The metallm·gy of the ores has evoked consider­
able discus. ion. The outstanding features seen1 to be that 
the values are carried chiefly in tetrahedrite, small amounts 
of chalcopyrite and pyrite, free gold very finely divided, and 
some gold selenidc. The most successful extraction has been 
effected hr s11bjectiag the ore to very fin<.' gdnding, followed 
by c~·,:rniclatio11. 'rh e 8anpoil Mill, wl1ich was the last to 
operate in the clistr.ict, reported an extraction of DO per cent 
and its failure is attrilrnted to um;ouncl -financial condition 
of the company rather than a metallurgical failure. 

Ore dressing practice has made effective strides d111·i11g 
the last 10 years. 'rhc grinding costs which were a big item 
in formcl" Republic mills could be materially reduced by the 
ini:;tallation of modern coatse crnshiug machinery followed by 
ball and pebble mills. As far as is known, .rstematic flota­
tion experiments have uot been attempted ou the Republic 
ores. The sulphide minerals in the ore sbonJd float Teadily 
when ground finely enough to be unlocked from lite qua1·tz 
and some excellent resnlts have been reported from the flota­
tion of finely divided free gold. If flotation is not folly effec­
tive, then cyanidation and possibly flotation treatment of the 
cyanite tails might offer an avenue of attack. In vfow o.f the 
present milling practice and the tonnages 0£ medium low­
grnde ores avaihtble, it is not tenable that these problems 
should go twsolved. 
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GEJOLOGY 

'l'he geology o.f the RepnbJic area has been well inter­
preted by Umpleby•, Bancroft and Lindgrent. The scope 
of this report js not to attempt a duplication of their work, 
and for complete information the reader is referred to these 
reports. 

The follo,ving summary statement o.f the general geology 
is quoted from the report of Umpleb.v : "The geologic his­
tory of the Republic district has as its great features sedi­
mentation in the Pa)eozoic, erosion w:ith miuor vulcauism in 
the Mesozoic, igneous activity ancl erosion in the Tertiary, 
and continental glaciation in tl1e Quaterna1·y. 

'' The oldest rocks exposed in the district are the meta­
morphic equivalents of a gr eat series of shale, sandstone, 
limestone, and lava flows which are o.f Paleozoic age, and :rre 
provisionally assigned to the Carboniferous. After t.he depo­
sition of the series, the area passed through a long period 
of crustal disturbance, which, although not developing sharp 
folds, metamorphosed the beds and raised the area far above 
sea level. Either during this period of crustal disturbance or 
shortly thereafter great batbolitllic masses of granodiorite 
were intruded into the Paleozoic series. 

'' From the time of the granodiorite intrusions, which are 
probably of early or middle Mesozoic age, to middle Tertia1·y 
times, there was a great period of erosion which may be di­
vided into two parts: a first, chu·ing which the entire area 
was reduced probably to base level (Eocene surface) ; and a 
second which was introduced by decided elevation and dur­
ing which broad valleys at least 2,500 feet deep were de­
veloped. 

" The next rocks in order of formation are of Oligocene 
age, and occupy one of these broad, deep valleys. They are 
dacite flows, including great quantities of stream gravels. 
Overlying these, unconformably, are a11desite brecciaS', lake 
beds, and andesite flows all of which occur within the old 

•Umpleby, J. B., Geology and Ore Deposits or Republic Mining District: 
Washington Geo!. Survey, Bull. 1, 1910. 

tLlndgren, Waldemar, a.nd Bancroft. Howland, The Ore Deposits o! 
Northeastern Washington: U. S. Geological Survey, Bull. 550, 19:L4. 
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erosion valley. Next in order 0£ age are intrusive latite 
porphyries with which the ore deposits are thought to be 
genetically related. 

"From the time o.f the latitic intrusion to the Pleistocene, 
erosion was the dominant pl'ocess, although during this time 

there wa a short periocl of ba altic eruption. Iu tho Ploisto­
cene period, the Cot•dmerau iQe gboet covered the entire ai•cit. 11 

VEIN SYSTEM 

The Republic vein sy. tem i made up of a erie of 
north-sollth filled fissures which form tl1e major vein 

mosaic. 11lle north-south y tern i made up of from one to 
four practically parallel veins, wbicll vary iu strike from 
7° east to 30° west of north, and dip toward tl1e east. Cross 
:fractures lead out from the major fractures and often form a 
connection between two parallel veins. The cross b:actu.tcs sel­
dom extend over several hundred feet in length. Their stl'ike 
is l10rtheast and they are characterized by a steep southerly 
dip. Th.is vein series is confLued to an a1·ea one mile wide in an 
east-west direction and five miles in length . It is best exposed 
along Em·eka Gulch, where is found the most closely set vein 
pattern in the State. The Sm·prise vein appears to fill the ma­
jor fracture of the area. Its most southerly known extremity 
is the south workings on tl1e Quilp claim and it has been mined 
at several places to the north for a distance of over a mile. 

The veins are of contemporaneous origin, with the north­
south tl·ending veins filling the major fractures and the east­
west veins filling cross fractru·es between the parallel north­
south fractures. (rhe cross £:ractm·es in some cases are minor 
fractures turned-off at app1·oximately right angles to t he main 
fractures by complex stl'esses set u_p in the .formations. 

VEIN s·rRUCTU.RE 

'l'bree types of quartz were observed in the unaltered 
Hin :fillings. The first is a vitreous quartz often exhibiting 
crystal faces. 'f nese crystals show a tende11ey to develop out­
•;vard in interlocki11g aggregates from the vein wa1ls and are 
considered to be evidence of accumulative deposition in an 
open fissure. Ordinary milky quartz forms a large percentage 
of the vein filling and is interbauded with a dull cherty, dark-
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ulne, porcelain-like quartz that might better be termed a 
Jasperoid. Drusy cavities coated with brownish calcedC>oy 
are not uncommon throughout the veins. In thin-section the 
veins appear to be made up of quartz, chalcedony, opal, cal­
cite, and adolaria with minor amounts of metallics. 

'rhe most distinguishing featw:e of the veins is their wavy 
bandings roughly parallel to the walls. The alternating bands 
of dark-bluish chert and ,vhitc quartz forms a marked con­
trast. 'rhe ore minerals occur as black, thread-like, crinkly, 
aucl concentric bands which follow roughly the banding sys­
tem of the veins. 'rhcse thread-like bands a:re made up of 
tetrahec:lritc, pyrite, chalcopyrite, and carry free gold extreme­
ly iincly divided; free gold is rnrely visible to the m1aicled 
eye. Gold selenide is also believed to be present, and the ques­
tion of its occm·rence has been a much mooted problem. To 
determine this problem, if possible, the following analysis 
of the Republic ore was ma.de in the laboratory of the U. S. 
Geological Survey." 

Cu ................................................ .. 
Ag ................................................. . 
Fe ................................................. . 
Zn ................................................. . 
s ................................................... . 
Sb ................................................ .. 
As ................................................ .. 
Au ............. - ................................. . 
Se ...................................... - ........ . 
Gangue (ca.Iculated) ............... . 

Analisls 
16.,2 
14.01 

3.76 
1.12 

15.40 
12.06 
1.80 
2.99 
1.80 

31.35 

100.00 

M etallic llllnerat 
constituents 
recalculated 

to 100% 
22.90 
20.41 

5.46 
1.63 

22.43 
17.57 

2.62 
4.36 
2.62 

100.00 

From this analysis and a series or leaching tests using solutions 
or sodium sulphide the conclusion was reached that the evidence 
po1oted toward the existence of a normal auric selenide (Au2Se3) 
as present ln the gold ores from the Republic mines. 

The vefos vary in width from a narrow streak to 16 feet, 
while :five to six feet is probably a general average for those 
veins now being worked. 

The values are localized in ore-shoots and in certain sec­
tions of the shoots are found small lenses of very rich ore car­
rying free gold. This bunchy nature o.f the rich ore holds true 

•BancroCt, Howland, Ore Deposits of N. E. Washington, U . $. Geo!. 
Survey, Bull. 550, p. l49. 
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.Vein al! exposed In ;;tope on 400-root level or Last Cha11('e Mine. Nole 
crinkly banding t>f vf<ln, ulso incl usion or andesite wMl - rock near fool­
wall of the , ein. 

for man.v gold veins of Tertiary age, those of Nevada and Col­
orado forming prominent exam pl es. Tl1 e ore-shoots usually 
rake toward the south at a steep angle. 'rheir length along 
the strike varies up to seve1·al hun.dred feet and they are 
strongly contiunons on the dip of the vein. The gold-silver 
ratio has a considerable latitude of variation. An ·average of 
several thousand tom; of ore shipped from the Last Cha:nee 
Mine gives 7.85 ounces of s ilver to eacl, ounce o E gold. 

'l'he. de.posits were planed by glaciation diwing compara­
tively recent time. The water level is ]1igh and the zone of 
oxidation comparatively shallow. High-grade ore often starts 
at the grass roots and many of tlle pa~r-shoots have been stoped 
throu.gb to the surface. 'fhe si lver va lues lrnve been subjected 
to limited leaching reactions in the ·upper zo110, but this is 
only of minor importance. 

The deepest workings in the camp arc on the Quilp 
claim, ·800 feet below the outcrop. The vein l1ere is strong, 
c_lean-cul, and well 1nioeralizec1. The veins filling tl1e major 
fraetm·es show promising evidence of continuing to reason-
able depths below the present workings. Tl1ere are othm' 
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Eureka Gulch, Republic DI.strict. 
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Surprise vein trends parallel to the guH:h and outcrops In lbe railroad cut shown 
In the left of lhe view. 
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smaller veins in the camp which indicate that they win pinch 

down to small seams at depths oi 300 to 600 £eet below the 
level o.f Eureka Gulch. 

ALTERATION OF THE WALL ROCKS 

Bancroft and Lindgren~ made a thorough study 0£ the 
wall rock alterations and the following is quoted from the:ir 
report: 

"Over a considerable area along the vein system and spreading 
half a mile or more from the veins themselves, a process of alteration 
has gone on during the epoch of vein formation. It has affected both 
andesite and quartz latite porphyry, making the two rocks in places 
difficult to clistinguJsh. 'Phe alteration has changed the color of these 
r-0cks to a dull green and has peppered them with small crystals of 
pyrite. The alteration is typically propylitic. The secondary products 
are calcite, chlorite, epidote, and pyrite; sericite is less 1>romtnent, 
though feldspar crystals are partly replaced by it. In places the 
alteration of the feldspar has resu!ted in aclularia. The g1·oundmass 
of the rocks is usually least alterecl. Calcite is the most prominent 
mineral. This greenish rock usually adjoins the quartz veins ancl 
bleaching due to complete sericitizatlon is rarely it ever observed. In 
places a siliciflcation has occurred for a short distance from the vein. 
The altered and propylitic rock contains practically no gold." 

GENESIS OF THE DEPOSJTS 

'l'he Republic ores appear in no way re1ated to otber de­
J)Osits throughout the State (except veins of the First Thought 
type near Orient), and they represent an individual type of 
vein formation restricted to a very limited area. 'l,he several 
investigators who have reported on the district agree that 
the veins were formed in open fissures near the surface by 
ascending hot waters. 

'l'hese fissmcs were evidently developed by the intrusion 
of the latite porphyry. The vein matter was brought 
in as a part of the intrusion; it collected in the lower zones 
of the cooling magma, and after the outer crust had been 
partly solidified and fractured, the vein filling was injected 
into the open fissures in the form of hot solutions. Umpleby• 
has pointed out that as the veins cut a series of formations 
which accumulated in a post-Eocene valley er·oded in a pene­
plain which rose 01tly 1,800 to 2,300 feet above the present 
elevation of the veins, they could not have been formed at a 
greater depth than 2,500 feet below the surface, the average 
present elevation being taken at 3,200 feet. Io all probabili-

•u. S. Geological Survey, Bull. 550, p. 152, 1914. 
•Washington Geological Survey, Bull. 1, p. 42, 1910. 

• 
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ty the present outcrops were less than 1,000 £eet below the 
SU1'face 0£ the lavas at the time of the vein formation. 

Since some 0£ the veins cut lake bed formations con­
sidered to be early Miocene in age•, and also flows of ande­
site which rest conformably on the lake bed formation, and 
some of the veh1s are in t-urn cut by dikes 0£ basalt, tbe 
intrusion of the latite porphyry and the subsequent vein for­
mation evidently took place following the flows of andesite 
and before the outpourings of the basalt. 'l'hey are probably 
late-Miocene in age. 

Tl1e exjstence of an open :fissure before the coming of the 
veins is suggested by the stability of the walls after the vein 
is mined out. The quartz crystal i.J1tergrowth, drusy struc­
tures, parallel bancling, beautiful crusti:6.cation and propylitic 
alterations all tend to strengthen the evidence that the veins 
were formed in au open fissure at shallow depth by ascending 
hot waters. 

'rhe occurrence of the Republic ores is without a known 
similar parallel in the United States. The veins of Tonopah, 
Nevada, bear the strongest relations. However, a striking 
similarity is found in the Rodjang-Lebong :field in southern 
St1matra. According to Beck"i" the veins are enclosed in ande­
site. The bluish-gray quartz is beautifully banded in thin 
concentric crusts of '' fibrous quartz.'' The rich ore is indicat­
ed by thin dentritic crusts simjlai- to the Republic ores. 

KNOB HILL 

General Features.-A small dome shaped hill at the head 
of Eureka Gulch gives the Knob Hill Mine its name. The 
holdings which consist of 1.hrce patented claims known a.s 
the Knob Hill, Alpine, and l\:Iud Lake, are located on t he 
northern extremity of the Republic vein system. 

Active development of the property began about 191Q, 
and, according to the company's statement, the productiort 
from August 1, 1910, to J anuary 1, 1912, was 7,192 tons Qf1 
shipping ore which had a gross value of $224,795. This PF1' 
y ieldecl 10,850 ounces of gold and 31,914 ounces of silver a~~ 

•Jdem. p. 25. 
tR. Beck, Lehre von den Erzlagerslatten. Vol. l, p. 488, 1909. 
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Jhe net returns were $149,005. Since that date the property 
has produced more or less regularly. During 1915 ancl 1916 
production went abead tead1Jy, giving a total of 10,433 tons 
of ore shipped with an average value of $18.00 per ton. Dm•­
ing 1917, 1918 and 1919, approximately 20,000 tons of ore 
wer e shipped. The total production is in the neighborhood 

of 50,000 tons at a total value of between $700,000 and 
$1,000,000. 

By 1913 the company had distributed $70,000 in divi­
dends. During 1917 an additional $35,000 was paid, making 
a total of $105,000. 

Dm·ing the fil'st half of 1919 a crew of 10 men were em­

ployed. 'l'he production averaged about 300 tons per month 
of ore assaying $14.00 per ton. Operations were suspenclecl 
during the last half of 1919 and again resumed early in 1920. 

Surface equipment consists of a 50-horsepowcr distillate 
engine wl1ich operates a five-drill compressor. Power is fur­
nished to the hoist by a 15-horsepower distillate eugine. Other 
surface equipment includes an assay office, and a well-equipped 
blacksmith shop. The ore from the mine is clumped into a 
chute leading to the ore bin from which it is loaded directly 
into railroad cars. 

. De-velo~m.ent.-'l'he undergl'ound workings of the Knob 
Hill Mine total several thousand feet, and are open to the 
surface on three levels. '!'he veins outcrop on the slope of 
Knob Hill and are opened by a drift on t he Knob Hill vein 
100 feet below the outcrop from which an extensive level 
known as the 100-foot level l1as been developed. Two other 
veins, known as the Alpine and Cross veins are opened on· 
this level. 

Near the mine buildings and 132 feet vertically below 
the 100-foot level, a crosscut is driven westward 250 feet and 
the 300-foot level developed by approximately 2,000 feet 0£ 
drifting, crosscutting, etc. From the 300 level stopes 
b.ave been opened on the three veins to the surface. A winze 
•has also been sunk on this vein and an intermediate, called the 
375-foot level, developed. 
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A short distance north of the portal of the 300-foot adit 
a vertical shaft has been sunk to a deptb of 300 feet. A cross-
cut has been run to the Knob Hill vein and the 500-foot level 
developed. 1'hree large stopes, numbered A, B, and C, have 
been b1·oken through on the Knob Hill vein to the 300-.foot 
1evel. 

Tl1e walls of the stopes stand permanently without tiin­
bering, anrl this combined with the favorable clip of the vein 
promotes reasonable mining costs. 

Gcology.- Latite porphyry is tl1e predominating forma­
tion of Knob Hill. 'rhis formation has been cut by a vein 
pattern of th1·ee parallel northwest trending veins, two of 
which are joined by a cross-vein. A dark, fine-grained dike 
:five to fifteen £eet wide and post-mineral in age, tre11ds north 
40 degrees east and cuts the veins displacing them slightly. 
This dike is badly altered and its identity obscured. In com­
position it approaches basalt. North of Knob Hill the sm 
face is covered with morainal material which is directly 011-

derlain by tuffaceous lake beds. The line of strike of the 
north-south trending veins carries them into the lake beds on 
the low hill east of Mud Lake. The vein :fillings are the several 
varieties of quaxtz so typical of the veins of the dfatrict. The 
gold-silver ratio averages about three ounces of silver for 
each ounce of gold. 

Fig. 1-6. Vein pattern on 100-foot level or Knob HIii Mine. 
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W ASIDNGTON GEOLOGICAL SURVl:W BULLETIN No. 23 PLATE XVIll 

Knob Ulll Mine, Rer,ulillc Dlst1•ict. (1) Upper, or 100-foot level, (2) Portal o f 
300-fool level, (3) shaft. 

Vei11.s.- T'be workings disclose a rather complex but ex­
ceedingly interesting vein system. The nrst and most pro­
ductive of the veins is known as the Knob Rill. It trends 
in the form of a flat convex toward the west; the average 
strike is north 25° west and the dip 45°-50° north­
east. The location, general characteristics, and dip sug­
gest that it may be a continuation of the Black Tail vein.. 
Since the Republic veins aU tend to ciu·vc slightly, rat.her 
than to follow a straight course, it may be a northerly ex­
tension of the Surprise vein, although the difference in dip of 
the Surprise and Knob Hill veins argues against tltis hypo­
thesis. 

'l'he shipping ore contained in the Knob Hill vein between 
the 500-foot level and the sudace has now been largely stoped 
out. On the 100-foot level the ore has been mined for a length 
of about 400 ~eet, the vein having an average thickness of 
three to five :feet. These figures hold fairly true for the 300-
foot-1evel, but on the 500-foot level the pay-shoot appears 
to be about 300 feet long ancl the vein to have an average 
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thickness of two to three feet. Fw'ther production 0£ ore 
from this vein must come largely :from below the 500-foot 
level. 

During 1920 the shaft was sunk an additional 100 feet. 
Eighty feet below the 500 level the shaft passed through 
the vein and 20 feet below this point a crosscut was run 20 
feet from tl1e bottom of the shaft to the vein. At the time 
of visit drifting had just been started on this vein. It is 
much smaller than on the levels above but not enough work 
has been done to determine the extent ancl value of the pay­
shoot on trus lowest level. 

Closely paralleling the Knob Hill is a second vein known 
as the Alpine, which is noteworthy for t11e fact that although_ 
quite small it has yielded some v.ery rich ore. On the 100-
foot level the two veins are separated by about 75 feet of 
country rock but on the 300 level this distance has in­
creased on account 0£ the dip 0£ the Alpine bei11g at a slightly 
lower angle. The Alpine vein occurs as a nan-ow filling in 
the fractured country rock which has been cemented by quartz 
and some rich shoots of ore. Pmars remaining in the old 
stopes between the 300 and 100-foot levels indicate that it 
had an average thickness of two and one-half feet and a 
stope length along the vein 0£ approximately 400 feet. On 
the 375-foot level thls vein pinches down to a few inches in 
width, and then disappears. It has not been found on the 
500 level, but the exploration work there is not conclusive. 

Several hundred feet northwest of the dike the A.lpine 
vein enters tuffaceous lake bed formations. This softer ma­
terial allowed the vein to gain an average width of three to 
four feet. .Approximately 400 feet northwest of the dike the 
vein is cleanly severed by a fault. Beyond the fault the £ace 
of the drift exposes a spectacular formation made up of 
rounded and angt1lar granite boulders cemented jnto a breccia 
conglomerate by a dark, fine-grained, extrusive flow. The 
whole is now decomposed into a soft crumbly mass. 

From near this .fault on the 300-foot level, a crosscut was 
driven 350 feet southwest where a new vein known as the 
Mud Lake was encountered, Tl1is vein varies from eight to 
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fifteen feet in thicknes , trikes about north 25° west 
and dips 50° 110rtheast. It is made up largely 0£ dark 
to light porcelain quartz, which in places exhibits wavy 
bands and is said to average a.bout $4.00 11er ton in gold and 
silver. Au exploratory raise was opened on the vein to the 
SlU'face. 

Connecting the two veins is a third OL' cross vein, about 
80 feet in length and havillg an average width of three feet 
of good ore. 'l'his strikes north 70° east and gives the vein 
pattern the shape 0£ the letter "H. " 

Oe11esi.s.-Be£ote the comiug of t he ore solu tions, a series 

of open parallel fi sures developed along ll'hat is now Eureka 
Gulch. Where these parallel :fissmes wer e quite close together, 
strains 1,J1at existed in the crustal rocks found relief in cross 
fractures between the parallel -fissures. These .fractu res were 
later fi lled with ore minerals and give the vein-mosaic to the 
area. 'l'he cross vein in the Knob Hill l\Iine has no extension 
beyond either the .Alpine or Knob Hill veins; it simply forms 
a connection between t hese two :fissru·es and then terminates. 

QUILP 

'l'he Quilp :Mine is situated on the east side of Eureka 
Gulch, partly within the northern city limits of Republic. 
First kno\\·n as San Poil, it , .. ms one o.f' the pioneer properties 
to be located afi er t he reservation was th l'Own o pcu for min­
eral entr,\·. but was later relocated ,ts U1c Quilp. 

Prod11cfio11.- 'l'otal production for the Qu_ilp l\Iinc, 1900 
to 19:W inclusive, is 57,334.6 clry tons. Smeller values equals 
95 per ceut of gross or $720,9:38.70 ; tbe shipments contained 
gold, 30,210 ounces; silver, 241,525 ounces. 

I>e1•rlopmenl 1111cl General Feature oj' the Deposil.- The 
deposit is worked through two shafts, sunk near the north 
and south extremities of the vein respectively. 'l'be older 
workings a1·e ueat· the southern end of the vein and are reached 
through a vertical shaft with a depth 0£ 400 feet. 'l'he hoist 
room fo1· the vel'tical shaft is built in the mine at the aclit 
level and about 100 feet below the outcrop of the vein. From 
this shaft drifts have l>ce11 driven on the vein, ancl pay-shoots 



The Metal .Jlines of Washington 181 

stoped to the surface. The vein varies in thickness from & 
to 12 feet and the pay-shoot was evideutly about 150 feet long. 
Blocks of ore said to average $6.00 to $8.00 per ton bave been 
left standing in the mine. On the 400-foot level a drift has 
been driven northwarn to connect with the 600-foot station 
of the Surprise incline shaft. 

The ·vei11 .-Tl1e location of the Quilp claim covers the 
most southerly known extremity or the Sru·prise ,•ein. From 
the Quilp ground thjs vein can be followed north directly 
into the Surprise claim, but toward the south it has not been 
successfully traced beyond the QuiJp propert~·. The average 
strike is north 25° west and the djp is variable with 
65°-70° northeast as the general average. Above 
the railroad cut along tile east side of Eureka Gulch 7 

it can be observed outcropping boldly at several places. 'l'he 
wall rock is a clar1r-green propylitic anclesitc. As is com­
mon to ibe district, the ·vein is made up of glas. y, milky, and 
porcelain-banded quartz, tlu·ongh which are conceutric7 

crinkly black ribbons carrying the vah1es. TlJe width of the 
vein varies from two to 15 feet in thickness and consistently 
averages seven to eight feet. It has been explored on its 
clip for a depth of 800 feet below the outcrop, the greatest 
depth so far gained i:u the district. On the 800-foot level the 
vein averages about eight feet in thickness and is apparently 
well mineralized. Larger amonnts of p)-rite ancl chalcopyrite 
were observed here than elsewhere in the Repablic veins, and 
it is _possible 1.hal. with depth, the character of tl1e mu1craliza­
tion may undergo sorue chauges. 'rhe strong appearance o:t 
the vein on the lower levels argues encouragin gly for its per­
sistence to still greater depths. 

On the lower levels the brecciation, caused by movements 
along the plane of ( he vein, is more pronounced and the 
walls are _sharply defined and slickcnside<l. One hundred and 
fifty feet south of the winze on the 800-fo9t level the vein in 
the face of the drifts is ground to a friable roass. 

On the lQQ.foot level 90 feet north of the vei'tical shaft, 
the vein is severed by a fault along which there is £om· feet 
of plastic gray clay show-iug sh·ong striations. l\Iixecl through 
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the gouge matter were found rounded pebbles of vein mate­
rial. The direction of the fault is north 30 degrees west and 

its dip 55 degl'ees northeast. 
Near the hoist room a small stope, known as the "Black 

Damp," has been opened on a small vein striking south 
70° west and dipping 35° south. This vein is said to 
carry appreciable silver values, but for some reason it has 
been but little explored. While its junction with the Sur­
prise vein has not been reacl1ed, it apparently is a branch 

fissure leading off from that vein. 
Througb a working agreement with the Lone Pine Sur­

prise Company, the northern end of the Quilp ground is be­
ing worked through the Surprise incline shaft. 'l'his shaft 
is located practicaLiy on the south end line of the Surprise 
claim and has been stmk to a depth of 700 feet. An ore-shoot, 
which apparently had its upper limits within the Sui·prise 
ground, bas with depth raked toward the southeast and into 
the Quilp property. 'l'he ore-shoot on the 700 level in 
the Quilp ground is about 150 feet in length, and the vein 
has an ave1·age thickness of eight feet. All shipping ore above 
the 700 level has now been mined out and during 1919 
ore was being shipped from stopes between the 700 and 800-
foot levels. At the time of examination approximately 3,500 
tons of ore were broken in the stopes r eady for shipment. 
These two lower levels are connected by a small winze on the 
vein, and it is the plan of the management to deepen this 
winze and develop a 950-foot level. 

LAST CHANCE 

Generai .Feat1wes.- The Last Chance Mine is located to 
the east of the Lone Pine claim. The surface plant is situated 
at the head of a small ravine that follows closely the south 
end lines of the Lone Pine claim until it opens into Eureka 
Gulch. 

The property is managed and largely owned by C. P. 
Robbins, who was one of the first locators and active opera­
tors in the Republic district. '£he production up to and in­
cluding 1919 totals approximately 24,000 tons, having an av-
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erage of about $13.00 per ton. During the first half of 1919 
the production averaged about 50 tons per day, this being 
shipped to the Tacoma Smelter. 

Surface equipment includes a five-drill comp1·essor and a 
35-horsepower hoist, steam power being furnished by a wood­
fired boiler. The deposit is opened through a two-compartment 
vertical shaft sunk to a depth of 690 feet. The drifts and 
crosscuts total about 1,200 feet of work; from these extensive 
~topes have been opened. 

The Vein.- Tl1e Last Chance production lrns come from 
the Lone Pine vein No. 2. This vein extends through the east 
side line 0£ the Lone Pine claim, passes through the Insurgent 
Fraction and enters the Last Chance claim through its west 
side line. It has been productive of good ore in all three 
claims but has now been largely mined out above the 500 
~evel. The strike averages north 27°-40° east and 
~he dip varies from 70°-80° southeast. The vein is 
enclosed in andesite flow-b1·eccia and is 0£ the type 
characteristic of the camp, being composed of ~·h.ite and chal­
cedonic quartz banded with·,narrow concentric ribbons carry­
ing the.values principally in free gold, tetrahedrite, and pyrite. 
Crustification of calcite interbanded between the quartz causes 
the lime content to vary between 5 and 10 per cent. Angular 
fragments of the wall rock are often found included in the 
vein. In. places these inclusions a1·e 20 feet or more in length 
with other corresponding dimensions causing them to assume 
the proportions of horses in the vein. In places along the 
ore-shoot the values extend a foot or more into the wall rocks. 
'!'he values ai-e erratically distributed throughout the vein 
and 1·equire constant sampling vigilance to determine the 
changes. The ratio of the precious metals averages 7.85 ounces 
of silver to each ounce of gold. 

The pay-shoot within tl1e Last Chance claim varies be­
tiveen 100 and 150 feet in length, with its depth not yet de­
termined. It appears to rake toward the northeast. 

All tl1e shipping ore between the 500 level and the 
surface has l>een practically stoped out. The old stopes be­
tween the 500 and 400-foot levels vary from 8 to 20 feet in 
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Shaft head-frame and power-l1ouse, Last Chnnce llt lne, Republic District. 

beigbt and judging from pillars of ore left in the stopes, the 
vein must have averaged at least 8 feet or more in thick­
ness. 

The lower levels, now being mined, are known as the 500, 
575 and 650-foot levels. The vertical elevation between the 
650 and 575 levels is 104 feet. At the time of visit a 
raise was bei:ug driven from the 575-foot level to the 500 
level as a preparation for stoping. The vein is reached from 
the 650 level by a 120-foot crosscut from the shaft. 'l'his 
work has but recently been completed and plans have been 
made for the opening of stopes. Between the 500 and 650 
levels the vein is strong and clean-cut. It averages from 
6 to 12 feet in thiekness and is said to be of average value. 

East of the shaft on the 500-foot level the vein begins 
to pinch down until it gives way to three to five feet of 
gouge matter carrying brecciated pieces of quartz. The 
gouge seams here suggest movements along the plane of the 
vein. 
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NORTHPORT SMELTING & REFINING COMPANY'S MINE 

General F'eaf ures. - 'l'bc RepubLic Mines Bnrncb of tbe 
Northport 'melting & Refining Company 110w owns the Black 
'fail, Lone P ine, Sm·prise, Pearl, Northport and Hercules. 
claims, and the Berngerent, Apex and Ranney fractions. '!'his. 
group is now kuown as the Lone Piue 'urprilSe Mine_ 
The holcling1S of the company are situated on tile east side of 
Eureka Gulch and extend to the north of the Quilp grou11d and 
west of the Last Chance. 

When the Loue Pine workings " 'ere visited mining op­
erations had been temporarih; su1Spended to await the results. 
of a pending su it brought again.st the Lune Pine SUI'prise Con­
solidated Mining Company (owners of the Last. Chance Mine) 
to seem·e alleged extra-lateral rights on Lone Pine veiu No. 2_ 
Mine maps were not available for use, and the workings were 
visited unguided, he11ec ample opportimity ,Yas uot afforded 
to make a satisfactory examination in the limited time avail­
able for the work. 

Tl1e shipments during the first half of 1!)19 were reported 
to be approximately 50 tons clailr. this being sent to the North­
port Smelter where it is used as a siliceous flux. 

Poice,· Eq11ip111c11t.-In Eureka Gnlcb, near the collar of 
the Stu·prise shaft, an excellent power plant has been in­
stalled. 1'h is is now usetl to furnish power to both t lie J_,one­
Pine Surprise aJ1d Quilp properties. It consists of a 180-hors~ 
power Bessemer crude-oil engine ,vhlch drives au Iugcrsoll 
Rand Imperial type compr essor capable of developing 1,350 
cubic feet of air per minute. '£his air is used for the mine 
clrills and to operate a 75-horsepower Ottumwa hoist. Crude 
oil cost dtll'ing 191!) approximately nine cents per gallon laid 
do,-.m at the mine; the 180-horsepowcr engine consumes about. 
120 gallons each shift. For 'reserve nse the plant is equipped 
with a BessemCl' SO-horsepower crude-oil engine, connected 
with a th1·ee-drill compressor. 

Det'elopmenl. -Since the Black Tail. Lone-Pine, Surprise 
and Pearl claims were at one time individual properties, t hey 
have been developed more or less independently of one an­
other. 
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Surprise Glaim,.-'l'his claim extends northward from the 
Qujlp ground and the Surprise vein can be easily traced 
tln:ough both end lines of the claim. 'rh.e Surprise incline 
shaft has been sunk to a depth of 700 feet on the vein. Near 
thls shaft a highly productive ore-shoot was encountered dur­
ing 1910 and a large production made. Thls apparently is 

the same ore-shoot which raked to the southeast into the Quilp 
ground. 

The average trend of the Surprise vein through this claim 

is north 30° west and it dips 65°-70° northeast. It 
exhibits the typical banded quaTtz 0£ the Republic veins 

with a width of 4 to 12 feet. The vein is inclosed in propylitic 
quartz latite, which is difficnlt to di tinguish from the ad­
joining anclesite. Farther north the vein is opened by cross­
cuts driven from Emeka Gulch. A part of this ground is 
reported to be badly broken up by faults. 

Black Tail Glaim.-'1."he Black 'f'ail claim joins the Sur­
prise on the cast and was worked through a crosscut tunnel 
whlch has its portal near the level of tb.e railroad grade on 
the west side of Eureka Gulch. The crosscut starts on the 
Surprise claim and is driven north 25° east. About 80 
feet from the po1·tal it intersects the Surprise veiu. Three 
hundred and fifty feet farther, the crosscut intersects the 
Black Tail vein and drifts are carried to l>oth the northwest 
and so1.1theast. This vein trends north 40°-60° west, 
dips 45°-50° northeast, and is enclosed in latite por­
phyry and andesite. It is irregular in width and values and 
only a limilecl amount of stoping has been done. Southeast 
of the crosscut 120 feet, the vein has been cut off by a fault. 
The apparent direction of the fault is south 25° west 
and the striations suggest a vertical movement. Beyond the 
fault is found a soft crumbly formation which probably r ep­
resents the tuffaceous lake bed series. In the crosscut tunnel 
about 50 £e~t before it cuts the Black 'l'ail vein, is found a 
fissure :filled with soft decomposed gouge-like material. Trus 
trends northward into the Black Tail vein and suggests an 
open fissure which was tilled with foreign material before 
the inb·oduction of the vein. Approximately 150 feet from 
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the portal of the Black '!'ail adit a crosscut bas been driven 
northward to a vein known as No. 3 vein. This vein strikes 
north 45° east an(l dips 87° southeast, thus placing.it at al­
.most right angles to the other veins. The Surprise, Black 
Tail and No. 3 veins no doubt represent an :irregular frac­
ture pattern of contemporaneous origin. 

Lone Pine Claim.-'fbere are five veins on the Lone Pine 
claim, which have received more or less development. Of 
these the No. 2 vein bas been the principal producer. This 
vein is reached through No. 2 adit tunnel which has its portal 
near the juuction of the Loue Pine Gulch and Eureka Gulch . 
.About 300 feet :from the portal this tUJmel intersects No. 2 
vein and it is drifted on 300 £eet farther to the east side line · 
of the claim, and above the drift stopes were broke11 through 
to daylight on a pay-shoot over 200 feet in length. This pay­
shoot extends through tl1e east side line of the claim into the 
Insurgent Fraction and has been mined by the Inslli'gent Com­
pany. 

Near the line between the two claims an incline winze was 
sunk on the vein to a depth of 600 feet and near this point a 
vertical working shaft was sunk to the 500-foot level. Prac­
tically all commercial ore between the 500-foot level and the 
surface has been stopecl out. 'l'he 600 level was under 
water at the time of examination. Judging largely .from the 
size of the stopes and the pillars of ore remaining, the pay­
shoot must have a length of about 200 feet in the Lone Pine 
ground. 'l'he vein is strong and clean cut, varying in thick­
ness from 6 to 12 feet, and its structure is identical with the 
banded veins of the district. '£he best values are usually 
found near the walls with the foot-wall generally favored, 
although in many instances the revers~ jg true. Southwest of 
the pay-sl10ot the ground has been prospected without develop­
ing auy new shoots of ore. On the 400-foot level about 600 
feet southwest of the incline winze, the vein begins to show 
evidence of intense movements resulting along tbe plane of 
the vein. Streaks of quartz grouncl into a sugary mass and 
mixed with gouge trend th1·ough the vein parallel to the walls. 
The drift extends beyond this point but was caved and could 
not be followed. 
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Peari Claim. - 1'he Sm·prise vein extends the full length 
,of the Pearl claim but bas received little development work. 
'The veir\. outcrops boldly in the railroad cut near the north 
end of the claim, al o at the junction of Lolle Pine and Eureka 
,gulches near t11e south end line of the claim. The extent of its 
mineralization is not known to the writer. 'l'he property has 
recently been diamond drilled and there is some talk of sink­
ing a large working shaft in Eureka Gulch to develop the vein 
with depth both on the urprise and Pearl claim . From 
this shaft the Black 'rail and Lone Pine veins could also be 
d eveloped. 

SANPOIL 

The Sanpoil Mine is on the west side of Eureka Gnlcb, 
.almost opposite tl1e Lone Pine claim, and a short distance 
.south of t he B en Hur Mine. The property was closed at the 
time of visit to the district and could not be examined. 

Umpleby• states that U1e vein, wl1icb is enclosed in latite 
porphyry, extends throughout the entire length of the claim, 
.and has the banded vitreous appearance char acteristic of the 
,entire camp. It is the southward e2..'tensiou of the Ben Hur 
vein. 

A 100-ton cyanide mill was built on the property and suc­
-cessfully operated during 191-1 and 1915. An excellent r ecov­
iery is r eported to have been effected by this mill, but in spite 
-0£ this, financial difficulties r eached a crisis ancl the p roperty 
passed to n r eceiver. The Consolidated 1\lforing & Smelting 
Compa11y of Trail, B. C., Sllbsequently purchased the l)roperty 
.and it is worked by this company b1termittently to furnish 
.a needed supply of siliceous ore for smel ter flux. The prop­
erty was idle during the g1·eater part of 1919 and 1920, but 
it is stated that approximately 10,000 tons of ore are broken 
in the stopes r eady for shipments when needed at the smelter. 

•umpleby. J . B., Washlngton Geo!. Survey, Bull. 1, p, 62, 1910. 



T7te Metal 11:i:nes of Washington 189 

P ARK CITY DISTRICT 
CASTLE CREEK MINING COMPAN Y ' S PROSPECTS 

On Oastle Mountain in the Park City District, 25 miles 
southwest of Republic are located the workings of the Castle 
Creek Mining Company. This property has not yet advanced 
b eyond the prospect stage although it has had a more color­
f ul history than many 0£ the large producers. It was first 
brought into prominence in 1906 wl1en G. W . Loper organ­
ized and financed the Colville .l\1mfog & Smelting Company, 
began extensive exploration work on Castle Mo1mtain and 
startecl the construction of a smelter at a small mining settle­
ment called Park Oity. An excellent camp was constmcted 
which included a modernly appointed log bungalow that might 
be mistaken .for a hunting lodge transplanted from the Maine 
woods. By 1909 the £ailnre of the venture became apparent 
and eastern investors, in an effort to alleviate their losses. 
organized the Castle Creek Mining Company and carried on 
extensive ill-advised exploration work. Platinum was re­
ported :from the analyses of the shales cut by several of the 
tunnels and a freak treatment plant £or platinum recovery 
was constl'ucted before the error ,vas discovered. 'l'he smelter 
at P ark City was never completed and the rusting machinery 
and deserted settlement mark another of the "ghost towns" 
of western mining rustory. 

E. l\lL Cross and associates have recently taken a 
lease on a part of the Castle Creek holdings and during the 
summer of 1919 were employing a crew 0£ five men to carry 
on fm-ther exploration work. '!'his is the only new work in 
the Park City District since the v-isit 0£ Bancroft• in 1910 and 
Pardeet in 1913. Therefor the district will not be discussed 
in detail in the present report. 

The journey to the property from Republic, the nearest 
shipping point, involves a trip down Sanpoil River a 
distance of 14 miles to a small settlement called West Fork. 
The road foen leaves the ma.in h ighway and trends in a 
southwest direction along West Fork Creek for £our miles 

•Bancroft, Howland, The Ore Deposits or Northeastern Wasl1lngton. U. 
S. Geo!. Survey, Bull. 550, 191'1. 

tPardee, J. T .. Geo!. and l\llneral Deposits or Lhe Coh•llle Indian Reser­
vation, Washington. U. S. Geo!. Survey. Bull. 677, 1918. 
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and thence an additional six miles up its tributary, Gold 
Creek, to the camp of the Castle Creek Company. The 
camp is picturesquely situated near a chain of small wood­
land parks and is bom1tifully supplied with timber and water . 
Its elevation is 3,700 .feet above sea level or 1,200 feet above 
Republic. 

The claim are located along the contact of black 
shale9, with the intrtrnive Colville granite, and a broad 
north to south trending belt or granite porphyry. The ar­
gillaceous shales are no doubt a part of the edimentary 
serie so well exposed in 'tevens Cotmty to the east. The 
Colville granite is a part of a large granitic batholith which 
outcrop over an area 0£ several hundred square mjles in the 
Colville Indian Reservatiou and i5 fully described b.v Pardee•. 

The broad belt of porphyritic granjte that occurs in the 
Nespelem District extends northward into the Park City area 

. a:nd a tongue of this iutrnsion peuetrates northwa.rd into the 
shales, to form the prominent ridge known as Castle Mountain. 

Ore D liposits.-A.long the contact of the shales and the 
intrnsi ve granite are found sp01·adic lenses of quartz carry­
ing values in argentiferous galena, pyrite, and marcasite. 
Occasionally, rich bunclies 0£ shipping ore are founcl but on 
the whole the possibility of developing a continuous body of 
commercial ore is not promising. 

Other than the Mountain Boy property, which will be 
discussed later, a small production ]ms been made from a 
series of irregular lenses 0£ high-grad e ore ocCllrring in a 
smaU isolated patch of limestone near the crest of Castle 
Mountau,. These lenses have yielded about 50 tons of galena 
averaging abo nt 30 per cent lead ancl 20 ounces of silver t o 
the ton. It is the search for the downward continuation of 
these deposits that has r esulted in a series of aclit tunnels 
being opened along the side of the mountain. This is par­
ticularly true of the Summit Tunnel, which has its portal at 
an elevation of 4,350 feet and is driven 350 feet through 
granite to gain depth under the lenses of ore exposed on the 
crest of t11e mountain. The few small bodies of galena inter-

•Pardee, J. T . U. S. Geo!. Survey, Bull. 677, 1918. 
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mixed with quartz found along a shear zone in the granite 
was the only mineralization of note disclosed b.r the tum1el. 

Four tunnels have been opened at various elevations on 
the north slope of the mountain about three-fourths of a mile 
southwest of the camp. The upper tunnel is well up near 
the crest of the mountain and has been driven for a leugth of 
about 1,000 feet through the roof rocks of shale, a few 
stringers of white baJ:ren quartz offering the only varia­
tions. At a slightly lower level No. 2 tunnel is opened along 
the eontaet of the intrusive granite and overlying roof of 
shale. The shale has a flat angle of dip and is noticeably 
faulted and contorted. Along the contact it shows evidence 
of alteration effected by the heat of the intrusive mass. Fifty 
feet from the portal a two-foot vein of quartz carrying scat­
tering bunches of galena appears in the tunnel but tl1e dip 
of the vein carries it tinder the floor of the tunnel. One 
hundred feet further a dark-green, fine-grained dike was 
encountered. Along the co11tact of this dike the1·e is a vein 
of white quutz hav ing an average width of three feet and 
carrying meager values in galena and py1·ito. Neither of the 
veins cut in this tunnel has been prospected. Because tlte 
dike was exceptiouaUy hartl to drill an incline raise was 
driven to avoid it; this raise encounte1·ed the overlyiJ1g shale 
and resulted in add itional dead work. 

No. 3 tum1el is opened about 120 feet farther down the 
hillside, and is driven south 80° for 100 feet through 
granite. No mineralization of note was observed in this open­
mg. 

The lower or Jo. 4 ttumel ,vas being driven at the time 
of visit. Its direction is south 42° east through shale 
for a dfatance of 60 feet where the contact between the shale 
and granite was encountered. 'I'he contact has an irregular 
trend to the southwest and stands nearly perpendicular. 
Along the contact were found irregular small bunches of 
quartz carrying mineralization of galeua and pyrite. 




